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I.  FLAT SLABS - EXAMPLE

In the following example, the structure below is analyzed. It is the same structure analyzed in the
CSlI Safe 2014 tutorial. Useful conclusions may be drawn by the comparison of the results from
the two software.
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1. Simulation Process

1. The process begins by creating a new project and name the file.
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2. Then define the levels. At the level that will define the flat slab, turn off the Rigid Link

Constrain function and choose how the Connection Method of Columns nodes with Mesh
Surface.

Level Management XZ *
Add multiple levels
Name ‘ ‘
Number
Add
Execute []Readjustment *
n/n  Mame Height R.L.C. EvenH 3D Select All
0 i oo 9 & ol —
esele
il 300.00 Q‘i“ﬂ'
LT
Non R.L.C.
Even Height
Non Even Height
Display in 3D
Hide in 3D
Connection Method of Columns' Nodes with Mesh Surface
Rigid links in nodes of the surface ~ Ok
Kinematic pair to the nearest node of the surface

Rigid links in nodes of the surface

Rigid links in nodes of the surface/sides of the cross-section
Connection with binding bars with the nodes of the surface element that belon

At the bottom of the window there is the option for choosing the Connection Method of the

Columns nodes with the Mesh Surface, for the selected level. Select “Rigid Links in nodes of the
surface” and press Update.
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Level 1
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3. The top view of the model that will simulate described in the picture below.

®
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4. Activate level 1 and start inserting the columns and the beams using modeling commands
according the image’s dimensions:

Column (0)

Cross-Section
Material

Type

€20/25 ~

Geometry (cm)

.
-
e o
[ Planted

| Concrete Columns

+—hy—+

+—hz—

Save

Select

o [

s

Beam (0)
Cross-Section
Material
Concrete ~
Type
€20/25 v

4

Concrete Beams

X
Geometry (cm) Save |
bw—+
o 5] | |
h - Details
l 0 %0 | 3D
180 270 | View
[“]R.Offsets
O O
(O] ® R e
O O
e [0
[inverted
~ m Cancel
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I About the core, choose simulation with complex cross section, due to the large dimensions.
Use rectangular columns profiles, and then join them by using height rigidity beam members
to yield the stiffness of the component.
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5. Using Copy-Paste Level copy all in level 0 and delete the beams.
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B Columns
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< Slabs

AProject - T project
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6. The next step is the definition and creation of the mesh surface which
defines the flat slab.

External Boundary

Define Mesh:

[ Plate Elements Creation

Description Material e c20/25 v

Element Ks (Mpacm) (@) Isotropic () Orthotropic Angle 0

n

Exx (GPa) Gxy (GPa) 12.5

Density Width (cm) Thickness

50 25.4 Eyy (GPa) & (kN/m3) 25

Descriptions [[IMesh Ezz (GPa) ahbc*10-5 1

Mesh Groups [~ Flat Surface way(0.10.3) 0. aty*10-5 1

1P Flat Slab(11)

wiz(0.1-0.3) | 0. abey*10-5 1

vyz{0.1-0.3) |0.2 Exx * wxz = Eyy * vy

Redefinition .

Steel Reinforcement
Del From List

B500C -

nd using External Boundary set the slab outline. The boundar can be defined automatically,
simply by selecting one of its lines and then right-click.
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Preconditions: The boundary:
e should be closed and without ramifications and
e the external columns should be excluded from this.

So we must define a border like the orange solid line shown in Figure.
! The outer limit of the hole in the center will be set later as a hole.
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NOTES!!!
/ Line ++ To draw the External Boundary you can use the design commands and osnaps. Edit Layers
command needs to make Layers Non Visible and Non Editable for easier design.
N Polyline
Edit Layers x
Current Lines circles Levels XZ - Storeys
MNew ‘ Lines circles Update

Number Visible Editable Colour ~ Select All

escrces W

Concrete Columns # B Deselect Al

Concrete Jackets %

Concrete Beams #* Visible

i #

Concrete Foundation Beams Non Visible

Footing Connection Beams %

Steel_Columns &

Steel_Beams # v Non Editable

Delete Data

All Model | By Level XZ By Layer | [_]Model Only Cancel
Convert Lines- | | ** Alternatively, insert an auxiliary design file, containing the outer limit and by @
. . . . . Layers
Arcs using the Layers command, convert the design lines in SCADA lines. 29

| DWG-DXF
IE Move
=o Delete
@ Layers
L@ Freeze Layers
m Rotate
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ATTENTION!!!

ATTENTION: In cases where in the plate boundary there are beams, we must ensure the
connection of the surface elements of the plate with the members of the perimeter beams.

That's why:

» The external boundary of the slab
should coincides with the axis of the
beam

» dfter create the mesh and the mathematical model, you should use the command that breaks
the beam’s members and connects them with the mesh elements.

¢
Pl
Segmentation
-

Members

/

o Segmentation
e
>-< Intersection
L L
- .
e—— Change Direction
-

—
Member Merging

- Beam-Plate Connection
—

‘-\[\\ Beam-Plate Connection (Member)

- }\‘ Beam-Plate Merge (Level)
N

10



FLAT SLABS

i External Boundary

M

SCADA Pro”

Structural Analysis & Design

Select the command and left-click on one of the contour lines. Right click and displays a dialog
boxes with the surface setting.

X I Ifthereis one or more points where the perimeter is not

@ Holes
o

Insert Surface Element
Description |S-I
Eloment Ks (MPafcm) indicates that point/s.
Plate R 0
Width (cm) Thickness
|50 | |20 | []Flat Surface

. a closed area, on the screen will appear one or more X

Select Holes command and show the contour of the hole like you did before for the external

boundary, left click on a line and right click to complete the command.

A
@ Calculate

When the form and the properties of the mesh are completed, comes the calculation. Select the
command and in the dialog box that opens displays the list of the mesh. In this example there is
a mesh S1. The number in brackets (1) shows the number of holes that have been set for the

mesh.

Mesh Calculation

| 1 plegmal

X

V| | Calculation |

Number Visible  Colour

1os1(1) H .36 X

g Change Direction |Auto

2P|

Select All
Visible Non Visible

Creating Holes in the
Column'’s location

Cancel - Delete

Holes Lines

Foint Properties

Mesh Math Model

B
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Apart from the central hole should be also present the holes in place of the internal columns.

Creating Holes in the
) . Column’s location
These holes are generated automatically by selecting the command and

their number is added to the value in brackets.

| Calculation |

to calculate the mesh.

Use

F;T The modeling is completed by the creation of the Mathematical Model.

Calculation
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! NOTE: After Mesh Mathematical Model creation, always remember to open “Mesh
Calculation” window and press Auto.

Mesh Calculation X
1 plegmal W Calculation
Number Visible Colour o Change Direction g
1 si(11) .36 X s
XY z LINE
=

» After Modeling follow Load’s Import, Analysis and Combinations creation.

13



SCADA Pro”

Structural Analysis & Design

FLAT SLABS

2. Loads

Apply Dead Loads (1,44KN/m?2) and Live Loads (2,39KN/m2) to the entire slab. In the value of the
Dead Loads The value of the self weight of the slab is not included in the value of Dead Loads (the

S.W. is checked in the Dead Load definition.

- (i)

Delete
Loads

Delete Al
Loads

Dead Load

Self-weight

LC 5.W. Description

2 No Live Load

‘Inserl Loads X |Inser[ Loads X
LoadCase  Deadload ~ | Group | Group1 2 LoadCase Livelead ~|| Group |Group1 ~
Load Property Load Property
Load Type Load Kind il 6 Load Type Load Kind i 0
Plate ~  Pressure v = Plate ~  Pressure v x
Description K Description X
Value (kNfm2) ‘alue | (kjm) |0 Value (kN/m2) Walue j(ki/m) |0
i i) 0 Dist () 0 j Dist. () 0 Dist; fcrm) 0 g
Angle 0 o Angle 0 X
Predefined Predefined
Apply To Localz - Load Apply To Localz ~ Load
Id Status Description Insert Id Staus Description Insert
i 144 B 239
N [J| ClearList 2 [0 CclearList
Clear by Select Clear by Select
< > Cancel < Cancel
L 1
Insert | Edit View Copy Tools
h h
[ Member Loads | .
Select the command and use the Window

) SN
| D @ | to include all the plan view. Apply Dead (1,44KN/m2) and Live (2,39KN/m2)
loads as pressure on the Plate.

Load Property
Load Type Load Kind
Plate ~ | |Pressure ~

14
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3. Analysis

Create a Static Scenario and run the simple static analysis.

SCADA Pro”

Structural Analysis & Design

Pc

=

Scenario X _‘\ Sde=®e - '.0@ ]
Renumbering
T DAdvanced Basic Modeling View Toals Slabs Loads Analysis
Cuthil-McKee(I) Multi-Threaded Solver
'3 =P S
&, [ratc @ -] % ~Z
Disable Name ; - - . .
D New Active Scenario Run Combinations Checks Seismic
EC8_General Static (0) Analysis | Static o
ECB_General Dynamic (1 Static - Dynamic Analysis (C\MELETES\safe6\scaanal\Scen002410005....
Type Static ~
Properties Stiffness Matrix I BANDWIDTH
Elements Nodes Elapsed Time |
Load Cases Masses Reading Input Data
New Update Creating Block
Exit Decomposing Block
Vector Assembly
Writting Output

Then, create the combination 1,20G + 1,60Q in the combinations field and save it.

Bef ‘a8Q@ -
odeling View Tools Slabs Loads Analysis Pec
1B | P B
Scenario Run Combinations|Checks Seismic
Force
Scenarios. Results
Load Groups Combinations x
Ultimate Serviceability
\G |1.35 ‘ yE |1 ‘ YGE ‘1 | w2 |D-3 ‘ M 3yeryQ+mppon lz6+q+zpog Calculation
= UEkE Wind - Snow ;2:‘:1;;2::(! ;E:‘;SJWZQ Delete All
Type Direction LC1 Lcz LC3 Lc4 LC5 e
Scenario Static (2) LI Static (2) LI LI LI LI
Load Case 1 2 0 0 0 0
Load Type G LIQ LIG LIG TG LIG
Actions LI LI LI LI LI
Description
Comb.:1 Ultimate LI No LI 1.20 1.60
Comb.:2 = =
Comb.:3 LI LI
Comb.:4 LI LI
Comb.5 LI LI
Comb..6 LI LI
Comb..7 ﬂ ﬂ
Comb.:8 LI LI
Comb.:9 LI LI
Comb.:10 LI LI o
£ ' ' >
Add Remove Read TXT Default Combinations Cancel
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4. Post-Processor

In Post-Processor field, you can read the values of the different sizes, either by the color imaging
either by reading the values of the selected size in the surface of the mesh element, activating
VALUES in the lower horizontal bar.

Plate Elemen ~ | Internal Forces v oXX  Load Case ~ | 3D Membe:
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5. Members Design

) BHde@e i & X112

=/ Basc  Modeing  View Tools Sibs loads  Anaysis  Post-Processor Drawings-Detaling  Addons

; A A |- TE "L & =
=T TONR Y o 9{ ﬁ ﬁ ‘ H : ...a.. ¥ o .

New ' ActiveScenario  Para- | Continuty =~ Check-  Results =~ Node Design Bucking  Check-  Results Check  Results Steel  Timber | Masonry 2D
meters | of Beams ¥ Reinforcement™ ¥ || Releases™ ¥ Reinforcement ¥ || Reinforcement™ ¥ Design ¥ Desian ¥ || Design ¥ Diagrams
Scenarios Beams Capacity Design Columns Footings Steel - Timber

In Members Design field there is the Flat Slab command and the necessary sub commands for
solving them.

First load and calculate the combinations and then select the command and start the following
procedure :

=5 = -

Flat |Results Steel  Timber | Masonry 2D
slabs ¥ v Design ¥ Design ¥ | Design ¥ Diagrams

Flat slabs » @f Parameters
| %

Punching shear check \%‘ Calculation of design strips
v

Mesh v % Display X
% Display Z
Y Diagrams X
Y Diagrams Z

Results

® 9%

17
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5.1Param

. Parameters
=

eters

SCADA Pro”

Structural Analysis & Design

Flat Slab Design Parameters

Layer
Flat Flat Slab
Drop Panel Drop Panel

Support Line xx Support Line xx

Support Line zz

Support Line zz

Cancel

In the dialog box you define the correlation between Layers.

Edit Layers
T — Lines circles
Hew Flat Slab
Number Visible Editable Colour ~
Timber Secondary Columns & Y [ )4
Timber Hor.Wind bracings o Y |z
Timber Vert.Wind bracings ! = e
_ ] = s
Drop Panel o1 Ey 8
Support Line xx & Y e
Support Line zz o Y e
o v
Delete Data
All Model By Level XZ By Layer | [ |Model Only

Levels XZ - Storeys

Update

Select All

Deselect All
Visible
MNon Visible
Editable

Non Editable

Cancel

The default Layer’s list of SCADA includes the layers related to the flat slabs.

= |n “Flat Slab” layer transfer the outline of the slab (including external columns) and
correspond it to the Layer “Flat”.

Outline the slab using lines.

To transfer the contour lines of the layer "Lines circles" into the layer "Flat Slab",

- Frizz all Layers (Not Visible-Not Editable), except " Lines circles "

- Select the command Multiselect Edit (Basic)

- By Left-clic

k select all contour lines

- Right click to complete.
- Inthe dialog box, in Draw, change layer to Layer "Flat Slab"

18
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Properties x

Material
Member Properties

Cross-Section Cross-Section Details Nodes Member Type

ElementReleases  ElementRigid Offsets History

[1 From Layer

ToLayer

Mathematical Model

Mathematical Model M

Mathematical Model ~
Surface Elements

Mesh 3D

Mesh 2D

Slabs-Strips

L From Color Steel Columns

Steel Beams

Main Beams

Purlins

Girders

Secondary Columns
Hor Wind bracings
VertWind bracings

|:| To Caolor

Timber Columns

Timber Beams

Timber top main beams
Timber Purling

Timber Girders

Timber Secondary Columns
Timber HorWind bracings
Timber Vert Wind bracings

Erop Eane

Support Line xx
SupportLine zz
perigramma

perigrammaOpis A

SCADA Pro”

Structural Analysis & Design

! For convenience, you can initially

choose the Layer "Flat Slab", immediately after
the selection of the command line or Polyline, so
the contour lines will belong to the correct layer
without need to transfer.

= Respectively, in “Drop Panel” layer transfer the Lines that define the area around the
columns, where will increase the thickness of the slab locally.

The "Drop Panels" are inserted optionally around the columns of the slab relieving the fatigue

from drilling.
Properties
22l E #
Layer
Color
'. =l Start point

.‘ | pomt

Drop Panel

8

72380, 300.00, 66..,
72390

300,00

662.94

723.90, 300.00, 48...
72390

300,00

480.06

=  Same procedure to transfer, in “Support Lines xx” and “Support Lines zz” the Lines that define

the Support Lines.

These are lines insert in both X and Z directions between successive points of the slab. Usually
connect column’s nodes and end on the outline of the slab.

19
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Drop Panels and Support
Lines

!

Based on the designed Support Lines will be generate the corresponding Design Strips.

5.2 Calculation of design strips

%_ Calculation of design strips
RV

According to Annex | of EC2 flat slab is divided into design strips. These are the areas that are

automatically created by the program on both sides of the Support Line, according to Figure I.1
of EC2.

Select the command Calculation of design strips and the program automatically creates them.

Each Design Strip is divided into sections along its length perpendicular to the Support Line. In
each section SCADA integrates the internal forces of finite surface elements intersect. By
completing this occur the bending moment around the axis of the section. This intensive value
used to calculate the armature in each section.

5.3 Display X, Z

"t..% Display X Select to display the Design Strips in both directions.
% Display £

20
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Design Strips along the X axis
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Design Strips along the Z axis
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5.4 Diagrams X, Z

Comparison to the results of CSI Safe 2014

After drawing the same design strips in the Safe (only Column strips are defined (containing the
width of the middle strips) to be compatible with the definition of SCADA Pro) we take the
following Bending moment diagrams. The diagrams of the two software look identical.

5 \'\,LJ,,J/’ .
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Let’s pay closer attention to the strips 14-15 along X axis (numbering of the strips is shown in a
previous figure). Safe 2014 reports a maximum value of bending moment equal to 254,3348 kNm
at the middle of span 14.

The corresponding value computed in SCADA Pro is equal to 245.990 kNm, that is a difference of
about 3% in the values of the two software (the above value can be found in the folder
scades_FlatSlab of the project, file L_14.txt).

5.5 Results

P Results This command opens the Results file through the Report.

Each page concerns a Strip Line.

Initially described the characteristics of the Strip.

| Page : 1
Strip Calculations
Description Value Units Code |Description Value | Units Code
Floor 1 Starting point comer column | 9.4.1&2
# of strip 1 Drop panel Yes
Orientation X-X Thickness 162.88 {cm)
Length 81548 (cm) Width (cm)
Concrete C20/25 Finishing point internal column | 9.4.1&2
£ 20 (MPa) | Table 3.1|Drop panel Yes
Eom 220 (MPa) | Table3.1| Thickness 18288 | (cm)
Steel S400s Wiath (cm)
fe 400 (MPa) Minimum reinforcement
Cover 20 (mm) Tension reinf. Yo (cmzfm] 9.21.1(1)
Slab thickness 0.25 cm i i
= Compossn et | 5 | % | 0312

Then displayed the reinforcement results above and below in detail for each zone, dividing them
into sub-zones.

- Left-Right -> red zone

- L-CR-C->blu zone
- Center-> light blue zone
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Analysis Results and Reinforcement | Top
203.87 cm (Lesr) 407.74 cm (Loawe)
M Width A M Width A A
Zone | wm) | (em) | ey | ooy | ¥ | om) | fem) | emion | oty | @'
Left 400.0 3.246 815 4011 0.812 8120
L-C 400.0 3.246 8115 853 1.763 8/20
Center | -80.283 46.0 27271 27.21M 14/5 170.5 6.618 87
R-C 853 2043 8120
Right 103.8 1.471 8/20

203.87 cm (Le)
M Width
Zone | 4Nm) | (cm) [cﬂm"*'}fm [cﬁ'i.‘?}“m;
Left | -88.070 | 4011 | 2873 | 3246 | 815
Lc | 44824 | 853 | 7054 | 7054 | 87
Center | 152524 | 1705 | 12422 | 12422 | 1066
RC | 51588 | 853 | 8172 | 8172 | e
Right | 45848 | 1038 | 588 | 5886 | 88

Analysis Results and Reinforcement | Bottom
203 87 cm (Lums) 40774 cm (Lozn=)
M Width Ao Pagr M Width Aure A
Zone | kNm) | (cm) | (emiim) | (emitm)| 'S | (kNm) em) | (emim) | emim)|
Left 9.207 400.0 0.234 0.812 8/20 70.543 4011 2293 3.246 813
L-C 9.207 400.0 0.294 0.844 820 | 21.929 85.3 3.377 3377 | 814
Center | 80.591 46.0 27408 | 27408 14/5 43.857 170.3 3.377 3377 | 814
RC 21.929 85.3 3.377 3377 | 814
Right 25.982 103.8 3.284 3.284 | B3
203.87 cm (L)
M Width A, rog
Zone | Nm) | (cm) | (emiim)| (cmiim)| V'S

Left 17.333 4011 0.555 0.812 8/20
L-C 6.505 85.3 0.9384 0.9384 8/20
Center | 23.135 170.5 1.762 1.762 8/20
R-C 3.583 85.3 0.539 0.544 8/20
Right 331 103.8 0.409 0.821 8/20
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6. Punching shear checks

w5 = e

Flat |Results Steel  Timber | Masonry 2D
slabs™ v Design ¥ Design ¥ || Design ¥ Diagral

Flat slabs » l

Punching shear check| » "ﬁ By Pick
L\\) v

%

i
=4

Mesh »

o

6P User check

Added in the new version also the punching checks by EC2. The check is part of the check and
design process of the flat slabs which runs automatically, but can also run as an individual check
for any column. All data can be set automatically or even manually.

6.1 By Pick

- By Pick

o

Select By Pick command with the left mouse button show the node of a column and right-click to
open the dialog box where you specify all the necessary parameters.

L. In this example we select the node of an Internal column, node 40.

Here are explanations for the other positions of the columns on the perimeter of the slab:

Basic  Modeling  View  Tools  Slabs  loads  Analysis  PostProcessor | Members Design Drawings-Detailing  Addans syle - () 5 - @
= = 5 = = i @ L ¢ o —
Faon -G A WM [- T4 9 W 7 L & %% = B\
New ' Active Scenario Para- Continuity Check - Results MNode  Design  Buckling Check - Results Check Results Slab strip Flat Results Steel  Timber Masonry 20
meters  of Beams v Reinforcement ~ - Releases™ - Reinforcement ~ - Reinforcement = - Caleulation = slabs = - Design~ Design~  Design~ Diagrams
Scenarios Beams Capacity Design Columns Footings Slabs - Mesh Steel - Timber
LA LOSON 1 XA X8 ZI0QARAQAE | AZ @RI LY & %
Project Data 2 x .. +  Properties X
" eEglE £
.4 10-000 € « Layer Drop Panel
A 11000 ¢ Color ]
412000 < £l Start point 72390, 300,00, 66...
A-13-000-C X 72390
414000 < ¥ 300.00
-4 15-000 € T v z 662.94
416000 C [ Punching Shear Check = End point 723.90, 30000, 48...
417000 = i % 72290
i 18-0.00 € Control node Combinations . = v 300,00
+19-000 .o i
z 480.06
R “ e 5260 st 34355 st 7150 | .
420002 Distributed Load. (k/m2) 0 3 |
4 22-000¢
13000 < Matericls (MPa) Outines of floors
Laams SR
425000
126000 Loaded surface Pasition of loaded surface:
e o & cm won [t cloro o 0
-4 28-000C
L9000 Siab’s elements Steel Reinforcements
30000 Thids tem) 064 External
A 31-000-C Cover = B i i
A 32-000C Mbov @ 1 /15 o 1 /IS
i 33-300.00 Loty 2 Blow® 10 / 15 © 10 /] 15
+34-300.00
4 35-300.00 Coefficient Reinforcement
4136 Calciation §
i;g ;gggg (Automaticapprox ~|  TrPe [Radial -] _ o
43830000 g 115 Number of radi per
4393000 e
4 2020000
-4 41-30000 - O e s
<[] e 000t e
[Arroject...| B project.., | « |. 0 b
Select node wes 8143, 571.1, 3000 ORTHO OSNAP SNAP GRID CROSSING INSIDE
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Control node Combinations

A ANGQN) 626,50 AMy(km) 34.283 AMz(Nm) 76.143

Materials (MPa)

S
Loaded surface

e

Distributed Load. (kN/m2) 1}

Outlines of floors

fk 400 [Flat siab

Position of loaded surface

c2(cm) 45,00 ax 0 ay 0

SCADA Pro”

Structural Analysis & Design

Slab’s elements Steel Reinforcements

T - tema [£7)
X Y

wpean 2

fboy @ 10 4 15 @ 10 g 15

oo 2 Below @ 10 f 15 @ 10 [/ 15
Coeffidient B Reinforcement
= C e )
1.15 Number of radii per
? quartiie N Deletion of the Report Cancel
Control node Automatically fill in with the number of the selected node and is not editable.
40

Combinations

AN(KN) 626.500 AMy(kNm) 34.283 AMz(Nm) 75.143

Distributed Load. (kN/m2) 0

In Combinations field:
- Choosing Combinations, the program finds automatically the combination that gives the
worst Axial resulting, displaying AN value the with the corresponding moments.
- Choosing User, enables the user values for axial and moments, in their respective fields,
and the definition of a Distributed Load

Distributed Load.(kN/m2 30 o )
: ] - that works "relieving" the slab at that point, so the shear

calculation be impaired relative to the original.

Shear force (Wegm ) 626.5 (kM)
Distributed load (p) 50.0 (kN/m®)
Reduced shear force (Ve ) 478.8 (kM)

! In this example we consider a single combination 1,20G + 1,60Q and therefore the values of
the internal forces resulting from that place.

Materials (MPa) In the field Material coefficients fck and

Automnatic fck fiyk fyk filled automatically with the

Automatic option or defined by the user
with the User option.
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Outlines of floors In Outlines of Floors, choose the Layer containing the contour
Flat Slab - of the slab including the columns located in the outline.
Mathematical Model ~1 Thenselect the layer Flat Slab that includes exactly the lines that

au"f:C;DE'E”"E”tS define the overall contour of the slab.
es

Mesh 2D
Slabs-Strips

Steel Columns
Steel Beams

Main Beams
Purlins

Girders

Secondary Columns
Hor.Wind bracings
Vert.Wind bracings

Timber Columns

Timber Beams

Timber top main beams
Timber Purlins

Timber Girders

Timber Secondary Columns
Timber Hor.Wind bracings
Timber Vert.Wind bracings

Drop Panel
Support Line xx
Support Line zz
perigramma
perigrammaOpis

Loaded surface

As loaded surface is defined the equivalent surface
of the selected column.

Automatic cl{cm) 46 c2(ecm) 46.000

g Rectangular
Circular

Steel Rei

Choosing:
- Automatic, the program calculates the surface of any column-shaped by reduction in the
equivalent rectangular with the corresponding dimensions c1 and c2.
- Rectangular, the user defines his dimensions c1 and c2 for calculating the loaded
rectangular surface
- Circular, the user defines his diameter c1 for calculating the loaded circular surface

Position of loaded surface

a" 0 E*El The Position of loaded surface may be determined either
Automatic

Interior automatically or selectively. It depends on the contour of the
Side 1 slab and the position of the selected column in it.

Side 2 kternal g

Side 3

Side 4

Salient 1 /13
Salient 2

Salient 3 /15
Salient 4
Reentrant 1
Reentrant 2

Reentrant 3

Reentrant 4
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The proposed positions are:
- Interior
- Side: 4 directions
- Salient: 4 directions
- Reentrant: 4 directions

Select the position of the selected column and set the distances from the perimeter, ax and ay,
(except indoor) according to the following figures:

42 d2
* r— |U1_- ™
) - - - - - ) uou‘t'w
2d ui s L 3 L “5 | * Link lzgs for strezs neads
. * Link legs for distance limitations
i R A
€1 I o
“9.9}-‘ . .f.. '.
o W,
a2 d2
INTERIOR
2d
I b
T d2 £\
)/ . - - (32
_,'r L =
A U1 cl
d1 b
4 oan d11 1$|‘ '§|'|$-I"$r'
=% + B 5 ° o+ o ¢ +7 ] povE s
5 | o | = | utl,
= | P la | o | PR
Le o I. [ il .| T \ .
. { o ,
P . - w
A -E - : “f fet { N,
= gy uout, eff .
T
L ul. o
N Sl
e Td2dz uouteff
SIDE 1 SIDE 2
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SALIENT 4

29

SALIENT 3

%
"
2 P —
| e d2 d2
A - —r—
el .x SR
. . e . hY
\ _. w“‘"_’:f'f---... T R
| f JRE D, | uouteff
I i . - . . )
1| { . I TR S
| / . . .
1| [ L.. 7...‘..\
| | EI i -p&ﬂ ! 5!
[ 1 1
{ | RN we o 4 4 ot |
/ 4 am
/
2y, v,
AR - ‘\_I
]
.w_l_n—n_
uout,eff
SIDE 4 SIDE 3
) 3 c1
r = % o] ¥
AL 14" | e : 4cm ;.l]__s%
O [« | | Vo
— s P o | - : < ]
ul 2d = A S 3| | 24" i
. 1. . — N
W/ f] = S T
ol /' uouteff FA N, o,
e el @\4. uteff | AT / (%
. 8., ut oW A ~",u1.?B .
4eml. B, S e
p v « 1@ .14 cm
d2 ’ .
d2
SALIENT 1 SALIENT 2
\  uouteff  uouteff
R Iy
L ul 24 s |® 2d W
ax { ok d l Bx
Rl - S g AN B
3 —i ES) T
ct cl
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axi ax
\[ ut ul |
> & >
= _Iv| @, @, ]
& 4 cm|* = *ldcm ‘ ol X
2d° B o . TORr—~1 1 - “2d
Lut Tul,
ol i ) uouteff | uouteff il i
...... —. ~+§' .= - T ERE
| |
| 8 [ By 1= sl Poe saleP . ! 8
..... F.. s 4 o o0 :. ..;,‘h, [
LT M ! L 1
Sy, .:n ..L;. 2
7d o LS ik . ﬁ\'
> . S RN =
"da"dd” da da
REENTRANT 1 REENTRANT 2
94,94, 44 _d4
I T
VPSR A T
¢ .,9'\& coh : T
...... - ‘n'. v o e o "o ¢ B o -.n‘!..’ A .. " o4 e ey
Q 5 ;;."f{.t’fa ...... © ol @ 4p : ! Q
4 cm| : | uouteff || uouteff | : |4 om
1 . T 2
2d._ Joo—e e~ v 12d
X el 4cm: - s 4cm - c1 l., ‘-'
s Il | a2 d2 P 177,
@ - I L®
1 ul |
& i
REENTRANT 4 REENTRANT 3
Slab’s elements The Thickness and Cover of the Slab either
Thickne ticm) 40,64  considered Automatically or modified by the User,
by typing the corresponding values for Thickness
e 2| D YPITE ponding
and Cover, upper and bottom, of the slab.
bottom{cr 2

Steel Reinforcements

Automatic X
User
b4 Y

Ahmq;‘lﬂ ‘;|15 |¢‘1n ‘;15

Beloum‘lﬂ ‘;|15 |m‘1n ‘;15

In Steel Reinforcements identifies the longitudinal
reinforcement resulting from the calculation of flat
slabs in the selected column region.
With the Automatic option taking into account the
longitudinal reinforcement:
- Above for AN positive (+AN) (e.g. penthouse
slab)

Below for AN negative (-AN) (e.g. foundation
slab)

Selection External X or Y determines the direction of the outer reinforcement of the slab
longitudinal reinforcement mesh (either for the up or down mesh).
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Coefficient p The Coefficient B for punching calculation, can be calculated automatically
Automatic appro: in two ways:
e - Automatic approximation or
Automatic theoretical - Automatic theoretical.
User

! The Approximation way is a function of the position of the loaded area and the ax, ay.

! The Theoretical way is a function of the Moments My, Mz.
User selection allows the introduction of any value for the coefficient B.

Reinforcement Finally, in Reinforcement set the layout type of punching

Type Radial reinforcement choosing between Radial and Cruciform.
] For the Radial layout set the number of radii per quartile.
Number o|Cruciform |
guartile I

In the figure below the black box contains one quartile of the radial layout. The first perimeter
has three radii of reinforcement, while there is an increase on the 3" perimeter to 5 radii due to
distance limitations set by the code. SCADA Pro automatically checks whether the distance
limitations are satisfied on the first perimeter, and increases the number of radii when needed
(even when the user’s choice is not enough fothe first perimeter).

d2 d2
) B
o X uout eff
of o f
e s b o o W d v |
2d ol e ps I
S o, N,
Gy . .
SR B
* Link legs for stress needs P ¢
8 d2 d2
* Link legs for distance limitations Radlal reinforcement Layout
d2 dz d2 &2
N
o il S -
e ."7’1 . uout eff
E,
. .an - . {
Ve “ e CER .o
© . °
2d ) ut 2% . .. as . o
¢ c« . . . . . . “B
‘% .......... 3 f
el SR O LT
..... @ "
® Link legs for stress needs
* Link legs for distance imtations ;J;E UZ*LS?

Cruciform reinforcement Layout

31



FLAT SLABS SCADA Pro”

Structural Analysis & Design

Calguation | The calculation command performs all the necessary checks to punch, taking

into account all the above parameters.

This command displays the results file:

Input Data Input Data: list of all elements

Description Value units | Description Value Units. . ) . . .
Level - Storey 1 Ecentr. factor (B) (EC2-6.4.3) 7150 identified in the previous window
# ofnode 40 Slab depth 40.6 (cm) . .
Combination 1 Cover of reinforcement 20 {cm) a nd req UIred to pu nCh | ng CheCk
Shear force (Wzqm ) 6265 (kM) 5

B tter | 10
Distributed load (p) 00 (knum?) | B2 size (outer layen) {mm)
Reduced shear force (Vzgsm ) 626.5 (kN) |Spacing of bars (outer layer) 15.0 (cm)
Bending moment (M) 343 (kMNm)

Bar size (second layer 10 mm
Bending mament (M,) 76.1 (kNm) ¢ ver) (mm)
Shape ofloaded area Rectangular Spacing of bars (second 15.0 (cm)
o length {along x axis) 46.0 (cm) |laver)
c length (along y axis) 46.0 (cm) JConcrete (f<) 200 (MPa)
c diameter (cm) |Steel (fx) 400.0 (MPa)
Position of loaded area Interior Reinforcement pattern Radial
Dist. of slab perim. along x (a,) (cm) |4 of radii of reinforcement in a 2
Dist. of slab perim. along y (a,) (cm) |quadrant (circular pattern)

Punching Reinforcement Layout: according to predetermined parameters and if, there is
reinforcement requirement.

L In this example there is no requirement to punching reinforcement, so there is no
reinforcement schematic arrangement (a random radial layout with two perimeters is
also included just for observation).

B R .
. .
IR .

'] w ‘» .
] . . .
e emeemeeene e .

. )
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In Check results there are two different checks:

1
1% check vean < Vama:

- increase size of the loaded
area

- increase slab depth

- use of concrete of a higher
quality

2™ check Veir S Vmac

Page : 2
Check results
Description Value | Units EC2 Description Value | Units EC2
Effective depth of slab (d) | 37.6 (cm) (eg6.32) (Bua)Sic control perimeter 657.0 e (fig6.15)
E;l;m(i?r ofthe foaded 184.0|  (cm) (e96.53) D;sign value ofthe
- _ 0291 | (MPa) |(eq6.38)
Design value of the shear 1.040 | (MPa) (eg6 38) shear stress at Uy (Ve )
stress at Uy (Veqn) £q Punch. shear resistance
without shear 0.356 MPa) eqb.4
x:ﬁgﬁl Tvu:izqg shear 3.680 | (MPa) (eq6.53) reinforcement (vsy:) ( ) | (eqban)
Constant (Vma) 0.356 | (MPa) | (eg6.3)
st . _ . 3
1" check: veag = Veama Sufficiency 9™ check Vear < Vaag :n:‘lzt‘er\:;orcemem is
Page : 2
Check results
Description Value | Units EC2 Description Value | units EC2
Efféctive depth of slab (d) | 37.6 | (cm) (eg6.32) (Ela;nc control perimeter | o (cm) | (fig6.15)
1
zrzr;ln}ifsr ofihe loacec 184.0 (em) (eq6.53) Design value ofthe
_ 0.744 | (MPa) |(eq6.38)
Design value of the shear 2657 | (MPa) (eq6.38) shear stress at Uy (v=a )
stress at Uy (Vean) e Punch. shear resistance
i i without shear 0.356 | (MPa) |(eq6.4
o, Panching Shear | 5680 | (MPa) | (ea6 53 [reinforcement (vese) WFs) |esedn
Constant (Vma) 0.356 | (MPa) | (eq6.3)
Reinforcement necessary
sl . . - - add punching shear
17 check: veso < Vaama: BT 2™ check Vet S Vage reinforcement
- increase slab longitudinal
reinforcement
Page: 2
Check results
Description Value | Units EC2 Description Value Units EC2
Effem"e defmhh Tf S:Z(d) 376 (cm) (eq6.32) Ea?m control perimeter 657.0 {em) (fig6.15)
ar??(i?r oftne foade 184.0 (em) (96.53) D;sign value ofthe
- _ 1.860 | (MPa) |(eqg6.38)
Design value of the shear shear stress at Uy (v=u)
stress at Up (Vean) EEE | G BB Punch. shear resistance
i i without shear 0.356 | (MPa) |(eq6.4
e, Fanching Shear | 3,680 | (MPa) | (2q6.53)  |reinforcement (vess) iPe) |(eskan
Insufficient Constant () 0.356 | (MPa) | (eqB.3)

SCADA Pro”

Structural Analysis & Design

If the 1% check presents
Sufficiency, then the 2" check
specifies the requirement or
not of punching reinforcement.

If the 1% check presents
Insufficiency, then the 2™
check is not performed and
some interventions are

proposed for the slab.

As mentioned before, in this example (node 40 shown in the figure below), the level of loading
in not as high as to need punching shear reinforcement. In other words, the 2nd check is sufficient
too.

The punching shear check for this column gives a capacity ratio equal to 0.291/0.356 = 0.81.
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Safe 2014 also provides with a capacity ratio for the columns (figure below). For the current case
the capacity ratio computed is 0.783 (difference between software of about 4%).

Let’s consider the column situated two places below along Z (node 38). Safe calculates a capacity
ratio equal to 1.071 (see figure below).

_*M\" *N:l" *Nﬂ(‘ *N:l" *N:L" iﬁ:\’f

_ams 3 55: e
o e ________________ P

oo o

’?‘7?25 _*E""-

SCADA also computes a capacity ration above 1.0 (equal to 0.394/0.356 = 1.11) meaning that
punching shear reinforcement is needed. The results are presented below:
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Page: 1
Input Data
Description Value Units | Description Value Units.
Level - Storey 1 Ecentr. factor (B) (EC2-6.4.3) 1150
# of node 38 Slab depth 406 {cm)
Combination 1 Cover of reinforcement 20 (em)
Shear force (Veem:) 8467 (kM) " "
EB: {outer ; 10 {
Distributed load (p) 0.0 by [ B2 52e tedteriaven (mm)
Reduced shear force (Veass) 8487 (kM) [|Spacing of bars (outer layer) 18.0 (cm)
Bendii[momertii} =2 (Nm) Y o size (second layer) 10 (mm)
Bending moment (M,) 104.4 (kNmj)
Shape of loaded area Rectangular Spacing of bars (second 150 o
¢4 length (along x axis) 46,0 (em) |layer) .
¢ length (@long y axis) 46,0 {em) JConcrete (fu) 200 (MPa)
¢ diamester (em)  |Steel (fu) 4000 (MPa)
Position of loaded area Intenor Reinforcement pattern Radial
Dist. of slab perim. along x (&) (em) 13 of radii of reinforcementin a 2
Dist. of slab perim. along y (a,) (cm) |quadrant (circular pattern)
..
.
.-
. . . .
. . . .
.-
.
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The first page of the results shows the
input data as well as the reinforcement
layout. The choice here was radial
arrangement with two radii per quartile.
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reezl The second page shows the two checks as

Check results

Description Value | Units EC2 Description Value Units. EC2 We” aS the detailing reSU|tS.

Effective depth of slab (d) 376 {em) (eq8.32) Basic control perimeter o) o

:;r;nﬁt:r oftheloaded | 4oy ol (o (eaB53) [L:'E'ng" e i IR R LegS @14 are com pUtEd (dlameter Of 14 mm)
Dosi e o atest | o | gy | (g |7 e e | 0 TP EEE)while in the table at the bottom of the page,
e g eat | 0| ey | eassn [ramocement s | o0 | 2 |€®401 - the reinforcement is presented into groups

S e ranorenen ks, | Of lines of reinforcement, with a certain
- add punching shear

sk v e | eanana | UMber of link legs on line (this is a useful

1ent

1% check: veqo S Vagma Sufficiency

Detaiing resus way of presentation in case a prefabricated
Description Value Units EC2 Nepiypa T Mavasie EC2 . . .
eI 775 | o) Toob 4 [Disance (47 e system of reinforcement is chosen — stud-rail
a) - Distance of 1% perimeter Distance (d,) (em) . .
of woiocemet o e | 165 | o Ange (0 a0 | punching shear reinforcement).
e sreeseeies | (@4 |35 oo 0k | g1 | (o In this case 8 lines with two link legs and four
=4a= legs on the last N
- Dstancsotiast | e | em permeter lines with one link leg are chosen. The two
from U Limit: 2.0-d 753 m) o N o . .
ey s | o | 649 [y enoe o successive link legs in the eight lines are at a
e oy | 280 | tem) e mem et | | " | een| distance sy (28 cm as the table shows).
Limit: 0.75-d 282 | {em) | (943 :;‘)ﬂ-’gms‘:w 152 | (em)
(Se4) - Tangential distance : - -
;ms‘;r“nk iegs on the s o8 em Ll?é’;“‘,; ;m’”:;"' 1.532 (em’) [(eq9.11)
Limit: 1.5-d 5.5 em) (9.4.3) iameter of linl
Distance (p) 18.1 [zrm f[J)ﬂGSS’: s L e,
Ctnime 0 S T Arsactinklsg 159 | o)
Grouping of punching shear reinforcement
Height of erimeter where the istance of the 1%
Group :H‘w‘nb(?sr [mmmj N:J(";:cnrnum\zk H[ﬂfﬂ ,,'.%B pw":iw?‘: ;g::‘;m': [‘)"‘E';;‘L;’t;":;"l
1 & 14 2 366 1 18.82
- 4 14 1 366 2 45,82
Expalanatory note (Internal column) The 3rd page ShOWS the Legend
) containing characteristics in
o2 d2, - accordance with the position of
.o . the Loaded Surface.
& al [Th =
. . - . - ) . ) uou"'e.ﬁ
. L, v ot
d =] S P IR L
el ' . <, I .
\ .d‘,;{?a( : : Bf A &
" - . E- -
"d2 a2
* Link legs for stress neads
® Link legs for distance limitations
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The smaller link leg may be proposed if the user
chooses for more radii per quartile. For example,
when five radii are chosen then the arrangement
besides is proposed, and the table of reinforcement
shows one group of lines containing 2 @8 link legs
each, at a distance 28 cm.

Grouping of punching shear reinforcement

- Height of Perimeter where the | Distance of the 1%
Group ’;?r;'::; [n?m) Ntumber olf_lmk link leg 1% link leg of the link leg from the
€gs onfine {cm) line stands loaded area
1 20 8 2 36.6 1 18.82

For the same column, when the user decides to raise the load level and chooses a AN = 1400 kN
(user value), then the radial arrangement with three radii per quartile gives ®16 link legs (84

link legs).

Grouping of punching shear reinforcement

. Height of Perimeterwhere the | Distance of the 1%
Group ':#T;::; [r:Jm) N'Im'ber le.""k link leg 1% link leg of the link leg from the
egs on line {cm) line stands loaded area
1 12 16 5 36.6 1 18.82
2 8 16 3 36.6 3 74.82

Cruciform arrangement yields @16 link legs (80

link legs).
The Legend on the third page for this layout is:

a
r
a
%]

a2 l‘=d

.
Sr_sr, sr sr
4

uout,eff

g
£

® Link legs for stress needs

* Link legs for distance limitations
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