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A. COLUMN’S DETAILING

W] Column Editor - 0 “
ceomety ﬂﬂﬂﬂJ&@ﬂ@ﬂ Info

Izl Main Reinforc

st Heights (m)
irrups
P Concrete Cover 25 mm
=4 Diagrams W2 na
Insert Dimensions
hi 0.6 H
@ Internal Force i
X Y XYZ 11
L@Resu\ts ha

Eapluratmﬂ Detailing

H [v] Detailing Design
[V Deformations

Top Bottom
&p' Checks Ne Continious v Continuity v
[EP' Rehabilitation width (cm) 50 width (em) 50
%7 Jacketing Cover (mm) 25 Cover (mm) 25
7

Design Scales

< > Cross Section 1: | 20 Detailing 1: | 97
Recalculation
Name Ko - 23
heck Type COLUMN
2ITHEIEE Dimensions 40 f40
Y =700.00
+lwen] | - H - Her (cm) 300 /60
Area (cm™2) 1600.00 / 1600.00
Capy pmax % - cm”~2 4.0 - 64.00
pealc % - cm™2 1.27 - 20.38
Paste
oK Rebars
8@18
Cancel

The New Column’s Editor - “Detailing” of SCADA Pro is part of an innovative new group of tools
to manage the design details of the columns.

In “Detailing” you can edit, modify and complete section’s details and steel reinforcement. You
may as well display internal forces, diagrams, results, and deformations, and check all the
changes you made or apply retrofitting methods.
An integrated tool, flexible, easy and very useful that saves you a lot of time.

. Prerequisite for accessing the "Detailing" tool is the design of the columns.

NOTE:
There are two ways of accessing the “Detailing” tool:
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1) Open Members Design>> Columns >> Results >> Detailing.

or Members Design Drawings-Detailing Addons

“ & : i $ |

uckling Check Results Check Results Sk
Reinforcement = b Rainfarramant = = Cale

Columns HH Editar

L
Results

‘f‘ Explaration
" K ratiol
L
iim Detailing

H Strength Calculation [Pushowver

2) In “Members Design” unit area, press right click on the column to open the command list.

Hide
Isolate

Check-Reinforcement

Editor
Results

i Exploration

Detailing

Diagrams

Then, select the command to open the following dialog box:
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Column Editor = =
8@ | ||| 9| b | | tbr|@p| o=
i) ) i) - o -
ISI MAin Reinfor
Heights {m)
stirrupps Bars Cover | 23 mm
H | 285 =
Insert Dimensions
ﬁ Diagrams h1 |1 H
hl
@ Internal Forc X Y vz hz | 158 — I
L@RESUHE Detailing
Detailing Design
mExplnraﬁnn Top K
— Continuity w Continuity W
F ¥ Deformations ) )
Width {cm) Width (cm) 55
[@ Checks Cover (mm) Cover (mm) 25
Design Scales
< > Cross Section 1: Detailing 1: 50
Recalculation
Name K2-18
Jaint Check Type COLUMN
Dimensions 100 f25 /25 (85
= 1001.00
+|[ 2] - H - Her (am) 235 (100
Area (om~2) 4000.00 / 4000.00
Copy pmax % - am”2 4,0 - 150,00
Paste pealc % - am*2 1.64-73.76
QK Bars
Cancel BT18+17020

The horizontal bar above the cad interface helps to manage the drawing.

Q& || |1 k1

+\| - Info
L% N
In detail:

Ll

o : This button is used for the display of the column and the steel
reinforcement in the 3D view.

&)
»: These buttons are used for zoom in, zoom out and
zoom all respectively.

d‘l | \.‘l

‘_ This button is used for moving the drawing inside the cad area
(Pan).

X : This button is used for deleting objects (Delete). Select the icon
and click the rebar, the stirrup or the dimension line that you want to
delete.
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b h!;|ih
£| b & These buttons are arrows to move in the drawing in the

corresponding directions.

& |

e
-
¥ |: This button is used to display column in height.

oK I Cancel | .

: Press the button “OK” to save the changes you made in
the columns editor and turn back in SCADA Pro’s interface. Press the button
“Cancel” to turn back in SCADA Pro’s interface without saving the changes
you made in the editor.

Next, to the horizontal bar described above, the current status is displayed:

Info
It’s the status in which you receive information. While you move the

mouse in the cad area on the right, the program updates the corresponding parameters on the
left.

Edit

It’s the status in which you can edit/modify the data. Select the command to activate
edit utility, enter the parameter and execute by clicking on the drawing.

Add It’s the status to which you can add a rebar.

Delete
It’s the status in which you can make a deletion.

Pass from “Info”, “Add”, “Delete” to “Info” with right click.

The “Column Editor” dialog box contains 14 sections, explained in detail in the subsequent

Geometry &F Rehabilitation
EI Main Reinfor: .“ : Jacketing
Stirrups EI FRP

ﬁ Diagrams ﬁ Protection

@Int&rnal Forc % Steel Cage
1

‘-@ Results
5 Exploration

-
I'T Deformation:

BZF. Checks
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(a) Joint Check

Joint Chedk . ) .
By selecting this command, you perform the check that EC8 provides for DCM

ductility categories in chapters §5.5.2.3 & §5.5.3.3. Prerequisite for making the check is to
activate the corresponding checkbox “Node Check” in Column Design Parameters.

¥ £

T )40l

-

|
Info
Ll

\"’L ‘ \‘L ‘ \‘*‘L ‘ 'y

EI Main Reinfor n
St Concrete Cova mm reatts EWE
rrups | —

Insert Dime Node Check
M Diagrams
—

[7
@ Internal Forc b Vo °
L@Resuhﬁs Detailing
EExploraﬁon Top

Continui S P

Drection |7 (1) v Defalt

Column Beam Left Beam Right

hc(am) Hame Name
be(em) hw(cm) b (em)
s bw(cm) Enen)

-
T ¥ Deformations ¢
J 9 28 9 28
Width (e N Stirrups As Top - As Top -
EZP Checks Cover (m m.f As Bottom 6.15752 As Bottom 6.15752
2

Design Sca M

Cross

< >

Recalculation
Calculation

Type

Joint Che
- Dimensions|
¥ =600.00
+ [[MN|| - H -Her {cm|
Area (cm™
Copy pmax % - cm~2 4.0-84.00
Paste peale % - cm 2 3.33-53.28
oK Rebars
16®18+4020
Cancel
Mode Check x

TIVICTT) B =)
bw(em) o)

Sti 9,23628 9,23528
m . rrps asTop 9268 psop [ 92678
ma’ As Bottom| 6.15752 As Bottom 6.15752

Calculation

Cancel
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In the field Direction !
I and Il are the two vertical and horizontal directions according to the local axes of the column.
(1) and (2) concern the beam members that reach the column’s node. Simple cases such as

belong to (1), while in case that more members reach the node along the same

J

direction /A then we will have the (2) case.
Choose Direction and press the Default button. The program fills in automatically the
corresponding fields for the selected direction.

Mode Check pod

T,,--' ) y Direction (1) > Default
JV" 3 / wm | Column Beam Left Beam Right
L “E 5 hic{cm) Mame Mame
- t a / be(em) huw(em) hww(cm)
-— v o bu(cm) bus(em)

=

[ansenunnl
m v Stirrups As Top 9.23623 fs Top 9.23623
ma’ As Bottom 6.15752 As Bottom 5.15752

Yo

Thus, the dimensions of the elements reaching the node are filled in. Concerning the column, the
area of the vertical reinforcement of the column As for the selected direction and the
corresponding horizontal stirrups are written. Concerning the beams, As the top is the top beam
reinforcement, As bottom is the bottom beam reinforcement.

Press the Calculation button

Beam-Column Joint (EC3 &5.5.3.3)
Direction ; I{1)
Column : hc= 40 bc= 40 As=32.92 hjc=35.00

Beam : bw= 25 hw= 80 As1=9,24 As2=0. 16 bj=40.00
Beam : bw= 25 hw= 60 As1=9,24 As2=5, 16 bj=40.00

hjw=55.00 bj=40.00 Asd=15.39 oK
Comb, M Ve vd Wjhd Ve Vol  Ptop Preg  Paddit
1 -954.60 471 0.45 798.45 350.58 595.570 0.00183 0.00661 10.52 " —

3 -714 53 T840 N 3IF TG AT GB1A Q7 B3R 170 0 NNIRT N NNAG23 1A 39

The empty field is filled in with the Node Check results for the selected direction and each
combination. The summary results are recorded at the end of the Results file. In this file, the
requirement to change or not the cross section of the column, as well as the possible requirement
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for additional horizontal (Ash) and vertical (Asv) reinforcement and their unfavorable
combination are shown.

. The program characterizes automatically the node as End and Middle.

(b) COPY-PASTE Reinforcement

Paste

The Copy and Paste commands allow the copy of column’s/wall’s reinforcement (Copy) to
another one (Paste), in order every change you make in a column’s/wall’s cross-section to be
copied to the same or different level without repeating the process.

USE:
- All the changes made in the column on a defined level can be copied to other levels, avoiding
in this way repeating the same process many times. Just select Copy, change the level by using

the following buttons j and ;I, and then select Paste.

- To copy column’s/wall’s reinforcement to another column/wall, click on COPY, close the Details
window and then open the details of the other element in the same or different level and then
click on PASTE so as the reinforcement of the selected element to be copied.

