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Il. DETAILED DESCRIPTION OF THE NEW INTERFACE

In the new upgraded SCADA Pro, all program commands are grouped in 12 Units.

Basic Modeling View Toals Slabs Loads Analysis Post-Processor Members Design Drawings-Detailing Addons Optimization

MODELING

M BN NS AMA - Scada

H Basic Modeling View Tools Slabs Loads Analysis Post-Processor Members Design Drawings-Detailing Addons

Ve P B &)X ol MV 9@ @

Concrete  Steel Concrete  Steel Footing T Section Strip 2D MNode Member|] Elements Creation Templates Model Checks Maodel || Masonry Arbitrary
- - - - - Footing Beam~ - - from DXF/DWG - Report Info Concrete Section

Column Beam Foundation Surface Elements Elements Add-ons Libraries

The 2" Unit entitled “Modeling” includes the following seven command groups:

1. Column

2. Beam

3. Foundation

4. Surface elements
5. Elements

6. Add-ons

7. Libraries

1. Columns

Rectangular | i ‘
Concrete  Steel

Column
I Section 1 LECQ - LMNEQ

T ection "' . The “Column” group command includes commands for
modeling columns with the following cross- section
 Section ” uc-us_uen-ure-usp  types of material:
Concrete
nsecion Y sws s steel (Cold formed & Cold Rolled)

Timber
Circular ’ CHS

IfSkEWSSction [ Cold-Farmed C

=

Each one contains relative section commands.

T Skew Section | Cold-Farmed Z

Z Section _'[ Cold-Formed N

M Section E Cold-Formed £

- Section

Hollow Section

BTN 9030 ds
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Define columns’ parameters. More specifically:

1.1 Concrete columns

‘E T
* 2]
'I
iy
Column (0)
Cross Section Geometry (cm) Save
—hy—t
Material by 0 + by Select
Concrete v o T
Quality dz 30 * = Info
C20/25 v dy 30 0 || 90 3D
T B Al bz el +ily+ 180|270 | View
]
% ot
3 i
i Angle |0
(kY T
o w [ Planted
Concrete Columns hd Cancel

“Cross Section”: select the material (Concrete /Steel) and then the type. Choose a standard

section from all the sections that appear, depending on the type of the
X —hy—+
material. & T
+ [
=
“Geometry”: type the dimensions of the section according to the figure on
the right. g+

The four buttons under the figure define the placement angle in degrees. The column ilil

o)

can be rotated by 90, 180 or 270 degrees.

“Angle”: type the angle’s value manually.

| D . .
Button: offers a 3D representation of the column cross-section.
Use the degrees buttons to rotate column.

Press and hold the left mouse button and move the mouse to rotate the column
along the respective axis.
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View
Press the button —l to see all column views.

In the window below, you can see the formed section according to the
geometry and the dimensions selected. You can also see the local axes yy
and zz and you can change the insertion point (red point) by choosing a
blue one.

“Planted”: This command is used to insert a planted column. Activate the following checkbox

I Planted and place the section in the current level, while at the next upper level insert the same

section without activating the checkbox "Planted".
Remember to connect the planted column to the corresponding beam: T
Select "Tools >> Beam Segmentation " and then left click on the beam.

Beam
Segmentation

"Save/Select": This command is used for the creation of a section’s library through the command
"Save", related to the user’s need. The user can open it, at any time, through the command
"Select", without the need of defining the same sections again.

Column (0)
Cross Section Geometry (cm) P Save
o =
Select
Concrete v by 50 T
Quality dz 30 B N Info
E2025 i ody |3 l B R
+
(" 5@ ~ bz 60 —hy——+ 180|270 | | view
L i
. Select Cross Section f.. “ 1%
4 "--I " .
) . CHS521.3 v
0 tj 0100/100
I 60/30/30/60
,’ ‘m Any
N - g
Concrete Columns CK Cancel

“Info”: This command is used to see the values of all geometric and inertial data of this section.

x|
Description I Value
Cross Section Area A (m2) 0270
Net Cross Section Area Ak {m2) 0270
Tortional Moment of Inertia be (dm4) 484853
Bending Moment of Inertia ly {dmd4) 101.2500
Bending Moment of Inertia Iz {dm4) 472500
Shear Area Asy m2) 0212
Shear Area Asz m2) 0212
Beta angle b 45000
Young Modulus E (GPa) 29.000
Shear Modulus G (GPa) 12.083
Seff Weight & {cN/m3) 25.000
Themal Expansion Coefficient at*107-5 1.000
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Concrete section’s list includes standard, parametric and arbitrary sections.

. To define an arbitrary concrete section use the command
“Modeling>>Libraries>>Arbitrary Concrete Section”, described in detail in the
corresponding chapter.

. L & T Parametric sections are designed automatically.
. All the other parametric sections cannot be designed automatically, but if the

user set reinforcement in the section, the program can check the section’s
resistance.

1.2 Steel columns

SCADA Pro”
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o

Arbitrarny
Concrete Section

% Z Section
-

iN M Section
-.I‘-'?.

“ + Section
‘ Hollow Section

For steel sections, set the material type and the angle. Geometry includes the number of cross

sections both Hot Formed and Cold Rolled.

r
l ——

T +— o —+

T
' LEQ - LNEQ b =
l r th

"lT*F h

Column (0)

” UC-UB _ UPN - UPE - UAP Cross-Section Geometry (mm)
Material

Steel Standard =~ v

‘. SHS - RHS Type

5275(Fe430)
& r
.- Cold-Formed C ' ' I

{

Addition

(K 4
Columns ~

v
, Cold-Formed Z
&

I ’
‘ ‘ Angle EI
_’l Cold-Formed N [CPlanted

Save

Select

0] QUIEI

h
l tf 2 tw
180|270

Steel_Columns ~ Cancel

View

-_
® Cold-Formed £
-

The three-dimensional display helps to select the right angle versus the local axes, and the "Save"

button to create sections’ library.

The insertion of the cold rolled elements is similar to the hot rolled. For both beams and columns,

cross sections have been placed in a new category called "Cold Rolled".
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Column (0)
Cross-Section Geometry (n'n%
T:ao‘::lr:lrmed ~ METSECE ™~
Type
5275 ~

S
3

Columns ~

e [5|

[Jrianted

Steel_Columns w

Save
Select
Info

180|270 | | View

1.3 Timber columns

SCADA Pro”
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In the dialog box choose:
e Cross-Section

e Material

e Type

e Geometry

SCADA Pro contains timber sections inside columns’ dialog box.

+—hz—+
T s
o
Tt
iy k=
l +
+dz+
Column (0)
Cross Section Geometry (mm) p Save
; f— | +dy+
Material 100%30 7 Select
Timber Profiles v T
s +hi Info
Quality N ]
c20 v o l 0 |90
7 L
i" "3 ¥ e 180|270 | View
SR
Sl
/
F )
F Angle | 180
[ Planted
Steel Columns W

L. In the dialog box, all the sections are included. According to the selected material the
respective type of the material, the cross-sections, and the geometry are displayed.

Cross Section
Material

Concrete W

Concrete

Steel Standard

Steel Welded

Timber Profiles|
Timber Users-Profies

P> g9 Ve
S sy 9P
v ¢
M,

<Y
=

. You can model Timber sections by following the same procedure, described for the concrete

and steel sections.

. In SCADA Pro, you can model and analyze concrete, steel, timber and masonry structures.

9
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MOUSE RIGHT BUTTON

In each “tab” of the program and for each item you approach with your mouse, by
selecting the right button a list of commands related to the “tab” and the item opens.

Move the mouse over the section of an inserted column and press the right botton:

¥l Hide The list includes commands in the corresponding “tab”, related to
| isolate the element that is right-clicked.
) However, there are some commands that are only here, like:
«  Match Properties ey . K
. “Hide”: to hide an item.
L

s Copy . . .
Move “Isolate”: to isolate an item, hiding all the other ones.

Single Delete
Array

Rotate
Offset

Edit Column Alignment
----- Alignment

. Change Reference Point
—--f Extend

—,t’:- Trim

=] Beam Column Connedion

*1 Update Model

Wiew All

Copy

Move

To deselect, press the right mouse button at any point on

the surface of the grid.
Delete
A new list opens and you select "View All". ST

Rotate

I~ € 3§ X +

Offset

Clane Creation

¢ %

Move with Attachements

g Mumbering Display

“Edit column alignment”: to modify the cross-section of a column in height.

Approach the end or side of the cross section of the column to the lowest level about which will
be modifiedy, right-click and “Edit column alignment”.

The relative sections window opens, where you can modify the geometry and select the storeys
in which the modification will be applied.

. Choose the cross section to the lowest level, and in the window "blush" the correct reference
point.

10
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9l Hide
| isolate

Match Properties
Copy

Move

single Delete

Armay Column (3)

Rotate
Cross-Section
Material
Conarete
Type
8225

Offset

Edf{Column Alignment
Alignment

Change Reference Point

Extend g @
Trim D

=] Beam Column Connection @ 0
" Update Model - =

v

1N

=

sa b

LB - O

Yy 4

Concrete Columns

2. Beams

Rectangular [’ ’
rl
Concrete  Steel

I Section LEQ - LNEQ

T Section sections of :

=
=

Z Section UC - UB _ UPN - UPE - UAP

LR AR

Concrete

Timber

[a]
I
o

Cold-Formed C

Cold-Formed Z

Cold-Formed M

Cold-Formed £

MESmsARRrN

Geometry (cm)

ange [0 |

[Jelanted

SCADA Pro”
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save

Select
Info

o[oo] |

180|270 | | view

Storey

9 ren[] e [ o] e

Beam The command group “Beams” includes cross —

Steel (Cold formed & Cold Rolled)

Each one contains relative section commands which define the type and the shape of the cross

section.

11
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2.1 Concrete beams

—h—+
+
T p
s
£
=]
+E+
Beam (0)
Cross Section Geometry (cm) Save
Material +—hm——+
bw 30 + Select
Concrete v Llf —
h etails
Quality 100 =
c20/25 v hf 20 0|90 || 3
b 180 | 270 | view

I’ E’ bm 1]
,? ‘lf [VIR.Offsets
I @]

Angle |0
[Jinverted

Concrete Beams W Cancel

Define beams’ parameters. More specifically:

“Cross Section”: select the material (Concrete /Steel) and the type. Choose one standard section
from all the appearing sections, depending on the type of the material.

“Geometry”: type the section’s dimensions according to the figure on the right.

In the window, you can see the section formed according to the geometry and
the selected dimensions. You can see also the local axes yy and zz.

o)

The four buttons under the figure define the placement angle in degrees. The beam
can be rotated by 90, 180 or 270 degrees. EIEI

“Angle”: type the angles’ value, manually (The angle refers to the xx local
axis of the beam) (angle Beta).
Example: Rotated beam452in :

| a0
The button”3D” provides a three-dimensional representation of the column section. Use
the degrees’ buttons to rotate the beam.

When the checkbox “R.Offsets” is active, the beam will be modeled with rigid offsets, otherwise,
it will be modeled without them.

12
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e e O |

8 ie NO |

Select the insertion axis for the beam

There are three ways to place the beam (according to the insertion axis), which can

L,' ] l; ‘ l also be set with the keypad.
et lo,“ Use TAB to change the start and end E 9| £
_—l ] i falllCl (o
IA‘ alignment . Ialls r
ol i |+ (ol
1 Use SHIFT to change start beam alignment & < (f: (f:
lﬁ ol = | C i
Use CTRL to change end beam alignment :: :: (‘: ;

. Select the section of the beam and the insertion point (start point) with left click on the

desktop. Before you select the end point of the beam press TAB, SHIFT, or CTRL, depending on
how you want to place it.

Activate the checkbox “Inverted” to insert an inverted beam.

Concrete B -
From layers list I SnETEte Beams J select the layer where the beam will

belong. The default layer is the layer “Concrete Beams”.

"Save/Select": User can create its own sections library through the command "Save". The user
can open it, at any time, through the command "Select", without the need of defining the same
section every time.

“Details”/: to see the description of all geometrical and inertial data of the section

Details
Description Value
Cross Section Area A [m2) D.240
MNet Cross Section Area Ak (m2) D.300
Tortional Moment of Inertia b {dmd) 73.0006
Bending Moment of Inertia by (dm4) 18.0000
Bending Moment of Inertia Iz {dm4) 127 55559
Shear Area Asy (m2) D.250
Shear Area Asz (m2) D.250
Beta angle b 0.000
Young Modulus E [GFa) 29.000
Shear Modulus G (GPa) 12.083
Seff Weight & (kN/m3) 25.000
Themnal Expansion Coefficient at*10"-5 1.000

13
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2.2 Steel beams

‘ I [ "rFor steel sections (Hot & Cold Rolled) set the material type and angle

with respect to the concrete section. The three-dimensional view helps to select the right angle
versus the local axes, and the "Save" button to create sections’ library.

