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Geometrical preprocessing For structural applications
Linear
Nonlinear/Layered

& Structural applications: Examples

o Example 1 Frame structure

At the material level in group (static/pushover/dynamic analysis
Main

Formulation for beam elements
 displacement
@ fiexibility based ﬂ
L ——

Remark: Each member is discretized by one element (not
necessarily for reinforced concrete because of different
amount and position of the reinforcement)
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Geometrical preprocessing For structural applications
Linear For soil-structure interaction
Nonlinear/Layered Generation of geometrical model

& Structural applications: Examples

o Example 2 Frame structure resisting on soil (static
At the material level in group analysis)
Main
Dialog

- Formulation for beam elements

 displacement

(@ fiexibiii; based

Remark: Each member is discretized by one element (not
necessarily for reinforced concrete because of different
amount and position of the reinforcement)
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Geometrical preprocessing For structural applications
Linear For soil-structure interaction
Nonlinear/Layered Generation of geometrical model

& Structural applications: Examples

o Example 3 Cylindrical water container (axisymme-
try)

Remark: Here standard discretization must be used
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Geometrical preprocessing
Linear
Nonlinear/Layered

& Soil-structure interaction

For soil-structure interaction

- Examples

e Example 1 Continuum shell

At the material level in group
Main

Formulafion for beam elements

@® displacement

SPa— T Computational model
beams L =1 m)

E

Beam elements

(Interval between

Remark: Each member is discretized with at least few
elements; results are given per beam (!)
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Geometrical preprocessing
Linear
Nonlinear/Layered

& Soil-structure interaction

For soil-structure interaction

: Examples

o Example 2 Discrete rib system

At the material level in group
Main

Formulafion for beam elements

|
@ displacement
" flexibility based m

Computational model
beams L is user defined)

E

Beam elements

(Interval between

Remark: Each member is discretized with at least few
elements; results are given per beam (!)
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Geometrical preprocessing For structural applications

Linear For soil-structure interaction
Nonlinear/Layered Generation of geometrical model

& Soil-structure interaction: Examples

e Example 3 Continuum axisymmetric shell

:

™

Beam elements

Remark: Standard discretization must be used for that
case; beam is switched to the axisymmetric shell
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Geometrical preprocessing For structural applications
Linear For soil-structure interaction
Nonlinear/Layered Generation of geometrical model

5 Flexibility vs displacement based beam formulation

l q=1.9 kN/m L

Mz for 1 flexibility based” beam

1.33
0.667 (l

Mz for 4 ,displ. based” beam
1.25 h A 1.25
N\ 0.75 :/
e
A\ Gauss points

@ Nodal points

Note that result for Flexibility based beam (one per member)

is exact !
(©ZACE Services Ltd Structures: Beams/Axisymmetric shells



Geometrical preprocessing For structural applications
Linear For soil-structure interaction
Nonlinear/Layered Generation of geometrical model

& Geometrical model: Macro level

@ Create beams Step:A Select objects:
on objects Macro-model/Objects/Select/....

Step:B Create beams :

@ Set director Macro-model /Subdomain/Create/Beam(s) on
(2D) objects

) Set X-axis NB. Split preserves the initial beam geometry

Q Set offsets r

=)

L
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Geometrical preprocessing For structural applications
Linear For soil-structure interaction
Nonlinear/Layered Generation of geometrical model

& Geometrical model: Macro level

© Create beams x
. comit A roeor H s Default local axes xL, yL
on objects B pp ¥ % S L
i Y E e y
. S e e = P e Node:2
@ Set director i — "
Rlem] X [em] Pommains
(2D) ———— Ve 1 o C
2 Ejf’“ : Material 2 O D
U o — Material 3: ’“7 -
e Set X_axis !7 3D option — e ]n*E F Node:1
T o o [ S
U
1 1

Q Set offsets

zL

. Master nodes
Next slide

A Use method: Macro-model/Subdomain/Update/Reverse
direction to flip y; axis
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Geometrical preprocessing For structural applications
Linear For soil-structure interaction
Nonlinear/Layered Generation of geometrical model

& Geometrical model: Macro level

© Create beams -
on objects

@ Set director
(2D) )

© Set X-axis r

Q Set offsets

A Use method: Macro-model/Subdomain/Update/Reverse
X axis
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Geometrical preprocessing For structural applications
Linear For soil-structure interaction
Nonlinear/Layered Generation of geometrical model