(c) Recalculation

Recalculation
4: The “Recalculation” command is used to restore the steel reinforcement of the
section as it was before any modifications.

Cancel

Select OK to save the changes and close the Editor window, or Cancel to get out of the window
without saving it.

(d) Interaction Surface M-N Calculation

M-M

It’s about the calculation and the display of the interaction moment-axial diagrams, based on the
geometry of the cross section, the quality of the materials and its reinforcement. Produced the
three-dimensional diagram of the envelope of strength (My, Mz, N). Furthermore, produced

9
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stress-strain schematic diagrams for steel and concrete, and detailed the Moment-Curvature
diagram. Follows the process for the production of the diagrams and the presentation of all the
necessary information you can see in this dialog.

e DIAGRAM CALCULATION

To generate the interaction diagram of the selected section, select either «Calc1» or "Calc2" key.
The difference between the two diagrams concerns the part of the diagram with a negative axial
force (N) representing the strength.

-Calcl: produces linear tension diagram, which means —>lower tensile strengths, so >
unfavorable conditions.

-Calc2: calculates also the intermediate tension values, resulting = the diagram acquire curved
form and accurate results in tension.

The upper part of the diagram (Compression) not affected by the above selection. Both ways of
calculation ("Calc1" and "Calc2") produce identical Compression diagram.

Calc1 Calc?

10



CHAPTER B “COLUMNS DETAILING”

% NOTE
The points in the diagram are the N-My-Mz points for each combination.

e |ILLUSTRATED

[v]Horizontal 30 My v [my-pz| myn| Mzn] | Mymz N- || N+
For the schematic illustration of the horizontal curves (N = constant.), activate

Horizontal

11

SCADA Pro”

Structural Analysis & Design
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e HORIZONTAL BAR MAXIMUM VALUES

My=-206.891, 206.891 Mz=134.433 , -134.438 N=-791.304 , 2690, 560

In the horizontal bar showing the six maximum values resulting from the three-dimensional
interaction diagram:

+N
- | VA
+My
M
Mz
-N

These values represent the maximum for each intensive size and they are the extreme
curves values.

The coordinate system of the resistance moments coincides with the column’s local system,

but on condition that you do not change the default, angle beta calculates from the program
when the mathematical model is created.

The dashed line represents the axes negative values.

e SEARCH POINTS ON THE DIAGRAM
M My Mz  Angle
o Jo o Jo

Step |1E"j N- | N+|

This field can be used in different ways:

1. To display the horizontal curves of the diagram

By typing in the Step field only a value and clicking the LIM

13
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|—|—|le Mz Angla
- I i - o a0
RMy=0.00,0.00 RMz=-0.00,-0.00 RMy=0.00,0.00 RMz=-0.00,-0
My—-185,54,185.54 My=-176,01,176.01

Mz=121.69,-121.69 Mz=114.84,-114.84

each "click" forms the horizontal curve represents the values of the resistance moments, for a
specific value of axial force and different angle values of the neutral axis.

Field "Step" represents the increase or reduction step to form the horizontal curves.

- Choosing N + curves designed upward

- Choosing N + curves designed downward
Furthermore, for each horizontal curve showing the relative maximum positive and negative
values My and Mz of the diagram representing the maximum positive and negative moment
resistance for the specific N.

I Mz ﬁ\ngle

|c| |c| ||:| 277

RMy=0.00,0.00 RMz=-0.00,-0.00
My=-185.54, 185,54
Mz=121,69,-121,69

1. For the calculation of the resistance moments for specific intensive values N-My-Mz

Typing the values of the internal forces N, My, Mz in the appropriate fields and clicking/, the
program:

14
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Calcll Calr_.'J_l Calc, My Lz

M My Mz
|4|:n:| |20|:| IIDIZI 0

step |10 - | N+|
|n ID ID 77

RMy=-120.52,120.62
RMz=60.31,-120.62

My =-203.40,203.40
Mz=134.22,-134.22

- finds the point (N, My, Mz) in the diagram
- designs the line segment joining (0,0,0) and (N, My, Mz) (orange line)
- designs the curve N * and calculates the corresponding My, max and Mz, max
My=-203.40,203.40
Mz=134.22,-134.22
RMy=-120.62,120.62
- calculates the flexural strength (RMy, RMz) - RMz=60.31,-120.62 for the specific intensive forces
(N, My, Mz). They are the red dots on the horizontal curve.
- forms the "moment-curvature diagram"

. The moment-curvature diagram is defined for a particular angle of the neutral axis.

Angle
1. Defining in the I 30 field an angle value different than 0,90,180,270 degrees,

in the diagram will appear also, the curve of the negative moments.

15
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EXTENSION POINTS ON THE DIAGRAM

ID | 150 | 100 777

MN=0.00 My=96.21 Mz=564.14

Typing internal forces values in the respective fields and clicking/, the program:
- finds the point with the specific coordinates,
- draws a line segment that connects it with the origin (orange part) and
- extends until it meets the envelop (blue part), indicating the respective values of strength
N, My and Mz (values useful for Pushover). N=193.52 My=96.76 Mz=58.05

THREE-DIMENSIONAL REPRESENTATION OF THE INTERACTION DIAGRAM
|

. . . N .
and select an intensive size  [[7@@@ for color representation.
Mz
Mo

[+] 3D

Activate the checkbox

- By selecting the My the diagram is colored in the y axis.

- The color grading provides the width of the sections, according to the bar at the right.

- The horizontal bar at the bottom lists the maximum and minimum values and the three
internal forces.

16
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Clostanes @2 [T01u] e o e o] [ |[e | [0 ][ coma

-114.90

-160.86

-206.582

My=-206.825 , 206,825 Mz=134.438 , -134.438 N=-791.304 , 2690.560

- respectively, for M and N.

Clostores @ (v [v] e o] o] ywen] (| (e | [0 ] [ o

-74.69

-104.56

-134.44

My=-206.825 , 206.825 Mz=134.438 , -134.438 N=-791.304, 2690.560

17
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Clostores 22 (v e v e fmpven | (v (ne ] [ o] [ comat |

MN{kM}
2890.56

2303.69

1916.81

1529.94

1143.08

756.19

269,32

SRR/,

-17.56

-404.43

-7591.30

I My=-206.825 , 206.825 Mz=134.438 , -134.438 N=-791.304, 2690.5560

. Activating “No”, the interaction diagram shows a more accurate three-dimensional display
without color rendering

Clostanes (] o ] o ]

My=-206.825, 206,825 Mz=134.438 , -134.438 N=-791.304 , 2690.560

18
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4. By press and hold the left mouse button and moving it, you can rotate the diagram.

19
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B Column Editor

Bl Main Reinfor
Stirrups
=1 Diagrams
@ Internal Forc
L@Resulm
EExp\oraﬁon

o
FT Deformations

Concrete Cnve mm

Insert Dimensions

Y

Detailing

Top

Mo Continious

Design Scales

XYZ

Heights (m)

w |
- Info
L.l

%

+) (=) |+ [T
\'s‘\x‘d‘x‘ /

it

]

H | 298

hi |0.76

h2
1

Detailing Desian

Bottom

~ Continuity

Width (cm) Width (cm)
&P Checks Cover {mm) Cover (mm)

“

< * Cross Section 1: EI Detailing 1:
Recalculation
MName K1i-17
Type COLUMN
Dimensions 25 76
¥ =77L.00
+ | MN|| - H - Her (cm) 298 (76
Area (cm”2) 1900.00 / 1900.00
Copy pmax % - cm”2 4.0 - 76.00
Paste pealc % - cm~2 1.07 - 20.36
| oK | Rebars
80 14+4d16
Cancel

Geometry: This section includes a group of design parameters in the center, and a cad interface
on the right, that adapts to the parameters changes.

Change the value of the cover in the “Bar Cover” field, and the corresponding drawing will be
automatically updated.

Bars Cover |?5 e

Bars Cover | ¥ m

20
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In the “Insert Dimensions” field, select the direction X and show with a left click, in the cad
interface the start and end points of the dimension line, and the point to place the dimension.

Insert Dimensions

X L XYZ

Follow the same procedure for the other two directions.

In the “Heights” field, you can modify the total height of the column and the critical length on
the top and the bottom of the column, near the joints. Change the corresponding values and the
drawing will be updated automatically.

—|
—
—_—
—
p——
—_—
—
| S
| — |
| —|
_
e
—
—_—
—
_
| — |
| —
—
—_—
—

21
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In the “Detailing” field, if you don’t want the detailing design to be displayed in the cad interface,
you can deactivate the “Detailing Design” checkbox.

Detailing
Detailing Design
Top Bottom
Continuity W Foundation W
Width (cm) &0 Width {cm) &0
Cawver {mm} 25 ittor 1Cever {mm) 25

In the “Top” field select among the three options of the following drop-down list:
Top

Continuity

No Continious
Mo continuity, with Dowels

Then, the drawing is updated by the selected option.

I — I
In the “Bottom” field select among the four options of the following E=NI=iE—N
Bottom

Continuity

Planted
Foundation - Footing

drop-down list: IFoundation

Then, the drawing is updated by the selected option:

Height and Cover are related to the connected with the column members, up and down. Change
the values and the program updates the drawing automatically.