2.3 Timber beams
S

. Inthe dialog box, all sections are included. Based on the material you select, the qualities,
cross sections and geometry are adjusted.

i ST SIS
TIEAEp
stes! Welded ‘ ’ # @

Timber Profiles| F
Timber Users-Profiles

SCADA Pro contains timber sections inside beams’ dialog box.

. You can model Timber sections following the same procedure described for the concrete and
steel sections.

. In SCADA Pro, you can model and analyze concrete steel, timber and masonry structures.
MOUSE RIGHT BUTTON

The list includes commands in the corresponding tab, related to the beam.

14
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Hide

T

Isolate

Match Properties

e q
e

Copy

Move

Single Delete
Array

Rotate

+
&
(S
T

Offset

Alignment
Beam Segmentation
Break

Change Reference Point
Beam Merge

Extend

Trim

Beam to Columns Conversion

SHLHE% -

Update Model

3. Foundation

$ =

Footing T Section Strip
- Footing Beam =

Foundation

4 Redangular Shape The command group “Foundation” includes:

b Cone Shape g Rectangular Section Strip Footing Beam Footing and

B sccion st Footing Beam T Section Strip Footing Beam

.,_J Footing Connection Beam
Each one contains relative section commands which define the type and the shape of the cross
section.

Define foundation’s parameters. More specifically:

15
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3.1 Footings

Ly
-y L I L
E H
¥ x
"
Footings
Cross Section Geometry (cm)
Material Ly 150
Concrete
Lz 200
uali
Qualty H a0
C20f25 v

‘ ‘ Central v

soil
1]
height
[] commen Foating [ 50il Interaction 0
Footings W Cancel

Define the footing parameters. More specifically:
“Cross Section”: select the type of the material and the shape of the section.

“Geometry”: type the section’s dimensions according to the figure on the right side of the dialog
box.

Select from the following drop-down list % the footing’s position in the

corresponding column. For eccentric footing, enter the corresponding eccentricities according to
the figures below.

Eccentric L

ey 32.5

ez 42.5
Soil

height

| D
The button “3D” : it provides a three-dimensional representation of the footing section.
Use the degrees buttons to rotate the footing.

In “Soil height” type the value you wish. The soil height is calculated beginning from the base of
the foundation up to the ground level.

For “Cone Shape Footing”, the only difference is that you must define the plate thickness u of
the foundation (equal to H/3).

Prerequisite for the footing’s placement is the existence of the columns.
Activate the checkbox “Common Footing” to place the same footing under two or more columns.

16



CHAPTER 2 “MODELING” SCADA Pro

Structural Analysis & Design

| |
In the following figure, L =———— 1 you can see the section formed according to
the selected geometry and dimensions. You can also see the local axes yy and zz.

i ; Ks (MPa/cm IE'.E-
For elastic supports, check the “Soil Interaction” ' Soil Interaction : :

and type a value for the Ks constant.

Footings j

From the layers’ drop-down list select the layer, to
which the column will belong. The automatic default layer is “Footings”.

! How to place a footing:
Define the footing geometry and select the corresponding column, indicating one of the tops, or

one of its sides (to place the footing parallel to it).

. How to place a common footing:
Define the geometry of the footing and then select the columns that will be placed successively.

3.2 Strip footing beam:

1< § I

——— Select the section and the following dialog box is displayed:

Beam OEF - Footing connection beam (0) Beam QEF - Footing connection beam (0)
Cross-Section Geometry (cm) Cross-Section Geometry (cm)
Material e 30 Material o 0
Concrete Concrete
h a0 h 30
T T
ype ype bm 100
C20/25 v C20/25 v
hf 15
1 ! = 1 - ! 2 Central v
MPajem |02 MPajam | O-5
[¥IR.Offsets [VIR.Offsets
O O] (O]
v Cancel

Define strip footing beam’s parameters. More specifically:
“Cross Section”: select the type of the material and the shape of the section.
“Geometry”: type the section’s dimensions according to the figure on the right.

17
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...............

In the following figure, : : you can see the section formed according
to the selected geometry and dimensions. You can also see the local axes yy and zz.

I 3D . . . . . .
Button “3D” : it provides a three-dimensional representation of the beam section. Use the
degrees buttons to rotate the beam.

When the checkbox “R.Offsets” is active, the beam will be modeled with rigid offsets,
otherwise, it will be modeled without them.

. To place the strip footing beam under the wall basement, you have to deactivate the checkbox
“R.Offsets” and “Autotrim”.
s Ol
y (@
. . . .- @
Select the insertion axis of the beam
. To place the foundation beams follow the same procedure as for beams.

Ks

0.4
MPascm
In the field “Ks” , type the value of the Ks soil constant.

Concrete Foundation Beams -
From the layers’ drop-down list I J select the layer, to

which the beam will belong. The layer “Concrete Foundation Beams” is a default layer.

“Details”/: to see the description of all geometrical and inertial data of the section

Details
Description Value
Cross Section Area  A{m2) 0.300
Met Cross Section Area Al (m2) 0.300
Tortional Moment of Inertia bx (dm4) 73.0006
Bending Moment of Inertia Iy {dm4) 22 5000
Bending Moment of Inertia |z {dm4) 250.0000
Shear Area Asy (m2) 0250
Shear Area Asz (m2) 0.250
Beta angle b 0.000
‘foung Modulus E {GPa) 25.000
Shear Modulus G (GPa) 12.083
Seff Weight & (cN/m3) 25000
Thermal Expansion Cosfficient at™10"-5 1.000

3.3 Footing connection beam

The insertion procedure is similar to the strip footings, without the participation of the soil
elements.

18
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4. Surface Elements

& G

2D 3D

% Mesh @ Mesh
% External Boundary
@ External Boundary

@ Holes
4@? Holes v

@ Point
il
.% Line
@ Edit
L

@ Paint
@ Calculate

SCADA Pro”
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The command group “Surface Elements” includes the commands
for modeling:
- 2D Surface Elements and
- 3D Surface Elements

‘@? Edit
- g Front Wiew Recognotion

@ Calculate

Each command contains sub-commands to define, describe, and generate the mesh.

4.1 Surface elements 2D

You can model foundation slabs and any other type of horizontal surfaces with 2D surface finite

elements.

4.1.1 Mesh

% Mesh
Select “Mesh” and the following dialog box appears which displays the field-

parameters:

Plate Elerments Creation

Description MESH 2D

| Material | Concrete

Element Kz (Mpacm)

@ Isotropic

Exx (GPa) Gxy (GPa) | 12.0833
o

Density Width (cm) Thickness
0 ~| |5 RE | Ew(@Pa) 2
Descriptions Mesh Ezz (GPa) 23
Mesh Groups Flat Surface
1 MESH 2D

vxz{0.1-0.3) 0.2

wyz(0.1-0.3) 0.2

Redefinition

Del From List

Mew

| Type C20/25

() Orthotropic Angle

atoy*10-5 1

0

| Exx *vxz = Eyy * vy

Steel Reinforcement
5500 ~

Cover

o

0K

Exit

19
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Specify the properties of the mesh generation:

“Description”: type a name to describe the mesh group

“Element”: select the type of the plate. If you choose “Plate (O)n (E)lastic (F)oundation” you have
to type a value for the soil constant “Ks” in the relative box. This choice is appropriate for raft
foundation, while the option "Plate" in all other cases.

“Density”, “Width” and “Thickness”: displays the geometry of the mesh.

= "Density": the value expresses a smooth transition from an area with dense mesh
elements in an area with sparse. High-density expresses smoother "flow" of mesh
elements and of course more elements. Low density can be used when you want to use
a few elements to estimate the stresses in a region (ex. preliminary design).

=  “Width”: type the width of each mesh element

=  “Thickness”: type the thickness of the plate.

The “Mesh” and “Flat Mesh” selections four are deactivated and they will be active only in mesh
with 3D finite elements.

Select “Material” and “Type” and set the behavior of the material “Isotropic or Orthotropic”.
The orthotropic material allows you to assign different material properties in each direction. An
orthotropic material satisfies the following equality with respect to the modulus of elasticity
[ B v =By “wxy

“Angle”: for an orthotropic material, it will be activated in next versions.

“New”: complete the data and click “New”. In the list “Mesh” the mesh you have just created
will appear, with a serial number and the name that you specified. Follow the same procedure to
create another mesh with different geometrical and physical properties.

“Redefinition”: this command is used to modify the data of a generated mesh.

AN

" EXAMPLE:

For example, to change the Thickness of the “MESH 2D” from 50 to 60 cm, select it first from the
Mesh Groups

1 MESH 20

list and then type the new value in the corresponding box. Then, click on

Redefinition and the thickness will be updated. Similarly, you can change any other

geometrical or physical characteristic of the mesh group.

Steel reinforcement and Cover
It is the field where you select the quality of the steel reinforcement for the surface finite

elements and the mm of the cover:
Steel Reinforcement

5500 e
Caver

B m
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“Delete”: this command is used to delete one or more generated mesh groups. Select a mesh
from the list and click “Delete”.

1. The mesh will not disappear, but you will see the word “Delete” next to the name. This
means that it has been deleted, but you can recover it if you click “Delete” again. Then, the word
"Delete" disappears and the mesh becomes active again.

To delete a mesh permanently, after using the “Delete” command, save the project by selecting

Save

the command “Save” H

4.1.2 External Boundary:

@ External Boundary

this command is used to define the external boundary of the Mesh.

. If there is no mesh group created, the dialog box “Plate elements creation” opens to define a
mesh group. If you have already created it, perform the following steps.

Select the command and left click to the points that will be the vertices or the external boundary.
Use snap tools for help. To complete the command, use right click and close the border by using
the first point as the last one.

. To delete an external boundary, you have to delete the corresponding mesh group.

4.1.3 Holes:

eé 3? Holes
this command is used to define the mesh’s gaps/holes, in case there are gaps/holes in
the mesh surface. Select the command and define the perimeter of the hole as previously.

1. The definition of the holes can also be done after
the creation of the mesh surface by using the command
“Calculate” that regenerates the mesh which now
includes the gaps/holes.
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4.1.4 Line:

4@ Line

this command is used to define the region or regions of the surface with lines, where
an adaptive mesh will be generated. Select the command and design one or more lines inside the
defined boundaries.

. The lines’ definition can also be done
after the creation of the mesh surface by
using the “Calculate” a posteriori since you
have created the mesh surface by using the
command “Calculate” that regenerates the
mesh according to the line.

4.1.5 Point:

";"“: Point .
v this command is used to define points Adaptive Mesh x

inside the boundary, which will be the points of
thickening of the meshing. Width {cm) |§] | [ ok ]

Select the command and define the area of thickening Radius (cm) IZI Cancel
around the point. Click one or more points in the
boundary.

Select "Calculate" and you get the thickening.

22



CHAPTER 2 “MODELING” SCADA Pro

Structural Analysis & Design

1. The point definition can also be done a posteriori, since
you have created the mesh surface, using the “Calculate”
command, that recalculates the meshing based on the point
too.

4.1.6 Edit:

4@? Edit

o this command is used to edit a mesh that you have already created.
Edit must be after mesh calculation and before the mathematical model creation.
Since you select the command, the following dialog box is displayed:

Mesh Boudary Properties >

(®) Predefined Value
() Max Element Width {cm)
() Mo of Segments D

Carcs

“Predefined Value”: This checkbox is activated to define the number of the elements for the total
mesh. Type the number, click “OK” and left click on the sides of the boundaries. Right click to
complete. Then select “2D” >>"Calculate” and the following dialog box opens:

Mesh Calculation =,
1MESH 2D ~| | caleuation |
MNumber Visible Colour o Change Direction | Auto
MESH 2D ] .n X

X||Y||Z LINE

Start End
X

TT]
T

Select all

Visible Non Visible

Creating Holes in the
Column’s location

Cancel - Delete

Holes Lines

Point Properties

Exit Mesh Math Model
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Select a mesh and click “Calculation”. The number of the elements of the mesh will change and
the mesh will be updated based on the predefined value.

“Max Element Width”: This command is used to define the maximum width of a single mesh
element. Type the value of the maximum width of a single mesh element. Click “OK” and left click
on one or more sides of the boundary, where mesh elements will have the maximum width. Right
click to complete. Then select “2D” >>"Calculate” and in the dialog box, select the mesh and click
“Calculation”. The mesh will be updated considering the maximum width of the single mesh
element.

“No of Segments”: This command is used to define the number of segments (not of the total
mesh elements). Click “OK” and left click on one or more sides of the boundary, to apply the
segmentation. Right click to complete. Then select “2D” >>"Calculate” and in the dialog box,
select the mesh and click “Calculation”. The mesh will be updated considering the number of the
segments.

4.1.7 Calculate:

Calculate
% this command is used to generate a 2D mesh, based on the defined external
boundary, lines and points.
When you select the command, the following dialog box is displayed:

Mesh Calculation >
1 MESH 2D v Calculation |
Mumber Visible Colour o Change Direction | Auto
MESH 20 4] 0 X
. X||Y||Z LIME
Start End
o R CO
e Il |
o I ) OO
Select Al

Visible Mon Visible

Creating Holes in the
Column’s location

Cancel - Delete

Holes Lines

Paint Properties

Exit Mesh Math Model
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From the top list of the dialog box, choose the mesh group you want to generate. Note that each
boundary must have its mesh group. This means that you cannot use "MESH 2D" in two different
areas.

In order to generate a mesh, first, select the mesh group from the list, or click on Select Al

and then click on_ #8800 The same process is applied to different mesh groups.
The simulation results are shown in the figure below:

! ThIS Command generates the mesh but not | Tools | Slabs Loads Analysis Post-Processor Members Desig

its mathematical model. For this purpose -»'I 5% e - I :

1% ” ” : ” p p - L—] @ TQ‘I\T 4

use TOOI >> Ca’culat’on . :am Beam-Column Beam EBeam Column Definition | Calculation |Beams-
Beam Connection= break Merging Adjustment =

ural Elements UCS - W(Cs Model

The same dialog box, in addition to the generation of the mesh, includes more useful tools:

To change the color of the plate,

.
select the plate from the list and [oeom ooy | Clisk Here
select the desired color from the e L_‘“JIHI

X| Y| Z| rPAMMH
palette of colors. om | Toe

X o [}
¥ (o o
Z (o o
Enhoyri eAay
Opard Mn opatd

[ AxUpwon - Miaypapn |
Tpdneg | Tpappeg |

mpdo | s |

Mhévwarog| Moginuamod|

W). You can apply this change only after the generation of the mathematical model.
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Use the command “Change Direction” e Do to
change the direction of the local axes of the surface finite
elements.

' Local axes, which are acivated through, the View | Tools  Slabs  loads  Analysis  Post-Processor  MembersDesign  Dra

. . . ~ l 2 S | §
unit "View" >> "Switches" >> "Local Axes", .2\ | '\ &) # @ o [ U @ QN
Step Pan Dynamic | Redraw 2D-3D Rendering Mathematical [Switches| Xz YZ Xy
- Rotation View ® °

are displayed on the elements after the
n Display Toolbar
creation of the mathematical model. ‘ Mﬂ"m

Solid Cross Sections
[ attribute Points

i¢| Local Axes
Members Releases
Import File Display

[[] siab Model Display
Zoeliner Domes Display

The command “Change direction” is used to change the direction of all surface elements of the

selected plate.

. If you want to change the direction of
some surface elements, use the ® =l = ¢ I & 1 T £ K 4

eam Beam-Column Beam Beam  Column | Definition  Caleulation Beams->Columns  [Segmentation| Replacement | Length, Alig

Beam Connection~ break Merging Adjustment Angle

command “Change direction” through 50 e o
v

. . ‘/m Segmentation
the unit "Tools" >> "Segmentation" >> \)‘(
Intersection

“Change direction”. -
= Change Direction k

Member Merging
. Beam-Plate Connection
. Beam-Piate Connection Memben
L)

. BeamPite Merge [Level)
<

With the command “Auto” the program adjusts local axes of all the surface finite elements of the
plate to have the same direction.
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Use the left field to define the main direction of the steel reinforcement ﬂgﬂﬂil
i ion X, Y, Z).
(direction X, Y, 2) . I':'_ |°_
Y |u |u
z ||:| ||:|

" EXAMPLE:
Select a mesh from the list and if you choose the button “X” x| you will see the sign “X” under

Mumber Visible | Colour

o,

the column “c”, , but if you choose the button “Z” 2 you will get the

following picturetf

Use the command “LINE” il combined with the values in the following fields, to define the
S coordinates of the line and then, the program will consider the line

B

B

End
|°_ direction as the main direction of the steel reinforcement. Use this
|°_ command in case that the mesh is not parallel to the main axes.
|u |u The commands “Cancel/Delete” are used to delete
created holes, lines, points etc. Click to delete one of them and then click

Caloulation

X
Y
z Cancel - Delete

Holes | Lines |

the button “Calculation” again. The program will calculate Point | dli el |

the mesh considering the new data (ex. If you delete “Lines”, the new Mesh | Math Model |
mesh will be generated without lines).
Right-click inside the grid and a list of commands relevant to the grid will open. The Grid Delete
allows deleting the mathematical model (if any) as well as the mesh itself from the list.
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¥l Hide
| Isolate
4 Hide Mesh Surface

Isolate Mesh Surface

Delete surface element group

Match Properties

-
3% Copy
+ Move
& Single Delete
a Array
C Rotate
I Offset
4.2 3D Surface Elements
4.2.1 Mesh
et Wesh
R With three-dimensional surface elements, you can model surfaces of any shape

(horizontal, vertical, inclined, hollow) and surfaces with common bounds.

The three-dimensional modeling with surface finite elements is appropriate for projects of
Masonry Structures.

Y= There is also the possibility of automatically simulating a typical metallic frame of the
variable cross-section with finite surface elements.

Enipéaverzg 3D ~
~
Surface 4
=2l @ 7
Surface 5 Property Value
=] ~
Licm) 1000.00
Li(cm) 150.00
L2(cm) 100.00
Surface 6 Hl(cm) 200.00
H2(cm) 40000
H3(cm) 500.00
WhD(cm) 2000
Wh1(cm) 35.00
5 Wb2(cm) 45.00
Surface 7 Wb3(cm) 35.00
Wh4(cm) 2500
Wh5(cm) 2500
Fb(cm) 20.00
MAdrog (cm) 500
Méexog (cm) 100
Surface 8 FMwviaTonobér.. 0.0
=]
Wid(cm) 1.00 -
-
v
pE— e — Concel B 5 &5 8| 8l 8l 8l
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SCADA Pro provides multiple possibilities for using 3D surface elements, through "Templates" and
the command "Front view identification", which is explained in detail later in this chapter.

Select “Mesh” to open the following dialog box:

Plate Elements Creation hod
Description | PLATE | Material Concrete | Type C20/25 ~
Element Ks (Mpa,/cm) (®) Isotropic () Orthotropic Ange O
Flate w| | 300
30 12,5
Density Width {cm) Thickness Bxx (GPa) - Gy (GPa)
0.05 | 30 | | 12,5 | Eyy (GPa) sa £ (kN m3)
Descriptions [ Imesh Ezz (GPa) 30 atx*10-5 I:I
Mesh Groups [1Flat Surface vxy(0.1-0.3) aty™10-3 '
1 PLATE 1P 51/10/2
wvxz(0.1-0.3) 0.2 aboy*10-5 1
vyz(0.1-0.3) 0.2 | Exx *wxz = Eyy vy
Steel Reinforcement
Redefinition
5220 o | oK
Del From List Cover

Specify the properties of the mesh:

“Description”: type a short mesh description.

“Element”: select the type of the surface finite element. If you choose “Plate (O)n (E)lastic
(F)oundation” you have to type a value for the soil constant “Ks” in the corresponding box. This
selection is appropriate for raft foundation, while the option "Plate" in all other cases.

“Density”, “Width” and “Thickness”: These fields correspond to the geometry of the mesh.

= “Density”: it expresses a smooth transition from an area with dense mesh to an area with
Sparse mesh. High density expresses smoother "flow" of surface elements and course
number of elements. Low density can be used if you want to use just a few elements to
estimate the stresses in a region (i.e. preliminary design).

= “Width”: type the width of each element.

= “Thickness”: type the thickness of the surface elements.

Select “Material” and “Type” and “Isotropic” or “Orthotropic”. The orthotropic material allows
you to assign different material properties in each direction. In an orthotropic material, the
following equality is satisfied concerning Young’s modulus and the Poisson’s ratio.

[ Boc” vy =By "y

“Angle”: it is for an orthotropic material and will be activated in a next version of the program
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“New”: define all the appropriate data and then click the button “New”. In the list “Mesh”, the
mesh you have just created will appear with a serial number and the name you defined. Follow
the same procedure to create another mesh with different geometric and physical properties.
“Redefinition”: to save the data modifications of the created mesh.

N

‘Q " EXAMPLE:

For example, to change the thickness of the “MESH 3D” from 50 to 60 cm, select from
Mesh

the following drop-down list ’ the mesh and then type the new value in the

corresponding box. Then, click on Q st and the thickness will be updated. Similarly, you
can change any other geometrical or physical characteristic of the mesh.

Steel reinforcement and Cover
It is the field where you select the quality of the steel reinforcement for the surface finite
elements and the mm of the cover:

Steel Reinforcement
5500 R

Cover

5 Jm

Y= Now it’s also possible to define different cover for each mesh of the Mesh Group.

“Del From List”: it is used to delete one or more existing mesh groups. Select mesh from the list
and then click the button “Del from List”.

. Mesh will not disappear, but you will see the word “Delete” next to the name, which means
it has been deleted, having always the possibility to get it back, if you click “Delete” again.
Then, the word "Delete" disappears and the mesh becomes active again.

. To delete a mesh permanently, after the command “Del from List”, save the project by
selecting the command “Save”.
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. Right-click inside the grid opens a list of commands relevant to 7l Hide

the grid. The Grid Delete allows deleting the mathematical I
model (if any) as well as the mesh itself from the list.

Isolate
Hide Mesh Surface

Isolate Mesh Surface

Delete surface element group

Match Properties

.o 4
8

Copy

Move
Single Delete
Array

Rotate

=] € 88 X [+

Offset

“Mesh” and “Flat Surface” selections are active and are only used to input 3D mesh elements.
You can use these options if the defined mesh has more subgroups.

MESH GROUP CONTAINING MORE MESH SURFACES:

In case we want to model surfaces with common bounds, we create a Mesh Group with more
Mesh surfaces so that the nodes on the bounds, which will be created by calculating the math.
The model will be common to both surfaces.

NS

\Q " EXAMPLE:

Use line or polyline to design the two areas:

Use “Modeling” >> “Surface elements”’>>"3D" >> “Mesh”, to define the mesh:
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Plate Elements Creation “
Description MESH 3D Material Concrete v | Type C20/25 ~
Element Ks (Mpa/cm) (@) Isotrapic () Orthotrapic Angle 0
Flate ] 0
30 12.5
Density Width (cm) Thickness Exd(cra e
020 v 50 50 Eyy (GPa) 30 £ (kNfm3) 25
Descriptions [ Imesh Ezz (GPa) 0 abx*10-5 1
Mesh Groups [ ]Fat Surface wy(0.1-0.3) | 0.2 aty*10-5 1
we(0.1-0.3) 0.2 aby*10-5 1
wz(0.1-0.3) 0.2 B * wa = Eyy * vy
Redefinition
Steel Reinforcement oK
Del From List
5500 ~
MNews Exit

External Boundary

Then select “3D”>> “External Boundary” , left click to select the lines of the first
boundary and right click to complete. The properties of the first mesh subgroup are displayed
in the dialog box. The active “Flat Surface” command determines that the surface is in one level.

Insert Surface Element X

Element Ks {MPascm)
Plate

Width cm)  Thickness

Corcel

Click “OK” and do the same procedure for the second subgroup:

Insert Surface Element X

Element Ks (MPa/cm)

Plate e

Width cm)  Thickness

e
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By choosing once again the command "Modeling" >> "3D Surface" >>"Mesh", notice that “MESH
3D” contains the two subgroups “S1” and “S2”.

Plate Elements Creation *
Description | PLATE | Material | Concrete ~ | Type C20/25 -
Element Ks (Mpajcm) (®) Isotropic () Orthotropic Angle | 0
Flate ~| | 300
30 12,5
Density Width (cm) Thickness Exx (GPa) - Gy (GPa)
s v ] [B ] wes 2 e
Descriptions [IMesh Ezz (GPa) 30 abc*10-5
Mesh Groups [JFlat surface vxy(0.10.3) aty=10-5 i
1 PLATE P51
P52 vxz(0.1-0.3) | 0.2 atxy*10-5 1
wyz(0.1-0.3) 0.2 | Exx *vxz = Eyy *vxy
Steel Reinforcement
Redefinition
— b
Del From List Cover
NOTES:

! To delete a subgroup, select it, activate the checkbox “Mesh” and then click “Del From List”.

1. To change the category of a subgroup from non-Flat Surface to Flat Surface, select it and
activate “Flat Surface”.

Descriptions [+ Mesh
Mezh Grn::ups [+]Flat Surface
F'LATE 1IPS1

4.2.2 External Boundary

External Boundary
This command is used to define the external boundary of the surface. To

design the external boundary of the surface, use line or polyline command. Then select the
command and show with left click successively, one by one, the lines or polylines of the contour
of the surface.

YL

1 Ifthere is no mesh group generated, the dialog box “Plate Elements Creation” opens for you
to create a mesh group. If you have already created it, follow the description below.

To define the outer limit of the mesh surface, first draw it, using help lines or polyline and then
select the command:
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1. If the border is closed and there are no common lines with other contours and branches, it
demands only to point (left-click) one of the lines and right-click to complete the command.

2. |If the border is closed but there are common lines with other contours and/or branches,
point (left-click) all contour lines of the surface, one by one successively.

Y= The program provides automatic error detection during the definition of the surface closed
contour and displays red cross points where the selected contour is not closed.

ERROR

6 Non Closed Surface

If the surface mesh consists of more than one subgroups, follow the procedure described in the
previous example.

To delete lines or polylines that compose an external boundary, you have to delete the
corresponding mesh group.

4.2.3 Holes

g& Hales
-uf}.

et this command is used to determine the perimeter of the hole inside the surface of
the 3D mesh.

First, use "line" or "polyline" and draw the hole (closed perimeter).
Select the command "Modeling" >> "Mesh 3D" >> "Holes" and left click to select all the sides of
the hole.

Then, >> "3D Mesh" >> "Calculate". Then select the predefined mesh

L s1(1) < A 2nd press "Calculate" to generate the mesh which contains the hole.

The parenthesis () next to the symbol S shows the number of the holes, which belong to that mesh.

The definition of the holes can also be done after the mesh generation of the surface. Then use
the command "Calculate" to recalculate the mesh which contains the hole(s).
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4.2.4 Point
@; Point
s This command is used to define points inside the

boundary which will be the regions of the adaptive mesh.

Select the command and click one or more points inside the
boundary you defined.

! The point’s definition can also be done a posteriori, since
you have created the mesh surface, using the “Calculate”
command that regenerates the mesh based on the point
already defined.

4.2.5 Edit

@4 Edit
[gF

after the generation of the mathematical model as well).

Select the command and the following dialog box is displayed:

Mesh Boudary Properties

(®) Predefined Valus
() Max Element Width {cm)
() No of Segments

Garesl

SCADA Pro”

Structural Analysis & Design

Adaptive Mesh

Width {am) | 1 oK

Radius (cm) | 0 Cancel

this command is used to edit a mesh that you have already created (it can be used

“Predefined Value”: This checkbox is used to define the number of the mesh elements. Type the
number, click “OK” and then left click on the sides of the boundary. Right click to complete. Then

select “3D” >>"Calculate” and the following dialog box appears:
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Mesh Calculation

1MESH 3D W Calculation

Mumber Visble Colour o Change Direction | |Auto
151 5] 3| X
2 53 o] B X X[[Y||Z LINE

Start End

Select All

Visible Men Visible
Cancel - Delete

Holes Lines
Point Properties
Exit Mesh Math Model

Select one or more mesh subgroups and click “Calculation”. The number of the mesh elements
will change and the mesh will be updated based on the predefined value.

“Max element Width”: Type the maximum width of a single surface finite element of the mesh.
Click “OK” and then left click on one or more sides of the boundary, where the mesh elements
will have the maximum width. Right click to complete. Then select ” 3D” >>"Calculate” and in
the dialog box select the mesh and click “Calculation”. The mesh will be updated considering the
maximum width of the single surface finite element.

“No of Segments”: Type the number of the segments (not the total surface elements number).
Click “OK” and left click on one or more sides of the boundary, to apply the discretization. Right
click to complete. Then select ”3D” >>"Calculate” and in the dialog box, select the mesh and click
“Calculation”. The mesh will be updated considering the number of the segments.

4.2.6 Calculate

_::3 Calculate

) This command is used to calculate a 3D mesh by using an already defined surface
while considering possible points and holes.

Select the command and the following dialog box is displayed:
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Mesh Calculation ot

1 agath ~ Calculation I

Mumber Colour o

Visible Change Direction | |Auto
1 51 (4] B Z
5 g2 o % 7 XY z LIMNE

Start End

m

Select Al
Visible Mon Visible

Creating Holes in the
Column’s location

Cancel - Delete

Holes Lines
Point Properties
Exit Mesh Math Maodel

From the drop-down list in the dialog box, choose the mesh you want to calculate. Note that
each boundary must belong to its mesh.

In order to generate the mesh, first, select the mesh group or subgroup from the list and then
click on “Calculate”. The same procedure is applied for the generation of a different mesh group.
The simulation results are shown in the figure below:

| Tools | Slabs Loads .
Rt T 9| ¢

Analysis Post-Processor Members Desig

! This command is used to create the mesh

- —

but not its mathematical model. For this purpose I "I
use ”TOOI” >> ”Calculatl'on”. :am Beam-Column Beam Beam Column Definition

Beam Connection= break Merging Adjustment =
ural Elements UCS - W(Cs Model

iy
Calculation |Beams-
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The same dialog box includes not only the calculation process but some other useful tools:

vnotoponse |
1615 s byt aopic ||
2 52 <] ﬂﬂﬂ PAMMH
i Teoo
g ¥ o 0
z o 0

To change the color of the surface element,
select the plate from the list and click on the
desired color from the palette of colors.

Emhoyd dhwv
Cpard | Mnoparo

[ Axpwan - Aaypagn |
Toineg || oo

o | 1oemmg

msvu:mx| MaBnuaTiol|

EEabog

Use the button l or Hon iﬁinl, to

show or hide the selected mesh. The

YnoAoyioude OpaSuv MAcyparav.

[twewasn =] ¥rohoyauic |

indicator under the column/changes from [EmesIEa

: ﬂqﬂ_lj;MMH

visible (%)) to invisible (l%l) Since the , =

mathematlcal model has been generated :

you can apply this change EndortShav

o ]

Tw‘ﬂfcl P

Enpcio | aigmrEe

Mhéparoc| Mosramso|

1. Use the command 2l ) R change the
direction of the local axes of the mesh elements.

L. It is useful to display Local axes after the mathematical model’s generation, which can be
activated through the unit "View" >> "Switches" >> "Local Axes".

The command “Change direction” changes the direction of all surface elements of the selected
plate.
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! If you want to Change the direction of Sib:  loads  Analysis | PostProcessor | MembersDesign | DrawingsDetaling | Addons
o = = s 5o el % |4
specific surface elements, use the ' 1 ®& I @ £ N S

Beam Connection break Merging Adjustment

command “Change direction” through " Jru—
the unit "Tools" >> "Segmentation” >> 3¢
“Change direction”. L_*

S Member Merging

T e pise connection

A seam.piate connection puemben
=

K Beam piate merge teve
< g¢ (Level]

With the command “Auto”, the program adjusts local axes of all plate surface elements to have
the same direction.

NOTE:
L. After the creation of the Mathematical Model of the mesh, always return to the window
"Mesh Calculation" and press the "Auto" button.

ATTENTION:

Every time you define a 3D Mesh, and after the Mathematical Model creation, ALWAYS go back
to the Mesh “Calculation” command, for the automatic redefinition of the local axes of the
surface elements, using the "Auto” command.

Mesh Calculation

1

Number visible  Colour o

Select All

Visible Mon Visible

Creating Holes in the
Column’s location

Cancel - Delete

Holes Lines

Foint || Properties

Mesh Math Model
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To display the local axes of the surface elements, activate the corresponding option through
the “Switches”.

G‘QEGO"{YH!IE ) s
=)

Basic  Modeling | View | Tools  Slabs  loads  Analysis  PostProcessor  Members Design Drawings-Detailing  Addons  Optimization

SAANAA U s e [ 7 9OQOWIYQE I X

‘Window Extents Previous Step  Step Pan Dynamic | Redraw 2D-3D Rendering Mathematical [Switches| X2 \74 v SW SE NE NW | On/Off Levels
+ - Rotation View R B -
Zoom Display 7] Toolbar Views Dynamic Section
| puto Trim AL @O X s Kl T
Project Data 2% 9| Solid Cross Sections
EBH. o { j ) J 7] attribute Points
/ Lines s — PR | Eeam Axes
b (S Arcs
= Circles
™ Beams )i On-off global axes
B Columns — T — — — Member| on off global axes
& Footings pOTE PSS
A Nodes Slab Model Display

=~ Mathbeams

@+] MathColumns
& Surf 2D

£ Surf 30

<o Slabs

¥| Zoellner Domes Display

The arrows appearing defining local axes of the surface elements, according to the right hand

rule. The direction of the arrow indicates the x-axis and the point on the edge indicates the
orientation.

Use the fields depicted in the figure on the right to define the main direction of the steel

x| vz
reinforcement (direction X, Y, Z). —JJ J

<. EXAMPLE:
vV

Select a plate from the list and if you choose x| you will see “X” under the column “o”,

z |-:|
Use the command “Line” ii combined with the following fields , to define

the line’s coordinates. The program will consider the line direction as the main direction of the
steel reinforcement. Use this command when the meshing area is not parallel to the main axes.
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The commands “Cancel/Delete” are used to delete created holes, lines, points etc. Click to delete

Cancel -Delete———  one of them and then click the button “Calculation” Caladstion

again. The program will generate the mesh considering the new
data. For example, if you delete “Lines”, the new mesh will be
generated without lines.

Holes | Lines

Point | Prnperﬁesl

Mesh |MathMcdeI

Creating Holes in the

. . : Column’s location . i
Y The command “Creating Holes in the Column’s location” is used in the

«Flat Slabs» and allows the automatic creation of holes in the flat slab area where columns
exist. (cf. Chapter 9 - Flat Plates).

4.2.7 Front View ldentification:

#
SCADA Pro gives you the ability to create a masonry structure on any external boundary,

by using the tool “Templates”, quickly and easily.
The process is the following:

(i) Enter a plan view in DXF or DWG file format by using the command group “Draft” in a closed
surface on X, Z plan level.

Unit: “Basic”, command path: “Draft”>>"Line”>>"Polyline” - create a surface = right click.
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(i) Unit:

e
A

20 |
v

Infill
Surface
g f Mesh

iy

m External Boundary

A Holes

Calculate

i Front View Identification
o

(@ Bd=2-7

- Basic

Modeling View

- -

- -
Column

Beam

o X

3D ‘ Masonry Node Membe
v

Tools Slabs

Footing T Section Strip
-

Members Design Drawings-Detailing
$PFL B &0 X/
Concrete Steel | Concrete Steel

2D 3D
Footing Beam ™
Foundation

Structural Analysis & Design

“Modeling”, command path: “Surface Elements”>>" 3D”>>“Front View Identification”.

Then use the selection command “Window”

" to select the total plan
view. Right click and the masonry templates dialog box is displayed:

(see Templates - Masonry)

‘a80@ -

Loads Analysis Post-Processor

Addons

A M v ol @
-

Masonry Node Member || Elements Creation| Templates Model Checks Model

hd b Infill hd

Surface Elements

from DXF/DWG ¥
Elements

Report
L

Masonry
Info
Add-ons

Arbitrary
Concrete Section
Libraries
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5. ELEMENTS

o XS
Masonry Node Member
Infill hd “ ” . . .
i Elements” command group contains commands to define and insert:
- Masonry Infill
-Node and

-Member (Linear-Surface)

5.1 Masonry Infill

!

Masonry

Infill " Using this command you can model the masonry infills. Modelling is accomplished with

two diagonal bars with zero specific weight (wall loads have already been taken under
concideration as linear loads on the beam members). Select the command and left click on the
upper beam member of the panel that contains the masonry infill.

The dialog box with the relative parameters is diplayed:

Infill masonry H

Geometry
Masonry Brick blocks wall - M2 25 cm W ? S
il
Dimensions (em) | t{cm)=25.00(25.00) A l
300 Common brick 6x9x19 :
h -
fbc=2.0000 fb=1.6733 £=15.00 /'

| 455.543 Mortar Cement-M2 v -

Openings Skeleton behaviour diagram o-
Without or with 1 small located approx. atthe ¢ v | ? gy | 0.0015 gy | 0.0033 7
Circumscribed opening cu | 0.0035 a |0

h |© [ o
0.00% 0.00%

Degree of damage

Without W ?

Case of contact with the surrounding frame

Simple perimeter contact W ?

Unreinforced P
L=545.45
ym = 2.00 (Partial safety factor of masonry infill)

fk=10.79 (compressive strength in the vertical direction) Cancel
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In “Geometry”, select from the drop-down list the wall that has been created in the library of

) . . .
masonry, otherwise press to open the library of mansory and define it.

Properties of masonry D\} x

Masonry Brick blocks wall - M2 25 am w Type Existing o

- Concrete jacket

Name | Masonry Brick blocks wall - M2 25 cm | Thickness III Single Sided

I Type Masonry Infill w ISingIe—leaFwalI w7 Cocrete Steel
C20/25 ~ 5500 ~
Masonry uni| Common brick 6x9x19 w J—
: q;.,r 10 em  fRdo,c(MPa)= 0.00
Thickness fb=1.6733 fbc=2.0000 £=15.00 E == ’
Anchorage | yithout any additional care ~
Martar Mortar Cement-M2 ~

General purpose designed masonry mortar fm=2.0000

wal ? Ll(crn}lZI t1 (cm) D t2 (cm) D

Shell Bedded Wall
Total width of the two mortar strips g {cm) 0 ?

tef=25.00 k=0.45 fk=0.7944

Filled vertical joints (3.6.2) ?
[JBed join of thickness =15 mm
Masonry uni
Thickness (Equivalent)
Thickness [i}
Spedfic weight (KN/m3)
Martar

Compressive strength fic 0,754381
Masonry units - B -
wal 7| Li(om E t1 (am) E t2 (am) E HrEElTEy ’(‘:;"Pda“}'us of elasticity [ 1000 || 0.794381

[EeF=0.60 k=0.00 Fie=0,0000 E‘fﬂ:;czt)e”s'jc SRR e
Concrete infill ; Maximum shear strength e
fik (Mfmm2) Thickness New Fokmanc (Njmm3) 0.10878€
C20/25 20 0
Save Flexural strength fick1 0.1
Data reliability level Execution control : (jmm2)
Tollerant || dass 1~ Exit Flexural strength fxk2 0.2
(N/mm2)

Tensile strength fint (N/mm2) D Equal biaxial compr. strength (N/mm2) D :r?am”;nf:nﬂ'lzl:}wessive strength D

t(cm)=25.00(25.00) The wall properties such as the total thickness t (mantle and wall),
Common brick 6x3x19 the type of masonry with its strength and the type of the
fbe=2.0000 fb=1.6733 £=15.00 di h displaved

L corresponding mortar strength are displayed.

Dimensions (cm)

h 300 In “Dimensions” the editable height (h) and width (I) properties of the panel
which are automatically calculated by the program, are displayed.

| 455.54:3
Openings “Openings” are for defining the wall
Without or with 1 small located approx. atthe ¢ v || 2 openings. Select from the list one of the
Circumscribed opening options.
0 0 Openings
h ! Without or with 1 small located approx. atthe ¢ v || ?
0.00% 0.00% Without or with 1 small located approx. at the centr

2 large near both sides

1 large located approx. at the centre
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Choosing “Other case” you must type the corresponding dimensions.

Define the Openings to calculate the reduction factor of the compressive strength nl.
Define the Degree of damage to calculate the Degree of damage
reduction factor of the compressive strength rR.

Light (light (to moderate) cracks)
Light (multiple light cracks)
Serious

~{Heavy

In the end, select the Case of contact with the surrounding frame, affecting the calculation of the
reduction factor n3 concerning slenderness.

Skeleton behaviour diagram o-£
Skeleton behaviour diagram tension — deformation of the g |0.0015 | gy |0.0035 ?
masonry infill.
The graph is drawn automatically.
For unreinforced masonry, you have to type the corresponding
values. For reinforced masonry, ey and eu are calculated
automatically. In both cases, the values can be modified by the
user.
o factor is the proportion of the residual strength after fracture
and conserns only the reinforced masonry, such as the reduced
distortion total failure €'u.

£y | 0.0035 a 0

The choises and the results can be seen here:

Unreinforced P
L=545.45

ym = 2.00 (Partial safety factor of masonry infill)

fk =0.79  (compressive strength in the vertical direction)

The compressive strength, the elastic modulus, the partial safety factor, etc.

nd4 =1.00 (vertical joints) ~
n5 =1.00 (horizontal joints)

fwe,s = 0.26 (Compressive strength in the direction of the di
E=10.1739 Ap = 0.20 ¥

Press OK to create automatically the two diagonal members in the panel.

The masonry infills can be inserted either in the plan view of each storey or 3D View.

Reporting, editing, and modification can be performed through the “Assign Cross-Section”
command of the properties.

45



CHAPTER 2 “MODELING” SCADA Pro

Structural Analysis & Design

“;idoiu;.‘u.w Y P - oiENE
/" Basc | Modeing | Vew Tooks Sibs Lo al ¢ Me awing: s siie - (B HE - O

e FFL B
conere Stea | Conese” . | ooting ¥ Sl Site
Project Data o x o
.o

v

v

‘

v

.

v

103 - 0-000
104 - 0-000

0.0000
Iz{dm*4) 00000

00
00
00
E(GPa) 01
G(GPa: 0.0696
€ (N, 00
ar10~-5 100

MATH. 1470600, 3181 GRID

Left click on a diagonal member and in Properties select “Assign Cross-Section” to open the
respective dialog box and make the changes.

Infill masonry n

Geometry
Masonry Brick blocks wall - M2 25 cm o] [ e
I

Dimensions (cm) | t(cm)=25.00(25.00) ~ E
w300 Common brick 6x8x19 -
bc=2.0000 fb=1.6733 £=15.00 .

| [4sssez | Morter Cement-u2 . —

Openings Skeleton behaviour diagram o-g
Without or with 1 small located approx. at the ¢ v|| 2 o 00015 | g | 0.0035 B

Circumscribed opening e 00035 |a |0
‘L ‘ : n
0.00%. 0.00% i

Degree of damage

‘Without vl 2

Case of contact with the surrounding frame

simple perimeter contact vl 2
Unreinforced ~
L=545.45
ym = 2.00 (Partial safety factor of masonry infll
k=079 (compressive strength in the vertical direction) Cancel

!\ ATTENTION:
Changes affected only the selected member. To change other members, you must follow the
same procedure for each one.

!\ ATTENTION:
If you change data contained in the library of the masonry infill, changes are not automatically
updated. To update the properties of the members of the masonry infills according to the new
data, corresponding to the updated library, you must open the “Plate Elements Creation” form,

Redefinition
select it and click
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5.2Node

Node This command is used to define and insert nodes on the mathematical model.

Select the command and in the following dialog box define the node’s parameters:

Properties X

Member Properties  Element Releases  Hement Rigid Offsets = Draw Histary
Material Cross-Section Crozs-Section Details Nodes Member Type

MNode Spring
[ Dx |Free 0 0 kN/m
Dy [Fee 0 0 kN/m
O Dz |Fee 0 0 kN/m
[ Rx |Free 0 0 kNm./rad
] Ry |Free 0 0 kNm./rad
[1Rz |Free 0 0 kNm./rad

New Master Slave Node To I:l

Coordinate Recalculation

Free Fixed

Apply

Exit Help

Type the serial number “A/A” and the “Coordinates”, otherwise, the program will fill them up
automatically. In this case click “OK” and show “i” and “j” node by left clicking on 2D or 3D display.

“Degrees of Freedom”
Define the degrees of freedom of the node. There are four choices concerning the status of the
corresponding displacement or rotation of the node:

n o«

“Free”, “Fixed”, “Slave”, “Spring”.

=  “Free”: This type of constraint allows the node’s displacement and rotation in the
corresponding direction.
= “Fixed”: This type of constraint doesn’t allow either the displacements or rotations.
=  “Slave”: It means that the displacements or rotations of the node depend on a master
node, which is indicated in the column "Node" and it is activated automatically when you
select "Slave".
You can also depend on the displacements and rotations on another node (Master Node).
If you want the node to be fully dependent on one node, click the button "Slave Node To"

Slave Node To : |D
ave [iode 10 | and type the number of the master node.

= “Spring”: This selection activates the “Springs” to type the soil constantly.
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“New Master”

Mew Master

When you select the command “New Master” the selected node or nodes are

becoming depended on a newly created master node.

"Layers”
II"-"Iathematical Model j

Select from the drop-down list the layer, to which the node will belong. As default is the
“Mathematical Model”.

5.3 Member

a

[Member||| Elemeni
from v

| / Linear

Surface

5.3.1 Linear

Linear

/ This command is used to define and insert linear mathematical members.

Except for the ability to direct type the physical characteristics of the member, the program gives
the opportunity of calculating automatically these data by entering the corresponding cross

section.

SCADA Pro contains three types of linear members: B-3d, Truss and B-3def beam on elastic
foundation.

Select the command and in the dialog box define the parameters of the linear members:
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Linear Member

>
AfA pre B3d ~| Am~y [o0.12 Asz(m~2)

Nodesi |0 i o | Akmaz) [0.12 beta D

Material | Concrete o Do(dm~4) | 12.643296| E{GPa) 30
Ty(dm~4) - GlePa) | 12.5
(BB w1
Assign Cross-Section Lz(dm~4) T
O 20/80 Columns  ~ | s4i Constant Ks (MPa/cm) 0

High rigidity beam member

Rigid Offsets (cm) Member Releases
Starti End j M Vy Vz Mx My Mz
afo ] [ seti 0 0 00O OO
End j O O O O O o
dy |D | |D | Mathematical Model -
= |D | |D | (]4 Cancel Info

Define the “Material” and the “Type”. The assignment of a cross section to the linear member is
available. Type the serial number “A/A” and the number of the first node “i” and the last node
“”, the Rigid Offsets coordinates and the geometrical and inertial characteristics. Otherwise, let
the program perform automatic calculations. In this case, click “OK” and show node “i” and node
“I” by left click on 2D or 3D display.

More specifically:

* “Type”,

B-3d: The most common member type. Subject to tension, compression, bending, shear
depending on the member releases.

Truss: The member type that is subject only to axial forces.

B-3def (Beam 3d on elastic foundation): The member type used for modeling the foundation
beams. In this case, there are not axial forces. The displacement in x and z direction and the
rotation in the y direction, of the first and last node, are fixed.

® “Assign Cross Section”,

Assign a cross section and the program will calculate automatically the inertial characteristics of
the section.
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Beam (0) “
Cross-Section Geometry (cm) Save
Material - = ¢—bm—¢+ o
Concrete v T hf
Type h 50 = + Details
c20/25 = hf 15 l 0 0| 3D
vy

180 270 | View

=

Angle |0

[[Jinverted

Mathematical Model

Cancel

SCADA Pro”

Structural Analysis & Design

||3 vI
Select from the first drop-down list ==

beam or column for concrete members or from

) ICDIumns vI
the second drop-down list for

steel members. Click on the button “Cross

. Crozs Secti . .
Sectlon”ﬁl , and in the dialog box type

the geometric characteristics of the section: Click
“OK” and the parameters in the dialog box “Linear
Members” will be automatically filled in.

. . . v i .
If the “Cross Section” checkbox is active v MI, it means that the member has a

“physical” representative that will be designed and calculated. Otherwise, the members will
participate only in the mathematical model with their internal forces.

L. Below the command of "Cross section”, there is a drop-down list that deals exclusively with
steel cross-sections and the selection of the corresponding group is involved for the modeling
of a steel cross-section.

L. In case that you want to insert the diagonal members manually, you can

choose “Masonry Infill”.

Masonry Infi

Columns
Beams

Purlins
Girders

wind bracings

SecondaE Colur

Cross-Secti
Choosing Material: Masonry and “Masonry Infill”. Selecting the respective dialog

box opens:
Linear Member
AR 0 Type B3d v Am~2) 0 Asz(m~2) |0
Nodes i 0 i 0 Ak(m~2) |0 beta 0
Material | Masonry v gy 0 E(GES) 93
Type Masonry stone wall - M2 5( ~ Iy(dm=4) | 0 el 0.59
Assign Cross-Section L(dm~g) 0 <(kh/m~3) | 3.826
Beam v O Asy(m~2z |0 at*10~-5 |1
oo/ Masonry Infi + Soil Constant Ks (MPa/cm) 0
High rigidity beam member
Rigid Offsets (cm) Member Releases
Starti End j N Vy Vz Mx My Mz
& [0 0 sati [ [ [ ¥ ¥ ¥
edj [ [ O
dy |0 0
Mathematical Model v
dz |0 0
oK Cancel Info

Infill masonry ﬂ

Geometry

Masanry stone wall - M2 50 em MEE

Dimensions (cm) | {om)=50.00(50.00) i !
B Stones 202050 L
n Toc=8.0000 fb=9. 2000 £=26.00 ——

o Mortar Cement-M2

Openings Shetetan behaviour disgram o-¢
Without or with 1 smal ocated appros. ot the ¢ v || 7 oy 00015 | ey |0002 5

’ I n
0.00% 0.00% ’ -

Degree of damage
Without vz

Case of contact with the surraunding frame.
simple perimeter contact vl 2

unreinforced
L=0.00

Cancel ok

The data import process is identical to the one mentioned previously in the automatic process,
except for the fact that you must enter by yourself the length | and the height h of the panel.
Positioning the diagonal bars is a manual node to node process.
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High rigidity beam member

This is a useful tool for the automatic import of data, which is applied mainly for the simulation
of basement walls, by using the command "Beams to Columns Conversion».

Slabs Loads Analysis Post-Processar Members Design Drawings-Detailing A
= - P = Ve [
=l ¢ T 0 1 I -

im | — | B | oot e

Seam Eeam-Column EBeam  EBeam Column Definition | Calculation |[Beams->Columns| Segmentation = Reph
1 Beam Connection~ break Merging Adjustment = = =

rtural Elements UCS - WCS

A N A N A

l Beams To Columns Conversion
—

By clicking the button “High rigidity beam member”, parameters’ fields are completed
automaticaly with the characteristics of a high rigidity cross-section; zero specific weight and
without an assignment of a physical cross-section.

High rigidity beam member Am~2) [o0.7s Asz(m*2) IF
akm~z) [075  bet [o
Ix{dm~4) [196.04534 Eepa) 28 |
lydn~4) [32.0525  GlePa)  [120833
ta(dm~4) [ 5625 aymez) [0
asym~Z [0625  artmons |1

“Rigid Offsets”
Type the lengths of the rigid parts of the elements, located at the start and end point of the
member in cm.

"Geometric and inertial parameters"

Here the user can enter custom geometric and inertial parameters of the linear member,
otherwise, the program will calculate them automatically by selecting the command "Cross
section".

A: the area of the section, (in m?)

Ak: the area of the web of the cross-section, (e.g. reinforced concrete T cross-section in m?)
Ix, ly, 1z: Main moments of inertia in x, y, z axes respectively (in dm?)

Asy, Asz: shear surfaces of the section in y and z axes, respectively (in m?)

beta: beta angle (in degrees)

E, G: Young’s modulus of elasticity and shear modulus, respectively (in GPa)

&: specific weight of the material (in KN/m3)

at: coefficient of thermal expansion

Ks: soil constant (in MPa/cm). It is active only for B-3def members.

“Member Releases”

By default, all releases are inactive, which means that all the internal forces are active. Activate
the relative checkbox to omit the corresponding internal force at the starting or the ending node.
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" Layers List”
Select the layer, to which the member will belong. The default layer is the “Mathematical Model”.

Mathematical Model j

5.3.2 Surface

. Surface

elements.

This command is used for the manual creation of individual 2D and 3D surface

1 This command assumes that you have already defined the characteristics of the mesh
through the command "Mesh" in the command group "Surface Elements"”, while it enables
individual modifications.

Select the command and the following dialog box is displayed:

Surface Elements X
Mesh 2D . ~ | Material Concrete ~ | Type C20/25 L
Mesh 30 (@) 1sotropic () orthotropic Angle 0
Element | Plate ~ | Ks(Mpafcm) O
Nodes Eyy (GPa) 30 £ (kN/m3)
i j k |
T ] e P s
vxy(0.1-0.3) aty*10-5 1
Surface Elements w
wxz(0.1-0.3) | 0.2 aby*10-5 1
Cancel wz(0.1-0.3) 0.2 | B * vz = Eyy * vy

First, select the mesh type and the predefined surface. Parameters’ fields are filled in
automatically and can be modified manually.

In the field “Nodes” you may type the number of the nodes of the
single surface element, or type nothing and select the four nodes
graphically, by left clicking. The element will be formed on the
input interface.
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6. Add-Ons

The command group “Add-Ons” contains commands particularly useful for modeling process:

- Elements Creation from DXF/DWG

r*\. e
r "'l II " Fg Fﬁ - Templates
-

Elements Creation Templates Model Checks Model - Model Checks Report
from DXF/DWG ™ Report Info - Model Info

Add-ons

6.1 Elements Creation from DXF/DWG

The import of the floors’ plan view to SCADA interface offers multiple features. The user can
import to each level the corresponding plan and take advantage of the snap points of the plan
for the elements’ import.

Select “File”>"Import” and open the DXF/DWG file into the project.

- With the command “Elements Creation from DXF/DWG”, SCADA Pro offers an
- additional unique feature that simplifies and accelerates the modeling of your

Elements Creation

from DXFOWG= | Project remarkably.

This is the automatic generation of data from DXF / DWG.
! Prerequisites for using this command:
1. Existence of levels
2. The imported plan views of the floors’ (DWG / DXF files) must belong to the
corresponding levels

_ The command “Element Creation from DXF/DWG” contains a list of
.:.'l columns commands presented in the figure on the left.
]

!

Beams Each selection opens the same dialog box and activates the relative

element (beams or columns):

[
;lj Foundation Beams
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beams, and slabs) contains all DWG layers.

The drop-down list with the arrow below the label

Section Identification from Dxf - Dwg File Section Identification from Dxf - Dwg File

Selections Apply (Levels) Selections Apply (Levels)

[ section Identification, Global{Beams - Columns) Fron |0-0.00 v [ section 1dentification, Global{Beams - Columns) Fron |0-0.00 v
Select Layer for identification N e v Select Layer for identification S o
Columns | coLUMNS W : Columns g ¢ -

Beams o Section Identification, Automatic Beams  BEAMS he Section Identification, Automatic

Cantlever o Section Identification, Selection Cantiever |0 Section Identification, Selection
[] Automatic creation of matematical model - 3D s = [J Automatic creation of matematical model - 30 Info Esc

Furthermore:

Selections By activating the checkbox “Section
Section Identification, Global{Beams - Columns) Identification, Global”, all the elements
Select Layer for identification (COlUmnS, Beams, and CantileverS) are
Cohunns [ v activated for simultaneous identification.
Beams | W

Cantilever |q W

"Select layer for identification" (columns,

An important prerequisite for the proper function of the automatic identification is that

columns, beams, and slabs, must belong to a distinctive layer.

N

‘Q - EXAMPLE:

Select Layer for identification

Columns |0 |
i} -
Beams  [rbCs_Profie
RbCS_Plate
Cantilever |RbCS_Werkframe
RBCS_SubParts

Select Layer for identification

Columns [Rhcs_c.:.kmﬂ

El

Beams [Rhts_ﬂeam :|
RbcS Beam N
Info
Press n

deviation etc. (see figure below)

the beam.
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- The first two parameters correct the possible design errors, for example, gaps, parallelism

- The last three parameters determine the parallel lines that define the beams and the height of
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Section |dentification from Dxf - Dwg File
Selections
Minimun line distance a (mm) 5
Divergence Parallel Lines b (mm) 5
Minimum beam Height {cm) 20
Maximum beam Height (cm) 100
Default beam Height {cm) 60
x

Automatic creation of matematical model - 3D

By activating the automatic creation of the mathematical model, the program not only identifies
and imports the physical sections (physical model) but also calculates the inertial properties and
creates directly the mathematical model too.

1 A Prerequisite for the automatic identification of the slabs and the cantilevers is the
preceding columns and beams identification as well as the mathematical model creation.

Choose the command Section Identification Automatic

You receive directly the photorealistic visualization of the
model.

Section Identification, Selection

Choose

Section Identification, selectively > Columns

select the columns one by one by clicking with the left /
mouse button at a point on each column.

Section ldentification, selectively > Beams — Foundation /

Beams

Select beams, as it was mentioned previously, one by one.

. To display the beam dialog box and set the height of the beam, set the pointer of your mouse
inside the contour of the beam and press SHIFT on the keyboard. Enter the geometric
characteristics and continue by clicking on the beam.

L. The beams’ automatic import by using the command “Section Identification, Automatic”,
creates rectangular cross section beams with 60 cm height. You can define the height of the
elements from the beginning by using the SHIFT button or after their placement through the
properties toolbox that opens on the right of the screen whenever you select an element.

. Make sure that in the drawing file DXF / DWG, the outlines of the columns and the beams are
closed and defined by a polyline or individual lines, one for each side.
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L. Without the members of the beams and columns, the import of the slabs will not work. That’s
why  the slab identification  works, only  with the following  check

+| Automatic creation of matematical model - 30 . .
being activated.

6.2 Templates

There are two modes to access the “Templates” command:

1st Mode:
Left click on the icon of the start screen window:

Temgla.t.es,

Concrete - 2D and 3D finite elements - Steel
Masonry (3D finite elements) — Timber

- Give a name to your project file in the dialog box that opens.

2nd Mode:

- Select the “Add-Ons> Templates”
- Choose the insertion point to the interface, close to the origin.
Templates

The templates’ dialog box opens automatically.
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Steel Structures ~
Frame 12 2~
g i
= 4l B ¥

: Property Value
=] ~

Frame 22 L1 (em) 30000

L2 (em) 30000

H1 (em) 300.00

>z H2 (em) 40000
Along x 1
‘ Along z 3

Frame 23 Distancez 30000

Position An 0o

(=]
TopMainB.. ¥
Purlins v
Girders v
Secondary .. |V
HorWindbr. ¥
VertWindbr.. [V
Footing v

(=]
Lz1 (cm) 30000
122 (cm) 30000 v

]

o ][ o 8] 8 9 B trenowe

Select from the drop-down list the [steelstructres ¥ type of structure and the

corresponding form.
Trusses
Surfaces 20
Concrete Structures
Surfaces 30

Surfaces 3D

Frame 12 Truss 18 frame 4 Surface 1 Timber 1 toixo 1
Frame 22 Truss 20 Surface 2 Timber 2

Frame 23 Truss 21 Surface 3 Timber 3

Truss 24 Surface 4 Timber 4

Surface 5 Timber 5

- -
44 | > 4] |
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6.2.1 Steel structures

Set the parameters in the | Geometry -
“Geometry” field according to | Li{m) 300,00
the drawing and the repetitions | 2{m 300,00
in x and z direction. H1 (cm) 300,00
H2 (cm) 400,00
Along x 1
Along z 3
Distance z 300,00

The structural elements that will be part of the structure must have the corresponding checkbox
active.

Select the corresponding cross section for each structural element in the field "Main Cross
Sections".

zl
e —— ;‘,Eﬂ _ L ) Click on the default section
s e i i
Left Column (51) | IPE 450 (0.0) LB e and in ‘the dialog box select
Right Column (52 IPE 450 {0.0) o <@ 50| 20| ven | the desired one.
Beam (53) IPE 330 {0.0) rH
Beam (54) IPE 330 {0.0) Py ’-L J
Main Beams HEA 180 (0.0) Fania [ | U U
I~ dureurs
ooz, kichor | cancel |

1 Everytime you modify the default section, remember to define the correct layer. The correct
assignment of the layers is important so that you can take advantage of the program’s commands
operating for each layer and thus saving a lot of time.

& Purlins To calculate the number of purlins, type in the following fields:
Offset (am) 3000 “Offset”: the distance between the first purlin and the main beam
Max Distance (e 0000 “Max distance”: the maximum distance between purlins. Then

click the button "Calculate". The program automatically calculates

the number of purlins per side. Alternatively, type the number of
purlins on the left and right side, directly.

Mumber of Purlins Cale

Mumber of Purling 3
Cross Section Lef IPE 100 {0.0)
Mumber of Purlins 3

Coss Section Righ IPE 100 (0.0)
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B Girders -
Offset (cm) 30,00
Max Distance {cm 100,00

Number of Girder: Calc

Left Girders | Yes
Right Girders | Yes
Front Girders | Yes
Rear Girders | Yes
MNumber 8

Cross Section Lef IPE 100 (0.0)
Coss Section Righ IPE 100 (0.0)
Cross Section Fro IPE 100 (0.0)

Cross Section Re: IFE 100 (0.0)

= secondary Columns
E Secondary Columns Front
Mumber i}

Cross-Section IPE 200 {0.0)
B Secondary Columns Rear

Number 1
Cross-Section  IPE 200 {0.0)

[l Distances
Msc1 {cm) I

E Horizontal Wind bracings
Left V. Yes
Right Mo
Cross-Section CHS 114.3 {0.0)
= Left Wind bracings
Cross-Section CHS 114.3 (0.0)
B Panel 1
Cross-Secti CHS 114.3 (0.0)

Posiions Mo
Section Mo
E Panel 2

Cross-Secti CHS 114.3 (0.0)

Positions Mo
Section Mo

= Footing
Cross-Section 150.00/150.00

nédika

SCADA Pro”
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Calculate the number of girders as previously. Disable the
direction without girders.

You can choose different cross sections for the different girders’
position.

Type the number of the secondary columns (front and rear),
define the cross section and type the relative distances.

For a number different than 0, the "Distances" field opens in
which you can set the distance in cm.

Activate the horizontal wind bracings of the left or/and the right
side. The list expands further and for each panel, define the
position and the intersection of the bracings.

The same procedure is followed for vertical wind bracings.

-

In All Purlins
In Odd Purlins

In Top-Bottom Purlins
In Top-Bottom Columns

For footing, click on the default section to define the
geometry, the coefficient for soil interaction and the
corresponding layer.

Barop Teperpia (cm) u r
Vhweh y [ /,r
Exupoena . = o -\__' | L
Moémra ,— y QH
c20/25 h " ?n . ', =

" o -

view

&b |

ez

il

e |

I~ Ko Nidiko I Zupperoxs ESépoug Ks (MPa/cm)

oK

0.4

Cancel
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Select the elements for display.

B Display Structural elements
All J Yes
Secondary Colum || Yes
Left Purling J Yes
Right Purlins | Yes
Left Griders 7 Yes On the right, you can see the
Right Girders (V] Yes structure which is created.
FrontGrders | I¥ Yes With the bar below you can
Rear Girders J vYes .
—rt For ind bral 7] Yes change the view. You can also
Right Hor.Wind bi [ Yes use left click to move and
Left Vert.Wind br [¥] Yes rotate the image.
Right Vert.Wind b |V Yes
Front Vert.Wind b |V Yes
Rear Vert.Windb |V Yes

E Load Attribution “Load Attribution” regards the wind and snow loads according to
Purlins W Yes Eurocode 1 (“Loads>>Wind-Snow Loads”). When the fields
Girders | Yes

“Purlins” and “Girders” are active, the program automatically
allocates the wind and snow loads on them.

The command “Wind-Snow Loads” is presented analytically in the Chapter “Loads”.

The command “Save” is used to save the template. You can create a folder and save all your
templates in it and make your template library to use them later or perform changes and use
them in other projects.

1. Itis now possible to preview the files you create and save in templates.

The button “OK” is used to open the template model in SCADA Pro interface in the virtual view.
Switch off the virtual view to receive the 3D physical and mathematical model. Now you can
work on the model using the appropriate tools (Chapter 2) and make all the changes you need
to create the real model of your project.

1. You can also use more templates for the same project, with the same or not material. Just

click on the input point, define the template, click “Save”, “Ok” and repeat for the second
template.

6.2.2 Trusses, concrete, timber.

The same procedure, as previously described for the steel structures, is applied to concrete and
timber structures.
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Define the geometry according to the drawing, the cross-sections, and the repetitions and press
the button “OK” to open the template model in SCADA Pro interface.

6.2.3 Surface 2D

Choose one of the proposed 2D surfaces and define
the geometric characteristics according to the

L2 drawing.
In case of Plate O.E.F. activate the corresponding
L1 checkbox and type a value for the soil constant Ks
(MPa/cm).
El Geametry The values in the fields “Width” and “Thickness” refer
L1 {am) 00,0011 to the mesh that will be generated for the simulation
L2 (em) 4000011 of the surface. (Note: the default value for density is
Plate O.E.F. Mo 0.15)*
Ks (MPaj/cm) 0,40
Witdh (cm) 30,00
Thickness (cm) 40,00 || “Position Angle”: In this field, type the angle (in
Position Angle 0,00/ degrees), versus the X, Z global axes, to define the
direction of the surface in the desktop.
- N _
EXAMPLE:
Type the angle of 30° to receive a rotation like the one on the right - - N\
figure: ,&:/ \
Click the button “OK” to import the defined surface in the interface. \ ,//

On “Modeling” select “Mesh 2D”>>“Mesh”. In the dialog box, in the list “Mesh Groups”, the
defined Plate is displayed. Select it in case you want to make changes (i.e. change density) and
then click on “Redefinition”.

The command has been described thoroughly before.
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Plate Elements Creation n

Description ‘ MESH 20

Element Ks (Mpa/cm)
Density ‘Width (cm) Thickness

Descriptions
Mesh Groups

1 MESH 2D

Mesh

Flat Surface

(®) Isotropic (") Orthotropic Angle 0

B (GPa) Gy (GPa)
Eyy (GPa) 30 S
Ezz (GPa) 30 ax*10-5
vaey(0.1-0.3) aty*10-5 1

we(0.1-0.3) 0.2 aby=10-5 1

wyz(0.1-0.3) 0.2 Exx * we = Eyy * vy

Redefinition
Steel Remforcement
Del From List

5500 ~
e
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If you don’t need to make any change, go directly to “Modeling” >> “Mesh 2D”>>“Calculate”,
and the following dialog box is displayed:

1MESH 2D v | cdamion | ]
Number Visible Colour o
e B G ) (e ]
Start End
x[o 0
Y

o |0
2o ||

Cancel - Delete

Mesh Math Model

Select the Plate and then click the button “Calculation” for the mesh to be generated and to get
the physical model of the surfaces.

Proceed to create the mathematical model by using the

4, Unit “Tools”.
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6.2.4 Surfaces 3D

Choose one of the proposed 3D surfaces and define
L2

the geometric characteristics, based on the drawing.
—_ In case of Plate O.E.F., activate the corresponding
checkbox = = and
' L3 = ‘I type a value for the soil constant Ks (MPa/cm).
L4

The values in the fields “Width” and “Thickness” refer
to the mesh that will be generated for the simulation

= tilez:-ur:jetrv 500,00 of the surface. o
(Note: the default value for density is 0,15)*

L2 (cm) 1,500,00
L3 {em) 500,00
L3 (cm) 500,00
H1 {cm) 250,00
H2 {cm) 150,00
Flate O.E.F. Mo

ks (MPafcm) 0,40
witdh {em) 30,00
Thickness (zm) 40,00
Position Angle 0,00

“Position Angle”: In this field type the angle (in degrees), versus the X, Z global axes, to define
the direction of the surface in the interface.

Q EXAMPLE:
Type the angle 30° to get a rotated surface like
the one presented in the figure below:

\

Click “OK” to import the defined surfaces in the interface.

On the tab “Modeling”, select the group command “Surface Elements”>>"2D">>“Mesh”. In the
dialog box, an in the list “Mesh Groups”, the predefined mesh and the subgroups are displayed.
In case you want to make changes, select the mesh and the subgroup, and then click
“Redefinition”. (See more details on “Modeling”>>"Surface Elements”)
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Plate Elements Creation pod
Description | PLATE | Material Concrete v | Type C20/25 v
Element Ks (Mpa/cm) (®) Izotropic (") Crthotropic Ange O
Flate L
12.5
Density Width (cm) Thickness Exx (GPa) E Gxy (GPa)
s v 0] [0 ] mes @ com
Descriptions [ IMesh Ezz (GPa) 0 atx*10-5
Mesh Groups [ ]Flat Surface vxy(0.1-0.3) o .
1 PLATE 1551
2P 52 wiz(0.1-0.3) 0.2 atey*10-5 1
P53 2 ) ¥
ot wz(0.1-0.3) 0.2 e
tp g5 yz(| ) | Exx *wxz =Eyy ®vxy
Steel Reinforcement
Redefinition
5220 e | QK
Del From List Cover

Mesh Calculation x
1PLATE Calculation |
Mumber Visible Colour o Change Direction | Auto
1 51 4] 35 X
2 52 ] 35 X X[|Y|[Z LIMNE
3 53 4] 35 X Start End
S N A O | CH

2o o]
Select Al
Visible Nen Visible
Creating Holes in the
Column’s location
Cancel - Delete
Haoles Lines
Point Properties
Exit Mesh Math Model

surfaces.
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Enipaversg 3D -
sl
~ 1 Wi W
9
Surface 4 W N|; q‘ 1
w '
1 il e
M
3= 21 @ 7
surface 5 Property Value
= ~
Liem) 1000.00
Li(em) 15000
L2(cm) 10000
Surface Hiem) 20000
Hz(cm) 40000
H3(em) 50000
Wh0(cm) 2000
Wh1(em) 35.00
p Wh2(cm) 45.00
Surface 7 Wb3(cm) 35.00
Whod(cm) 25.00
Wb5(cm) 25.00
Fbem) 2000
MAGrog(cm) 500
Mdxog (cm) 1.00
Surface 8 FoviaTonofér.. 0.0
=]
Wid{em) 1.00 v
ﬂ e S
0
v
P  pre—— conal 8 5 8 ol 8l 8l gl
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Proceed to create the mathematical model by using the command
“Tools”>>“Model”>>"“Calculation”, described in detail in Chapter 4, Unit “Tools”.
Y= |t is also possible to simulate automatically typical metal variable-section frame with
finite surface elements, defining the geometry and the respective thicknesses.
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6.2.5 Masonry

For masonry structures, the template tool can be used in two modes:

1st MODE: This is the analytical way. Select the insertion point and choose from the drop-down

" » |Masonr =
list “Masonry I v J
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| »

Mumber of front views 4
Along v 1
Distance vy 300,00
Witdh {em) 30,00
Thickrness (cm) 20,00 3
Position Angle 0,00
[ Distance along y
Ly1 {cm) 300,00
E Front Views I
Break Mo
[ Front View 1
Start x {cm) 0,00
Start v (cm) 0,00
Length{cm) 400,00
Angle -90,00
Witdh {cm) 30,00
Thickness {cm) 20,00
Opening 2
E Opening 1
Start x {cm) 50,00
Start v {cm) 100,00
Width{cm) 100,00
Height{cm) 100,00
= Opening 2
Start x {cm) 250,00
Start y {cm) 100,00
Width{cm) 100,00
I P T — 1000 00

SCADA Pro”
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Define the geometry; the number of views, the
repetitions on y direction (number of floors) and the
distance between them (floor height). Type the
values of the width, the thickness of the walls and the
angle position according to X, Z global axes to define
the direction of the surface in the interface.

If there are more than one floors, you can change the
floor height in the field “Distance along Y”.

The activation of the checkbox “Division”, regarding
the front views, is optional. With this command, each
front view is slivered in more than one surfaces, with
limits in the middle of the opening, so, each view is
simulated from continuous surfaces without holes.
Otherwise, in the simulation process, each view
contains one surface with its existing holes.

For each view define: (i) the coordinates of the start
point and the angle for the rotation of the structure
according to X, Z global axes (see the drawing)
counterclockwise, (ii) the length and the thickness of
the wall and (iii) the number of the openings.
Similarly, define the geometry and the position of each
opening.

Click the button “OK” to import the defined structure
in the interface.
Proceed to calculate the mesh, as described above.

2nd MODE: SCADA Pro gives you the opportunity to create a masonry structure on any external
boundary, by using the tool “Templates”, quickly and easily.

The process is the following:

(i) Enter a plan view in DXF or DWG file format by using the command group “Draft” in a closed

surface on X, Z plan level.
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Unit: “Basic”, command path: “Draft”>>"Line”>>"Polyline” - create a surface = right click.

(ii) Unit: “Modeling”, command path: “Surface Elements”>>" 3D”>>“Front View ldentification”.

& o X/ -

2[; | 30\ Masonry Node Membe . . | ¥
~ ‘¢ Then use the selection command “Window” to select the total plan
Surface

> 1 i) Mesh view. Right click and the masonry templates dialog box is displayed:
-‘;:fziv External Boundary
i) Holes

Point

S Edit

g Calculate

#Z" Front View Identification
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Edit Typical Structures x|
[Masonry =l 1
m Z/LX
toixo 1
B Geometry B
Number of front 5
Along y 1
Distance y 500,00
Wiitdh (cm) 30,00
Thickness {em) 20,00
Position Angle 0,00
B Distance along y
Ly1 (cm) 300,00 |=
B Front Views
Break o
B Front View 1
Start x (cm) 633,33
Start y {cm) 1.183,33
Length{cm) 1.342,31
Angle 3,29 |
wiitdh (cm) 30,00
Thickness (cm) 20,00
Opening 0
E Front View 2
Start x (cm) 1672,22
Start y (cm) 333,33
Length{cm) 2.125,63
Angle 329,01
Witdh (cm) 30,00
Thickness {cm) 20,00
Opening 0
E Front View 3 |

~ i = i — 1= | W] W] W] WS P WP WS

The program identifies automatically the geometry of the floor plan view. By default, the height
is defined and the views are created according to the global axes.

(iii) The user has to define the number of the floors and the corresponding heights, as well as the
openings on each view by following the 1st MODE procedure.

Since you have completed the process for each side and each opening, insert the project on the
inteface by selecting the button “OK”.
Proceed to calculate the mesh, as described previously.

6.2.6 Steel Connections

Regarding the steel connections, Templates tool can be used to export any
steel connection from SCADA Pro to IDEA StatiCa's top IDEA Static design.

Export is achieved thanks to the BIM technology of the two applications and allows full and
dynamic communication between them. Extract the full node topology, cross sections, material
qualities as well as intensities per combination as they were derived from the analysis.
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./ i WSS 89 L) ¢ duz-sxspro 73280

6.3 Model checks report

v

Model Checks
Report

After the generation of both physical and mathematical model of the project, the
program checks the model for possible errors and warnings with the selection of the command
“Model Checks Report".

A TXT file appears in the screen that contains messages with possible errors related to the
physical or mathematical model ("Err", number, message).

Take into consideration the messages’ content and make the appropriate changes, using the
corresponding commands explained in detail in Chapter 4, Unit “Tools”.

! "Err" is not always an error indication, it could be just a warning. The user has to correct
the errors and take into account the warnings.
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A

? EXAMPLE:
In the example below, the Err1017 means "Beam on Beam" and it is a warning that doesn’t
require correction. Close the window and continue with the project.

File Edit View Insert Format Help

Dlcs|a| SR s @] B

CHECKES EREPCRT

Errl0l7: The beam 1 i connected end physically but is connected mathematically
Errl0l7: The beam 1 i connected end

Errl0l7: The beam 1 i connected end physically but is connected mathematically
Errl0l7: The beam 2 i connected end physically but is connected mathematically

For Help, press F1 NUM

6.4 Model info

o

Model
Info

This command is used to receive a full display of the information related to the active
project: number of nodes, members, components and the volume, the weight, etc.

HUMBEER OF HCODES -
Hodes = 391

LD.oF. = 2121

Springs = i}

HUMBER OF LINEAR ELEHENTS
Bid = 604

Truss = 1]

Bidef = a0

TOTAL = 11

HUMBER OF SURFACE ELEMEHTS
Flate = 0

Briclk = a

TOTAL = a

HUMBER OF STEUCTURAL COHMPONENTS
(#) Need to calculate MATH MODEL.

BEAMS - Bid = 1a
BEAMS — Truss = a
BEAMS — Bidef = il
TOTAL BEAHMS = 16 (=30

FOOTING BEAMS — Bid
FOOTING BEAMS - Trus=

(]
=
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7. Libraries

Masonry Arbitrary
Concrete Section

-Masonry and

Libraries

-Arbitrary Concrete Sections.

SCADA Pro”
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The command group “Libraries” contains libraries of:

Libraries can be enriched by the user and be used in any other project.

7.1 Masonry

This command is used for the modeling of the masonry structures in conjunction with the

commands “Templates” and “Front View Identification”. The command “Masonry” is

Masonry

used for the definition of the properties of the masonry that you can also save in the library.

Select the command and the following dialog box is displayed:

Properties of masonry

Masonry Brick blocks wall -M2 25 cm

MName Masonry Brick blocks wall - M2 25 cm
Type Load-bearing ~ | | Single-eaf wall w7
Masonry uni Common brick 6x9x19 ~
Thickness fb=1.6733 fbc=2,0000 £=15.00
Martar Mortar Cement-M2 w
General purpose designed masonry mortar fm=2.0000
wall B

L@ [0 | tlw [0 | @0 |

Shell Bedded Wall

Total width of the two mortar strips g (cm) 0 ?
Masonry uni
Thickness i}
Martar
wall ?

L1 (em) E t1 {cm) D £2 (am) El

Concrete infill fiok (Nfmm3) Thidkness

C20f25 20 0

Data reliability level Execution control

KL 1:Limited ¥ dass 1w

Tensile strength fint (Nfmm2) D

Masonry units -
Mortars library

Mew
Save

Exit

Equal biaxial compr. strength (Mfmm2) II'

Type
Concrete jacket
Thickness II' Single Sided
Cocrete Steel
C20/25 w 5500 V

Existing

<

q: ;E o fRdo,c(MPa)=

Anchorage | without any additional care ~

Filled vertical joints (3.6.2) ?
[JBed join of thickness =15 mm

Thickness (Equivalent)
Spedfic weight (KN/m3)

Compressive strength fk

Ea0

Modulus of elasticity

(GPa)

Characteristic strength fuk0

Nimm2)
Maximum shear strength

R D)
Flexural strength fxk1 o1
— o1 |
Flexural strength fik2 0.2
s 02 |
Mean Compressive strength I:l
fm {MNfmm2)
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Choose a predefined wall, or create a new one. Type a name for the wall, select the “Type” from
the drop-down list and define the related properties for the “Masonry Unit”, “Mortar”, “Piers”,
“Concrete Infill” and “Concrete Jacket”.

! Depending on the selected TYPE of masonry, in the dialog box, some fields are enabled or
disabled.

Name: Wall 1
Type: Grouted Cavity Wall

L. All fields of the window are active since this type requires the definition of two single walls

and a concrete infill.

Properties of masonry >
Masonry Brick blocks wall - M2 25 am Type Existing
Concrete jacket
Name Masonry Brick blocks wall - M2 25 cm Thickness III Single Sided
Type Load-bearing ~ | | Grouted cavity wall w Cocrete Steel
C20/25 ~ 5500 ~

Masonry uni| Common brick 6x9x19

Thickness IZ' fb=1.6733 fbc=2.0000 ==15.00

Mortar Mortar Cement-M2

10 do aj=
o 8 an R c[MPa)= 0.00
lr i }

Anchorage | without any additional cars

General purpose designed masonry mortar fm=2.0000

wal ? Ll(crn}lZI t1 (am) D t2 (am)

Shell Bedded wall
Total width of the two mortar strips g {cm) a

(= =R =R =T Filled vertical joints (3.5.2) ?

[JBed join of thickness =15 mm

Masonry uni Brick blocks Perforated 6x9x19 ~

Thickness (Equivalent)
Thickness II' fb=3.3467 fbc=4.0000 £=15.00

Spedfic weight (KN/m3) 17.8
Mortar Mortar Cement-M2
Compressive strength fic 0.794381
General purpose designed masonry mortar fm=2,0000 Masonry units -
i Modulus of elastic
Wal 2| Li(am E t1 (em) E £2 (cm) E tEEliEy e aty [ 1000 || 0.794381

Characteristic strength  fuk0
tef=9.00 k=0.45 fk=1.2905 0.1
| {fmm2) -

: Maximum shear strength
fk (Mfmm2) Thickness MNew fukmax (N/mm2) 0.1508
C20/25 ~ E E=30.00 £=25.00

Save Flexural strength fik1

Data reliability level — Execution contral : (Mfmm2)
A ~| dass 1~ Exit Flexural strength fik2
{N/mm2)

Tensile strength fnt (Nfmm2) El Equal biaxial compr. strength (N/mm2) II' :samﬂﬁn?nﬂ'lzl:}wessive strength IZI

Concrete infil

In Walll & Wall2 define

units: the type and thickness
Mortars: the type and the corresponding factors are updated automatically.

fb=3.3457 fbc=4.0000 £=15.00
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Masonry Units -
Maortars Libray

In the command “Masonry Units — Mortars Library” you will find standard
typologies of clay bricks, mortar, and masonry. You can enter other bricks and mortar, by simply
typing the name and specifying the class and group, for the compressive strength (which is
updated automatically). Then select the button "New".

You can also change the class and group of an existing masonry or mortar and update it by clicking
"Submit".

In the field "Masonry Units", select from the drop-down lists the type of bricks and mortar, and
create a new type of masonry by clicking "New". The weight and strength are calculated
automatically.

Masonry Units Mortars

| Clay Brick Unit {(common) 6x9x19 w | | Mortar-M2 w |
e | Clay Brick Unit {common) 6x9x 19 | Mame | Mortar M2 |
Type |ClayI hd | Type |General Purpose mortar v | El
Class Group III Strenth Compressive Strenth fm
Strength Calculation from Dimensions Mew

dx {mm) dy (mm) dz{mm) &
o - e
dx dZ Mormalized compressive strength IZI

Spedific Weight = (KN/m?3) D i ek
Compressive Strenth fb

i Save .

Exit

The selection of the command “Piers” affects the stiffness and the effective thickness of the wall.

In the field “Concrete Infill”, choose the type of the concrete and set the thickness of the layer.
The corresponding coefficients are updated, automatically.
fck (N/mm2)

I 16 E=29.00 £=25.00

The selection of the wall type “Shell Bedded Wall” affects the characteristic compressive strength
of the masonry.

/L. The calculation of the characteristic shear strength of masonry based on the formula (3.5)
implies that the joints meet the design requirements. In this case, enable the corresponding

Filled Vertical Joints (83.6.2)

checkbox in order the formula (3.5) to be used for the calculation.
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Jacket

Width {cm) | 10 SingleLeaf
Concrete Steel
C12/15 v 5220

Reinforce & | 10 /

Width (Equivalent) (cm)

Specific Weight (KM/m3)

Compressive Strength fk
Modulus of Elasticity (GPa)

Characteristic Shear
Strength fukd (M/mm2)

Maximum Shear Strength
fukmax (M fmm2)

Flexural Strength fik1
{MN/mmZ)
Flexural Strength fuk2
{(N/mm2)

SCADA Pro”

Structural Analysis & Design

In case you need to use the concrete jacket in masonry,

W define the geometric characteristics, the type of
materials and the steel reinforcement.
W
m
12
20.8333:
13.53081C If the user knows the values for the equivalent wall,
these can be defined manually.
22,6747
0.2
0.0756a
0.1
0.4

The total masonry results are calculated by the program based on the input data and they are
transferred to the summary table.

7.2 Arbitrary concrete section

You can create any arbitrary column cross section simply by setting the contour. The center of
gravity and all inertial data are automatically calculated by the method of boundary elements.
The section is saved automatically in your library.

The first time you select the command “Arbitrary Concrete Section”, a blank dialog box appears:
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Concrete Arbitrary Cross Sections Library il
| =
MName I

Mew Rename | Info | Cancel |

To insert your sections in the library and pick them whenever you want, proceed as follows:

- From the command group, "Basic" select a command to draw the closed
contour of the arbitrary cross section (see Chapter 2, paragraph 1).
Alternatively, you can enter a DWG or DXF file with the shape of the
arbitrary cross section.

- Select the command "Arbitrary Concrete Section" and type a name in the
dialog box (at least three characters) and then press "New".

- Activate the selection command “Window” "™ . Left click and pull the window to include the
total shape. Left-click again and the figure turns to the dash. Right click to complete.

f|ﬁ
1. Select again the command "Arbitrary Concrete Section" and in the dialog box, the cross

section appears, with the input points and the local axes. To change the name, type the
new one in the field and click “Rename”.
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Concrete Arbitrary Cross Sections Library

ICross:l

Mame I Cross1

Mew Rename | Info |

Cancel

" NOTE:

You can find all the created and registered sections in the list:

|Cmssl

SCADA Pro”

Structural Analysis & Design

Click the button “Info” ﬂlto read all the geometric and inertial characteristics of the section.

pemis x|

Description | Value |
Cross Section Area A {m2) 2 468

Met Cross Section Area Ak (m2) 2 468
Tortional Moment of Inertia b {dmd) 03,
Bending Maoment of Inertia by (dmd) hdGZ 1.
Bending Mament of Inertia |z (dmd4) 4770 6.
Shear Area Asy Im2) 2 056
Shear Area Asz im2) 2056

Beta angle b -17.535
Young Modulus E (GFa) 25.000
Shear Modulus G (GPa) 10.417
Seff Weight = (kMN/m3) 25.000
Themal Expansion Coefficient at*107-5 1.000

! To enter an arbitrary cross-section column in the model, open the command “Columns” and

find it in the section list.
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