& Geometrical model: Macro level

© Create beams
. oo, A N Default local axes xL, yL
on objects VAN =
x [ x b YR v | feml xL
i I R L Node:2
@ Set director S— | — y
S R |
(2D) e reer B
:?:ﬁfﬁ@" : Materil p D
O Set X-axis b 3Doption ! e F Node:1
R ot I
Q Set offsets e =

Offset definition by vectors: v 51, Va2

Centroids —>.0

Next slide L Master nodes Tunnel lining FE representation
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Geometrical preprocessing
Linear
Nonlinear/Layered Generation of geometrical model

& Geometrical model: FE level

© Create beams T MEL Y Defautocal axes L L
@ Set director Ry =t o

(2 D) yL Node:2 /

@ Set X-axis
Q Set offsets

Node:1

Master nodes

A All methods are similar to the ones designed for
Macro-model level but geometry is restricted only to the
straight line segment

(©ZACE Services Ltd Structures: Beams/Axisymmetric shells



Geometrical preprocessing
Linear

Nonlinear/Layered Generation of geometrical model

& Geometrical model: FE level: Hinges

L
o
Node 1 Node 2
EF Uloading function EF Uloading function
N s rux
rew [ & roee o 5B
Fez o 5 ree P

@ Hinges are defined in the local x; — y; — z coordinate
system of a selected beam element
e Existence/Unloading functions can be associated with the

hinge
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Geometrical preprocessing
Linear Material level
Nonlinear/Layered

& Add new linear beam material

Q@ Add new e
beam r

material B

Ustot e moteras

e s et I in ear = Con /S vpe [ tsisfomuion | ¥ Essic___open

[— open
open
mo d e Nt 'Im o L

Contrum =] [Fosic =
e e |

= |

: e |

Act selecacmaerl s dosbse
Next slide Heporosrenimodsl | Hap Cancal ox

s (o) Juec.

(@©ZACE Services Ltd Structures: Beams/Axisymmetric shells



Geometrical preprocessing
Linear Material level
Nonlinear/Layered

& Add new linear beam material

Q@ Add new X
beam aad | Medity | ool |

EEp——
H Neme [ Cont/Struct type | | ¥ Elastic Open

material S e e =

¥ Geometry Open

Q Set linear s o
mode
I~ Heat
[~ Damping

Add selacied matariel to database

Helpforcurertmodel | Help | cancel | oK
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Geometrical preprocessing
Linear Material level
Nonlinear/Layered

5 Materials for linear beams: data groups

Obligatory

)
O [Unit weight
Elagtic: parameter
e “f'oung modulus E |1DDDDD [kM/m™2] | i
Cancel

Q Paizson ratio v |03 il —l

| — =
o

I Standard j

Data mode
o
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Geometrical preprocessing

Linear Material level
Nonlinear/Layered

5 Materials for linear beams: data groups

O [Elastic|
@ |Unit weight |
© [Geometry
© [Main]

© |Heat |

© |Damping |

Optional

Unit weight/mass

Unitweight/mass
\Waight / unitvalume hass f unitvolume OK

r kNfm 3] PP kg/m"3] Cancel
¥ multiplierfor body forces |1 P multiplierfor mass matrix |1 Help

Global gravity direction
Datamode Standard -

i

NB. Mass and body force multipliers visible only
if Dynamics is activated in the project preselec-
tion
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Geometrical preprocessing
Linear Material level
Nonlinear/Layered

5 Materials for linear beams: data groups

Obligatory

o 2D/3D 2D Linear Beam Geometry )
h o
@ | Unit WEIght Secion N

y L _m |
° -
0 SR
o _

© [Damping| T ——

Axisymmetric case

Next slide Cross-section thickness b1 [m]
Shear corection factar w i
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Geometrical preprocessing
Linear Material level
Nonlinear/Layered

5 Materials for linear beams: data groups

Obligatory

Q |Elastic

@ | Unit weight
e Geometry Furim:i::;::;:m elements
o I} :ﬂex\b\hty basead ﬂ

°
o NB. Use ©| Flexibility... | for structural applica-

tions and @‘ Displacement... ‘ for soil-structure
interaction;
Not meaningful for axisymmetry (!)
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Geometrical preprocessing
Linear Material level
Nonlinear/Layered

5 Materials for linear beams: data groups

Not meaningful for linear beams

°
@ | Unit weight
o S— feor o |

o Cancel
o
(6 NB. Preprocessed thermal strains (by Heat

project) are not handled in linear (non-layered)

mode (& mode must be activated

for that case)
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Geometrical preprocessing
Linear Material level
Nonlinear/Layered

5 Materials for linear beams: data groups

Optional

@ | Elastic

@ | Unit weight
e Geometry | Evaluste damping coefiicients from imposed values |
o ok | cencel |
© |Heat

. oy I idey e o
© |Damping I e T I
Calculate
a i Bo o
ok cancel |

NB. Meaningful only for Dynamics
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Geometrical preprocessing
Linear Material level
Nonlinear/Layered

& Cross section definitions

2D Linear Beam Geometry

@ Profiles
Type Profiles - European Profiles database.
@ User Oatabese [GaPope o]
2D Linear Beam Geometry

© Values e

3472 pr0

Poliohpra Type  [Profles =
SelPreditgn | pugpase [CaPopo <]
o pro
USKT.pro Section  |HEB 200 d

HEAA 600
HEAA 650

Interval between beams HEAA 800

Interval bt

N — HEB 240
Next slide HEE 260
Jmer HEE 280

HES 300 p 0780 "
HEs 320 v
[Foobiee0m 4

[m]

NB. Valid only for 2D (plane-strain) and 3D
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Geometrical preprocessing
Linear Material level
Nonlinear/Layered

& Cross section definitions

@ Profiles
@ User
© Values PEEL N

2D Linear Beam Geometry.

User -

Type

Dimensians

Section
b Planerectangle | Tope [Ussr <]
e Dimensions
Plane circular
Ciciarine | Socion TR~ | © m

Box

Interval between be

=
Interval between beams  af

Next slide Interval between beams & |1

Lo ]

E—
P o |
|

concsl |

NB. For axisymmetric case only rectabular
ozshaps.is.sonsidered with unit, width.(b = 1.0)



Geometrical preprocessing
Linear Material level
Nonlinear/Layered

& Cross section definitions

c PI’Of"eS 2D Linear Beam Geometry
@ User
© Values

X

Interval between bearns — a [t ]

Mornentur of inettia Area
A oz m'2]
sy [TI4EGEE g
Next slide Iz [0033666666666 [
oK Cancel ‘

NB. Valid only for 2D (plane-strain) and 3D
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Geometrical preprocessing
Linear Material level
Nonlinear/Layered

& Add new non-linear beam material

O Add new e
beam r

t 1 | tene senton
materia [ Dolse
st e

Cont[Svuct ype [ atsrarfomaton | [ Elosic Open

@ Set non-linear

=
mode Number Hw. Name [Norams o]

=1 [rese =1

e

S

e R
oven_|

Acd selactad matersta detansa

Next slide roptwomnnoss | o | _osea | o

s (o) e
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Geometrical preprocessing

Material level

& Add new non-linear beam material

O Add new
beam
material

@ Set non-linear
mode

Materials X
| ey | oees |
Listofdifined metrios
Nome TCont/Stct e | [ Elastc Open
ST Noname  Beame Boam B (oo
[ Geomety open
¥ Main open

I~ Hest

I Stabilty

[~ Damping

e | [ ]
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Geometrical preprocessing
Linear Material level
Nonlinear/Layered

5 Material data groups for non-linear beams:

Obligatory

© | Elastic

@ | Unit weight
Elesicparameters

e Geometry [V Automatic evalustion of shear modulus G L

Canesl

© [Main] : N
Date mode [Benderd =]

© |Heat

o Dampmg @ These parameters are used only to specify shear

modulus G as shear is decoupled from bending

o IF & Automatic.. | mode is OFF G = — =
2(1+v)
o IF IX mode is ON G will be computed

from material data for layers

(©ZACE Services Ltd Structures: Beams/Axisymmetric shells



Geometrical preprocessing

Linear Material level
Nonlinear/Layered

5 Material data groups for non-linear beams:

O [Elastic|

@ [Unit weight]
© [Geometry
© [Main|

© [Heat|

@ [ Damping|

Optional (same as for linear)

Unit weight/mass

Unitweight/mass
\Waight / unitvalume hass f unitvolume OK

r kNfm 3] PP kg/m"3] Cancel
¥ multiplierfor body forces |1 P multiplierfor mass matrix |1 Help

Global gravity direction
Datamode Standard -

i

NB. Mass and body force multipliers visible only
if Dynamics is activated in the project preselec-
tion
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Geometrical preprocessing
Linear Material level
Nonlinear/Layered

5 Material data groups for non-linear beams:

Obligatory

@ | Elastic e X
Type !s—j
@ | Unit weight

°
° SO

Layers editor

© |Heat [—

Heat e
© | Damping e
NB. Use to Add/Delete/Modify material lay-

ers:

® Area

@ Constitutive model and its properties for layers

For axisymmetry only rectangular cross section is meaningful

with b= 1.0
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Geometrical preprocessing
Linear Material level
Nonlinear/Layered

5 Material data groups for non-linear beams:

Obligatory (same as for linear)

Q |Elastic

@ | Unit weight
e Geometry Furim:i::;::;:m elements
o I} :ﬂex\b\hty basead ﬂ

°
o NB. Use ©| Flexibility... | for structural applica-

tions and @‘ Displacement... ‘ for soil-structure
interaction;
Not meaningful for axisymmetry (!)
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Geometrical preprocessing
Linear Material level
Nonlinear/Layered

5 Material data groups for non-linear beams:

Optional

°

°
e Heat dilatancy ,W w
o &
)

(6] NB. Preprocessed thermal strains (by Heat
project) are computed at each layer as

Acoy = Aeoy = Degy =a AT
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Geometrical preprocessing
Linear Material level
Nonlinear/Layered

5 Material data groups for non-linear beams:

Optional (same as for linear)

@ | Elastic
@ | Unit weight v e
Bo o [day]
e Geometry | Evaluste damping coefiicients from imposed values |
o ok | cencel |
e H eat Evaluate damping coefficients from imposed values X
. o o Qyday) &1
a Damplng o, o [1/dey] N
Calculate

N P
oK Cancsl

NB. Meaningful only for Dynamics
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Geometrical preprocessing
Linear Material level
Nonlinear/Layered

& Discretization (2D) of profiles

o The Profile or User predefined cross section is discretized
automatically (subdivided to layers)

o By default all created layers are treated as a Core material
characterized by elastic properties only

@ To create a reinforced concrete cross section we can add
additional layers of reinforcement

Cross section Set of layers

A
A2
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Geometrical preprocessing
Linear Material level

Nonlinear/Layered

5 How to edit layered cross section for beam?

Example: Reinforced concrete cross section with elasto-plastic
material models for both concrete (Core) and steel

25cm

2¢12 @ 0.?1V2.SCm
A=2.26cm?
YL
50cm
Z
4¢16 @ ®© O rﬁﬂfz,Scm

A=8.04cm?

NB. Top fibers are always placed on the positive side of y,

axis !
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Geometrical preprocessing
Linear Material level

Nonlinear/Layered

& Setting Core material

X

@ Set Core cross Materials
section type Meterial cefiniion

Add | Madity | Delete ‘

List of defined materials.

Name | Cont/Struct type | Material formulation | [V Elastic Open
+1:Noneme  Beams Beam
[¥ Unitweights ~_ Open_|
% Gaomey

¥ Main Open

[V Non linear
I~ Heat
I Stebilty
I~ Demping
Add selected material to dafabase |
Help for curient mod Hep | cancel oK

@ Press next to the X
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Geometrical preprocessing
Linear Material level
Nonlinear/Layered

& Setting Core material

@ Set Core cross
' Material definiti
section type recenen
Add | Madity | Delete ‘
e Activate layers e e TS
. Name [ Cont/Struct type | Material formulation | v Elastic: m
editor = 1:Noname Boams Beem . e
" cony
v Main Open
2D Linear Beam Geometry X
Type  [User -
Dimensions
Secton  [Fane recangle <l b =
[
h[%’
—B
envalbenvoen beams & [T il
Loyers sdior
. =
pE
D 5 i
oK
L || Poasssss | g |
[

@ Press button | Layer editor
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Geometrical preprocessing
Linear Material level
Nonlinear/Layered

& Setting Core material

@ Set Core cross Materials
section type Meterial cefiniion

Add

@ Activate layers Uotdeired R by
editor 3 oran |t dened
] =] [ Gyl
© Modify Core
. N | Type | Area [Distance | Material numbsr |
properties mml” :
2 ine
Type
et
b Close
Inerval betweenbeams & fI [
, ‘
p [wa ]
L s — - _ma || o
T ] o |

@ Press button
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Geometrical preprocessing
Linear Material level
Nonlinear/Layered

& Setting Core material

Set Core cross Materials
section type Material definfion

Activate layers
editor

Modify Core
properties

Enter to properties

dialog box Secton Veteial [T o noms 5
= Close H
intervalbetweenbeams & [I [
[wa ]
L ’— 4 oK
L ox ] coca |

@ Press button | Material definition |

@ From combo-box select material ID
(©ZACE Services Ltd Structures: Beams/Axisymmetric shells



Geometrical preprocessing

Linear

Nonlinear/Layered

& Setting Core material

Material level

Set Core cross
section type

Materials

Activate layers

Material definion

. Name
editor 1 Namam | 5l = o —————————— BEE
. Add Listof properies for composite materisl layers
© Modify Core e
properties e
e e o puma [vpE 0 wuma [ oo pima
Enter to properties
dialog box L] ]
e Edit properties 5T s S Vit Bomcpeiedyel. 00 500000
s o [
-
L ’— g oK
T o ] coen |

(©ZACE Services Ltd
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Geometrical preprocessing
Linear Material level
Nonlinear/Layered

& Constitutive models for uniaxial fibers

A o
c fi [y
€
3 >
,,,,,,,,,,,,,,,,,,,,,, f.
Elastic Elastic-perfectly plastic

o

Unloading-Reloading
c branch

User defined
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Geometrical preprocessing
Linear Material level
Nonlinear/Layered

& Adding top reinforcement set

@ Add reinforcement

Material definition for layered beam

Listof definedl |

add | T Hodiy Delete |

N [ Type [ area | Distance | Material number |
> 1 Coe 1

Close
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Geometrical preprocessing

Linear Material level

Nonlinear/Layered

5 Adding top reinforcement set

@ Add reinforcement
Q Set its
area/location and

apply proper
material ID

Material definition for layered beam

Listof definedl |

add | T Hodiy Delete |

N [ Type [ area | Distance | Material number |
> 1 Coe 1

Layer definition

® o
QR | Area 0.000226 ™z
Disonce  [002
 from botiorn MNumber of layers |1

(m] € relative (1.1

Material

Material definition

@ Steel properties are not yet defined so we must add a
new property
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Geometrical preprocessing

Linear Material level

Nonlinear/Layered

5 Adding top reinforcement set

@ Add reinforcement
Q Set its

area/location and
apply proper
material 1D

© Edit properties

Material definition for layered beam

Listof defined layers

Layer definition

. Distance T
| Aven
Distance  [0.02 Dy
" from bottom MNumber

(m] € relative (1.1
Material

(©ZACE Services Ltd

=]

e O e

Add ‘ T Hodiy Delete ‘
N Type Area Distance | Meterial number
-1 Core

0000226 [m°2]
oflayers [1

—taterial definition
=k
QK ! Cancel

vty Deles
o - € v T o e
T e e 1 Ecechi. 0N 000
- sectn [l U

cose

Structures: Beams/
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Geometrical preprocessing
Linear Material level
Nonlinear/Layered

5 Adding top reinforcement set

Add reinforcement

Material definition for layered beam

Set its Listof defined layers
area/location and sdd | [CFesv ] Deiete_|
apply proper 7 e e MR e e

material ID
Edit properties e O G | Area 0000225 2

Distance 0.02
 from bottom Number of layers |1
Apply steel ID to ]  relative (1.1
th. | Material  |1: concrete o
Is layer
el
oK Cancel }
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Geometrical preprocessing

Linear
Nonlinear/Layered

Material level

& Adding bottom reinforcement set

@ Add reinforcement

Material definition for layered beam

Listof defined |

Aod Modity | Delete |

N [ Type Area | Distance | Materialnumber |
1 Coe 1
2 Reinforcement 000023 T 002000 1

Close

(©ZACE Services Ltd
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Geometrical preprocessing

Linear
Nonlinear/Layered

Material level

5 Adding bottom reinforcement set

@ Add reinforcement
Q Set its

area/location and

apply proper
material ID

Material definition for layered beam

Listof defined |

Add

Maclity | Delete |

N [ Type

Area | Distance | Materialnumber |
1

1 Care

Layer definition

- Distance.

[ml

e A
Distance  [002 ¢ fromiop Area 0000604 2]

MNumber of layers |1
Material 1: concrete =

@ from batiom
© relative ¢-1.1)

(©ZACE Services Ltd
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Geometrical preprocessing

Linear Material level
Nonlinear/Layered

5 Adding reinforcement in axisymmetric case

e Radial reinforcement (total area or density can be specified)

Layer definition

Distance
@ from top Araa 0.01 [m]
Distance  |0.02
" from bottom Number of layers |1
[ml " relative (1.1)
Material  |2: steal -
Orientation

Type -

@ Radizl ¢ Total haterial definition
(" Gircumferential @ Density e

Distance

@ framtop Area 0.01 [m]
Distance  |0.02

 from battam Number of layers |1/

[m] " relative (1,1)
Material |2 steel -

Orientation —Tyme
¢ Radial C Taon taterial definition
@ Circumferential (O]
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