22
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In the “Design Scales” field defined in the corresponding fields the scale of the drawing of the
cross-section and the detailing:

|'Des.igr1 Scales

Cross Section 1: I 20 Detailing 1: I 50

On the bottom of the dialog box, there is a table with non-editable general data regarding the
column.

Mame K3 -3
Type COLUMM
Dimensions 40 fa0
H - Her (cm) 300 /50
Area {cm*2) 2400.00 [ 2400.00
pmax %o -cm"2 4.0 -95.00
pcalc % - cm2 1.06 - 25.45
Rebars

10d 13

23
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2. Main Reinforcement

B Column Editor [m| x
) @ |@ [« || S e %
™, Geometry +) ] “I" Y19 b 1| & Info
CL S S B - _}'ii, LA
Main Reinfurl,\\,
Corner w20 | mm
Sﬁrrups
Type
=t iagrams | ~ 0 n (cm)
0
@ Internal Farc Type 1 =
0
Results
‘-@ == [i]
Exploration
E P Type 2 0
H
F 1 Deformatione R
- == =]o
Checks - Hooks
@ | I C | e,
< > Side
_— Does not paticpate in
Number 1 [oirection I:|E!ia)(ia\ Bending
Recalculation
n.nnn
“ voe e w w8 Add Bars
==t
51 s3 52
Y =771.00 Rebar Spacing (mm)
51 52 53 Edit Bars
=) = 1] 0 0
[ all Bars
Copy Labels
Paste ﬁ& Rz | .?mzu Delete Group Bars
o AT
—1020)|» 2:‘% ; 2—{% dd I
© Add Dimension line
Cancel
ance i | AP (Bar Distances)

In the “Main Reinforcement” section you can modify the main steel reinforcement of the column.
Main reinforcement consists of two categories of bars concerning their position inside cross-

Info
section; corner and side bars. Moving the mouse near the bar in the drawing, the state

is activated so that you can read the characteristics (category, type).
The procedure to modify is first to select the command, then to show the rebar and then follow
the editing process described below.

2.1 How to modify the main reinforcing bars:

2.1.1  To edit the diameter and the type of corner bars:

Edit B
. Select the command “Edit Bars” It Bars

. Left click on a corner bar inside the drawing of the column cross-section.

o _ Edit
. The status “Edit” is activated
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. . . IC:::rner j e IIB j mm .
.The following fields are updated automatically with the

parameters of the selected rebar. Select a new diameter from the drop-down list @ e | mm
and the new type*.

. Left click on the rebar to apply the modification.

2.1.2  To edit the number, the diameter and the type of side bars:

; Edit B
. Select the command “Edit Bars” it Bars
. Left click on a side bar inside the drawing of the column cross-section
Edit

. The status “Edit” is activated

|side o fi5 x|mm
. The following fields are updated automatically

—Side
Mumber I 4 [™ Directi

nn.nn

o o o O O O o

51 $3 " s2

Bar Distances (mm)
a1l 52 S

E lo E

and the “Side” field is activated

° <]
and the new type* (see page 16).

. Select the new diameter

Mumb I 4
. In the “Side” filed, first type the number of the side bars e

. Define the individual distances according to the shape or leave it as it is, and it will be
automatlcally distributed at equal distances.

. Left click on one side of the detailing drawing. Follow the same steps for the other side.

25



CHAPTER B “COLUMNS DETAILING” SCADA Pro”

Structural Analysis & Design

2.1.3 To add side bars in cross-section detailing with no bars:

. Select the command “Add Bars” Add Bars

Add

. The “Add” status is activated
. Select from the corresponding drop-down lists the category “side”, the rebar diameter

Side e jis  x|mm

Number|4
. Type the number of the side bars and the spacing between them.
. Left click to show a corner bar and then the opposite one on the same side.

and the type* (see page 16).
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. Then repeat the previous step on the other side of the cross-section.

Info
. Right click to activate the "Info" status

In cases where the two opposite corner bars have different diameters and you want to insert side

. w H 5
bars between them, active the checkbox e Directi

(see page 14).

and follow the procedure of adding side bars

2.1.4 To delete rebars:

. From the horizontal bar, select the following button —I:

Delete
. Activate the status “Delete”

. Left click on the rebars of the cross-section detailing to delete them.

Info
. Right click to activate the status “Info”

2.1.5 To insert the dimension lines:

Add Dimension line (Bar

_Select the command “Add Dimension Lines” __25=ns)

Add

. The “Add” status
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Labels
20 |[. smzo

AL

—1peo||s

. Select the type of the Label
. Left click to show start and end bars

Info
. Right click to activate the “Info” status

*You may as well modify the type of the rebars.

e | Type of rebars
= Hooks
—e LI ID j II" em Calculation

=] —f L1 L1 L1
— —_— — — i

2 L2

iz

L4,

Type 1 Type 2 Type 3 Type 4
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L1 - —_—
— = T iz L

L2 Ly
T1 3 _—
L3

Type 5 Type 6 Type 7 Type 8

In the “Type” list select one of the types presented above. Each type activates the corresponding
fields on the right, where you enter the corresponding values in cm.

In all types, you can insert hooks, up and down, the bar. Select the direction —90, +90 and press
the button “Hooks Calculation” to automatically calculate the corresponding values or type your
values.

] v[ | 0 m (cm)
0

— s

lﬁ Hooks |
=0 ~ I 0 (el Calculation
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2.1.6 To exclude a rebar from the Biaxial Bending resistance check:

; EditB
.. select the command “Edit Bars” e

. left click on the rebar inside the detailing of the column cross-section
Edit

. activate the “Edit” status

[ Does not paticipate in
. . Biaxial Bendin
. activate the following checkbox d

Info
. right click to activate the status

2.1.7 To apply the changes, that you make, to all the same rebars:

; Edit B
. Select the command “Edit Rebars” thars

. Left click on the rebar inside the detailing of the column cross-section
Edit

. Activate the status “Edit”

v InAllB
. Activate the following checkbox L

. Make the changes and they will be applied to all rebars of the same diameter.

Info
. Right click to activate the status “Info”
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3. Stirrups

B Column Editor [m| x

S P EIRNER

-~ Info

£% . Geometr N i)
2. Geometry J .‘\‘\, A ¥

EI Main Reinfor
Stirrups
Type
ﬁ Diagrams ~
LJ »
Angle
@ Internal Forc Type 1 g N

L@Resulm

Length

EEXp\oraﬁon fem)
Type 2

H
FT Deformations

[E,j Checks
v

< > Stirrups' Data

Diameter {mm) ® 5 ~
Recalculation
Distances per

In All Height (H) [0 Jam 0 %EI
h2

In Critical Height (h2) om 0
¥ = 771.00 aht (h2) D
In non-critical Height D m 1} MI

4 M| -
In Critical Height (h1) D m 1} 1
Copy
Paste
e Add Stirrup
oK
Edit Stirrup

Cancel

In “Stirrups” you can make modifications and interventions on the stirrups of the column.
The procedure is similar to the one applied for the main reinforcement. Select the command,
show the stirrup and change the type, diameter or individual spacing.

rType
rY
—_—
Type 1 Angle h J Angle
-
|45 |45
Length Length
cm am
Type 2 I_
80 SEI|
. L]
=

In the “Type” list you can change the type of the stirrups. For stirrups of Type 1 and 2, you may
as well define the corresponding length and angle.
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S&tirrups Data

Diameter {mm) i3] Is - |

Distances per
n 0
& 0 h2
H
om 0 j E
1

In Critical Height (h2)

In All Height {H)
In non-crtical Height
om a

ol o) o) O

In Critical Height (h1)

“Stirrups Data” field, contains the diameter of the stirrup and the spacing. You can select a
diameter from the drop-down list “@©” and fill in the corresponding field with the spacing value
as appropriate.

Info
Moving the mouse near the stirrup in the cad interface, with the status “Info” activated ,

the stirrup is colored red and the values of the diameter and the spacing are updated
automatically.

3.1 Stirrups editing:
3.1.1 To modify a stirrup:
Edit Stirrup

. Select the command “Edit Stirrup”
Edit

. Activate the status “Edit”

. Select the stirrup
. Select the new diameter, the new spacing, the new type.
. Right click.

3.1.2 To add a new stirrup:

. Select the command “Add Stirrup” Add Stirrup

Add

. Activate the status “Add”

. Select the diameter, the spacing, and the type

. Left click to show the rebars enclosed by the new stirrup

The design is updated automatically and a new stirrup detailing is created with all the related
data.

3.1.3 To delete a stirrup:

. From the horizontal bar, select the following button u

Delete
. Activate the “Delete” status

. Left click on the stirrup of the cross section detailing to delete it

Info
. Right click to activate the status “Info”
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NOTES:

% In the design of the columns, the program takes into consideration that the calculated
stirrups have the same diameter and a common spacing. If you modify the stirrups, it is
proposed that the modification be uniform. In other cases, the program identifies the less
favorable stirrup per area and place the rest stirrups uniformly concerning the less favorable.

. However you can put different stirrups per region, e.g. in a -shaped cross-section, you can
change the diameter or the spacing in “Checks” and perform the verification checks (see
§2.9). Then go back to the field “Stirrups” and make the changes so that the drawing and the
calculations’ print-out will be updated.

33



CHAPTER B “COLUMNS DETAILING”

4. Diagrams

[N Columns-Walls Editor

éz_ Geometry
El MAin Reinfor
Stirrupps

@ Internal Forc
%Results
mExploration

._.
F ¥ Deformations

@) Checks

Recaloulation

MNode Chedk |
I Y = 400.00
]

Copy

L

Paste

i

Cancel

Member Diagrams : 6

SCADA Pro”

Structural Analysis & Design

NikN) : L=3.07 205.673/0.000 Vy(kN) : L=3.07 12.220/-13.297 Vz{kN) : L=3.07 16.008/-33.128

Combination

i - ,n ﬂ
: &
+236.750 +12.220 413297 W +16.008 -38.128
L[ mMx(kNm) : L=3.07 0.1021-0.191 | [ mazknm):1=3.07 19576114547 | [ My(kNm) : L=3.07 37.442/0.000 |
+38.533
| H g%
L]
+0.102 20491 W +23.035 21013 [l +54.607 79.861

In the “Diagrams” field (when the previous scenario of member design is active) a window opens
that contains the diagrams of the internal forces, for each load case and each load combination.
Moving the mouse along the column, in the diagrams, you can read the values of internal forces
along the height of the column. (You can find this command in the “Results” as well, explained in
the corresponding chapter of the user’s manual).
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5. Internal Forces

[l Columns-Walls Editor 131 x|

b2 Sl K| e 8 || ]

pe

g
&

% Geametry
S

Main Reinfor
El Combination hd I 1 - Per Length (em)| 50
Stirrupps + 1.35c1 + 1.50Le2

ﬁ Diagrams
L{m M v ¥; Mc{kMm] M; im, My
IniEmaI Forc | 0.00 23%.. 087 -1676 -0.07 3.59
0.50  23L. 0.87 -1676 -0.07 3.16
L@Resuls 100  2%6.. 0.87 -1676 -0.07 272
150  21. 087 -167 -0.07 2.28
EExplnramn 200 | 216... 0.87 -16.76 -0.07 1.85
" 250  211. 087 -1676 -0.07 141
[T Deformatons | 3.00  206.. 087 -1675 -0.07 0.98
[ 310 205.. 087 -1676 -0.07 0.89
&P Checks

Recalaulation

Node Check

¥ =400.00
2

L

Copy
Paste

OK |
Cancel | 4 | |

In the “Internal Forces” you can read the values of all the internal forces for each load case and
load combination.

i 50 . - .
In the “Per length (cm)” field Per Length (cm you define the position of the cross-sections

of the column, concerning the column’s height, where the values of the inertial forces will be
calculated.

6. Results

g [=] 3|
=101 x|

File Edit View Insert Format Help

ElMAinREinfur 0 E’;Ig =11y ﬂl & Bz @”
Sﬁrrupps =

| mmmmmmmm o CONWCRETE DEFCRMATIONS ENVELOPE (0/00)
|Bpex Comb. Deform. Apex Comb. Deform. |Apex Comb. Deform. Apex Comb. Deform.

|COLUM: EKé - MEMB.: 6 - Connection (nodes) Start:3 End 110 ]
1=t Diagrams |KIND : RECTANGULAR  by=30 bz=100 HEIGHT H= 3.10 Her.= 1.00 I
| ONCRETE : C20/25
@Iﬂb&ma\ Farc | fck (Mpa)=20.00 yeou/ycs =1.50/1.0 maxec (N,M)=0.0035 maxec (M)=0.002
| fctm(Mpa)= 2.20 trd(Mpa)=0.25
] REINFORCEMENT--—-Cover c(mm) = 25 —
|IMAIN : B500C Es (Gpa)=200.00 fyk(Mpa)=500 ysu/yss=1.15/1.00 max es
mapbraﬁm |STIRRUPS  : BS00C Es(Gpa)=200.00 fyk(Mpa)=500 ysu/y3s=1.15/1.00 max es=0.
|-——=———-—-- BIRXIAL BENDING WITH AXIAL FORCE Critical combination 36-———————-- |
h Deformations | FOSITION 1 BOTTOM | TOFP |
] |
&P.Chedcs |IMax normalised axial force wd| w: wvd= 0.05 comb. 79 | z: wvd= 0.05 comb. 78 |
|Bpplied Axial force  NSd(EN) | 160,71 ] 137.46 1
| App.bend . moment M5d (ENM) |y= -79.25 |z= 7.91 |y= 37.45 |z= -3.25 |
|
|

Recalculation | ————————— Column Bottom olumn Top---———--——————————- 1
11 2 -0.2902 |2 55 -0.2178 | 1 9 -0.1365 |2 12 -0.0636 |
Node Check 13 ] -0.2087 |4 54  -0.1716 | 3 2 -0.1831 |4 15 -0.2059 | _
-SHEAR FORCE 1
|Seis.shear force ¥ (EN) Start | VEmin= -0.25 / VEmax= 438. |
I End | VEmin= -0.25 / VEmax= 438. 1
|Seis.shear force Z (KN) Start | VEmin= -11.39 / VEmax= -127. 1
| End | VEmin= -11.39 / VEmax= -127.65 = {= 0.000 |
I Bottom(crit.)————--— Span--———--- Top (critical)--|
77777 Seismic directior Y- z Y- z Y- Z——|
Pty |kpplied Shear force VEd (EN)| 438.1] 127.0] 4.0] 11.4] 438.1] 126.6]|
|applied Tors. Moment TEd (ENM) | 0.1] 0.1] 0.2] 0.2] 0.1] 0.0]
|Resist.without reinf.VRd,c(EN)| 145.2| 124.4]| 129.6| 110.1] 127.8] 125.7| x|

=
Cancel For Help, press F1 NOM

In the “Results” field, a TXT file format opens with the results of the design checks derived from
the critical load combination.
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7. Exploration

iEx
'-:' eometry cuaor Format Help =101x
[+ 3] main reinfor QIEIEI @l@l ﬁl g,l g'-n @”

Strrupps Column Id: 7 (6) 3

CCMB N

M Diagrams Start 1 236.75
End 1 205,36
@Inh&rnal Farc Start 2 160.07
End 2 136.82
L@Rasuhﬁ Start 3 151.786
3 End 3 128.51
1 i Start 4 131.51
“W Exploration
- End 4 108.26
e 8.7
I'T Deformation: Start S 138.71
End 5 115.46
@' Start & 118.46
Chedks
3 End € 95.21
Start 7 121.67
End 7 168.42
Start 8 171.41

Recalculation End 8 148.16
Start 9 178.61

Node Chedk | End 9 155.36
Start 10 158.386

I ¥ = 400.00 End 10 135.11
Start 11 152.39

j J End 11 129.12
Start 12 132.14

Copy End 12 108.89
— Start 13  138.09

RS End 13 112.8¢

" Start 1¢  117.83 . . .67 . .17 =
< | »
= For Help, press F1 NOM

In the field “Exploration”, similar to the field “Results”, a TXT file format opens with the results
of the design checks derived from all load combinations.

8. Deformations
m Column Editor - B “
55 ceoney A Q& ] 3 Wy B

[£2] main Reinforc
Stirrups

=1 Diagrams

Combination w 1 W

+ 1.35Lcl +1.50Le2

N=510.88 My=-0.28/-0.27 Mz=13.61/13.32 (-122.9,6.77) (1)

@ Internal Force
- mam——

EExplurat\un /
Deformations

[@' Checks

@' Rehabilitation

‘,: Jacketing

< >

N

— N=548.85 My=0.99/0.98 Mz=-24.78/-24.67 (34.1,2.88) (1)

Joint Check

Y = 700.00

+ |M-N | -
Copy
Paste
oK

Cancel

2N

N

In the “Deformations” field you can see how the cross-sections of the column, on the top and the
bottom, are deformed, for each load case and each load combination. The compressive main
reinforcement is denoted with blue color and the tensile with red.
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9. Checks
n ] Column Editor = B
§ D (=) 3 [0
- Geometr + + \x Bk HH Info
pi eometry ’\,.‘ \.,\ \,\ + ‘i@ i/
Bl Main Reinfor

Bending Resistance Check ¥ 7
Stirrups Shear Resistance Check
Run Chedks

§ Adequate Confinement Check

=1 Diagrams

Confinement

@ Internal Forc [ ¥]Max distances based on the Design Regulations

Max Distance {cm) 50 Mew Distance Calculation
-

Auto Define Stirrup Nodes

EExp\uramn [[] shear Resistance Check according to the table data
H Area ® s n N dl di2 Vd
1 y 6 |5 |2 |0 3000 [30.00 |0.060
1 z & |3 2 |0 3000 |30.00 |0.060

A
]

Recalculation

¥ = 170.00

+ || 72

Copy

Cancel

In the “Checks” field you can perform local design checks on the column depending on the
modification you've applied to the steel reinforcement, using the tools of the “Columns-Walls
Editor” dialog box. So when you make modifications or additions to the main steel reinforcement,
you should check the column against biaxial bending failure, and when you make modifications
or additions to the stirrups, you should check the column against shear failure and confinement.

9.1 Bending Resistance Check:

. Activate the checkbox “Bending Resistance Check” Bending Resistance Check

. Select the “Run Checks” command e |

The program rechecks the column against biaxial bending considering the modified rebars and
displays "sufficient" when the design checks are satisfied. When the cross-section fails, either on
the top or the bottom, the numbers of the load combinations causing the failure are displayed in
the corresponding cross-section.

The check of the column against biaxial bending failure concerns only the equilibrium of the
cross-section (adequacy check) without considering all the other limitations (minimum distance
of the rebars, maximum steel reinforcement, etc.).

That’s because it is possible to have a column that doesn’t satisfy the design checks in the tab
"Member design” yet it passes the local biaxial bending resistance check. This means that the
column fails at the beginning because of the minimum distance of rebars or the maximum steel
reinforcement in cross section. The type of failure is displayed in the “Exploration” file at the end
of biaxial bending resistance checks.

s ! 98 76.798 40.508 165.702
1 99 -24.810 -2.454 88.114
Biaxial Bending Results 1 (1=okey, 0= fails L 10=max As 1l=max number ),
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9.2 Shear Resistance Check:

Shear Resistance Chedk

. Activate the “Shear Resistance Check” checkbox

. Select the command “Auto” Auito

the changes you have already done.

so that the following table will be updated, including

Area D = n N dl di2 vd

1 y 3 1m 6 0 100.00 30,00 | 0.023

1 Z 8 0 |2 0 100,00 30,00 0,022

2 Z 8 10 |5 |0 | 80.00 30,00 |0.022

2 Yy 8 10 |2 |0 | 80.00 30,00 |0,028
NOTES

1. You can modify this table and change the diameter @ of the rebar, the distance s or the
number of the critical cross-sections n.

W
2. Activate the following command Adequate Confinement Check and the changes

you make directly into the table, are considered in the Shear Resistance Check. If you

. Shear Verificat ding to the table data
do not activate the command B oozt s =EESEE then the initial

values will be considered in the Shear Resistance Check, coming from the editor,
automatically, by selecting the button “Auto”.

. Select the command “Run Checks” SEIETEES

On Shear Resistance Check, the program calculates the new spacing of the stirrups, according to
the new diameter and the new number of the critical cross-sections.

The procedure is the following:

From the initial design, checks result in a required ratio A / s of stirrups in Y and Z direction, for
the critical and non-critical length (6 values). So, according to the new type of stirrups and the
new diameter, the program starting from the maximum spacing, according to the design
regulations, follows an iterative process searching that A, / s that is greater than the required
one. The required is indicated in the parentheses.

Check according to max spacing regulation a
DIR. ¥¥: = 12.00(critical) / 30.00
DIR. ZZ: = 12.00{critical) / 30.00
SHEAR. VERIFICATION

Region 1

y: 0n=2 Asws=11.3 (4.6)
:0n=2Asws=11.3 (7.5)
r1n=2 Asws=11.3(0.1)

: 1n=2 Asws=11.3 (0.1) |-
1 2n=2 Asws=11.3 (4.6)

1 2n=2 Asws=11.3 (7.5)

Region 2

y: 0n=2 Asws=11.3 (4.5) |

TR

The results appear with respect to:
- Region (for cross-section with more than one critical region, e.g. I, M)
- Direction (y, 2)
- Height (0: critical zone top, 1: no critical zone, 2: critical zone bottom)
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Press

_z |

In the cross-section’s detailing a marked area in Y or Z and a horizontal line, that indicates the
direction Y or Z, respectively, appear, to distinguish easily the areas and directions and read the
checks’ results without difficulty.

You can repeat the design checks more than once, by modifying the table’s data and changing
the diameter @, distance s and number of sections n.

Area b = n N dil di2 vid

1 ¥ m 6 0 100,00 30,00 | 0.028
1 Z |8 m 2 0 100,00 30,00 0,022
2 z |8 m |5 0 |80.00 30,00 0.022
2 y |8 m 2 0 |80.00 30.00  0.028

| Shear Resistance Check
Just remember to activate the following checkbox and when you

define the stirrups, go back to “Stirrups” and make the changes to update the drawing and the
calculations’ print-out as well.
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9.3 Confinement Verification:

¥ Confinemnt Verification

. Activate the following checkbox and

. Select the command “Auto” Auto

you have already made.

to update the following table, including the changes

Area d s n M di di2 vd

1 y |8 I 6 0 100,00 30,00 0.028
1 Z |8 m 2 0 100,00 30,00 | 0.022
2 Z 8 10 |5 0 | 80.00 30,00 |0.022
2 y |8 0 2 0 |80.00 30.00 | 0.028

The diameter @, the distance s, the number of sections n, the cross-section’s dimensions di, d,
and the value of the relative axial force vy by region and direction are automatically updated.

The values in “N” column are the numbers of the vertices of the stirrups (stirrups — nodes) that
represent the number of the confined main rebar. To fill in the column “N” follow the procedure:

. Select one by one the regions in each direction

Area © = n Mo dil di2 vd

FPl: © ¢ o 1000 3000 o0.028
1 z 8 (10 2 0 100.00 30.00 0.022
2 z 8 (10 5 0 80.00 (30.00 0.022
2 y 8 (10 2 0 80.00 (30.00 0.028

In the cross-section’s detailing a marked area in Y or Z direction appears to be distinguished
easily.

“ : . ” Define St Mod
. Select the command “Define Stirrup Nodes Selstll s

. Left click to show the rebar of the region confined by stirrups, regardless of the direction,
starting from a rebar and ending in the same rebar.
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Area o s n M dil di2 vd

FPMl: © & 1 woo0 3000 o002
1 z 8 10 2 100.00 30.00 0.022
2 z 8 10 5 80.00 30,00 0.022
2 y 8 10 2 80.00  30.00 0.028

Repeat the process on the other direction, showing the same rebar. Alternatively, if you select
both directions with the “Shift” button and define the vertices once, then both values of N will
be filled in automatically.

Follow the same process for the second region, to complete the “N” column in total. The column
“n” is already completed.

Area D s n N dil di2 vd

1 ¥y 8 0 & 12 100,00 30,00 (0,023
1 Z 8 o 2 12 100,00 30,00 0,022
2 Z 8 0 5 |10 30,00 30,00 0,022
2 ¥y 8 10 |2 |pliEe 30.00 30,00 0,028

Now you have two options:

1. Perform the design check “Adequate Confinement check” for each region and direction.
2. Calculate the distance between the stirrups with the diameter @ fixed, in order the
confinement adequacy check to be satisfied.

Both cases in detail:

1. To check the adequacy of the confinement:

Run Checks
. Select the command “Run Checks” Hnene

. Check the results

Check according to max spacing regulation -
DIR. Y¥: = 10.00{critical) / 16.00
DIR. ZZ: = 10.00{critical) / 16.00
SHEAR VERIFICATION

Region 1

v 0n=2 Asws=10.1(D.0)

z: 0n=2 Asws=10.1(0.0)

y: 1n=2 Asws=10,1(D.0)

z: 1n=2 Asws=10,1(0.0)

y: 2n=2 Asws=10.1 (0.0}

z: 2n=2 Asws=10.1 (0.0}
COMFIMNEMENT VERIFICATION

You can repeat the design checks more than once, by modifying the table’s data and changing
the diameter @, distance s and number of sections n.

When you define the stirrups, go back to “Stirrups” and make the changes to update the drawing
and the calculations’ print-out.

2. To calculate the distance between the stirrups with the diameter @ fixed, in order, the
confinement adequacy check to be satisfied.

. Type the new diameter ©

41



CHAPTER B “COLUMNS DETAILING”

Area @ s n M

1 y || & 12
1 z &8 |0 (2 |12
2 z 8 |10 5 |10
2 ¥y 8 o 2 10

dil
100.00
100,00
80.00
80.00

di2

30.00
30.00
30.00
30.00

vd

0.028
0.022
0.022
0.028

Define the maximum distance as

Max Distance (cm) I 50

. Select the command “New Distance Calculation”
calculates the distances and fills in the column

SCADA Pro”

Structural Analysis & Design

an upper limit to start the calculation process

Mew Distance Calculation

au_n

S .
Area o 5 n N dil di2 vd
1 ¥y el 44 6 12 100,00 30,00 |0.028
1 Z |8 21 2 12 | 100.00 30,00 0.022
2 Z |8 20 |5 10 80.00 30,00 0.022
2 ¥ 21 |2 |10 | 80.00 30,00 0.028

If you activate the following checkbox

[¥ Based in Regulations max distances

and the program

then during the

calculation of the distances that satisfy the design checks, the program will take into

consideration the maximum distances proposed in the Design Regulations, too.

Always remember, when you define the stirrups, to go back to “Stirrups” and make the changes
to update the drawing and the calculations’ print-out.

3. M-N Calculation

Recalculation

Joint Check For the interaction curves/surfaces click the following button

Y = 700.00

+ [IM-N§| -

Copy

Paste

Cancel
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The “Column’s Editor” tool enables the calculation of the interaction curves N-
M and the interaction surfaces N-Mx-Mz as well.
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Calct || calez | | cale-timy,mz| [ JHorizontal [ap

1} My Mz Angle
] ] 1] 0
Step 100 N- || one
1] 0 0 27?

Moment-Curvature Diagram
[ |

Steel Stress-Strain Diagram

Interaction Surface M-N

My “az| |[My-N| Mz-N| | My-Mz-N

N- | N+ oK Cancel

My=-164.760 , 164.859 Mz=-945.338 , 945.338 N=-1076.338 , 4577.826

e Calculation of the interaction curves/surfaces M-N

It's about the calculation and the display of the interaction surface of the axial load and the
ultimate bending moment. It depends on the geometry of the cross-section, the material, and
the steel reinforcement. It is a 3D surface and represents the envelope of the ultimate biaxial
bending resistance and the axial load (My, Mz, N). Also, the strain-stress relationship diagrams
for the steel and concrete as well as the moment — curvature diagram of the cross-section are

displayed as well.
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B. COLUMNS-WALLS REINFORCEMENT

SCADA Pro has integrated the tools for the needs of rehabilitation and reinforcement of the
columns and walls, as predicted by the regulation of interventions (KANEPE)

&F. AnokaTagTar

% Mavoac

]

EI I0M-EAaopm

T’j’ MpooTagia

S, KhwBog

L 1
As well as all the checks and procedures necessary for them

Regarding Confinement

Regarding Confinement, it is noted that it has been integrated for all existing types of column
reinforcement as well as the steel cage in the program. Increase in concrete strength and fracture
deformation occurs for all types of reinforcement (stirrups, plates, and FRPs).

The new values are displayed on the page with the data of the existing section, in the printout of
reinforcement.

Confinement works only in columns (not walls) and requires enclosed reinforcement on all sides.
Regarding walls’confinement, it is taken into account only in case of reinforcement with FRPs or
plates.

. The increased values of strength and deformation are displayed on the first page of the
reinforcement printout.

10. Rehabilitation of columns-walls

The “Rehabilitation” section contains tools for the rehabilitation of the columns according to the
Code of Structural Interventions.
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5" Column Editor

/| Rehabitatio \f"l ‘ \‘\

Infa

H!“‘

I‘
Ll

P Jacketing
g
Concrete Repair

EI FRP D Corrosion Protection

ﬁ X Materials used on the surface that act as corrosion
Protection inhibitors for the steel reinforcement of the reinforced
concrete structures and applied by impregnation.

D Concrete Repair

Repairing mortars for the structural rehabilitation of
concrete members.

[ crack Filing

Cementitious binding materials for the structural
rehabilitation of the concrete cracking, welded and f or
infilled.

EM4C Sika

Printout
< > Add Delete

Recalculation Protection
Fire Protection Layers

Y =771.00 Concrete layers or coating

+ | M| -

Copy Paint Protection

Paste

OK

o]
n
-
B

Cancel

The user can select one of the three rehabilitation methods by activating the corresponding
Printout

Add
checkbox. Then, select the command “Add” and the rehabilitation methods will

be included in the final report.
Select the command “Delete”, to exclude the rehabilitation methods from the report.

. Furthermore, in SCADA Pro, the techniques and the material considered in each
rehabilitation method are enriched with the corresponding material and techniques of the
companies’ EMAC and Sika. The user has direct access to the library of EM4C and Sika

materials by pressing the corresponding button, which appears in the dialog boxes related
to column reinforcement.

EM4C Sika . .

Select one command : , and then select the appropriate material for
?

each rehabilitation method. Also, select the following button—~! and a PDF file, with an

analytical description of the material properties as well as information related to its use, is
automatically downloaded.
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Concrete Repair

Corrosion Protection

[ crack Filing
SikaDur ®-31
SikaDur ®-52

EvZapn privivn xa
svepaTwoEg Sopry

|Ska® Ferrogard@-303+
v 2
To Sika® FerroGard®@-903+ sival EnipavEiaknc Epapuoyng A |
avaorohiag S| . * .
Q.E., oyediaopéy
To Ska® FerroGa ————
——
-
L Sika" FerroGard 903+
- Agarvanky; Bapuary, roma (1 Caz tureess
Sika® MonoTop& Buematrg Soaory;
Ska® MonoTop® y— St vt s g e
oo oty - ——— —— S— —
ENIoKELaoTIKD Ko A R T A ep——
— e s " |

- ——— v —— - bt P W s W

Y R L

o e i —
e e P . ——
———

. - —— e —

i
|
%
|

|
It
|
l

N S 4 —— -
v~ S —
. ——— —— 4 ——

EMA4cC

Engineerirg Matarsls for Corelrclicn

Prascin s > PN CAIFLORES 5 Lispssis { Baimlvasam o {501 sl s

Concrete Repair

[ Corrosion Protection %

|EM4C Consiex No Rust NE
?

Xpnowonoieital pe T péBodo Tou ENoTIoNOU, Xapn OF EIBIKOUG ~
KaTaAUTEG, yia TNV ENKGAUYN Kal yIa TNV npooTacia Twv

Home EMAC Companies Producls Projeds IofoCenter Conled =

lor conviele sbiuclures

RLIAIRS - MAINILNANCL -

REINFORCFIMFNT FOR MODFRN, OI D
PRLSCRVADLLS AND HISTORICALS

TMANUIACIVRLS

MATKARPANTT
e

m
[DOWELS BINDERS Suiluces
- sTaTcaL <

ail f Maillendnc
nglhening

Insulati
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11. Concrete jacket for columns-walls

The section “Jacket” contains tools for the reinforcement of the columns according to the Code
of Structural Interventions.

According to the Code of Structural Interventions, the concrete jacket is a uniform concrete layer
that surrounds the column cross-section in a closed form. Otherwise, when the concrete layer is
applied to some of the edges of the cross-section, then the reinforcing method is considered as
additional concrete layers.

5" Column Editor

[E/j' Rehabilitatior

ting

[s t]rre
ﬁ Protection

£ >

Recalculation

Y =771.00

+ | M| -
Copy
Paste

oK

Cancel

Placement

Cover {(mm) EI Thickness (cm) Length {cm)
Thidness () B L 1F ]
Side 0 0
Cross-section U-shaped Jacket

Materials

Concrete : C20/25
Bolts - Hangers :B500C
Design Checks
Side selection
Total calculation

Suspensaors
Diameter {mm) |14

MNumber EI hs(mm) EI

Dowels
Diameter (mm) |14

Cover (mm)
Bottom Top  Lateral

LT o]

Steel {Main) :B500C EM4C
Steel (Stirrups) :B500C Sika

Performance Level A-DL ~

Anchorage length {cm) 1]
Friction mechanism
participation percentage(%s)| ?

Stirrups

© ~
show
/

8
[ Jon
MNumber EI Series EI

Per (cm) EI [ alternateky
Anchorage length {mm) EI

Calculation
Re-check

Report

& |
- Info
Ll

|

£ ¢

Define all “Materials” (concrete jacket, main steel reinforcement, stirrups)

Materials

Concrete : C20/25

Bolts - Hangers :B500C

Steel (Main) :B500C

EM4C

Steel (Stirrups) :B500C Sika
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Concrete Steel (Stirrups)

Type C20/25 v Type B500C v
Constants Constants
Fck (Mpa) 20 Es (Gpa) 200
veu L5 Fyk (Mpa) | 500
v 1 vED 1.15
Fctm (Mpa) 22 88 1
TRd (Mpa) 0.25 Max Deformations
e 0.02
Max Deformations
M [0.00% Cance
=c (N) 0.002

SCADA Pro”

Structural Analysis & Design

Furthermore, in SCADA Pro, the techniques and
the material considered in each rehabilitation method
are enriched with the corresponding material and
techniques of the companies’ EM4C and Sika. The user
has direct access to the library of EMA4C and Sika
materials by pressing the corresponding button, which
appears in the dialog boxes related to column
reinforcement.

1. Define the “Cover” and “Thickness” of the concrete layer and apply either on the total of
the cross-section as a jacket or a side by clicking the button “Side” and then selecting with
the mouse the corresponding side. In this way, you can define different thickness per side.

The cover is applied to all sides of the cross-sections.

The minimum “Thickness” of the jacket is modified concerning the type of the concrete
(standard, gunite, special concrete).

Placement
Cover (mm) 0
Thickness {cm) 10
Side
Cross-section

Materials
Concrete : C20/25

Bolts - Hangers :B500C Steel (Stirrups) :B500C

Design Checks
Side selection

Total calculation

Suspensors

Diameter {mm) |14 v ols w
show
Number 0 hs(mm) 0 FREET -
Placement
Cover {mm) 10 Thickness (cm) Length {cm)

Thickness (cm] 8
Side

Cross-section
Materials

Concrete ; C20/25

Balts - Hangers :B500C

Design Checks

Side selection

Total caloulation

Suspensors
Diameter (mm) |14

Number 0 hs(mm) 0

Thickness (cm) Length (cm)
1] 1]

1] 1]

U-shaped Jacket

Steel (Main) :B500C
Sika

Performance Level A-DL v

Anchorage length {cm) 0

Friction mechanism

participation percentage(%) 0
Stirrups

8 40

10 50

U-shaped Jacket

Steel (Main) :B500C
Sika
Steel (Stirrups) :B500C

Performance Level A-DL v

Anchorage length {cm) 0

Friction mechanism

participation percentage(%:) ?
Stirrups

® 8 ¥
show

When the thickness per side
defers, then you select the
command “Side” and pick with
the mouse the corresponding
side. If the thickness is the
same in the total cross-section,
you select the button “Total
cross-section”.

Furthermore, there is the
option to insert U-shaped
Jacket, typing the respective
Thickness and Length.
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2. Insert the steel reinforcement of the jacket with the commands “Main Reinforcement”
and “Stirrups” from the list (Chapter B “Column’s Detailing”).

i Column Editor = B

I Geometry " \+‘)%‘ \_‘)‘%‘ \‘*’L“ ) ‘ x‘ w H!S 'i!;i " cd

Main Reinfar

Side v @ |20 ¥ | mm
Stirrups
ﬁ Diagrams e [l 1] w( 0 om (iem)

B = o
@ Internal Forc Type 1 =

o
L%Resuhs —— J 5
EExplnraﬁon S— J 5

-
1 Deformation: (
== I3 o= =l
Chatks Hooks
&P = v| [© ML | Calaulation
p > Side - )
tumper 1| Clorecton  []g2see pelcoate
Recalculation
n.n_nn
- i B Add Bars —_|
—t
51 53 52 k
¥ = 300.00 Rebar Spadng (mm)
51 52 53 Edit Bars
+ || 7 =
0 o 0 []In AllBars
Copy Labels
Paste 20 . S0 - Delete Group Bars
Z[LTTLLT: -
== 3 2|0 :
‘é—‘mzoé zﬁg P I—E Add Dimension l
imension line
Cancel FA I | L (Rar Nistanres)

= X
@ﬂ c:«m.m ™ oplbvmes T S Y Lo | owd |

Ange

3. Calculate the new interaction surface of T
the reinforced cross-section by selecting

| |
the following button .

My=-478.889 , 478.899 Mr=415.844 , 415,844 N=-1518.260 , 5436.90

4. Return to the “Jacket” command for the calculation of the dowels.

Stirrups

5. In the “Stirrups” field give the dimeter and the spacing of the stirrups of hg W
the jacket.

/ 10
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6. Select the appropriate “Performance level”;
Damage Limitation-DL (Immediate Occupancy), | Performance Level A-DL v
Significant Damage-SD (Life Safety), Near Collapse-

NC (Collapse Prevention).

7. The compressive force F.n of the jacket is safely transferred as a shear force along the

mterfac;e through the three following mechanisms: Ancharage length (cm) 0
- friction _— ;
Friction mechanism
- welded suspensors participation percentage(%%) 0
- dowels -

and are activated within an available assemblage length “u,”. The shear resistance along the
interface is calculated considering the friction, welded suspensors, and dowels mechanisms.

In SCADA Pro the critical mechanism for the transfer of the compressive force is the dowels. The
friction and the welded suspensors are optional and the user decides if they will be taken into
consideration in the calculation of the shear resistance along the interface.

For the welded suspensors define the diameter, the number and the spacing hs between the new
and the existing main steel reinforcement.

SUSpEnSors
Diameter (mm) |14 W

Mumber 0 hs(mm) 0

For the friction mechanism you have to define one of the following parameters:
- The assemblage length and then the program calculates the resistance considering the
friction coefficient u=1.0.
- The percentage (%) of the compressive force that will be transferred through the friction
mechanism.

In case that the friction and the welded suspensors mechanisms are not taken into consideration,
the total compressive force is transferred through the dowels.

8. In the field “Dowels” define the diameter and then the program calculates the number and
the spacing of the dowels, as well as the cover in the top, bottom and in both sides:

Dowels
Diameter (mm) |14 w | Mumber |18 Series 1
Cover (mm)

Per {cm 7 Alternatel
Bottom Top  Lateral em) 1674 | [ masy
a4 0 47 Anchorage length (mm) | 94

9. Inthe “Design checks” field, select the following:
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Design Checks

Side selection

Total calculation

- The calculation in total: Select this command and the checks will be performed in all sides of
the cross-section (according to Code of Structural Interventions) and the corresponding results
will be presented per side.

- Side selection: Select the side for the checks to be performed per side. Show the
corresponding side with the mouse, define the diameter of the dowels and click the button
“Calculation”. The program calculates the dowels’ parameters automatically for the
corresponding side.

The command “Recheck” will be activated in a future version of the software.

The results of the design checks are presented at the bottom of the dialog box:

Mz =63.36 -133.27 L

v Wrd,r=753.98 Vrm=603. 19
v (vrd,r+vrm) fyR=1043.97
b 'I._-'ru:l,_r=282._?_4 Vrm=226.19 ]

At the beginning of the design checks, the inertial forces in the top and the bottom of the
column, appear.

My =-0.71-0.71
My = 14,358 42,38
Mz =-5.83 15.24

Also, the shear resistance per direction, according to the Code of Structural Interventions, is
presented.

v Vrd,r=331.75 Vrm=331.75 "
v (vrd,r+vrm)fyR=510.39

z: Vrd,r=258.35 Vrm=256. 35

z: (Vrd,r+vrm)fyR.=394.39 e
4 [ m 3

In the end, the thickness of the concrete layer for the corresponding side, as well as all the
parameters of the dowels, are presented.

t{cm)=8.00 (>=8 && <=17) ~
Fom(kM)=125. 106 (2.559,125. 108)
Smin{cm)=7.00

Smax{cm)=45.00

4 [ 3
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The program calculates the appropriate number of dowels by comparing the number of dowels
based on the value of the compression force and the minimum number of dowels based on the
jacket’s area and keeps the greater.

. In the previous example, the minimum number of dowels is 13, while the calculated one is
18, which is the final number of dowels.

Finally, select the “Report” command to add the design checks’ results in the corresponding
chapter of the report.

The command “Recheck” will be activated in the future version for the software.

The analytical printout of the results is located in the ribbon “Add-ons” in the “Calculations’
Printout” command.

7@.@ Pof®Eilicon -6

Basic Maodeling View Tools Slabs Loads Addons
:E Emm E’_’_ Emm [ b Output
= @ w7 I &= 9 ree
Greek Parameters Concrete Steel Steel Print
- Cross-Sections V| Property
Languages Parameters Bill of Materials Calculations Printout View

Calculation’s Printout n
Availiable Chapters Printout Mumber of Pages : Select the Section ”Retrofitting
eneral acketing Lev: uilding Da
v Jecne et — methods” and select a level or
gl P levels. The corresponding results
Delete of the design checks, as well as
Level Dekete Al the calculated number of dowels
- Beam nsert File H
Sted Insert i per level, will be recorded.
- Masonry Error Correction
- Bill of Materials
Format Page
Paging 0
Export Printout
Print
Project Report
Cancel
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12.FRPs — laminates of columns-walls

The steel laminates or the fiber reinforcing polymers (FRPs) is a reinforcing method that results
in the increase of the bending resistance and the application of confinement reinforcement. The
laminates are generally used as additional tensile reinforcement due to the inadequate existing
steel reinforcement. The laminates strengthen the tension zone against flexural failure.

A reinforced concrete cross-section can be strengthened by bending with steel laminates or
FRP fabrics. This reinforcing method is applied mainly in beams and slabs and rarely in
columns because it is not allowed to be applied in regions under compression. As an
exception, it can be applied in regions under compression when that regions resist against
another type of failures, e.g. local buckling resistance of the rebar by applying confinement.

B Column Editor

[@' Rehabiitatior k+1 ‘ ) ‘ )

& Jacketing

w |
- Info
L.l

£ X

. Reinfordng Tﬁﬂwd Steel Plates ~
FRP Material
i | stesl (Main) :5275(Fe430) | EM4C Sika
M Protection
Performance Level Accessibility (Table 5 4.3)
A-DL >~ MNormal {Usual) ~

Placement

Length (cm) EI Thidkness EI Default

Width {em) EI Anchorage {cm) EI Side j
Mumber of Layers EI Strips' Data

[ ]No bending participation [ sequential Placement
Width (cm) [ ]
< > Side

Recalculation Cross-section Spading (cm) El

Printout

Automatic Thickness
¥ = 77100 Checks 11 Calculation

+ | MN -

Copy
Paste
QK

Cancel

1. Select the reinforcing method; Steel Laminates or FRPs (Fiber reinforced polymers)
Reinforcing Method | Steel Plates

Material
Fiber Reinforced Polymers

Chaal MA=inY O TEIFEETY

T
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2. Select the Material.  Matera

Steel (Main) :5275(Fe430)

Steel (Stirrups) n

Type

5275(Fe430 v

Constants
Es (Gpa) 210

Fyk (Mpa) | 275
¥su
yss 1

Max Deformations

1.15

= 0.02

Cancel
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Furthermore, in SCADA Pro, the techniques and the material considered in each

rehabilitation method are enriched with the corresponding material and techniques of the
companies’ EMAC and Sika. The user has direct access to the library of EM4C and Sika
materials by pressing the corresponding button, which appears in the dialog boxes related

to column reinforcement.

EM4C
Select one command

each rehabilitation method. Also, select the following button

automatically downloaded.

Sika

, and then select the appropriate material for

and a PDF file, with an
analytical description of the material properties as well as information related to its use, is

3. Select the Performance Level and the Accessibility level

Performance Level

A-DL w

4. Inthe Placement field, select:

Placement

Length {cm) O Thickness 0
Width (cm) O Anchorage (cm) 0
Mumber of Layers a Strips' Data

Default: This command is used so that
the length of the column and the width

Accessibility (Table 5 4.3)

Mormal (Usual) W

Default

Side

Flacement

of the laminate to be filled in

Length {cm) | 300

automatically. The width of the laminate
is equal to the width of the

Width (cm)

40|

Thickness

]

&nchorage {cm) | 0

Default

Side

corresponding side of the column by default.
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Afterwards, you set the value of the thickness and the length of the laminate in the
corresponding fields with two ways:

a. Foreach side: Select the button “Side” and show with the mouse the corresponding side of
the column.

b. For the total cross-section: Select the button “Cross-section”.

The “Default” command sets the data for all sides of the column. If you want to import laminates
in all sides with the same thickness, you enter, at first, the thickness and the anchorage length.
Then, click the button “Cross-section”.

If you want afterwards to change the thickness of the laminates of the cross-section in total, set
a new value for the thickness and press the button “Default” without pressing again the button
“Total cross-section”. The existing laminates change considering the new thickness value.

Side data: This command is used to show the number of the side selected
with the mouse and the data of the reinforcing method applied in the
corresponding side.

Layers: In this field set the number of the layers.

Strips’ Data The placement of the laminates can be uniform or in strips;

D Sequential Placement continuous or discontinuous with intermediate spacing.

Width (cm) 0 Actlvatg the Cor?tmuous Formglatlon in the ‘Strl.ps data” field
and define the width of the laminate. For considering the

discontinuous formulation, deactivate the previous checkbox and

Spacing (cm) 0 define the spacing between the strips.

Activate the checkbox “No participation in bending” " bendingpartidpation 4 4o |aminate in

the corresponding side will not participate in the bending resistance of the reinforced cross-

Printout
Automatic Thickness
1/1 Calculation

My : Msd{72.906) <=2/3Mrd'(37.97¢
Mz : Msd(-5.161) <=2/3Mrd'(-6.227)
My : Msd{-99.180) <=2/3Mrd'(-57.0¢
Mz : Msd(-7.226) <=2/3Mrd'(-6.345)

section.

Vy: Vsd{0.688) < Vrd,c(81.512)(1) :
Vz: Vsd(-57.362) < vrd,c(31.512){1)
Wy Wsd(D.688) < vrd,c(79.824)(1) :
Vz: Vsd(-57.362) < vrd,c(79.824)(1)
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By selecting the “Design checks” command, the program calculates and presents the minimum
thickness t; and t; per side, in the checks’ results with respect to the cross-section of the
laminate and the type of the material. Then, the thickness t; and t; are calculated again with
reference to the minimum values of t; and t; and the design checks have to be repeated. Since
the calculation of the thickness t; and t; is an iterative method, select the —

“ . . . ” Automatic Thickness
button “Automatic calculation of the thickness”. Calculation

Then the program automatically calculates the final minimum thickness t,, which is presented in
the window at the bottom of the dialog box. Then, you have to set this calculated value in the
corresponding field and repeat the final design checks.

. The structural adequacy of the laminate or the FRP is reached with the increase of the
thickness or the number of the layers.

In the section on the results of the design checks first, the bending resistance checks of the
cross-section and the shear resistance check by direction X or Z according to the Code of
Structural Interventions are presented.

My : Msd(16.793) <=2/3Mrd'(12.394)|
Mz : Msd(331.039) <=2/3Mrd'(231.21
My : Msd(-40.851) <=2/3Mrd'(-45.51¢
Mz : Msd(-154.603) <=2/3Mrd'(-172.2
Vy: Wed(133.911) < vrd,c(123.557)(1)
Vz: Ved(-14.411) < Vrd,c(142. 109)(1)
Vy: Wed(133.911) < vrd,c(113.795)(1)
Vz: Ved(-14.411) < Vrd,c(138.734)(1)

4 (1]

Furthermore, the results and the value of the AM parameter are presented for each side; the
difference between the design bending moment and the moment resistance of the initial cross-
section is calculated. If the parameter AM is positive (the initial cross-section should be
reinforced) the thickness values t; and t; are calculated as described above. The thickness t is
defined by the user.

AM=45.80

gjd1 = 293995,859

ajd2 = 447795.526

min T{mm}) : t=0.400 t1=0.693 t2=0,455

. In the previous example, the thickness t is less than the appropriate t; kat t2. So the
thickness t must be equal to 0.7. If you preserve the thickness value t=0.4 then should be
used two layers. The corresponding results are presented below:

AM=45.86

mjd1 = 293995.859

mjd2? = 316639.253

min T({mm) : t=0.400 t1=0.347 t2=0.322

So, if you use two layers, then a minimum thickness t=0.35 is needed.
If AM=0, then there is no need for reinforcement, so t;=t,=0.

Finally, the shear resistance check, according to EC8, is presented.

Select the “Printout” command to add the results in the corresponding chapter of the report of
the study.
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13. Protection of columns-walls

The section “Protection” contains the tools for the application of protection methods in columns.

B Column Editor [m| X
oo N [ @@ | || @ s
Rehabilitatior + + ’r? [ R HH < Info
[EZP LS S 5 1 1!&5 j/ ¥
I Jacketing
ag
Concrete Repair
lzl FRe Corrosion Protection
ﬁ Protection
Concrete Ikpail
Crack Filling
EM4C Sika
Printout
< > Add Delete
Recalculation Protection

|:|Fire Protection Layers
Fire resistant mortars applied by using epoxy resins.

=1 |:|Concrebe layers or coating

Repairing mortars of one or more components for final

| [ protective coating.

Copy [JPaint Protection
Plastic-elastic paint protection for concrete and coatings

Paste

OK

Cancel EM4C Sika

The user can select one of the three rehabilitation methods by activating the corresponding

Printout
Add Delete
checkbox. Then, select the “Add” command and the rehabilitation

methods will be included in the final report.

Y. Furthermore, in SCADA Pro, the techniques and the material considered in each
rehabilitation method are enriched with the corresponding material and techniques of the
companies’ EMAC and Sika. The user has direct access to the library of EM4C and Sika
materials by pressing the corresponding button, which appears in the dialog boxes related
to column reinforcement.

EM4C Sika . .
Select one command : , and then select the appropriate material for

?
each rehabilitation method. Also, select the following button——' and a PDF file, with an
analytical description of the material properties as well as information related to its use, is
automatically downloaded.
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IMPORTANT NOTE:

The reinforced parts of the columns and walls are pointed out on the screen:
1. In plan view: The node is colored yellow
2. In 3D view: The structural element is colored yellow.

Also, according to the type of the reinforcing method, an indicative letter appears of the
reinforcing method:

+» Concrete Jacket: “)”

* Laminate: “L”

< FRP: “F”

. Prerequisite for the appearance of the label is that you have first selected the “Report”
button in the dialog box of the corresponding column reinforcing method.

ﬁ_er
14.Steel Cage

The Steel Cage contains the tools necessary for reinforcing the columns and the walls, as
described in Interventions Regulation (KAN.EME). The contribution of the cage lies in the
confinement as well as the shear strength.
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L] I}:\Iumn Editor

2 )@@ ulE Ky
&P‘REhabiIitauor = ‘|\ ‘|\ \| |ﬁ R‘tﬁh

s
P Jacketing

Hly

1

2l
~} Info
|

Materials
E’ FRP Steel Steel 5275(Fe430)
ﬁ Protection
Performance level Accessibility (Table.Z4,3)
A-DL v
Normal (Usual) ~
Steel Plate

v [ vom [+ ]
distance (cm) EI
Anchoring (cm) EI

Dimensions of Ange profile

e [5 ] tom [5]
Joint Check Report

¥ = 400.00 Checks 11

+ | MM

< >

Recalculation

Copy

Paste

Cancel

\

d d
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Steel x
Type 5275(Fe430 v
Constants

Es (Gpa) 210
Fyk (Mpa) | 273

ysu

— [
-
n

yss

Max Deformations

-
Cancel

Define Steel Material

Choose Performance Level and Accessibility

Performance level Accessibility (Table.24. 3)

A-DL »
Maormal (Usual) e

A, B or C for inelastic analysis
B =50 ***xx for elastic analyzes of KAN.EMNE

In the field Steel Plate, define the height and the thickness of the plate, the distance
between them as well as the anchoring.
Steel Plate

h (cm) t (mm)
distance (cm) III
Anchoring {cm) III

In the field Dimensions of Ange profile, define the dimension of angle profile which is
considered as square edged equal, as well as its thickness.

Dimensions of Ange profile

bm) [5 | tem [5 ]

By choosing Checks, the program calculates and displays the results. At the beginning
of the checks, the bending sufficiency check and the shear adequacy check of the
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concrete are shown. The shear check of the reinforced element is then displayed.
Checks 1/1

|My : Msd(78.750) <=2/3Mrd'(82.284)(1) :* Satisfied P
| Mz : Msd(-35.931) <=2/3Mrd'(-37.543)(1): Satisfied

Vy: Vsd(-17.647) < Vrd,c(101.139)(1) : Satisfied

Vz: Vsd(-73.236) < Vrd,c(84.676)(1) : : Satisfied

Vy: Vsd(-17.647) < Vrd,c(88.591)(1) : Satisfied

Vz: Vsd(-73.236) < Vrd,c(81.896)(1) : Satisfied

SHEAR VERIFICATION

AAEVDA + 1 \id—_1 #TN fmid1=12N4 26 mid?—1 #1N
< >

NOTES:
. The increased values of strength and deformation are displayed on the first page of the
reinforcement printout.
. Also, in case of a steel cage in the second page of the reinforcement printout the
dimensions of the angular are displayed.
. Finally, the dimensions of the plates are displayed in the next table in the shear check.
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