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Il. DETAILED DESCRIPTION OF THE NEW INTERFACE

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

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

Analysis

l@)r: BeEECS I

Basic Madeling View Tools Slabs Loads Analysis Post-Processor Members Design Drawings-Detailing Addons
r " 5 5 .- x z z == ,!,
. . N ~: F =~ i r—in ~te —4e
& seismic EAK (Statig (0) o ~ g 32 ) ~ 2 2= %
MNew * Active Scenery Run Combinations Checks Seismic| Mass Mass Centers Bending Bending Shear Shear  Seismic Forces Seismic Forces Po Centers Po - CM
Force ||| Distribution  Deviation Stiffness X Stiffness Z Stiffness X Stiffness Z Distribution X Distribution Z Deviation Deviation
Sceneries Results Miew

The 7™ Unit called “ANALYSIS” includes the following three groups of commands:
Scenarios
Results
View

I Since modeling and loads’ assignment have been completed, the “Analysis” of the structural
member, for the design of the structure, follows, based on provisions of the current design codes.
SCADA Pro contains European, Greek, and Italian Design Codes, in which the application of linear
and nonlinear analysis methods is proposed, as appropriate.

1. Scenarios

9 : # “Scenarios” commands group allows
ﬁ* EC-8 Greek Dynamic (1] - L. o . . .
. scenarios’ creation (choosing regulation and
New il 2is 2 Run type of analysis) and implementation.
Scenarios
1.1 New
The command for the scenarios’ creation
r
Scenario Y i\"
) New . .
s o Press “New” and in the dialog box, you can
vanced

Nodes |cutilMcteem) v EmutiThreaded Solver create analysis scenarios by choosing different

_ design regulations and methods of analysis. By
default, there are two scenarios based on the

Analysi -
EC8_General Dynamic (1) nelyss |8 Generd selected “language” codes (including local
T Stati ~ . .
:f:perﬁes < Annex if there are any, or “EC-General” if there
are not)
Elements Modes
Load Cases Masses
Mew Update
Run all Analyses
Exit |
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The program is now integrated with new rapid analysis algorithms, using more GBBB-)“
resources, such as the graphic card, resulting in the more rapid implementation Suer Fast solver
of theirs (Parallel Processing). The activation is achieved through the creation

of scenarios.

Analysis EC8_General v

Type Static

Analysis | Seismic - Analysis | Seismic ¥ | Properties
Dynamic

EC-8_Greek Type E.A K (Static) W Heme Eonlinear
NTC_2008 Properties ) = al g ke i) Elnerc Dynamic
ECE_Halia EAK. (Dynamic-eTi) SRl Preliminary Static
ECEP_':'.I"I::'|'|-_IS Elemen E.A K. (Cynamic) Preliminary Dynamic
ECE_Austrian Greek 1555-84 Time History Linear
ECE_General | v o Greek 1959-84 New | Time History Non Linear

Select the design code from the “Analysis” list and the analysis method from the “Type” list and

Mew

click to create a new analysis scenario. Optionally, type a name.

! *Predefined scenarios are created according to the Rule and Attachment option you made at
the beginning, within the General Parameters window that opens automatically immediately
after the file name is defined.

General Parameters 4
Other Parameters Screen Drawing Display
Project General Information Material - Regulation
Regulation EC o
Mational General w
Standard Steel Shapes Euro w | | Metric r
Concrete Steel
Foundation | C20/25 “ Members - Elements| 5275{Fe430 ~
Steel Plate 5275(Fed3l
Upper C20/28 ~ S(Fe430
Bolts 48 ~
Steel Weld S275(Fe430 v
Main S400s ™
Stimups 5400s d Timber c14 ~
Safety Factors
MO M1 [ M3
Utimate  Serviceabilit 1\‘. 'IV 'Iv25 'IVZE
" v JF s = ]
ve yMA M5 yMT
o O o o |
Cancel Apply Help
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Select among the possible scenarios provided in SCADA Pro:

For Greece:
LINEAR — NON LINEAR METHODS

- EAK Static Simplified spectral analysis according to EAK

- EAK Dynamic-eti Dynamic spectral analysis according to EAK

- EAK Dynamic Dynamic spectral analysis (masses displacement)
according to EAK

- Old 1959-84 Seismic analysis according to 1959 Regulation

- Old 1984-93 Seismic analysis according to 1984 Regulation

- Static Static Analysis without seismic actions

- EC 8 Greek static Static analysis according to Eurocode 8 and the
Greek Annex

- EC8 Greek dynamic Dynamic analysis according to Eurocode 8 and the
Greek Annex

- EC 8 Greek Preliminary Static Static Preliminary analysis according to KANEPE

- EC8 Greek Preliminary Dynamic Dynamic Preliminary analysis according to KANEPE

- EC 8 Greek Time History Linear Static analysis according to Eurocode 8

- EC 8 Greek Time History Non Linear | Dynamic analysis according to Eurocode 8

- EC 8 Greek NonlLinear Nonlinear analysis according to Eurocode 8 &
KANEPE.

For other countries:
LINEAR — NON LINEAR METHODS

- NTC 2008 Seismic analysis according to the Italian Regulation
2008

- EC8 Italia Seismic analysis according to Eurocode 8 and the
Italian Annex

- EC8 Cyprus Seismic analysis according to Eurocode 8 and the
Cyprus Annex

- EC8 Austrian Seismic analysis according to Eurocode 8 and the
Austrian Annex

- EC8 General Seismic analysis according to Eurocode 8 with no
Annex (enabled typing values and coefficients)

- EC 8 General Non Linear Nonlinear analysis according to Eurocode 8

-SBC 301 Seismic analysis according to Saudi Arabia code (SBC
301)

Select l I to save the scenarios and move on to the analysis.
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PROPERTIES

“Properties” field includes the buttons Elements, Nodes and Loads to define the relevant
coefficients.

Properties
§ Both predefined and new scenarios have, by default, filled
Elements Nodes in these Elements, Nodes and Loads. The user can modify them.
Load Cases Maszes
Elements
Multipliers of Property Values (Concrete)
EC8_General Dynamic v
Linear Element Property Value Multipliers
Concrete w| E G Ak Asy Asz & Ix Iy Iz
Concrete 1 1 1 1 1 1 1 1
-
BEAMS - TRUSS 1 1 1 1 1 1 1 1 1
BEAMS - B3Def 1 1 1 1 1 1 1 1 1
COLUMNS - B3D 1 1 1 1 1 1 1 1 1
COLUMNS -TRUSS | 1 1 1 1 1 1 1 1 1
WALLS -B3D 1 1 1 1 1 1 1 1 1
WALLS - TRUSS 1 1 1 1 1 1 1 1 1
Walls Filter (Lmax/Lmin) > | 4 Cancel

Click “Elements” to open the dialog box that contains the multipliers of the characteristic
properties of the linear element, considered in the analysis.

By default, the values of the multipliers are defined according to the design code, while any
modification is acceptable.

If for example, you select “EC” the values of the multipliers will automatically be updated by the
Eurocode provisions.

E G Ak Asy Asz £ Ix Iy Iz E G Ak sy Ay e Ix Iy Iz
L 1 1 L 1 1 0.1 1 0.5 1 1 1 1 1 1 0.1 0.5 | 0.5

1 1 1 1 1 1 0.1 1 0.5 1 1 1 1 1 1 0.1 0.5 | 0.5

1 1 1 1 1 1 0.1 0.666 | | 0.660 1 1 1 1 1 1 0.1 0.5 0.5

1 1 1 1 1 1 0.1 0.666 || 0.666 1 1 1 1 1 1 0.1 0.5 0.5

= EC8_General is a scenario without an Annex considered. This means that the user has
to update the coefficients according to a state Annex.
= Using EC8_Greek, Italy, Cyprus and Austrian all coefficients are automatically filled in.
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You can also define the dimensions for vertical elements to qualify "Walls".

4

Walls Filter (Lmax,Lmin) =

Press to update the scenario including these changes.

ECE_General Cynamic
Springs
O Dry Dz
e ] [l V][
Rx Ry Rz
fee ] [ v][f= ]
| oK | | Cancel |

Select whether to consider slab’s Master Node (FSR) by
selecting "Yes" (default) or not by selecting "No".

Moreover, choose whether to allow the corresponding
displacement or rotation of the foundation’s springs or
not (fixed support conditions).

Press to update scenarios including the changes.

|

ECE_General Dynamic

Eo;iatisesof gim/sec?) Awvailable Load Cases and Load Groups
LC IG1 1G2 LG LG4 IG5 LGE LG7 LGB LG9 LGID

e Lol g0l | | | | |
Lc2 0.00 0.00

In this form the loads’ participation factors are defined, i.e. the participation of each “Load Case
of Scenario” (LC) including the load groups (see “Loads”>>"Load Groups”).
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For scenarios considering the seismic actions,
= select “Dead Loads” — G(1) and type 1.00 next to LC1, under LG1 or LG2 or both (it
depends on your choice to consider all dead loads together or not).
= select “Live Loads” — Q(2), and type 1.00 next to LC2, under LG1 or LG2 or both (it
depends on your choice to consider all live loads together or not).

G(1) +
. 2+ . . . e .
“+" sign located next to the load category indicates that there is an indicative
multiplier for the participation of the specific load.

Scenarios without considering seismic actions (simple static method),
= Each load case (“Load Cases of Scenario”) is displayed with a number (i.e. LC1) and
contains a load and its groups (i.e LG1). The load group is taken into consideration when
the value in the corresponding cell is set to a value different than 0.00.
= Each Analysis Scenario can contain up to 4 loads.

Load Case participation *

Static Un. Temp. VarStatic

Load Cases of 981
Scenario g(m/sec?)

1+ Al LG LG2 LG3 LG4 LG5 LG6 LG7 LG8 LG9 LG..
3+ LC1  0.00

Lc2 000

5 LC3 000
6

LC4 1.00
7
8

Awvailable Load Cases and Load Groups

|Update

Click to apply any performed modifications.

<! _ EXAMPLE:
For example, the LC3 is defined as the first load of the Static scenario.
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Load Case participation
Static Wind 0Static
lé?:zg:lﬁfes ot g(m/secz) 981 Available Load Cases and Load Groups
S | -
_ IC | 161) 1@ L&) LG4 Load Case Definition EX

3. L1 000
4+ Lc2 000 : :
5 LC3 100 [|self-weight  Wind 0 Cpe_p+Cpi v Thsert
g LA | 090 1el Fram Lis
8 LCs  0.00 LC S.W. Description ~ Z
9 LCE6 000 1 Yes Dead Load
ﬁ LC7 000 2 No LiveLoad e
‘|2 Lcs um 0 a pe p D Loads
5 LC9 000 -
iy LC10 0.00 4 Noe  Wind 0 Cpe_p-Cpi
15 LC11 000 5 No  Wind 0 Cpe_n+Cpi Delete Al
16 vl liciz _am 6 No  Wind 0 Cpe_n-Cpi Loads

7 Ne  Wind 90 Cpe_p+Cpi .

< i - T > l oK |

A scenario can be:
adapted: first select the scenario from the list, then change the characteristics and press
"Update".

Seismic E.AK.(Static) Seismic E.A.K.(Static)
Seismic E.A K. (Dynamic-eTi) Seismic E.A K. (Dynamic-eTi)
ECE_General amic ECE_General amic

[

" xn

disable: first select the scenario from the list, then activate and press "Update" in order the
sign to appear. Deactivate “Disable” to restore it. (select > deactivate >

i
Disable “y pdate”)

Seismic E.A K.{Static)
Seismic E.A K. (Cynamic-eTi)

ECE General ﬂamic

The “Renumbering” field includes a drop-down list with multiple

options: Renumbering
The choice of each option affects the computational time. Nodes | cuthill-McKee(ll) v
Default choice: “Cuthill-Mckee(ll)”. No

“Cuthill-Mckee” and “Ascending Order” take more time oy e

to complete the analysis, while choosing "No" is not i =€
recommended.

Run all Analyses
The new command allows you to run all the scenarios in the list with one click.

1.2 Active Scenario

Select a scenario from the list. The selected scenario will be the Active Scenario and it will be
used for the analysis.

10
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EC8_General Static (0 B 1 8 In the scenarios list, apart from the two predetermined
| EC8_General Static (0} ones, all the previously created scenarios are created.
EC8_General Dynamic (1) Choose one scenario at a time and continue with the

Seismic EAK. (Statid) (2) definition of the parameters of the corresponding analysis.

Seismic EAK.(Dynamic-eTi) (3)

EC-8_Greek Avshootikn (4)

1.3 Run

G

Click the “Run” button to open the parameters of the current analysis window which are
classified into:

= EAK scenarios(figure 1)

= Linear scenarios (figure 2)

= Non Linear scenarios (figure 3)

= Time History scenarios (figure 4)

| Parameters | | Mass Centers {cm) v |
| Auto Procedure | Level X Y Z ~
Procedure 0-0.00 0.00 0,00 0.00
| Masses | |1-30000 000 30000 0.0
2 - 600.00 0.00 600.00 0.00
Static @3 , ©4

3 - 900.00 0.00  |900.00 0.00
T=1 4 - 1200.00 0.00 1200.00 | 0.00

Eccentricities

Dynamic Analysis

| Initialize Diata |

Figure 1

L. EAK scenarios*** are not described in the English version of the manual.

11
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| Parameters | |Mass Centers (cm) v |
| Automatic Procedure | Level ¥ ¥ 7 -
Procedure
0-0.00 0.00 | 0.00 0.00
| Mass - Stiffness |
1-300.00 0.00 300.00 0.00
Regularity 2-600.00 000 60000 | 0.00
Regular
3 - 900,00 0.00 900,00 0.00
In Flan
[¥]in Elevation 4 - 1200.00 0,00 120000 | 0.OD
I Equivalent
Analysis ]
[ ]
Figure 2

| Parameters | | Mass Centers (cm) R d |
| Automatic Procedure | Level ¥ ” i A
Procedure
0-0.00 0.00 | 0.00 0.00
| Mass - Stiffness |
1- 300.00 0.00 | 300.00 0.00
Static-Dynamic 2 - 600,00 0.00 &00.00 0,00
Pushover 3 - 900.00 0.00 | 900.00 0.00
4-1200.00 000 (120000 | 0.00
v
Initialize Data
Figure 3
W2 Multipliers \ e

. Always define the live loads’ coefficient (2. E:-Ssﬁhf;gﬁr (em) \ |
Default value: {2=0.30.

Seismic Multipliers
Dimensions (cm)

|lIJ2 Multipliers W | Masses (kM)
Level w2 “
0-0.00 0.30
1-386.00 030

12
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Linear time-history analysis (Linear) n
Parameters Mass Centers (cm) hd
Automatic Procedure Py
Level X Y Z
Procedure
) 0- 000 0.00 |0.00 0.00
Mass-Stiffness
1-300.00 0.00 | 300.00 0.00
Time History
2 - 600.00 0.00 | 600.00 0.00
Results File
3 -900.00 0.00 90000 000
4 - 1200.00 0.00 |120000 000
5-150000 0.00 150000 000
6 - 1800.00 0.00 |1800.00 O0.00 v
| Update Data Exit
Figure 4
First of all, press sl to update the parameters of the current scenario.
Parameters

Then press to define the parameters of the project.

The parameters’ dialog box vary for each selected scenario, and so:
1. Scenario

§ Scenario Static

Select Analysis Static and Type Static and press New.

Scenario b
Renumbering
Nodes ; 0 Advanced
Cuthill-McKee(IT) R Multi-Threaded Solver
[ Disable Mame |
Static (0) Analysis | Static o
Type Static =
Properties
Elements Nodes
Load Cases Masses

New

Run all Analyses

Exit

Elements, the values of the multipliers are automatically updated.

13



CHAPTER 7 “ANALYSIS”

Multipliers of Property Values (Concrete) >
Static -
Linear Element Property Value Multipliers %
Concete 2 G Ak Asy Asz 3 Iy Iz
eeavs-s0 (B |[1 1 [[1 J[r [t 1 J[r [t ]
peavs-Tuss (1 [ [t |[r [[r [ [r J[r [t |
eavs-gapef (1 [t [t |1 J[r [t |1 J[r [t |
cowms-m (1 [t J[r [[r J[r [t [+ J[+ [t ]
cowms-muss [t (1 [t [t J[r [t [z J[+ [t ]
=S N | S| ES | S O | E | S O | EO
TR T | | SO S | KX | S E | E
Walls Filter (Lma/Lmin) = Cancel

In Load Cases:

1:LC1 >1

2:1LC2 >1

Load Case participation >
Static

Iéi::aei;%ses of alm/sec?) Awvailable Load Cases and Load Groups

h lC 61 G2 LG3 LG4 LGS LG6 LG7 LGB LGY LG1O
3 LC1 1.00

4 lcz2  ooo

5

&

7

8

9

10

1

12

13

14

15

16 v«

Cancel

When the active scenarios are Static

el ol

& static (0) a4

Mew Active Scenario Run

Scenarios

The command Run opens the following window:

14
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Static - Dynamic Analysis (chio\MyProject2222\scaanal\5cen00NDDDS.DAT) X

Stiffness Matrix BANDWIDTH
Elapsed Time

Reading Input Data

Creating Blodk

Decomposing Blodk

Vector Assembly

Writling Output

§ Scenario Dynamic

Scenario x
Renumbering
Nod ; Dnduanced
QUES | Cuthill- Mckee(I1) i Multi-Threaded Solver
[ pisable Mame |
Analysis | Dynamic v
Type Response spectrum
Properties
Elements Modes
Load Cases Masses

Run all Analyses

Exit

15

The analysis runs by pressing the Execute button. Then press Exit.

Select Analysis Dynamic and Type Response spectrum and press New.

In Elements, the values of the multipliers are automatically updated.

SCADA Pro”

Structural Analysis & Design
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Multipliers of Property Values (Concrete)
Dynamic
Linear Element Property Value Multipliers
B w| E G Ak Asy Asz £ Ix Iy Iz
e L N S S N S 0 N
R TR KN | S| NN | SN | N | KX X | O [ EO
eeansmoef [t [t [[r [t [[r [t [[r J[r [
cowms-eo [t [[t [t [t J[r J[r J[r J[r J[*+ |
cowms-muss |1 [t [t [t [+ J[r [r J[+ [t |
S KN | KN | K N [ E | | O | |
wus-moss [t [t J[r [t J[r J[r J[r f[r [t ]

Walls Filter (Lmax/Lmin) > Cancel

SCADA Pro”

Structural Analysis & Design

In Masses, set the coefficients for calculating the masses from the available loads (LC1 (dead),

LC2 (live)).

Masses Calculation

Dynamic
Mass Calculation from Available Load Cases and Load Groups

>

L1 1.00
Lc2 1.00

LC Gl LE2 LG3 LG4 e g6 LG LGB LGS LG10

aim/sec2) Cancel

When the active scenario is Dynamic

=il -

fh Dynamic [0 - L‘

Mew Active Scenario Run
SCenarios

Since you press the command Run, the window for running the scenario opens and by pressing

Initialize data, the following commands are activated:
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Dynarnic x
Parameters Mass Centers (cm) >
Automatic Procedure Level e ¥ 7 "

Procedure

0-0.00 0.00 0.00 0.00
Mass - Stiffness

Analysis

| Initiaize data | Exit

be

Press the command Parameters and define:

Dynamic Analysis =4

Parameter
Type Participation

Acceleration - ¥ IZI

Response Spectrum v IZI Define the Spectrum Type:

Acceleration
Eigenvalues  Accuracy 2 III Displacement

| 10 | | 0.001 |
Modal
5 CoC
H%} Combination Q -
=

Participation

Define the Seismic Force Participation Factor per direction.
S

0]
: 0]

COC Define the method of combining the modal responses according to either
ERQé:SUU%:' Complete Quadratic Combination CQC and CQC (10%)(3.6 EAK), or the square
root of the sum of squared (SRSS) method.

Eigenvalues  Accuracy

| 10 | | 0.001 | Define the number of the Eigenvalues, the Accuracy and the damping
Vodal ratio T (%).
| 5
ﬂ{lﬂ Combination

Click Response Spectrum to see the spectrum or change it by changing the values of the table:

17
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Response Spectrum

AJA Tz RdTx  RdTy RdTz 2
1 0.000 1570 1099 1570
2 0.050 1345 1334  1.345
3 0,100 1121 L570 1121 L
4 0,150 1,121 L5700  1.121
5 0,200 1121 L570 1121
6 0,250 1121 L5700  1.121
7 0,300 1121 L5700 1121
3 0,350 1121 L5700  1.121
3 0,400 1121 L1570 1121 L
10 0,450 1036 1451 1036 v
Default Virite TXT
Read TXT Cancel L

Damaged Structures check
EBuildings' category [T Construction period before 1985

Seismic magnification cosfficient | 0 atig |0

EAK 77

Spectrum Calculation

SCADA Pro”

Structural Analysis & Design

The commands Write TXT kat Read TXT allow the recording and the opening respectively of a .txt

file which contains all the values of the response spectrum.

You can define a displacement spectrum:
Type

Displacement w

and choose a.txt displacement file to create the Displacement Response Spectrum.

By clicking the Automatic procedure the analysis runs

Static - Dynamic Analysis (CAMELETES\DEKPOL\3\scaanal\5cenD0OONIDD0D.....

[,
Stiffness Matrix BANDWID ¥ = 756

Reading Input Data
Creating Block
Decomposing Block
Vector Assembly

Writting Output

Elapsed Time | 00:00:03 | Processing

12
12
12

>

§ Eurocode Scenarios

EC-8 Greek
NTC_2008
ECE_Italia
EC8_Cyprus
ECE8_Austrian
ECE_General

SBC 301
Folska-obszar LGOM

18
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Static SCADA Pro contains Eurocode 8 in its general form (EC-8_General), while

g:i';fnri'li': it also incorporates the national annexes for Greece (EC-8_Greek), Cyprus
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In the option of scenarios’ creation and analysis type “EC8 General”, there are the following
types of analysis scenarios:

EC8_General '

Static w

Dynamic

' Monlinear

Linear

3 Elastic Dynamic only for ECE

Preliminary Static -GREER

Preliminary Dynamic

I Time History Linear
Time History Mon Linear

The types:
= Static
= Dynamic
Are used for the analysis of new structures according to ECS.

The types:
= Elastic Static
= Elastic Dynamic
=  Preliminary Static
= Preliminary Dynamic
Are used for the evaluation and the redesign of existing structures ONLY for the Greek Regulation

§ 1. EC-8_General Analysis and Static Type

Choose Analysis EC-8_General and Type Static and press the New button.

ATTENTION: The materials must be related to the selected regulation and the cross sections during the data
input must have the right qualities ( C for EC8 scenarios )

19
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New

Scenario .
Renumbering
Nodes 5 0 Advanced
Cuthill-Mckee(II) ~ Multi-Threaded Solver
MName |
Analysis | EC8_General ~
Type Static hd
Properties
Elements Modes
Load Cases Masses

Run all &nalyses

Exit

§ 2. Avaluon EC-8_General kat TUro Dynamic

Choose EC-8_General Analysis and Dynamic Type and press the New button.

Scenaric >
Renumbering
Nodes 5 0 Advanced
Cuthill-Mckee(IT) ~ Multi-Threaded Solver
MName |
Analysis | EC8_General ~
Type Dynarmic b
Properties
Elements Modes
Load Cases Masses
New
Run all &nalyses
Exit

described once for both.

country for Concrete and Steel respectively:

20
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§ 1&2. EC-8_General Static Analysis and EC-8_General Dynamic Analysis

All of the following concern the EC-8_General both for Static and Dynamic type so they are

In Members you have to update the corresponding coefficients according to the annex of your
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Multipliers of Property Values (Concrete) X
EC&_General Dynamic o
Linear Element Property Value Multipliers

G Ak Asy Asz 3 Ix Iy Iz
e S S S SO SO SO N | S [N
== K | K| N | O | | O | O | | EO
saws-emer (1 [t [t [t [t [[r ]t [t [[t |
cowms-eo |t [t [t [t [t J[r J[r J[r J[r |
cowms-moss [t [t [t [+ [+ [t [t [r [r |
s S E | K| KN | O | S | | O | | EO
ER T E | E | S { S| S | S| S |

Walls Filter (Lmax/Lmin) > Cancel

In Load Cases, type 1.00 next to LC1 for “Dead Loads” and 1.00 next to LC2 for “Live Loads” Q
and press the button Update.

Load Case participation *

EC8_General Dynamic

‘Iéz.:i;;ses of gimssec?) Awvailable Load Cases and Load Groups

Ic 161 G2 LG3 LG4 LG5 LG6 LG7 LG8 LG9 LG
LC1 1.00
LC2 0.00
< »

Carce

By activating either the EC-8_General Static scenario or the EC-8_General Dynamic scenario,

il ' -t ol

fﬁ ECS_General Static (0] - L- fﬁ ECE_General Dynamic [0 - L'
Mew Active Scenario Run Mew Active Scenario Run
Scenarios Scenarios

the command Run opens the window for the scenario’s run and by pressing Initialize Data, the
following commands are activated:
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Seismic Actions Calculation - Analysis - Checks x

Parameters Mass Centers (cm) ~

Automatic Procedure Level ¥ v 7 o

0-0.00 0.00 0.00 0.00

Procedure

Mass - Stiffness

Regularity
Regular
In Flan
In Elevation

Analysis

| initislize data Exit

For the “EC8_General (static/dynamic)” scenario, the parameters’ dialog box is the following:

EC8 Parameters o

Seismic Area Characteristic Periods Apply seismic actions on Levels XZ

Spectrum Type Horizontal Vertical Down | -p.00 ~ Up

Seismic Areas hl

0-0.00 I}]
2] [0
Zone |[I ~| 3@ =g Type 1 ~| Sava m Dynarmic Analysis
= TB(s) | 015 Eigenvall Accuracy | 0.001 coc w

Importance B v TCE) |03 | 0.15 | Spectrum Participation factors
Spectrum Acc.Eccentricities 5d (T)
Response Spectrum | Design w | Ductiity Class DCM w sdng [J 1

eme []]0.05 | =y

c[%) Horizomﬁlb[l Vertical bo sdv) [ 1

0.05 | #
Response Spectrum Update Spectrum sd(T) >= a*g emz [] z sd(r2) [ 1
Structural Type q - S
Concrets vl g [ 135 |gy (35 gz [ 35
¥ [Jone All the other cases

Structural Type

Z [Jone

All the other cases

1 Frame System Z Frame System z
Fundamental Periods
Calculation Method EC8-1par. 4.3.3.2.2(3) ~
¥ | Concrete Moment Resisting Frames ~ |Z | Concrete Moment Resisting Frames W
Interstorey Drift Limit Walls KAMEPE Default Cancel
Seismic Triangular i KPITHPIA AMAAAATHE ZTATIKHE EMNAPKEIAZ

Special parameters for a specific analysis are determined in this dialog box (level of seismicity of
the area, type of soil, the importance of the structure etc.). By clicking “Seismic areas”

Seismic Areas

a file that contains a list taken by the national annex, with the places and
their corresponding seismicity zone, pops up.
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Seismic Area

Seismic Areas

Zone |I a‘g

“_n

Select the considered seismic zone and the coefficient “a” will be filled in
automatically.

Characteristic Periods Define the Spectrum Type (for Greece Type 1) and the
Spectrum Type Horizontal Vertical Soil Type so that all the coefficients for both horizontal
and vertical spectrums are filled in
TYI:IE 1 [¥] S‘raug 1.2 0.9
Soil TB(5) | 0.15 0.05
B = TC(s) | 0.5 0.15
oG |2 1

Choose the type of “Response spectrum” and “Ductility class” to suit your analysis
Spectrum
Respaonse Spectrum | Design ~ | Ductility Class DCM w

(%) El Horizontal bI] Vertical b0
Response Spectrum Update Spectrum 5d(T) == a®g

Choose the “Structural Type
Structural Type

Concrete v

L15]

Steel

Compaosite
Unreinforced mason
Confined masonry
Reinforced masonry
Low seismity mason

-~

The “Behavior factor q" of the structure is a result of a computation procedure.
Additionally, the “Structure type” follows certain criteria

q
g« [] 33 gy [ 35 gz [] 33

Structural Type
X Frame System 74 Frame System

SCADAPro gives the engineer the opportunity to get rid of them and follow the procedure
described in the next chapter: “How to calculate the behavior factor q”
In the field Structure periods:

In previous versions, there was the Structure Type X and Z field to calculate the fundamental
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period. Now it is replaced by the section:

Fundamental Periods
Calculation Method EC8-1par. 4.3.3.2.2(3) ~

% Concrete Moment Resisting Frames ~ |Z | Concrete Moment Resisting Frames v

There is now an opportunity to calculate the period in three ways.

EC8-1par. 4.3.3.2.2 (3) v

ar. 4.3.3.2.2 (3)
ECS-1par. 4.3.3.2.2 (5)
Modal Analysis

The first two are the approximate methods of EC8-1.

§ Inthe first one |ECs-1par. 4.3.3.22(3) it necessary:
To choose, per direction, the structure type

% Concrete Moment Resisting Frames ~ |Z | Concrete Moment Resisting Frames e

Steel Moment Resisting Frames

Concrete Moment Resisting Frames

Steel frames with eccentric bradngs

Structures with concrete or masonry shear walls
All the other structures

(in case that in X or/and Z direction, the structure only consists of one frame you activate the
Bays

¥ [ ]one

Z [one
checkbox in the field “Bays” )

Afterwards, choose the command “Walls” Sz to assign a value to the

minimum length that a vertical member must have to be regarded as a wall instead of
a column
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Walls Definition ECB - SBC301 X
mir Columns Length (cm) ==

Celumn Element Vy Vz hw ™

1 265 [ [ 0.0

2 266 [ [ 0.0

3 267 [ [ 0.0

4 268 [ [ 0.0

5 269 [ [ 0.0

6 270 [ [ 0.0

7 an [ [ 0.0

3 272 [ [ 0.0

9 27 [ [ 0.0

10 274 [ [ 0.0

- . — — o W

£ >
Add Al Clear Al Cancel

. . min Wall Length (cm) == X
Type the min wall length (cm) and Click the button, and automatically,

all the walls are checked in each direction, so as T1 is calculated according to paragraph 4.3.3.2.2

EC8-1par. 4.3.3.2.2 (5)

= For the second approximate method
further action as long as it is selected.
= The third method includes a Modal Analysis to calculate the periods.

, there is no need to do any

The program takes into consideration the period which corresponds to the dominant modal in
each direction. ( the modal which has the biggest percentage of the activated mass)

The user canincrease or decrease the number of eigenvalues in case of dynamic or static analysis,
as long as the calculation of the eigenvalues with Modal Analysis and the percentage of accuracy
is chosen.

Diynamic Analysis

Eigen'u'all Accuracy | 0.001

Spectrum Participation factors COQC (10%)

PFx [] O PRy [] ©

Also, there is also the opportunity to choose the method of combining the modal responses
according to Complete Quadratic Combination CQC and CQC (10%)(3.6 EAK), or the square root
of the sum of squared (SRSS) method.

Moreover, the results of the modal analysis for the static scenarios are included in the results of
seismic action.
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To modify the coefficients of the eccentricities, select the respective checkbox and type the new
value on the right.

Acc,Eccentricities
emx [] 005 =y
emz [ ]|0.05 | %z [

In the same way, the engineer can modify the X, Y, and Z spectrums by typing his values in the
respective fields,

5d (T)

sd(g) [ 1
sdevy [ 1
sd(z) [ 1

as well as the spectrum participation factors.

Spectrum Participation factors
DIRECTION X

PFx D 0 PFy D o PFz D 0 All the other cases [5 >

Gradual setbacks preserving axial symmetry
Single setback within 0. 15H

- . . . Single setback higher of 0.15H

In the Indents field, select for each direction the case that is |gradualsetbacks not preserving axial symme

All the other cases
appropriate for the particular study and is defined by the Eurocode. S
Setbacks

X All the other cases f

_ 1
Z All the other cases ke

| LIS |
1
-— - |

Cancel

Seismic Triangular ~

The engineer can also choose the Type of

Orﬁm:uicunal
Distribution of the seismic force between two options. MUELEIES
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Method of calculating the behavior factor q

According to the Eurocode, the “Behavior factor q” of the structure is a result of a computation
procedure. Additionally, the “Structure type” follows certain criteria.

SCADA Pro calculates automatically the g factor and the type of the structure. To apply the
automatic process, you must follow the procedure described bellow:

After having completed all the previously mentioned values, leave the following boxes blank
q
ax [] 33 qv [] 35 g [] 33

as well as the following options
Structural Type

X Frame System zZ Frame System

without any changes.
Choose “Ok” and use the “Automatic procedure” to run an initial analysis.

Seismic Actions Calculation - Analysis - Checks X
Parameters Mass Centers {cm) v
Automatic P d
| utomatic Procedure Level ¥ ¥ 7 ~
Procedure

0-0.00 0.00 0.00 0.00

f Mass - Stiffness
1-400.00 181427 40000 | 907.40

o Regularity 2-700.00 1863.90 700.00  906.02
FEL 3-1000.00 184556 | 1000.00 | 906.88
[ 1in Flan
In Elevation 4 -1300.00 126671 130000 | 86740
5- 1600000 (124093 |1600.00 |83520
| Equivalent
( Analysis w
Initialize data Exit
ol
Y.
Checks
Click “Exit” to close the dialog box and choose the “Checks” command of the “Results”

menu at the ribbon, to open the “Seismic analysis control coefficients” dialog box.
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In the dialog box “Seismic analysis control coefficients” you are

Seismic Analysis Control Coefficie.. X
asked to assign a value for the minimum length that a vertical 0.005
member must have to be regarded as a wall instead of a column. Click | | mavaienge (e >
min Wall Length (cm) >= . 1c°'”m" f‘ement ",ri \IE .
the button, and automatically, all the walls ; ; R
are checked in each direction. 3 3 r
1 4 [
| wall Ad ti , . 5 5 rr
all Adequacy ratio (nv) Additionally, by checking the boxes | 6 -
File with internal forces from load ; 7 7 |
v next to the two last options, two .txt
cumhinations (combin.txt) . ] P ! 8 8 r
files will be created and saved to the | |s 9 rw
folder of the project, ready to be viewed or printed afterwards. 1 Am“w l—c| '—M -
Mass - Stiffness Limits
I 7 . Mass Stiffness
As fal" as the “Wall ad‘equacy is concernfed, the relevant .txt file ceteno7 | | edes[o5
contains the computation of the shear acting to each wall, at each | e i
level of the structure and for all the load combinations considered. .. =
s
cance

Mass - Stiffness Limits The “Mass — Stiffness limits” area, since no specific

Mass 2o limitation is prescribed by EC8 (in contrast with EAK —
Reductior 0.5 Reduction| 0.5 Greek antiseismic regulation), modifications may be
Increase | 0.35 Increase | 0.35 | incorporated to those limits. Consequently, the building’s

regularity state in elevation will be altered, too.

In the “Checks” file, the program “defines” the structural type by the base shear undertaken by
the walls.

check.bt - WordPad
File

Dl=E SR sl 1

Edit View Insert Format Help

0.000 (m)

Reference Level: 0

n/n | Walls Shear/Total Shear = nvx | Walls Shear/Total Shear = nve
Level | (En) (En) | (En) (En)
1 #**|25- 621.141 025.586 0.31 HO |40-1165.332 1737.703 0.67 OK
2 |18- 500.708 940.827 0.26 HNO |44- 575.583 1170.361 0.4% HNO
3 |25- 707.106 25T76.280 0.27 HO |44- 443.958 1085.765 0.41 HO
4 | 5- 148.031 520.477 0.18% NO |51- 187.460 555.370 0.34 NO
5 | 5- 302.04% 1256.858 0.24 NO |51- 184.078 581.4%93 0.32 NO
Building system definition X 1 Frame System
Building system definition Z ¢ Ductile wall system (coupled or uncoupled)

Since the “Building system definition” has been determined, it should be included in the
“Parameters” dialog box. With these changes, conduct the analysis for the second time. Now,
the proposed values for the “Behavior coefficient q” can be found in the “Parameters” dialog
box. For the example considered, in the “g” area, one can read.
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q

gt [] 278 gy [] 138 gz [] 278

The proposed values may be kept or altered (the latter one is an option that could be utilized
from the beginning of the procedure, however, in this occasion the software would not propose
any values, at all).

g

qx 275 |aqy 1.38 |qz 2.76

lipdate Spectrum
Click to update the spectrum by the new values of the g factor and click

Response Spectrum .
to see it.

Click “Ok” and conduct the analysis one more time, considering the new q values.

L. In case of Steel, Composite and Masonry Structures:

Structural Type .
Just select the relative Structural Type:

Concrete

- Steel structures: the procedure is the same. The only difference is

Steel
Composite located at the definition of the "Structural Type”, which is identified
gz;%i:?drﬁ:s?nasm according to the type of the structure, thus, the help TXT file is not
S Reinforced masor,:w necessary. The user can select the type from the beginning and continues

Low seismity masonri like before with the definition of the "q" value.

)

- Masonry structures: any "Structural Type" selection. Just select the type of masonry in
“Structural Type” and the “q” value is calculated automatically by the program.
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§ 3. EC-8_General Analysis and Inelastic (Pushover) Type

Choose EC-8_General Analysis and Inelastic Type and press the button New.

A prerequisite for performing all analysis scenarios with Inelastic Type is:
= the existance of reinforcement
=  the calculation of the respective ultimate moments of resistance.

! For Greece, choose EC-8 Greek / Nonlinear and for Cyprus, Italy and Austria take into
consideration the Annexes of the Eurocodes, respectively. For all other European countries,
choose the EC-8 General and type the parameters of the corresponding annexes.

Scenario x

Renumbering

S - m Advanced
Cuthill-Mckee(IT) W Multi-Threaded Solver

[ |Disable Mame |

EC8_General Monlinear (0)

Analysis  |EC3_General ~

Type Monlinear -
Properties

Elements Modes

Load Cases Masses

MNew Update

Run all Analyses

[ Exit |

In Members, you have to update the corresponding coefficients according to the annex of your
country for Concrete and Steel respectively

Multipliers of Property Values (Concrete) >
EC&_General Nonlinear o
Linear Element Property Value Multipliers

Concete w| E G Ak Asy Asz £ Ix Iy Iz

R L | K| S | S| S | S | O O |
U T E | KN | X | S| | O | O | | EO
SRS EN | KN | K | KX O O | O | O |
e KN | K | S S | | O | E |
cowns-muss [1 |1t [t J[r [t [t ]+ [t |t |
x-S KN | K| KX | S| | E | O | EO
was-muss [t [t [ [t [ [t [ [ [t |

Walls Filter {Lmax/Lmin) = Cancel
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and press the button Update.

Load Case participation et
EC8_General Nonlinear
‘Igz.:i;isesof gim/secd) Awailable Load Cases and Load Groups
lC  LG1 LG2 LG} LG4 LG5 LGE LG7 LG8 LG9 LGID
' LC1 1.00
LC2 0.00
£ >
Cancel

By activating the EC-8_General Nonlinear scenario,

r r
ﬁ*)_ EC2 General Monlinear (0] - L'
MNew Active Scenario Run

SCenarios

following commands are activated:

Pushover Analysis Execution ¥

Parameters Mass Centers {cm) % e

Automatic Procedure Level X v 7 -

Procedure
0-0.00 0.00 0.00 0.00
Mass - Stiffness
Static-Dynamic
Pushover
]
|  iitislizepats | Exit

Procedure”) or selectively (click the procedure’s buttons) and contain:
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In Load Cases, type 1.00 next to LC1 for “Dead Loads” and 1.00 next to LC2 for “Live Loads” Q

the command Run opens the window for the scenario’s run and by pressing Initialize Data, the

The procedure involves three steps, carried out sequentially, either automatically (“Automatic
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= Mass and stiffness calculation.

= Static analysis for the internal forces calculation due to permanent and live loads is
required for starting a successive pushover analysis.

= Dynamic analysis considering the elastic spectrum of EC8 for the calculation of the
eigenperiods and the target displacement.

= Pushover analysis.

Always define the live loads’ coefficient 2.
Default value: {2=0.30.

Initialize Data

Press to update the parameters of the current scenario.

Parameters

Then press to define the parameters of this specific project.

Sesmic Area Characteristic Periods

Lavels X2
‘ —— | Responce Horizontal Vertical Down |g_g.00 w| Up 4-1200.00
\ 0.9 o
e T w]a |08 Type 1 v| Savg |12 | ["Plastic Hinge check under the Reference Level |
Sail TB(E) | 0.15 0.0
e o1s Dynamic Analysis
Importance TC(s) | 0. .
) & i Eigenvalues | 10 Accuracy | 0.001
Zone (I w| ¥ |1 ms) |2 1
Spectrum participation factors
Spectrum PRx [ O PFy [] 0 prz [] O
Response Spectrum Ductility Class DCM Y]
Eccentricities 5d (T)
3 Harizontal bO| 2.3 Verticalbd | 3 sd(mg [ !

emy [ 005  #Hyx
Response Spectrum Update Spectrum sdim == 0.2 |ag sd(my [] 1

0.05 | %z

eTz

Seismic Combinations L] sdrz) [ ¢

Fx +kFz Triangular Disribution

Fx-k EZ Orthogonal Distribution Check MNode 0 Active Infill Masonry
+x +kFz

[]+Fx-kFz [[] Accidental Eccentricities Ex Mumber of Steps | 200 Lamda Range (&) | 0

Fz +kk Fx [[] Accidental Eccentridities Ez Maximum 3 2. of Total Height
Fz-kFx

Fz +kEx []Base Shear from Responce Spectrum Constant Value of the Shear Length LS

[]Fz-kFx Transverse Load Factor (k) 0.3 Active Stiffness After the plastic hinge v

- - — - Data Credibility Satisfactory v

In the dialog box of the Pushover Analysis’ Parameters, the definition of the parameters outside

the borders are defined as in linear analysis, but in this case, the Response Spectrum must be
Elastic.

In “Levels XZ” section:

Lavels XZ Select the lowest and the highest level in
Down | g -0.00 w| Up 4-1200.00 w | Which the seismic actions will be imposed
for the analysis’ purposes.

It is recommended to define the last
complete level (no stairwell termination)

[ ] Plastic Hinge check under the Reference Level
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as the highest level. This level contains the Check Node which is the diaphragm node or another
node, in the same level but the outer perimeter of the building.

The activation of the following checkbox/means that the elements that belong in lower levels
than the reference level are taken into consideration as potential locations of plastic hinges.

In “Seismic Combinations” section:

Seismic Combinations

Fx +k Fz Triangular Disribution
Fx-k Ez Orthogonal Distribution
+x +kFz
[]Fx-kFz [[] Acridental Eccentricities Ex
Fz +kFx [ ] Accidental Eccentricities Ez
Fz-kF
-Fzz + kjlix [ | Base shear from Responce Spectrum

[]Fz-kFx Transverse Load Factor (k) 0.3

Check the load combinations that will be taken into account in the pushover analysis. Each
combination implies the application of one seismic force in one direction (X or Z direction) and
one seismic force in the corresponding transverse direction multiplied by a factor, defined in

T Load Facto 0.3
ransverse Load Factor (k) . The coefficient k is given 0.3 by default.

Check the seismic forces’ distribution along height (Triangular or/and Orthogonal).

Accidental Eccentricities Ex

Check Accdental Eccentricities Ez

which moments are developed in x or/and z direction.

if you want to consider the accidental Eccentricities due to

The check/means that the base shear is calculated from the dynamic analysis.

Activate all seismic combinations with the accidental eccentricities considered and as a result, 64
load combinations are produced. This means that 64 pushover analyses are conducted, thus, the
computational time is increased significantly.

In the last section:

In “Check Node”, type the number of the
node for calculation of the Capacity Curve.
Number of Steps | 200 | |amda Range (%) 0 This is the diaphragm node or another node
in the outer perimeter of the last complete
level of the building.

Check Mode o [+] Active Infill Masonry

Maximum 3 % of Total Height
Constant Value of the Shear Length LS

In “Number of Steps”, define the maximum
number of steps (analyses) for each
Satisfactory W Pushover analysis.

Active Stiffness After the plastic hinge W
Data Credibility
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Pushover is an iterative analysis procedure which is completed when the structure collapses;
when plastic hinges are being developed, a collapse mechanism evolves. The “Number of Steps”
is an upper limit, to avoid an extraordinary number of analysis steps needed until the structural
collapse. Steps default value is 200.

“Maximum displacement” in percentage (%) of the total height of the building is another way of
setting an upper limit in the analysis steps. The Pushover iterative process ends when the
displacement of the “Check Node” versus the height of the structure gets over the specified
percentage. By default, the maximum displacement’s upper value is 3% of the total height of
the building.

“Lamda Range (%)” is about A load factor. In each step and for each element, the A factor is
calculated. At the element with the minimum A, a plastic hinge will be created.

. The default value 0: the program considers only the minimum A value, which means that
in each step only one element is considered for the formation of a plastic hinge, even if
there are elements with A values very close to that.

. Setting a different value (i.e. Amin=10%): This means that the elements with values of A
between Amin and 10% + Amin will be considered in this step with plastic hinges in the
corresponding edge (element node).

EXAMPLE:

Suppose that, on the first step of the pushover, minimum A value is 1.0 and corresponds to a
certain element with a plastic hinge. Defining 10% Lamda Range, all elements with A between 1.0
and 1.1 will develop plastic hinges at the same step.

The options about the definition of the “Constant value of the Shear Length Ls” are the following:
. The shear length Ls is calculated as a fixed value based on the length of each element in

all steps of the analysis.

. Otherwise, the shear length is calculated on each step, based on the internal forces
resulting, with Shear Length = M/V in the end section of the element, i.e. the distance
of the end section from the point of zero moments.

“Effective Stiffness” is about the calculation of the elements’ stiffness.
On the first step of the nonlinear analysis, the internal forces are calculated due to dead and live
F

&,

. . . . M BElement
loads, whereas the elements’ stiffness is multiplied by the factors set in s ——

during scenario’s creation.
On the second step of the nonlinear analysis considering the seismic loads, you have more than
one options for the stiffness calculation:
= |nitial: the stiffness remains the same as in the first step and invariable during the
analysis procedure
= Step by step calculation: the stiffness is calculated in each step, whether plastic hinges
are created or not. Stiffness is decreased, compared to the original value.
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= After plastic hinge development: the stiffness is calculated as previously, with the
difference that the value is decreased since the first plastic hinge has been developed.
The initial value of the effective stiffness is considered until that step of the analysis.

“Data reliability”, is the Knowledge Level. Select between Limited, Normal and Full. The
parameters that affect the definition of the knowledge levels are geometry, details, material.
The knowledge level influences the partial safety factors.

“Active Infill Masonry”: When the checkbox is active [v] Active Infil Masonry ;4 1o del contains

|y

L

Masonry Member
Masonry Infills added with the corresponding tool = '"fll. or = ¥ ' (look Chapter 2) allow
the program to take them into account during the analysis. Otherwise, even if they are modeled,

the program will exclude their influence.

Partial Safety Factors

Based on the knowledge level achieved through the different levels of the survey, inspection,
and testing, the following set of partial safety factors (PSF) shown in Table 3.3 is used in the

verifications.

Table 3.3: Partial safety factors (PSF) are used for verification, according to the different
knowledge levels (KL).

PSF
KNOWLEDGE LEVEL | Material Overstrength
KL1 1.20 (ym) 1.20 (yRd, yov)
(L2 ym as in EN1998- | yRd, yovasin EN1998-
1 1
KL3 0.80 (ym) 0.80 (yRd, yov)

In the dialog box “Spectra” the response spectrum is defined, which indicates the structural
demand of the structure. The structural demand in combination with a limit state (LS) composes
a performance objective. In the dialog box:

Three limit states are considered for the structural design of the structure. The states of damage
related to the considered limit states are presented below:

-LS of near collapse (NC)

-LS of significant damage (SD)

-LS of damage limitation (DL)

National Authorities define the appropriate performance level, which means they propose a
performance level (limit state) against a seismic event. They usually propose more than one

performance level (a combination of a limit state with a seismic event).
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The seismic events or hazard levels (HL) are described with a return period and a peak ground
acceleration. The peak ground acceleration and the incidence of the seismic events are
characteristic of the seismicity of the region. The return periods established by the National
Authorities are usually the following:

The suggested values for the return periods according to Eurocode are:

- HL with return period 2475 years, corresponding to a probability of exceedance 2% in 50 years.
- HL with return period 475 years, corresponding to a probability of exceedance 10% in 50 years.
- HL with return period 225 years, corresponding to a probability of exceedance 20% in 50 years.

EC8 2% EC8 10% EC8 20%
Selecting one of the three default commands , the dialog box is

filled in automaticaly, with the values of the spectra parameters related to a specific limit state,
thus the performance objectives proposed by the Eurocodes are depicted in the dialog box.

Spectra &
Design Existence (years 50 w Exponent k 3

Damage Limitation {DL)

Check Soil Acceleration ag=AgR.y1.{TR/TLR) 1k 0.2773
TR Calculation TLR Calculation
Return Period TR (years) 2475 Exceedance Probability PLR % 10
Exceedance Probability PR% 2 Return Period TLR. (years) 475
Severe Damage (SD)

Check Soil Acceleration ag=AgR.vI.(TR/TLR) 1k 0.2773
TR Caleulation TLR Calculation
Return Period TR (years) 2475 Exceedance Probability PLR % 10
Exceedance Probability PR% 2 Return Period TLR (years) 475
Mear Collapse (NC)

Check Soil Acceleration ag=AgR. yI.{TR/TLR) Lk 0.2773
TR Calculation TLR Calculation

Return Period TR (years) 2475 Exceedance Probability PLR % 10
Exceedance Probability PR%G 2 Return Period TLR. (years) 475
Default

GREEK 10% GREEK. 50%: EC8 10% EC3 20%
OK Cancel

Use National Annex to define the appropriate performance levels; the structural capacity (limit
state) related to the seismic demand (hazard level).

Press OK to save the Parameters and close the dialog box.

Automatic Procedure

Then select and the program will conduct the analysis and the corresponding

calculations, automatically:
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Pushover Analysis Execution
Parameters Mass Centers (cm) W
Automatic Procedure Level ¥ v 7 -
Procedure
0-0.00 0.00 0.00 0.00
Q;f Mass - Stiffness

1-30000 0.00 300,00 | 0.00

2-60000 60504 GODOO |82204
wf Pushowver 3 - 900.00 604.46 |900.00 82472

4-1200.00 | 590.37 |1200.00 |[888.12

wf Static-Dynamic

Initialize Data

Allow the program to calculate Mass and Stiffness, Static and Dynamic analysis and complete
the Pushover analysis. The default parameters include four combinations with two types of load
distribution and 200 steps for each Pushover analysis, thus 1600 analyses in total!

Since the Pushover analysis is applied, the structure is pushed with a gradually increased lateral
static load (triangular or rectangular distribution along height) till the collapse of the structure.
So, plastic hinges are formed gradually in the ends of the structural elements’ length (beam,
column, and wall). Along with the plastic hinges’ formation, the stiffness of the structural
elements and the structure in total is decreased step by step. Finally, a plastic mechanism is
generated due to the presence of a plastic region in the joints of the structure. The plastic
deformations indicate that the strength resistance of the structural elements is overtaken thus
the structure collapses.

§ 4. Analysis SBC301

Regulation of Saudi Arabia provides four methods of analysis for calculating seismic loads:
= |ndex Force Analysis Procedure (Section 10.7)
= Simplified Analysis Procedure (Section 10.8)
= Equivalent Lateral Force Procedure (Section 10.9)
=  Modal Analysis Procedure (Section 10.10)
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The process of creating these four scenarios is the same as the previously described one for the
EC.

Press “New” to create the scenarios:

Scenario I} hod

Renumbering

- ; D.ﬁ.dvanced
ROES | Cuthill-Mckee(I1) w Multi-Threaded Solver

[ | Disable Mame |
SBC301 Index Force (0] analysis | sBC 301
SBC301 Simpified Analysis (1) 4 -
SBC301 Static Ezi =e e -
Properties
Elements Modes
Load Cases Masses

o

Run all Analyses

Exit

Select the SBC 301 analysis and then one of the four methods of analysis.

The dialog box to import and edit the parameters is the same for all four methods:

SBC Parameters @
TG e Seismic Region Levels XZ
g 05 gy 01  Fa 08 Fv 08 Down (g -0.00 -] U [6-1800.00 ~|
Dynamic Analysis
Kind of
Building category structure Eigenvalues 10 Tollerance  0.001
Structural system Partcipation Factors
0 0 1]
[Eearing Wall Systems v] Pre [ |° Pry [ |° Prz [ |
[Special reinforced concrete shear walls Y] E Eccentridties 5d (T)
sdmg [0 1
Spectrum Type of structure em [0 |0:05 | 5y

1

sd(m) [

emz [ [0.05 | Az

[Response Spectrurn] [ Spectrum update ] sd(r) [0 |1
Fundamental period
Calculation method [U”fﬁVOUFEHE v] E]
X [Frame systems of concrete ,] [ Ireguiaritics ]
Z ’Frame systems of concrete ,] [shea, wa"s] [ — J [ — ]
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Site Class

A -
The first parameter concerns the type of soil (Site Class) l—J according to par. 9.4.2, which
imposes the Fa and Fv factors (Table 9.4.3a & 9.4.3b) as well.

The next group of parameters regards the selection of the mapped maximum considered
earthquake spectral response S1 and Ss according to par. 9.4.1.

Seismic Region

gg 0.5 gy 0.1 Fa 0.0 Fy 0.80 |2

The choice of these two parameters in combination with the type of soil identifies automatically
the (user editable) Fa and Fv factor values.

The next group of parameters

— r—— Kindof
Building category |1 - ? | structure Concrete -

conserns the selection of Building Category according to Table 1.6-1 and the Kind of structure
selection.

)
Press l—J to read about all the Kinds of structures according to the corresponding table of SBC
301.

The next section

Structural system

J
|EY

conserns the selection of the Structural System according to the table 10.2 of SBC 301.

lEearing Wall Systems

-
lSpeciaI reinforced concrete shear walls -

This choice determines:

- the value of the Response modification coefficient R used in various calculations,

- the value of the Deflection amplification factor Cd used according to Sections 10.9.7.1 and
10.9.7.2 and

- the value of the overstrength factor Qo.

- Finally, according to the seismic category of the structure, restrictions to the selection of
Structural System as well as to the maximum height of the building are specified.
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The next section conserns the parameters of the Design Response Spectrum according to par.
9.4.5 of SBC 301

Spectrum
O  0.0F Ts 0.37 T1 |1
Response Sp-ectrum] ’ Spectrum update

The application calculates automatically the values TO and Ts based on the previously defined
values S1 and Ss. Of course, it is possible to modify them manually.

If any changes are made on these values, either automatically or manually, to update the
’ Spectrum update ]

spectrum, press the button

’F‘.ESpcnse Spectrum]

By pressing the response spectrum in each direction appears.
Response Spectrul
afa T(s... RdTx RdTy RdTz i
1 0000 0243 0.122 0243
2 0.050 0,357 0,122 0.357
3 0.100 0,471 0.122  0.471 il Ll
4 0.150 0,585 0.122  0.585
5 0.200 0.608 0,122  0.608
e 0.250 0.608 0,122  0.608
7 0,300 0.608 0,122 0.608
N |8 0.350 0.608 0,122 0.608
g 0,400 0,608 0,122 0.608 T Y Y Y VI S B
10 0.450 0.608 0,122 0.608 i
__:'\__=E Cance' 1 L 1 L 11 1 L 1 L 11

Damaged Structures che
I Construction period before 19385 EAK 72
i i Spectrum

Next, the automatic or manual definition of the type of structure according to par. 10.3 is

selected.
Type of structure

[Automatir_ - ]

There are three choices:
= Automatic
= Flexible
=  Rigid
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The first choice identifies the type of structure (Flexible or Rigid) automatically according to
par.10.3.1.3 and figures 10.3-1. The user selects the type through the next two choices.

The following parameters concern the calculation of the Fundamental Period.

Fundamental period

Calculation method Unfavourable YJ ?
X IFrame systems of steel ,I
z IFrame systems of steel ,]

The par. 10.9.3 of SBC 301 provides three methods for the calculation of this size. For each
method to be applied, certain conditions must be met.

The program options are:

= Unfavourable

= Average

=  Method 1
=  Method 2
= Method 3

Through the first option, the most unfavorable period of those calculated from the three
methods, will be taken into account.

Through the second option, the value is the average of the three values of the three methods.
The next three choices concern the value of the specific method.

In each case, two values are calculated, one for each direction of the earthquake.

The next option is the type of building based on Table 10.9.3.2 and concerns the first method
calculation (Eg. 10.9.3.2-1).

The next section concerns the determination of the lower and upper level to be considered for

the seismic load application.
Levels XZ

Down | g - 0,00 =| Up 3-1100.00 -

The following parameters are related to the dynamic analysis. More specifically in the following
fields:
Drynamic Analysis

Eigenvalues 10 Tollerance  0.001

The user determines the number of Eigenvalues to be calculated through the performance of the
modal analysis and the respective tolerance.
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Then you can define the participation Factors for the seismic forces in each direction.
Partcipation Factors

PFx 0 FFy 0 PFz 0

Activate the corresponding checkbox and type the factor for the seismic load. The initial
spectrum (for the considered direction) will be multiplied by this factor. The default value is 1,
while a value of PFx=2 will double the values of the spectrum along the X direction.

Accordingly, to modify the coefficients for calculating the eccentricities

Eccentricities
& T 0.05 ] i
BTz 0.05 7z

Activate the corresponding checkbox and type in the value.
Finally under the participation rates of design spectra in each direction

&d (1)

5d (T%) .
5d (TY) !
5d (T2) 1

Activate the coefficient for the respective spactra and type in the value. The design spectra
acceleration (for the considered direction) will be multiplied by this factor. For example, if you
activate the Sd(TX) and enter a value of 2, the design acceleration along the X direction, will be
multiplied by 2.

The next section concerns the determination of Plan and Vertical Irregularities of the structure.
This definition, among others, determines the choice of the analysis method based on the table
10.6.1.

The SBC 301 with the Table 10.3.2.1 provides 6 Plan Irregularities.

In the following dialog box:
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Dimermion
L=l

Force-Resisting Elements

Plan Irregularities

B In-Plane Discontinuity in Vertical Lateral

Ay

. —d b F'OF:C‘ on beyand
raentrant carnars
f il Stary drift A - - ] SR P Out-of-plana
I l; Agx 12 (A+A) E: ]j U offset
. 2
——) R —
— = ]
[ Tersional Irregularity [|re-entrant Corners [ out-ofPlane Offsets
Ay
— — g
—— . Tg— Nonparaliel
; 7 . S?T:m A0 ’ )E_/i system
[} Ay 1A+
L f ! = — Area
T XV 50% AB
— | -

"] Extreme Torsional Irreqularity

[ Diaphragm Discontinuity

[[IMonparallel Systems
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The user determines whether Plan Irregularities meet the relevant criteria by checking the

corresponding option.

Regarding Vertical Irregularities, six criteria are met as well.
SCADA Pro checks 5 of them and the user activates the 6" by pressing the respective checkbox

if the criteria are fulfilled.

Option/concerns the calculation of sizes which are necessary for determining the eigenperiod

with the third method (Eq. 10.9.3.2-3).

Press to open the dialog box.

[ min Columns Length (cm) == ] 200
Column Element Vy Wz hw =
1 634 [ [ 00
2 635 I_ l_ 00
3 636 [ [ 0.0
4 637 [ [ 00
(E 638 [ [ 0.0
6 639 [ [ 0.0
7 640 [ [ 00
8 630 [ [ 0.0
g 631 [ [ 00
10 632 [ [ 00 _
.f. | m_“ T o _r_
i |
[ addal | [ cearal | [ ok [ cancel
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Type the min Column Length (cm) and press the button “min Column Length ” for automatically
defining the walls in each direction. The program automatically calculates the required for
calculating the eigenperiod values.

NOTE:
. The definition of the walls is a required step for calculating the eigenperiod using the
third method.

After setting the parameters, in the run analysis dialog box

| Seismic Actions Calculaf

T
Automatic Procedure Level X v

Procedure
0-0.00 0.00 0.00 0.00

v
1-42500 (98261 42500 50192
F 2-78000 134852 73000 47883

Regular
In Flan
In Elevation

Al allowed
v

Initialize data

3-1100.00 137892 (110000 66022

[ Automatic Procedure ]

press
making all necessary checks.
Particular attention should be paid to regularity checks

and the program automatically performs the analysis process while

Regular

In Flan
In Elevation

| All allowed

where before performing the final analysis the program gives the result of regularity in plan and
height, based on the selection and seismic category in the initial parameters.

Then, based on the results, the allowed analysis or analyses are suggested (Table 10.6.1).
= On the regularity results, the user is free to select or deselect if he wants, one or two
categories of regularity.

=  The program changes respectively the prompt type of permitted analysis.

In the previous case, through the automatic control, the building met the criteria for regularity
in plan and in elevation, which allows the use of any of the four methods.
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Regular
In Plan
In Elevation

| Al sllowed

However, if both checkboxes are deselected, which means that the building is considered
irregular in plan and elevation, then the program proposes the dynamic method for analysis.

Regular

[ 1n Plan

[]1n Elevation

| Dynamic

“Checks” command displays the results of the checks through the automatic procedure.
The first section of the checks concerns the Irregularity criteria:
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CHECES REPORT RCCORDING TC THE MAIN DIRECTICNS OF THE BUILDING
SIMPLIFIED STATIC ANALYSIS (SEC SOlh

VERTICAL STRUCTURAL IRREGULARITIES (TRELE 10.3.2.2)

Check for Stiffness Irregularity per Building Story (Tabkle 10.3.2.2 (la & 1b))

n/n | Height (m) | Stiffness X (*10°3 ENM) | Sciffness Z (*10°3 ENM) |
Story| Total|Story]| Ki | Ei+l |Ratio] Fi | Ei+l |Ratio|Result
————— e e Ee e e
1| 4.25| 4.25| 9661.63| 5077.48| 1.90| 959%14.30| 4708.94| 2.11|NHo
2| 7.80|] 3.55| 5077.48| 48%4.28| 1.04| 4708.%4| 4010.75| 1.17|Ho
3 | 11.00| 3.20|] 4894.28] | | 4010.75] |
n/n | Height (m) | Stiffness X (*10°3 KNM) | Sciffness Z (*10°3 ENM) |
Story| Total|Stcory]| Ei | Ehvg |Ratio]| Fi | Eivg |Ratio|Result
————— i st T sttt
1] 4.25| 4.25| 9661.63| 4%85.88| 1.94| 9914.30| 4359.85] 2.27|Ho
2| 7.80| 3.55| 5077.48| 489%94.28| 1.04| 4708.94| 4010.75| 1.17|Ho
3 | 11.00| 3.20|] 4894.28] | | 4010.75] |
Soft Story (i) : Ki/Ki+1<0.7 or Ki/Avg((Ei+l)+(Ki+2)+(Ki+3))<0.80
Extreme Scoft Story (1) : EHi/Hi+l<0.6 or Hi/Avg((Hi+l)+ (EKi+2)+(Ei+3))<0.70

Check for Weight (Mass) Irregularity per Building Story (Table 10.3.2.2 (2))

n/n | Height (m) | Mass (kN/g) | Mass (kN/g)
Stoxry| Total|Story] Mi | Mi-1 |IRatio| Mi | Mi+l |Ratio|Result
————— i et T it e
11 4.25] 4.25]| 295.68| Q.00 0.00] 285.688 331.70| 0.89|No
21 T7.80] 3.55] 331.70] 285.88| 1.12| 331.70| 65.07| 5.10|Yes=
3 | 11.00] 3.20] 65.07] 331.70| 0.20] 65.07] 0.00] 0.00|Ho
Irregular Story (i) Mi/Mi+1»1.5 or Mi/Mi-1»1.5

Check for Vertical Geometric Irregularity per Build.Story (Table 10.3.2.2 (3))

n/n | Height (m) | Plan Dimensions X (m) | Plan Dimension=s Z (m) |
Story| Total|Story]| Li | Li-1 |Ratio] Li | Li-1 |Ratio|Result
————— e e Ee e e
1] 4.25| 4.25] 139.60] 19.40] 1.00] 13.70] 13.60| 1.00|Mo
2| 7.80| 3.55] 13.20] 13.60] 1.00]| 9.30] 13.70| 1.00|Mo
3 | 11.00] 3.20] 9.80] 13.20] 1.00]| g9.00] 9.30] 1.00|H¥o
Irregular Story (i) : Li/Li+1»1.3 or Li/Li-1>1.3

Presented data and test results of each Vertical Irregularity criterion.
At the end of this section, all the above results are presented in summary as well:

{la) Stiffness Irregularity (Soft Story) 1 Ho
{1lb) Stiffmes=s Irregularity (Extreme Scoft Story) : Ho
(2) Weight (Mass) Irregularity : Mo
(3) Vertical Geometric Irregularity 1 Ho
(4) In-Plane Discontinuity in Vertical Lateral Force-BResisting Elements : Ho
(5} Dizcontinuity in Lateral S5trength (Weak Story) : Mo
Vertical Structural Irregularity for the total building Ho

Next, the results of the Plan Irregularities according to the user’s choices on the parameters of
the analysis, are reported:
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PLAN STRUCTURAL IRREGULARITIES (TABLE 10.3.2.1)

{(la) Torsional Irregularity

(1b) Extreme Torsional Irregularity
(2) Re-entrant Corners

[3) Diaphragm Discontinuity

(4) Cut-of-FPlane Cffsets

(5} MNonparallel Systems

SCADA Pro”
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The next check indicates the percentage of the seismic forces undertaken by the walls of the
structure to determine whether the static system of the structure belongs to one of the following

two categories:

- Dual Systems with Special Moment Frames Capable of Resisting at Least 25% of Prescribed

Seismic Forces.

- Dual Systems with Intermediate Moment Frames Capable of Resisting at Least 25% of

Prescribed Seismic Forces.

So if the rate of seismic forces in the walls is at least 0.25, then the user can select the

corresponding static system in one of the above two categories.

Concrete Walls Shear Force (TABLE 10.2) Reference Lewvel: O
____________________________________________ e
n/n | Wall=s Shear/Total Shear = nvi | Walls Shear/Total Shear =

Story | (En) (En) | (En) (En)
____________________________________________ g g g S S
1 %#%| T- 155.362 459,459 0.34 |42- 236.143 624.820
2 | 4- 155.835 270.241 0.58 |40- 398.700 493,496
3 | 5- 32.8867 157.022 0.21 |35- 432,585 553.121

Recommnended Basic Seismic Force-Resisitng System :
411 other Types

0.000 (m)

The next check is related to the control of the P-Delta effects according to par.10.9.7.2

The verification is done in each direction.

The next check concerns the Drift limits according to par. 10.12.1
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P-Delta Effects-5tability Coefficient (8) Check - Par. 10.9.7.2 Direction X
n/n | Height (m) | Vertical |Story Drift|Shear Force|Stabilicy| Bmax
Story | Total|Story|Load Px(kN) | () (moma) | Vx (KN} |Coeff. (3)] 0.10

——————— e o e S e e e e e e B

1- 3] 4.25] 4.25] 6815.10 | 0.49 | 444,09 | 0.00176]
2- 5| 7.80] 3.55] 3908.43 | 0.37 | 263.92 | 0.00152]
3- 5| 11.00] 3.20] 641.81 | 0.29 | 156.43 | 0.00037]

P-Delta Effects-5tability Coefficient (8) Check - Par. 10.9.7.2 Direction 2
n/n | Height (m) | Vertical |Story Drift|Shear Force|Stabilicy| omax
Story | Total|S5tory|Load Px(kN) | {4A) (mm) | Vx (kN) |Coeff. (8)] 0.10

——————— et e e At et B

1- 39| 4.25] 4.25] 6815.10 | 0.32 | 639.82 | 0.00079]
2- 38| 7.80] 3.55] 3908.43 | 0.47 | 492.20 | 0.00106]|
3- 39| 11.00] 3.20] 641.81 | 0.84 | 552.32 | 0.00030]|



SCADA Pro”

Structural Analysis & Design

CHAPTER 7 “ANALYSIS”

Drift Limits - Par. 10.12.1 - TABLE 10.12 Direction X
n/n | Height (m) |Story Drift| Allowable |
Story | Total|Story| (4) (mm) | (L&) (mm) | Result
——————— +--——-—+-t
1 | 4.25] 4.25] 2.46 | 106.25 | 0.0231
2 | T.8BO0] 3.55] 1.83 | BE.T75 | 0.02086
3 | 11.00] 3.20] 1.45 | 80.00 | 0.0181
Drift Limits - Par. 10.12.1 - TABLE 10.12 Direction Z
n/n | Height (m) |Story Drift| Allowable |
Story | Total|S3tory| (4A) (mm) | ({Aa) (mm) | Result
——————— e e
1 | 4.25] 4.23] 1.59 | 106.25 | 0.014%
2 | T.8O0] 3.55] 2.37 | BB.T5 | 0.0287
3 | 11.00] 3.20] 4.18 | 80.00 | 0.0523

The next check concerns the Building Seperation according to par. 10.12.2

Building Seperation par. 10.12.2 (Eg. 10.12)
Dir X : &xt = =sgrt[(&=xl)"2 + (&x2)"2] = 0.1%04 cm
Dir Z %4 sgro[(&=zl)"~2 + [(&8z2)"2] 0.3102 ecm

The last two checks concern the classification of diaphragm’s flexibility of each level of the
building.

Diaphragms can be designated as Rigid or Flexible. The classification of the structure in total is
determined from the majority of the levels’ classification. In the scenarios’ parameters, there is
an option for choosing to characterize the building either manually or automatically so the
program checks the following criteria according to par. 10.3.1.2 & 10.3.1.3

Diaphragm Flexibility
Rigid Diaphragm Condition (par. 10.3.1.2)

n/n | Height (m) | Plan Dimensions | Ratio |Result
Story | Total|Story| () | Lmax,/Lmin |
——————— +-—-————t-————t—-—— (LX)} ———+——(LZ)} ————F—————————f————————
1 | 4.25] 4.25] 19.60 | 13.70 | 1.43 | Yes
2 | 7.80] 3.55] 13.20 | 9.30 | 1.42 |Yes
3 | 11.00] 3.20] 9.8 | 9.00 | 1.09 |Yes

Rigid Diaphragm : Diaphragms of concrete slabs or concrete filled
metal deck with Imax/Lmin <3 and with no plan irregularities

Diaphragm Flexibility
Calculated Flexible Diaphragm Condition (par. 10.3.1.3)

n/n | Height (m) | Maximum Diaphragm | Awerage Drifc |Result
Story | Total|Story| Deflection (mm) | { Torn ) |
——————— ot — () ———4+——— (2} -+ ——— () -+ ——— [Z) =+ ————————
1 | 4.25] 4.25] 0.04] 0.06] 0.04] 0.05|Ho
2 | T7.8B0|] 3.55] 0.11] 0.14] 0.07] 0.08|Ho
2 | 11.00] 3.20] 0.18 0.21] 0.07] 0.07|Yes

Flexible Diaphracgm : Maximum Diaphragm Deflection > 2% (Average Drift)
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Finally, by choosing "Seismic Force", all the data, related to the seismic analysis and loads

distribution, is reported
ECENARIO : 5 - Modal Analysis Procedure (Section 10.10)

DATA FILE LOAD CASES
Load Case 1 (Dead-G)
Load Case 2 (Live-Q)
MASSES CRALCULAT. FRCM @ G+¥2*Q

RESULTS FILE - INTEERMAL FORCES

Load Case 1 (Dead-IG)
Load Case 2 (Live-IQ)

Load C. (Horizontal Seismic Force x

Load C. 4 (Horizontal Seismic Force z)

Load C. 5 (Eccentricity of seism. force x from maxez)
Load C. & (Eccentricity of seism. force x from minez)
Load C. 7 (Eccentricity of seism. force z from maxex)
Load C. 8 (Eccentricity of seism. force z from minex)
L. Case 9 (Vertical Seismic Force ¥)

GEWNERAL DATA - CALCULATICH PARAZMETERS

Cccupancy Category (TABLE 1.6-1) : I

Ground Motion Parameters (Zg) : 51= 0.200 S5== 0.800

Site Class ([par. 9.4.2) : B

Site Coefficients (TABLE 59.4.32 & 9.4.3b) : Fa= 1.000 Fw= 1.000

Spectral RAccelerations (par. 9.4.3) (%qg) : Sms= 0.800 Smil= 0.200

Design Spectral Accelerations (par. 9.4.4) (%g) : S5ds= 0.533 5di1= 0.133
Cccupancy Importance Factor (TABLE 9.5) : 1.000

Seismic Design Category (TABLE 9.6a &9.6b) I A (R - RH)

Reliagkbility factor (par. 10.3.3) : p= 1.000

Structural System (TASBLE 10.2) : B= 4.000 Qo= 2.500 Cd= 5.000

Bearing Wall Systems
Special reinforced concrete shear walls

Fundamental Periods of Vibration

Direction Ix : T (sec)= 0.4%9228

Direction ITz: T (sec)= 0.4%9228

Direction v : Tv (sec)= 0.00000
n/n Level Flan Dimensions Coef.¥2 Acc. Eccenticities

Height {m) LIx (m) LIz (m) L.C.2 etix (m) etiz (m)
1] 0.000 15.400 13.600 0.300 0.970 0.680
1 4.250 15.600 13.700 0.300 0.98 0.685
2 T.800 13.200 9.300 0.300 0.660 0.4865
3 11.000 S.800 9.000 0.300 0.490 0.450

erix = 0.05 *LIx , eriz = 0.05 *LIIz
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§ 5. EC-8_Greek Analysis and Time History Linear Type

The application of Time History analysis in SCADA Pro starts by defining the respective Analysis
Scenario:

Scenario n
Renumbering
Nodes | Cuthill-McKee(ll) v
[ |Disable Name
EC8_General Time History Linea :
= L
EC8_General Time History Non L Analysis | EC8_General
ECE_General Static (2) Type Time History Linear v
EC-8_Greek Time History Linear ( ]
Properties
Elements Nodes
Load Cases Masses
Mew Update
Exit
~
EC8_General Time History Linear (0 = u
. . ' Active Scenario Bun
Select the Active Scenario and press
Linear time-history analysis (Linear) n
Parameters Mass Centers (cm) hd
Automatic Procedure ~

Level X Y z

Procedure
) 0-0.00 0.00 000 0.00
Mass-Stiffness
1-300.00 0.00 30000 0.00
Time History

2 - 600.00 0.00 600.00 0.00
3 -900.00 0.00 900.00  0.00
4-120000 000 120000 000
5-1500.00 000 150000 000
6-1800.00 000 180000 000

Results File

The total procedure contains three steps:
= Definition of the analysis parameters
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= (Calculation of the masses and stiffness for all members

= Run dynamic analysis for the selected accelerograms

Steps 2 and three are operated either sequentially by pressing the buttons “Mass — Stiffness” and

“Time History”, or automatically by selecting the button "Automatic Procedure”.

The first step of the process before the analysis is to define its parameters.

FParameters
Press
EC8 Parameters - Linear time-history analysis (Linear) n
Analysis Type Direct Integration )| [Load Type
Accelerograms v Data
Eigenvalu 10 Toleranc  0.001 L
Accelerograms
Ox
File Browse
Units mfSec™2 v value |Fixed time step (sec) w | 001 View
v
File Browse
Units m/Sec™2 | ygjye Fixed time step (sec) v 0.01 View
[z
Eile Browse
Units mfSec™2 % | yg|ye |Fixed time step (sec) v/ 0.01 View
Damping (Rayleigh)
Damping Coefficients Excitation Duration
User Defined
Mass proportional (a) 30
T(sec) w(rad/sec)
0.22 Analysis Time
Fist |0 0 0 !
Stiffness proportional () 0.01
Second | 0 0 0
0.005
Damping Coefficient % 5
Nermalized inclination (a) of the second branch 0.1 e
First select Analysis Type between: Analysis Type
= Direct Integration and
=  Modal Eigenvalu 10 T

By selecting Modal you must determine the number of Eigenvalues to be taken into account in
the modal analysis as well as the calculations’

Analysis Type Modal W

0.001

Eigenvaluy 10 Toleranc
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Under "Accelerograms" the user can choose the directions of the seismic excitation, with the
possibility of choosing from one to three directions by activating the corresponding checkbox in
"Xll’ ||YII Or IIZII.

Then the user must import the corresponding record file of the seismic stimulation through

Browse

Accelerograms

[v]x
File C:\Athens 7 9 1999%Athens 7 9 1999 L.bxt Browse
Units cm/Sec™2 v | value  Fixed time step (sec) v | | 0.005 View
[v]¥
File C:\Athens_7_9_1999\Athens_7_9_1999_ V.t Browse
Units cmfSec”2 ™ | yalye Fixed time step (sec) v |00 View
vz
File C:\Athens 7 9 1999\Athens_7_9 1999 T.bd Browse
Units cmfSec”2 ™ | yalye Fixed time step (sec) v | | 0.005 View

This file must be in a .txt format containing a column with the values of ground acceleration for
each time step.

Units cmfSec™2 W

The user must also select the respective Units of the ground acceleration

. . Fixed time step (sec) w001
and the time step of the recording

If the imported file contains both seismic stimulation and time step, select
Define time and function

Define time and function

Fixed time step (sec) and the program will read the time step values.

Finally, it is also possible to display each accelerogram by using the "View" button.
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View accelerogram (g)

4 5 10 15 20 25 30 35 39

7816 / 39.075 (sec) / -0.25985,0.26360

Damping (Rayleigh)
User Defined v Damping Coefficients
Mass proportional (a)
T(sec)  w(rad/sec)

0.22
First 0 o o
Stiffness proportional (B)
Second | 0 0 0
0.005
3

Damping Coefficient %

In the "Damping Rayleigh" section the user must select the parameter values for the Rayleigh
registry.

More specifically the Damping Coefficient % must be defined, along with two modes that will be
imposed on this coefficient.

Using these parameters the program calculates the values of the Damping Coefficients (a) and
Stiffness proportional (b).

Excitation Duration Finally, the user must define the Excitation Duration and the Analysis Time
20 to be considered.

Analysis Time
0.01

It’s not necessary that the Analysis Time coincides with those of the accelerograms.

In case that the time step of the analysis is smaller than the Accelerograms’ step, the appropriate
value is derived from a linear interpolation between the nearest two points.

In case that the time step of the analysis is bigger than the Accelerograms steps, then the
structure will perform free oscillation for the remaining time.

After completing the input of the parameters, the user returns to the Run analysis window to
proceed to the next steps
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2. Results
N 4 ; . .
L = “Results” command group contains commands about the generation

Combinations Checks Seismic  of the load combinations, the design checks, the analysis results and

Force . )
Results the seismic forces.

2.1 Combinations

SCADA Pro contains all the combination files for all Static and Dynamic scenarios of Elastic and
Inelastic Analysis, as “Defalut Combinations”.

[] MName Date modified Type Size
| | eak-dyn.cmb 23/3/2010 1:27 pp CME File 55KB
| | eak-dyn-et.cmb 11,/1/2010 512 pp CME File 43 KB
| | eak-static.cmb 11/1/2010 5:17 pp CME File 33 KB
| | EcB-dyn.cmb 23/3/2010 1:22 pp CME File 42 KB
| ] EcB-dyn-cypr.cmb 23/3/20101:22 pp CME File 43 KB
| | Ec8-PushQver.cmb 13/5/201311:44 mp CMBE File TKB
Ec8-static.cmb 23/3/2010 1:21 CME File 53 KB
L] Hp
EcB-static-cypr.cmb 23/3/2010 1:21 CME File 33 KB
L ¥P Hu
ita-dyn.cmb 23/3/20101:09 CME File 43 KB
il HH
itaEc8-dyn.cmb 23/3/2010 1:18 CME File 43 KB
i Kl
itaEcd-static.cmb 23/3/2010 312 CME File 53 KB
Kl
ita-static.cmb 23/3/2010 1:06 CME File S3KB
HH
al-static.cmb 27/2/201811:35 CME File KB
P K
sbe-000.cmb 5/5/2017 4:35 CME File 91 KB
K
sbe-001.emb 5/5/2017 4:35 CME File 91 KB
HH
sbe-002.cmb /52017 4:15 CME File 91 KB
HE
sbc-003.cmb [5/2017 4:25 CME File 91 KB
K

Default combinations concern seismic scenarios. To create combinations of non-seismic
scenarios, you can use both automatic and manual mode.

Since you perform a seismic analysis scenario, its combinations are generated by the program
automatically. By selecting the command “Combinations” the window with the combinations of
the active seismic scenario opens.

You can achieve the same thing by selecting the command “Default combinations”, that is, the
program will import the combinations concerning the active seismic analysis scenario.
Predetermined combinations of the "executed" seismic analysis scenarios are automatically
recorded by the program.

§ For Linear Analysis

Combinations: creating load combinations for Post-Processor and Members Design as well.
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Load Groups Combinations n
Ultimate Serviceability
G 1.35 yE 1 YGE |1 uz o3 V] ZyG+yQ+IywoQ [v]z6+q+zypoq Calculation
w [1s yEo3 |03 ii:‘:ﬁ;?;q ig:;uqug:wzq pelete Al
Type Direction LC1 LC2 LC3 LC4 LC5 e ~

Scenario EC-8_Greek ... ﬂ EC-8_Greek ... ﬂ EC-8_Greek ... ﬂ EC-8_Greek ... ﬂ EC-8_Greek ... ﬂ EC-8,
Load Case 1 2 3 4 5 6

Load Type G ﬂ Q ﬂ Ex ﬂ Ez ﬂ Erx ﬂ Erx
Actions ﬂ Category A:.... ﬂ ﬂ ﬂ ﬂ
Description

Comb.:1 Ultimate Y1 No Y1135 1.50

Comb.:2 Ultimate T 1No ¥ 11.00 0.50

Comb.:3 Ultimate T | Dir. +X j 1.00 0.30 1.00 0.30 1.00

Comb.4 Ultimate ﬂ Dir. +X ﬂ 1.00 0.30 1.00 0.30 1.00

Comb.:5 Ultimate ﬂ Dir. +X ﬂ 1.00 0.30 1.00 -0.30 1.00

Comb.6 Ultimate ﬂ Dir. +X ﬂ 1.00 0.30 1.00 -0.30 1.00

Comb.:7 Ultimate ﬂ Dir. -X ﬂ 1.00 0.30 -1.00 0.30 -1.00

Comb.:8 Ultimate ﬂ Dir. -X j 1.00 0.30 -1.00 0.30 -1.00

Comb.:9 Ultimate > 1Dir. -X > 11.00 0.30 -1.00 -0.30 -1.00

Comb.10 Ultimate ﬂ Dir. -X ﬂ 1.00 0.30 -1.00 -0.30 -1.00 v

< I I >

Add Remave Read Save TXT Default Combinations Cancel

After running a scenario analysis, combinations are automatically generated by the program.
"Combinations" opens the table with the combinations of the active scenarios.

The same results are derived from the "Default Combination" button, which fills in the table

with the combinations of the active scenario analysis.

The default combinations of the executed analysis, are automatically saved by the program.
You can create your combinations without using the "Default", or add more loads of other
scenarios and calculate the new combinations either by modifying the defaults or deleting all

"Delete All" and typing other coefficients.

Load Groups Combinations

Ultimate Serviceability
e 1.35 v 1 YGE |1 w2 0.3 ] yGHyQ+Ewoq [v]ZG+Q+3y0Q Calculatic X
¥Q |15 g3 0.3 [V]z6+p10+7y2q [¥] 2G+p1Q+3y2q :
el Wind - Snow Delete All
[V 5G+E+Zyw2Q V] 5G+3w2Q

Furthermore, you can type the factors, select the combinations and then press ‘Calculation” to

fill in the table.

The tool “Load Groups Combinations” works like an Excel file offering possibilities like copy,
delete using Ctrl+C, Ctrl+V, Shift and right click.

§ Combinations for Wind-Snow

The tool “Laod Groups Combinations” works like an Excel file offering possibilities like copy,
delete using Ctrl+C, Ctrl+V, Shift and right click.
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Default combinations concern seismic scenarios. To create combinations of scenarios without
seismic loads you can use both automatic and manual mode.

‘é - The automatic mode:

requires that the automatic procedure for the calculation and distribution of loads of wind and
snow as well as the automatic creation of the loads and combinations (see Chapter 6) is already

done. RESULTS - LOAD ATTRIBUTION “
(G mem G,

| ‘. ¢ Load Attribution
| ql | o ” Wind Snow

o 20 180 270

__ Acci-
Parameters Edit  View Member Post-Processor Cpe_p+Cpi |3 7 1|15 Typical dental
v hd ¥  Correspondence Cpep-cpl |4 8 12|16 casei [19 | 22
Wind - Snow Loads
! Cpe_necpi |5 g 13 |[17 caseii |20 ||23
Cpe_n-Cpi | © 10 14 18 Case 21 24
I_Oad Case DEﬁnItlon H Total Load Deletion (Snow-Wind Loads)
D Self—weight | Wind Ul Cpe_p+Cpi v | Tnsert Load Attribution in Members(from Wind and Snow)
| (3 i
LC  S.W. Description & | [ Fezine
i Results
1 Yes Dead Load [¥]wind o Static Wind 0 (1) v
2 HNo  Live Load Delete [+]wind 90 Static Avepog 90 v
3 Mo Wind 0 Cpe_p+Cpi Loads [w]wind 180 Static Avepog 180 v
4 No Wind 0 Cpe_p-Cpi
pe_p P. [v]wind 270 Static Avepog 270 v
5 Mo Wind 0 Cpe_n+Cpi Delete All
_ | Typical 5 i 216
G Mo Wind 0 Cpe_n-Cpi Loads ypical Snowr Static Xidvi Tunik
7 No  Wind 0 Cpe_p+Cpi v [JAccidental Snow  |new Scenario
£ B T > 0K Analysis Scenario Creation

Concerning the above conditions, it is possible to automatically create wind and snow

combinations by using the command | /¥ind~ Snow

After running the seismic scenario and all the static scenarios of wind and snow, activate the
seismic scenario and choose the command "Combinations". The combinations of the active
seismic scenarios are completed automatically. To create automatically the combinations of all

wind and snow loads, press | "= SM9% | Automatically the coefficients of all wind and snow
scenarios will be filled, offering a complete loads combinations file. Press save to save the
file.

N

\Q - The manual way :

Except for the “Default Combinations,” you can add others with loads from other scenarios.
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Load Groups Combinations
allure EW\CEEE\ ;’
vG (135 vE |1 YGE i BGHQTwld  [FIZGQ-EwlQ Caic
V] EGep10+Zw20 [W] ZG+p1G=Ey2Q
va 15 03 9102w 10Ty
VEDS [ 2G+E+Tyw2Q #zG+Tw20 Delete Al
Kind Direction LC1 LC2 LC3 LC4 LCS LCE LA
Scenario EC-8 Gree.. j EC-8 Gree.. ﬂ EC-8 Gree.. ﬂ EC-8 Gree... ﬂ EC-8 Gree.. ﬂ EC-8 Gree.. j EC
Load Case 1 2 3 4 5 3 5
Type G ~la ~leo ~lep e e =~ Eyl
Actions E_ Categol Aﬂ ﬂ ﬂ ﬂ j
D ti
escriphion g Category A:Residential areas (0.70, 0.
E Category B:Office areas (0.70, 0.50, ()
E:D Ea:egory g:}S\P:easyvhe: peo(pole?Sogg_
- = = ategory D:Shepping Areas (0,70, 0.7
Comb.:1 Failure No J . Category E:Storage use areas (1.00, 0
Comb.2 L Category F:WEight<3[_JkN (0.70, 0.70
. Category G:30kN < Weight<160kN (0.7
Comb.3 anure —|Di Category H:Raofs (0.00, .00, 0.00) 1.00 030 0.3
Combad Failure _>|Dir.+Z EreD Snow 1000m+<H (0.70, 0.50, 0.20) 1.00 0.30 -0,
" ir. -Z Snow H<=1000m (0.50, 0.20, 0.00)
Comb.5 Failure TIUIL R —||EryD Wind (0.60, 0,20, 0.00) 1.00 -0.30 0.3
MULL e
Combuaf Failure 1 Dir. +X Ll T Temperature (0.60, 0.50, 0.00) 1.00 -0.30 -0.
Comb..7 Failure ~ | Dir. +X ~11.00 0.30 1.00 0.30 -1.00 0.30 0.3
Comb.8 Failure 1 Dir. +X >11.00 0.30 1.00 0.30 -1.00 030 -0.
Comb.9 Failure X1 Dir. +X x11.00 0.30 1.00 0.30 -1.00 -0.30 0.3
Comb.10 Failure j Dir. +X >i1.00 0.30 1.00 030 -1.00 -0.30 -0.
Comb.11 Failure j Dir. +X ri1.00 0.30 1.00 -0.30 1.00 -0.30 0.3
Comb.12 Failure j Dir. +X ri1.00 0.30 1.00 -0.30 1.00 -0.30 -0.
< i i >
Add Remove Read Save TXT Default Combinations Cancel

First type in the partial safety factors yG, yQ, yE, and check the Failure and Serviceability
equations you want to be considered.
Then fill in the “LC” columns:
= Select the previously created Scenario from the scenarios list.
= Select the Load Type between Dead, Live, Seismic, or Null. Null is selected for another
type of loads like Wind, Temperature, etc.

= To add to the “Default Combinations,” those of snow loads choose LC10, load case 1,
type Null, action Snow and “Calculate”.

s of the combinations file.

= |nthe Actions, line select the corresponding action from the list.
= |nthe Description line, you can type in a description. This is optional.

Calculation

Do the same thing for all Load Cases and then click . Combinations’ lines are filled

in with the appropriate coefficients automatically.

“Type” column indicates which type of limit state is examined through the defined
Failure

combination .

“Direction” column indicates in which direction the capacity of the structure will
be examined during the Capacity Design procedure for the specific combination.

Add Remove

buttons allow to add or remove lines and columns since they have
been selected, as in an excel file.

You always have to save the combination as a CMB file in the project’s folder. You will

need this file during “Post-Processor” and “Members Design”.
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Press Read to open a previously saved CMB file, or X 1o open a TXT file that contains

the load combinations.

§ For Nonlinear (Pushover) Analysis

Nonlinear analysis combination is a unique combination of Dead and Live loads. It is displayed
by Opening the “Combinations” when a Nonlinear Active Scenario

EC-3_Greek Monlinear (1) -
is activated.
Kind Direction LC1 Lc2 LC3 LC4 LCS LCE LCI

Scenario EC-8 Gree.. | EC-8 Gree.. *|EC-8 Gree.. |EC-8 Gree.. | EC-8 Gree.. *|EC-8 Gree.. =|EC
Load Case 1 2 0 0 0 0 0
Type G ~la ~le ~le ~le ~le ~lg
Actions ﬂ CategoryA...ﬂ ﬂ ﬂ ﬂ ﬂ
Description
Comb.:1 Failure j Mo j 110 0.30
Comb.:2 j j
Comb.:3 ﬂ ﬂ
Comb.:4 j j
Comb.:3 j j
Comb.:6 j j
Comb.:7 j j
Comb.8 ﬂ ﬂ
Comb.9 j j
Comb.:10 j j
Comb.11 ﬂ h
Comb.:12 j j W
< i i >

Afterwards, through the Parameters of the Inelastic analysis scenario

In the field “Seismic Load Combinations”
Seismic Load Combinations

Fx +k Fz Triangular Disribution
[1Fx -kFz Uniform Distribution
Fu +kFz
[ ]Fx-kFz [ Accdental Eccentricities Ex
Fz +kFx [ ] Accidental Eccentricities Ez
Fz-kF
-Fzz + kT:x [ ]Base Shear from Responce Spectrum
[]Fz-kFx Transverse Load Factor (k)

We define the combinations for which inelastic analyzes will be performed. Each combination
means that a seismic force will be applied along the specified direction (x or z) by a factor 1 as
well as a vertical seismic force in the vertical direction by a factor defined in the field “Transverse
Load Factor”.

!. The default value is 0.3.
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Moreover, we define the type of height distribution of seismic force (Triangular or Orthogonal).
KANEPE demands both types of seismic force distribution.

Also, in case we want, except for the seismic forces, the moments resulting from the accidental
eccentricities to be taken into consideration, then we activate the fields “Accidental eccentricities
Ex and EZ”.

Then, to design the reinforcement, you should define another combination as well as the
distribution, selecting the command “Checks” in the field “Analysis method for the Reinforcing
Model Design” (you can see §2.2 “Checks”)

Fix-+0.30%Fz - Triangular W

Fyx+0.30%Fz - Triangula
Fx+0,30%Fz - Triangular
Fz-+0.30%F % - Triangular
Fz+0.30%Fx - Triangular
Fx+0.30%Fz - Orthoganal
Fx+0.30%Fz - Orthogonal
Fz+01,30%F % - Orthoganal
Fz+0.30%Fx - Orthogonal
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2.2 Checks
§ For Linear Analysis

Angular Disartion % i <= | 0,005

[ min WallLength (@m) >= || 200 |

Press “Checks” and in the dialog box: Cotorm [t Wy V2 |~
- Type in the minimum length for defining the walls and ! L i~
click the corresponding button, 1: i ,'; F
- set limits on the mass and the stiffness considering the 2 4 C -
regularity conditions of the building, ?1 ; F E
- press “OK”. 97 C
12 8 -

. . . . 4 9 -
Automatically a TXT file opens, that contains design check’s results = 5 eEEEC
according to the “active scenarios”: [ aga | [ ceam |

n Regularity ::::ﬁ?ﬁ]ess Limits e

= Second Order effects Reducs[0.5 | Reduct |05 |
= |nterstory Drift Limitation Increast 0.35|  Tnorease 0.35
= |nterstory Drift sensitivity coefficient © I S

= Walls Shear Force ratio nv,z WS T

= Seismic joint’s calculation [ ok || o |

File Edit View Insert Format Help

D[] SR 4| |=l@]-| B

CHECKS REPORT ACCORDING TC THE MANIN DIRECTIONS OF THE EUILDING 2
SIMPLIFIED STATIC ANALYSIS (ECE)

Check for mass and stiff.differences per build.level (par.4.2.3.3.)

* *
n/n Total Tot.Mass | Total Stifness 1 Differneces Mass - Stifness
Level Heig(M) EN/g | Ki®*10"3 (ENM) | (Mi+1-Mi)/Mi - (Ei+1-Ki)/Ki
*e (Ki-X) ——%—— (Ki-Z) ——*—— (AMi) ——*— (AKi-X) —*—— (AKi-Z) ———
1 4.500 483.063| 10808.770| 12329.805] 1 1
2 7.750 472.885| 10808.770| 12329.805|red 0.02|inc. 0.00]|ine. 0.00
3 11.000 321.950| 10808.770| 12329.805|red 0.31|inc. 0.00]linc. 0.00
® ®
Masses : The increase must be <=0.35 - The reduction must be <=0.50
Stifness : Increase must be <=0.35 - Reduction must be <=0.50

Check satisfy the regular.in elevation criteria

Center Weight - Center of Stiff
*

= =
n/n Total 1 CENTER WEIGHT 1 CENTER OF STIFF | Distance
Level Height (m) | X Coor.im) Z Coor.(m) | X Coor.(m) Z Coor.(m) | C.W-C.5(m)
= = =
1 4.500 1 17.4136 &.3322 1 16.8076 6.9811 | 0.8%1%
2 7.750 1 17.4230 6.3216 1 16.3556 6.6830 | 1.12&%
3 11.000 1 17.5070 &.4098 1 15.9014 &6.4230 | 1.80587
=
Walls Shear Force Par. 5.1.2. