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EXAMPLE 9 - FLAT PLATES

FLAT PLATES - EXAMPLE

The following example analyses the following operator. It is the same vector that is analyzed
in the CSI Safe 2014 tutorial, and the reason for this choice is to draw useful conclusions from
the comparison of the results.
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EXAMPLE 9 - FLAT PLATES

1. Simulation process

1. The process starts by creating a New Project and naming the file.
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2. Then we set the levels. At the level where the Flat Plate will be defined, we turn off the
diaphragm mode and select how to connect the nodes of the columns to the surface grid.
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At the bottom of the window there is a choice of the way of connecting the nodes of the

columns with the surface grid, for the selected level, we choose the connection with tie rods
and with the nodes of the surface grid. At the end we press Update.



EXAMPLE 9 - FLAT PLATES

3. The floor plan of the model we will simulate is described in the following image
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4. We activate Level 1 and insert the columns and beams using the modeling commands
and with dimensions as shown in the following pictures:
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EXAMPLE 9 - FLAT PLATES

I. For the core we choose the composite cross-section simulation because of its large dimensions.
We use cross-sections of rectangular poles, which we will then join with rigid rods to give
the rigidity of the element.
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EXAMPLE 9 - FLAT PLATES

5. With Copy-Paste Level we copy to Level 0 and delete the beams.
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6. The next step involves defining and creating the surface mesh
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EXAMPLE 9 - FLAT PLATES

and with the command Outer Boundary we define the outline of the grid. The definition of
the outline can be set automatically, simply by selecting one of the lines that define it and
right-clicking.
Prerequisites:

¢ the contour shall be closed and free of ramifications; and

e the external columns are excluded from this.

We should therefore define an outer boundary like the one depicted in the figure with an
orange solid line.
The outer boundary of the hole in the centre will be defined later as the Hole.
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NOTES!!!!

A
0‘0

To draw the outer boundary we can make use of Scada's draw and drag / et

commands and the Edit

Layers that allows us to manage Layers by making them Invisible and N Mrdiypepiat

Uneditable for ease of design.
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Another way is to import an auxiliary file with the drawing of the

outer boundary and use the Layers command to
the conversion of its lines to Scada lines.
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EXAMPLE 9 - FLAT PLATES

ATTENTION!!!!

NOTE: In cases where there are beams at the boundary of the slab, we must ensure that the
surface elements of the slab are connected to the members of the perimeter beams.

Therefore:

» the outer limit of the plate shall
coincide with the axis

of the beam,

» after creating the mesh and the mathematical model, the command that breaks the
members of the beams and connects them to the elements that
grid.
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o EEoTeEpikd oplo

Select the command and left-click on one of the contour lines. Right click and the dialog box
for defining the subgrid appears.

| In case the perimeter at any point not closed, an X will appear
Mepridior; 152 on the screen at that point.
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We select the Holes command and show the outline of the hole in a manner similar to the
outer boundary, left click on a line and right click to complete.

Having completed the definition of the shape and properties of the mesh, the next step is to
calculate it. We select the command and the list of subgrids appears in the dialog box that
opens. In this particular example there is a subgrid S1. The number inside the brackets (1)
indicates the number of holes defined for this grid.
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However, in addition to the central hole, there should also be holes in the position of the

inner posts. These holes are automatically created by selecting the command
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and their number is added to the value in brackets.

Thel Ynohoyiopog

| command is used to calculate the grid.

12



EXAMPLE 9 - FLAT PLATES

l"‘j
YTrohoyiouog
The modelling is completed with the creation of the Mathematical
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EXAMPLE 9 - FLAT PLATES

We load the plate with Permanent (1.44KN/m2) and Mobile (2.39KN/m2) loads. The value of
the permanent that we define by entering the loads does not include the same weight.

This is why we choose the Same Weight on the Permanent in the Load Determination.
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We select the commanj SURPICE MG and with a window across

the floor plan. We enter Permanent (1.44KN/m2) and Mobile (2.39KN/m2) as stresses on the Plates.

Load Property
Load Type Load Kind

Plate ~ | | Pressure w
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3. Analysis

We create a Static Analysis script and run a simple static analysis.
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Then, we create the combination 1,20G+1,60Q in the combination field and enter it.
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EXAMPLE 9 - FLAT PLATES

In the Results field we can read the values of the different sizes either by means of the colour
display or by reading the values of the selected size within the surface of the surface element,
by activating the Values in the lower horizontal bar.
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In the Dimensioning field is the Flat Plates command and the necessary subcommands to solve
them.

So after calculating the combinations, we select the command and follow the procedure
below:
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5.1 Parameters

. NapdpsTtpol Swotaaoidynanc Flat Slab X
m MopapeTpol
e
Layer

Flat Flat Slab b
Drop Panel Drop Panel i
Suppaort Line ¢ Sl i

Support Line zz v

Support Line zz

In the dialog box you set the correspondence of the Layers.

Emelepyaoio ITPWOEWY x
Epyaaiag Tpappég, Kikhor Eninzda XZ - Opowpol
Neo Flat Slab Update
ApiBudg Opatd  EnzEepydoipo  Xpapa ~ Enihoyr) ohov
=0hvol MeTenikoi ! L [ 4
=0hiva Avmiav.OpifovTia el E L 7 Anosrnihoyr) dhwv
=0hiva Avmiav.KaTakdpupa ! Y e
. 3 =0 s Opatd
Flat Slab el .
______ I N Mn opars
Drop Panel ot Y 8
Support Line xx & = s EnsEepydcipo
Support Line zz i E L e
o ~ | | Mn EnsEepyaacipo
Aiaypapr) Asdopsvuv
MovTEAo Zuvohikd Baoel eminéfou XZ  Baos ITpwonc |:| Mdavo MovTteho Cancel

Scada's default list of Layers includes the layers related to the Flat Plates.

= Inthe "Flat Slab" layer we transfer the outline of the floor plan (including the external
columns) and assign it to the "Flat" layer.

Draw the outline of the floor plan with lines.
To transfer the contour lines from the "Lines-Circles" layer to the "Flat Slab" layer,
- Freeze all Layers, except "Lines-Circles"
- Select the Multiple Options command
- Left-click to select all the lines of the floor plan contour
- Right click to complete
- Inthe dialog box, in the Design, we change the Layer to "Flat Slab"
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I. For more convenience we can select the "Flat Slab" layer from the beginning, immediately
after selecting the Line or Polyline command, so that the outline belongs to the correct
layer without having to be moved.

= Similarly, in the "Drop Panel" layer drag the Lines that define area around the poles,
where you will increase the thickness of the slab locally.

"Drop Panels" are optionally inserted around the pillars of the slab relieving it of shear
stress.

1510TNTEC o =
m= 4l B #
ITpuwan Drop Panel
Kpuwpa 2
=l Inpeio Apyng 723.90, 300,00, 480,06
X 723.90
Y 300.00
i 480.06
=l Inpeio TEhoug 906.78, 300.00, 430.06
X 906.78
Y 300.00
z 480.06

= Inthe same way, in the Layers "Support Lines xx" and "Support Lines zz" you transfer
the Lines that define the Support Lines.

These are lines that enter in both X and Z directions between successive points on the plate.
They usually connect pillar nodes and end at the contour of the slab.
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§ Instructions for the introduction of support lines on flat slabs

1. The support lines should start from a support column and end ina
support (or free end). In all cases they must include at least one support.

2. The support line should only reach the contour of the plate when it is free edge.
Otherwise it may stop at the contour or at the node of the column.

3. When the boundary conditions (i.e. what is to the right and left of the support
line) change along the line, the line must break at these points.

Drop Panels and Support Lines

Based on the Support Lines you define, the corresponding Loading Lanes will be created
(design strips).

5.2 Calculation of Loading Lanes

w YroAoyiopog Awpidwy Coptioswy
-

According to Annex | of EC2 the flat plate is divided into Loading Lanes. These are areas

automatically created by the program on either side of the Support Lines, according to Figure
1.1 of EC2.
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You select the Calculate Load Strips command and the program automatically creates them.
Each Loading Strip is divided into sections along its length perpendicular to the Support Line.
In each section Scada integrates the internal forces of the finite surface elements of the
intersecting sections. From this integration the bending moment about the axis of the section
is obtained. This intensive quantity is used to calculate the reinforcement in each individual
section.

5.3 Display X, Z

N Epegdvion X You choose to display the Charge Strips in both directions to display

N i them.

Epwoonon £

Loading strips along the X-axis
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Loading strips along the Zaxis

5.4 Diagrams X, Z

Y Mooypeppertar X . . . . T
- You choose to display the Charts in both directions for their display.

Y Moypépporoe Z
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§ Comparison with the results of CSI Safe 2014

By creating the same loading strips in the corresponding Safe vector (Design Strip Objects -
where only Column Strips must be defined to match the definition adopted in Scada) the
following moment diagrams are obtained. The relevance between the two programs is
evident.

Looking in more detail at the loading strips 14-15 along the X-axis (the numbering is shown
in the previous figure), we see that Safe's diagram gives a maximum value at facet 14 equal
to 254.3348 kNm.

The corresponding value célculated by Scada Pro is équal to 245.990 kNm, i.e. the difference
between the values is in the order of 3% (value found from the scades_FlatSlab folder of the
study, file L_14.txt).

5.5 Results

- The Results command opens the results file from within the Report.
ATIOTEAE OO

Each page is for one Charging Lane.

First, the characteristics of the Strip are described.
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| 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 182.88 {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
Lim 220 (MPa) | Table3.1| Thickness 182.88 (cm)
Steel S400s Wiath (em)
fe 400 (MPa) Minimum reinforcement
Cover 20 (mm) Tension reinf. Yo (cmzfm] 9.21.1(1)
Slab thickness 0.25 cm i i
= Corpression et | 25 | % | 8312

Then the results of the upper and lower arming are shown in detail for each zone, dividing

them into sub-zones.

- Left-Right -> red zone
- L-C R-C-> blue belt
- Center-> blue zone

25
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Analysis Results and Reinforcement | Top
203.87 cm (Laan) 407.74 cm (Lows)
M Width Aurae Augrn M Width - .-

Zone (kNmy) (cm) {cm‘im) [cmgfm} bls (kNm) (cm) fem*/m) | {em®/m) bls
Left 400.0 3.246 815 4011 0812 8/20
L-C 400.0 3.246 8M5 853 1.763 8/20

Center | -80.283 46.0 2721 2721 14/5 170.5 6.818 8I7
R-C 853 2.043 8/20

Right 103.8 1.471 820

203.87 ©m (Lug)
M Width | A | A
Zore | (kNm) | (ecm) | (cmiim)| (cmoim)| ¥'®

Left -88.070 4011 2.873 3.246 8/15
L-C 44 824 85.3 7.054 7.054 817
Center | -152.524 [ 170.5 12.422 12.422 10/6
R-C -51.588 85.3 8.172 5.172 B/6
Right | 45843 103.8 5.886 5.586 B/8

Analysis Results and Reinforcement | Bottom
203.87 cm (Lan) 407.74 cm (Leaws)
M Width Asya Buprua M Width As o0 B
Zome | iNm) | (cm) | @miim) | emiim)| ¥'S | oNm) | (em) | emim)| (emiim)| @S
Left 9.207 400.0 0.294 0.812 8/20 70.343 4011 2293 3.246 | 8M15
LC 9.207 400.0 0.294 0.644 820 | 21.929 85.3 3.377 3377 | 814
Center | 80.591 46.0 27408 27408 14/5 43 857 170.5 337 3.377 814
RC 21929 853 3377 330 814
Right 23.982 103.8 3.284 3.284 | 815
203.87 cm (Lug)
Zone M Width Asgao Pagna Ols

(kNm) [em) | (em‘im) | {em®/m)
Left | 17.335 | 4011 0555 | 0812 | 820
L-C 6.505 85.3 0984 | 0984 | 820

Center | 23135 | 1705 1.762 1762 | 8/20
R-C | 3583 85.3 0533 | 0844 | 8120
Right | 3.311 103.8 0409 | 0821 | 820
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6. Perforation
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The perforation test can be performed selectively for each pole or overall on all poles in the
plan view.

6.1 Selectively

J"'ﬁ EmAekTird
v

Select the command Selectively, left-click to point to the node of a pole and right-click to
open the dialog box where you will set all the necessary parameters.

I In this example, we select the node of an Inner Pillar, node
40.

I The following clarifications are given for the other positions of the poles in relation
to the perimeter of the plate.

e T . . e T T e it Y R ]

e Sl SR e s A I
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KopBog EAZyyou Fuvduaapol
i 5 §ow| ANG) 626.500 AMy(im) 34283 aMz(khm) 76.143
Karavepnpévo doprio. (kifmz) 0

Yhia (MPa) Mzpiypappara Opdpuwy
v] fok 20 ik 400

|Au'réj.|u'rr| ll’puuuz',q, Kichot VJ

dopmippzvn ENpaveaa B0 popnilpEvng ENpAavaas

|Au‘ré|.|u1n vl clfem) 46 c2(am) 46.000 ax 0 ay 0

Erorgzia Midkag OnMiopoi

Maxoc  |Aurépam v | tfm)  40.64 Aurbpam v|  Efwrepkoc (X x|
:

parm avio{cm) 15 o 10 ;15

Avg ® 10/

: 2
[ G Ktw & 10/ 15 @ 10 [/ 15

TuvTeheomc B Onhion
-— X —— ¥ noAoyIgHGE
|Au'réj.|u'roq npogs ¥ Tunog ARTIVITT > | QK
AnoTeAéopara
0 o
ava TEFOPTMHOpIo Naypapry ano To Telyog | Cancel

B 1,15 MAnBocg akrivaoy

KopPog Ekéyyou The number of the selected node is automatically filled in and is not editable.

40
ZuvBuaauoi

ANGN) 626,500 AMy(kim)  34.283 AMz(kim) 75,143
?(pﬁ;rn;.- : Karavepnuéve Goprio. (kNjm2) 0

In the Combinations field:

- The Combinations option, makes the program automatically find the combination that
results in the worst Axial Dn, and displays its value along with the corresponding
moments.

- The User option, allows to set user values for axial and moments in the respective fields,
as well as to set a distributed load

Karavepnuévo

50
- which works by "relieving" the plate at that point, resulting
in a reduced calculation cutting force compared to the original one.

Apyikr TEpvouaa (Vegagy ) 626.5 (kM)
Kaotaveunuévo goprio (p) 50.0 {kN/m®)
ATTopziwpivn TEPVouoa (Ve ) 478.8 (kM)

I In this example we have considered only one combination 1,20G+1,60Q and therefore the values
of the intensities are derived from it.

Yhika (MPa) In the Material field the coefficients fck

| fck fyk | 400 and fyk are filled in automatically with
the Automatic option or defined by the

user with the User option.
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NeprypappaTta Opopov

Flat Slab

MaBnpaTiké MovtEho ~
MaBnpaTiké Emgpaveiaks

MAgypa 3D

Nisypa 2D

NAidkec-Topeg

MeTah.¥nooTuhmpaTa
MeTah.Aokoi
MeTah.Kepahodokoi
MeTah. Teyideg
MeTah.Mnkideg
MeTah.MeTwnkoi
MeTah.AvTiav.Opifovmia
MeTah.AvTiav.KaTakdpupa

=0hiva YnooTuhipara
=Uhiveg Aokoi

=Uhiveg Kepahodokoi
=Uhiveg Teyideg

=Uhiveg Mnkideg

=0hivor MeTwnikol

=0hiva Avriav.OpifovTia
=0hiva AvTiav.KaTakdpupa

Flat Slab

Drop Panel

Support Line xx
Support Line zz
perigramma
dJopili:épa.rr] EI'-IIlplC'IVEICI

ba

In Floor Contours you select the Layer that contains the
outline of the slab including the columns that are in the
outline.

So we select the Flat Slab layer which contains exactly the
lines that define the overall outline of the slab.

The Loadable Area is defined as the

Autouan v clfem) 46 | 2(em) 46000 aquivalent surface area of the selected pole.

OpBoywvikn
Kukhikr

Select:

- Automatic so that the program can calculate the surface area of any type of column
by reducing it to an equivalent rectangular one and calculating the corresponding

dimensions c1 and c2.

- Rectangular so that the user can define his own dimensions c1 and c2 to calculate
the loaded rectangular surface

- Circular in order to calculate a circular loading area of diameter equal to the value
c1 to be specified by the user
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Beorn popTIfopevnG Enipaveiag The Load Surface Position can be set either

‘AUTﬁuum ~ ‘ ax 0 ay | 0 automatically or selectively. It depends on the contour
of the plate and the position of the selected post on it.
EowTzpikd The proposed positions are:

MTAcupiko 1 - Internal

Mhzupikd 2 . . .

MASUPIKS 3 - Lateral in 4 directions

MAsupikd 4 - Prominent in the 4 directions

Efeyouca 1 - Incoming in 4 directions

Etexouoa 2

Eteyouoa 3

Etzxouaoa 4

Eiogyouoa 1

Eiosyouoa 2

Eiogyouoa 3

Eiosyouoa 4

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

g2 d2

:l..-1'

M SOl LSRRG

et off

b oy
cl 5 L P
'-‘f"';"a,.- R,
5 8,
= TR DT 0 IR, DT 42 a2
n A O TTRARD W1 1TRDEIT] OO0
INTERNAL
o
o a3
"i_ !
—H
- . led ||
L L=
T 4 ul el |
i &l ==l
d & ul o TR cTAoRed v oy Beroam g
o TARAN STTHEEO0 VO TN 0T ATeOTANLN
% om »  Erihey urrhcsei i eldipg ) v
...... T il o ERENY OTIADG00 0 TGN OO0
= o T B
L] r . ' e i | ] =
- - : L ®
" » T g I s
¥ i—ra iy ‘ g 1
N -‘Srf ;“1 s wout eff e
= - L R S—
'%'-"%' R : n "o
¥ - ':ﬁj : A
--_j-&?" . : ucitaff
PLEYRIC 1 PLEYRICO 2
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|
A
L o g2 dz = R
= 0b e
Sﬁi_ :4-.-1-”71 3 ut, eff
| * -'I.':..I?_ G Ii: 2 l."._ . _!__I"
’_]. S8 i R I
"u]!_ “llIFII Jll-ilcvl-n;
4om
«  ERthy arthioycd ya avakyn veaceg — #,f'a . S
+  IKiAn ombioypod e TARGOY TNoOTROn a2 F.,—— b r'._r:%-ll[ﬂ'
o =y | i ﬂ_
el &ff » TrAG emhaped via ovkays e
v Trbhr cmmhsped 1 ThiRO STOTHAILLN
PLEYRICO 4 PLEYRICO 3
o Erbhi) oMk wic cvishean) Do o - iy emiaayiod yam ey dvnanng
L, 1 o Exthn ommkaTyod ¥4I THEN O] ST « - Luthn VORGP _._'“.
2 — % g | | 1 ,
g e 4em 119
.."_ T 1 @ % ah 1 '1'__\_ E
T 5| alem T sl
i L
=" N, |8
4"f5_1 L
u llg |
%\f .[3-.; cm
o
EXECUTIVE 1 EXPERIENCE 2
ul_2d | a9, |.|,1|_
ax | l; .." | _hl-
| | 4gm P
o] L iz " a |
21 = Ixtin ombaopod wo osings teang + Pl omibcyie e oty by el
»  LEERR et v W aessdaTwy & Tmkhn omk TR TS
EXECUTIVE 4 EXPERIENCE 3
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L AT

= Eefhn oTAOE0d O VAT EaoTy
«  Emibn oTATE0E VI THRSGT QTOOTANELY

. dz -

wiit off

*
a ®
al

2

. -ﬂh A

=
o

.
a1

ay
|l
kT v
(e 4 oml®
2d = T=
.-I.r_'nl:
.'-n-f.
INCOMING 1
dd
o
IE..
4 om
2d - -
X b el 4 el
ul
s
INCOMING 4

IToikeia MAdkag

Mayog

Onhiopoi In the Reinforcements field, the longitudinal
AuTdparn ~ | EEwTepikdg (X ¥ reinforcement resulting from the calculation of
AuTopat X the Flat Plates in the area of the selected column
Wﬁh is specified.

X ¥ With the Automatic selection the longitudinal

gt e

=

& LHEAT TADOE WO vk IVTOET
o Tudhg erthesd i W ns SO

The Thickness and Coating of the panel are either
taken into account automatically or modified by the
User by selecting the corresponding option and
defining the corresponding values for the thickness
and coating of the upper and lower panel (here the

t{cm) 40.64

avaf{am) 2

karw{om) 2

+ [rihn embaped po o dknge beoong
= Txihn ouhoyod po i pnoy oomrici

o, eft

REGISTRANT 2

.'Irlr'+l|

wont eH

-|:|2'-

Tkl omkimped v oEbggn S
Lt onbioped Y THONON STOOTOD e

REGISTERED 3

«Jaem g1t

=2

ul
[

thickness of the drop panel is taken).

Aveo q;‘lD |;‘15 |

q;‘lD |;'15 |
L

I(c'letD‘lEl |f 15 |
L

m‘w |,r'15 |
L

reinforcement is taken into account:
- Upper for positive (+DN) (e.g. top floor slab)
- Down for DN negative (-DN) (e.g. foundation)

2d

o

The External X or Y option determines the direction of the external reinforcement in the
longitudinal reinforcement grid the slab (either upper or lower grid).
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ZuvteheaTig f The Coefficient b for the calculation of Perforation can be

|ALITc'||.|r:|T0q npog: ~ | RO eneilElil  calculated automatically in two ways:
Autopatog SE0pnTKe A utomatic approximate or
1.15 XpAaTn PP

B - Automatic theorist.

. The Approximate mode is a function of the position of the loaded surface and ax, ay.
I. The Theoretical mode is a function of Torques My, Mz.

The User option allows you to enter any value for Coefficient b.
Onhion Finally, in the Arborization field you define the type of
arrangement of the perforation reinforcement by choosing
) between Radial and Cruciform.
TETAPTUOPIO For the Radial array you also set the Number of rays per quadrant.
The figure below shows a quadrant of the radial array in the black
box. The initial perimeter has 3 reinforcement spans, while the third perimeter is thickened
to 5 spans due to constraints on the spacing between reinforcement strands. ScadaPro
automatically checks whether the spacing constraints are met on the first perimeter and
increases the number of reinforcement spars where required (even on the first perimeter if
the number of spars selected by the user is not sufficient).

Tonog

42 d2
_—
w -
3 uoiit, aff
. o )
* *
i D WP, . . . 5
£ w1 L B | d L e
. *
o . .
=1 , - .
o, =
ft&‘,f' e
LB
b ST ER TN N a2 a2 Radial Armature Arrangement
Eti 0o 4T TR, CEnanin e
a2 d2 o o
]
R AN
al o =d
i .:‘l M, § bt gt
@
r;"r *
o - o
9 W LrEr e e e OGS TR R R
] o . o
I Lo Ly .
gl N N T .
----- . '-"" .IJ
o Tilks amisopced o Swskagn bvmomg .
Ak CATASTTAC). YO TV ) AT G e 5 5 I D

Cross Armature Arrangement
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YnoAoyIouSS | The Calculate command performs all the necessary checks on perforation,

taking into account all the above parameters.

The Results command displays the results file:

Data: list of all data specified in the previous window and required for the perforation test.

J Fage 1 1
ArSapive
e N I (1 W T (=2 O I T =
[— 1 Firpreeamty 1] (FLOA4 5 15
& 3o mtufiou ad Mipz nadeag I =]
R T T i |E A by it ddens ED [[=5T)
Apml) s Vg o, ) M || Ssaperpes cbureprau o Bl
Wenwerpmpalivo gapdo (o) i kil | e oniapod
Aoy SO Vi) B2E 5 o [Ambmeon s Bt on ia o
W memeT) Par M| uj Lol I S TR T i -
aetineny Fanf ikl M1 (ki |y ok
Eglisd gapalipiiatd Nigeogily | DpBoprain |Smoomoy el ] {omi
Mo o (o voee e 1) 4510 jome |Sematien sk -2
bdpeg o frae sory afina ) a6 leml | ErupiBor il o i Py
Aslishpest = jei [N e 000 v
Edon puaniinwg nemeif Enain il Enivaly omikepsi LPRTEAE |
Amamuom neay a1 o (Rt ypIUY omARpS)
f nharar e g iR jomd Ak DE YRR e

Schematic arrangement of perforation reinforcement: according to the predefined
parameters and if a requirement for perforation reinforcement arises.
I In this example there is no reinforcement requirement in perforation and as a result
no schematic reinforcement layout is shown (the figure below includes a random
radial layout with two reinforcement perimeters).

= -
L L]
L L
] w “m -
L] - - -
] .
- -
- -
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The results of the audits include two audits.

If the 1t" check shows Adequacy, then the 2t" check determines the requirement or not of the
perforation reinforcement.

) B | Fage . 7
_AmoniidapaTa ikDaruw -
Neprypo g LI !m-u&nT ) TI!q:wp-uqu Tipry | daowsaey | LC2
i 3 } 7 3 ;
Ewepre mimeg mhies (g} | 176 | o= (mgh 5 Bt mepipmpor 8570 |t | ifgha5)
Migdprigas gapmidpimg 184 1 1 i ol 53 by v (s
e (L) .l! =] =gt adl fugrumnen raom o a2 e ®
LariyEE THON oTIY TRPYIAPC Be (o) i il o
TEIDETRD s N0 P ST
Keqioe fizmnied aviopd 1680 i aPa easaH :.""':"" oepolyoral | 0358 | Aa |legeah
[T | | Lol 2 LT
Page 1 d
ATTOTCA CROTE CADy WY
T paryposyn) Topn | Wawdbar | EC2 [ ] Tupn) | ewsdbieg | ECH
Evepyd mbgog hdeagidi | 376 | femd | 0633 |Baosr migkepog 10| eml | s
TRy Popn(EUDag Ein et (vaE 23 ki o (i
TG (il = o o Asarfjiinr F2o0 ey a7 P w6 36
. | TEPRIRDD Uy (Y, L Lot
Argrgrmen 1o amy 378 | PRI gt 160
R A (e y Asmtpnrms avrogr
Wl yacm) Seomgrmd ool LEBD | (MPa) gt 48] iﬂl'l'-'ill" FEPIRNG | hons | g | (Ratan)
Fazm [ (i vy
Tratuge [ves 036 | MPa) | wgE T
IAﬂnrrdm- ot
- - ApaaBiun aakinpsd
T Bhrygn( v £ wngwn | Endpae L LS [
mm Senprien
b1 TS L T

If the 1st (1st'check shows Non-adequacy, then the 2nd (2nd) check is not performed and

— = I Faga:d
ArraTehd opere sAhapu
Ticprypage Tipn | Wit (¥] | epeypogn | Ty [ Wowiter | EC2
Evvppd miyng madang ¢l | 376 | foon | (o3 [Bomed mephurepog &70 | 1em | tAgeE
Thipiysrpog Soqmiggvny | o0 0 . PR L ot t d
TRLER DTG L " Lo D=l Segtynimr rdon ey 18 - g 38
g, MPa) | e 380
TEGICTE Uy (Vass
Sarrprren vaon oy L3651 | PR fivgf 101
g Ly (i ) Asarunmer] avregh
= = | | B tomhou owipoBtpaes | 05 | (MPa) | el
IM..un. Bty T | g ape | gy b [ )| bl ATy
Vanmar] iy
by cnd Erafepd: {v 036 | (MPa) | fegEd
= Bilaew) ATy PoTa.
™ i HIWAG TICf
EYRGS Vo S Neaew L olbeon mEnoug mMRDE [ Eheyime ves o
S OT] TELITEERG YO
Sxugidymiog

some interventions are suggested for the plaque.

As mentioned, in the particular example (node 40 shown in the figure below) being solved,
the loading level is not such that shear hardening is required. In other words, there is
adequacy in the second check as well.

The shear test for this particular column gives a strength-to-strength ratio of 0.291/0.356 =
0.81.
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§ Comparison with the results of CSI Safe 2014

The perforation test in Safe 2014 gives the corresponding ratio in the columns (figure below).
An adequacy ratio of 0.78 is calculated for the column under consideration. The difference
between the two programs is in the order of 4%.

We consider the substructure located two positions below by Z (node 38). For this
substructure, Safe calculates an excess of strength (adequacy ratio 1.07) (figure below).

| LAC | L IMG | I . . ¥ = A=l T | | LM
L Shi e i 2"
f 1
|
|
[Fejr2ee o Tohas T njresa i
e — SRR
|
| :
...... —i— | =t
Blaazs | plasaz [~ blaar i
p & = i.@._r. . o
[Tz é_'-l:‘rh ._Ea_b 874 :_:;’_niamg ;'"Ea_ﬁ.ms I
?J | [ I [ (=]
- =l ST I Pk -
|Ea]anes | olasoa ojsary | 0la3a | plurs lnic
. | ] }" I Tl | o 'ﬂ L !g'ﬂ it _gN
| ofrage [ plarza i
) |t ol
L Lo
| glaar [Tlabrs Ui
g o L

Scada also finds that there is a need for reinforcement for this particular substructure
(adequacy ratio 0.394/0.356 = 1.11) and calculates the reinforcement. In detail, the results
are as follows:

The first page of the results shows the input data and the arrangement of the reinforcement
according to the user's choice. Here a radial arrangement with two reinforcement beams per
guadrant was selected.
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Page : 1

AgSopiva
Mepiypapn Tipn Movaties | Mepiypapn Tign Movabeg
Opogog 1 ZuvieheaTig (B) (EC2-6.4.3) 1.150
# Tou kopBou 38 Mdyog Thdkag 40.6 (em)
ZuvBuaopog 1 Emkdahuwn omAiopod 2.0 {cm)
Apyikd TEQVOUH (Veg o ) 846.7 (kN) JAidperpog eEwTtepikol 10 i
Karavepnuévo popTio (p) 0.0 (kN/m?) | Biaprikn oTAio ol
ATTOPEUPEYN TEPVOUDT (Ve ) 8468.7 {kN) JAmooToon efwr. dapnkn oTh. 15.0 {em)
Kaprikg Potr (M,) 327 (KNm) | AiapeTpog egwTepikol 10 (mm)
Kaprriey o (M,) 104.4 (kNm) | Siaprikn ohiopos
Zxnpa goprifopevng Tepioxng | OpBoyuwvikn ATrdaTaan ESwTEPIKOU 15.0 (em)
Mrkog ¢, (kard Tov GEova x) 48.0 (em) |BiapAkn oThiopol ;
Mnkog c; (kard Tov afova y) 46.0 (em) | Zrupddepa (fu) 20.0 (MPa)
AidpeTpog © {em) | XahuBog (fa) 4000 (MPa)
Béon popTIfopEVnE TTEPIOY NG Eauwre piko Aidratn ohiopou ARTIVUITH
ATroaraon ThAkag katd x (a,) (cm)  JApIBY. YpappUY OTTAIGHON 5
AmoaTaon Thikac katd y (a,) (cm) |avaTteTapTnuopio

L3 -

L L]
- -
. L L -
. L] [ ] L ]
- -
- L]
- -

The second page presents the results of the tests and the details of the arming device.
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Reinforcement of diameter ®14 is calculated and the last table shows the reinforcement in
groups of reinforcement lines with a specific number of strands in each line (useful
presentation in case prefabrication is chosen).

stud-rail punching shear reinforcement system).

Here 8 lines with two strands each and 4 lines with one strand each are used. In the 8 lines
the 2 strands are spaced at a distance equal to the distance s of the table (28 cm).

| Page : 2
AmoTeAMEopaTa ALy Ywv
Neprypagn Tipn | Movdbeg EC2 Nepiypapn Tiprp | Movaseg EC2
Evepyo mayog whakag (d) | 37.6 (cm) (eq6.32) B{]Imm TE pIMETPOC 6570 em) | (figs.15)
MepiueTpog opTZopEVNS | 4oy 4 il (e96.53) eAEyxoU (uy)
TEPIOXAC (Ug) ' ' Liorpnrikd Tdon omy I
: s : 0.394 | (MPa) |(eg6.38)
G TEPIHETPO Uy (Veg1)
ARG 1S0M SAie 1406 | (MPa) | (eq6.38)
TEPIHETPO Uy (Vego) . i LuarpnTike avToyr
. . : dotmhou okupodiuarog
?ﬂwm‘r;] BIOTUNTIKA avTOXA 3680 | (MPa) ©3653)  |(veas) 0.356 | (MPa) |(eq6.47)
R may
ZTOBEPA (Vig) 0.356 | (MPa) | (egB.3)

ATTCQUTEITC OTTANOPOC
- poaBnkn omhiopol
2% EAEYXOG: Veq S Vmgp | BIGTRNONG

- adgnon Spnkn
OTTMONOU TTAGKCOC

1% ENEYXOC Vedo S Vadmax | ETTOPKEI

Atrotedéopata omrAiopol Sidtpnong

Neprypaipn Tipf} | Mowvdbeg EC2 |Mepiypapr Tipn MowdBeg EC2
MEPIPETPOG Ugy o 727.0 (cm) | (eqB.54) |AmooTaon (di) (cm)
Aroataon 1% wepipéTpou AmoaTaor (dy) (em)
oTmAIg ol amréd popTiZopevn 18.8 {cm) Mwvia () 90.0 g
ETIPAVEIT () Egarrtopewikr
Opiakr amoaraon: o ATooTaTN TWY
03d=a=05d 11.3<=a<=188 (9.4.3) |okehuw omh. aTnv 91.8 (cm)
TEAEUTAIN TEPIMETPO
Amroaraon TeheuTaiag OTTMONG (St 1mx)
TIEPILETPOU OTTAICUOU aTTo 56.6 {cm) P :
gw ﬁﬁpiuagao Uounat k[f} St 753 | (em)
ik ardotaon: k-d = =
1_2_;‘“ n 565 | (cm) | (6.4.5) am%m Wi "
. ¥ ' 3441 | (MPa)
AKTIVIER ammoaTaan Tuw OXeIKgUaY avioxtls
TEPIMETPWY OTTAIGHOU (S,) 280 {&m) OTA. 5IL'1TDHUI']Q U"’““?'? (eg6.52)
: Amramodpevn Siatopn
Oprcn(ﬁ amooracn: 0.75-d 28.2 (em) (9.4.3) oréhouc omhiopol 1.532 ECI'TIZ)
E@aTrTopsviky amoaragn Twy BIaTPNONG (At
orEMUV omhiopol aTnv 91.8 (cm) Ehdyiom Biaroun 3 |y
TIEPIMETPO Uy (5:1) GKENQUS (Asy o) 1832 | f(em) | (eq9.11)
Opiokry améaraon: 1.5d 56.5 {em) (9.4.3) JAiduetpog oxéhoug 14 (mm)
Mrkog (p) 18.1 (cm) TOU XPNTIMOTTOIE iTal
Amootaon (di) 9.9 (cm) Aiarour] GKEAOUCTIOU | 4 gag | (o)
Amboraon (da) 9.9 {em) XPNOIHOTTOIEIT
Awdragn omAhiopou &idTpnong
, : i ¥ = Nepiperpog 610U Améaraon 17
Opdada .Aplap{?g ® }\plaléog UKEA.WV Yipog akéhoug BpiokeTar To 17 okEhoug améd
ypappwy | (mm) ava ypappn (em) akéhog NS ypappnic | gopriy. empaven
1 8 14 2 36.6 1 18.82
2 4 14 1 36.6 2 46 .82
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r=3] The details of the arrangement

byt {ECitne pats oo iidapa) referring  to  the  drilling

—— reinforcement  results  are
[} . .
g explained in the Memo on the

B third page below.

o uolteff

M o i BlL4 0 & 4

—

: c._l...-

*  Ixihn omhopod yia avahnipn saong

& Ixikn omhiopod yia Tiipnon awooTaoswy

The diameter of the reinforcement strands can be

reduced if more reinforcement beams per

guadrant are selected. For example, if 5

reinforcement spans per quadrant are selected

) g then the following arrangement is proposed, and

| the table of reinforcement arrangement is as

S follows, i.e. a group of reinforcement lines with

j— - two F8 strands in each line, spaced 28 cm apart.

: J [ ] — Asaiy emhapen Brona i

1
| Eyista |

c P Y p | NEssrpog o dmdy ¥
Ak L) il s | Wigo audhow | .
o] I | Bprbyde achia | Vipo m Ir b | Esosive T L |

o (e e i) | o o : | bt v iy | wOpta TR |

‘ i | - R ‘ 3 ‘ e ‘ 1 1

. 5 In the same substructure if the user attempts to
.. [ increase the level of loading and selects a value
. ) . . ' for the axial load of 1400 kN (user value)
. , ’ — —  eemenumeibewen |
I et B B T el e i - e
4 \ || fi| : |" ' s
' " | then radial armouring with 3 reinforcement
N\ T ’ e beams per quadrant gives the following results
. . - . 4 with F16 reinforcement strands (84 reinforcement
B e " . strands).
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Choosing a cruciform arrangement we have
arming with @16 strands also (80 strands of
reinforcement).
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The corresponding memo for a cross-shaped arrangement is as follows:
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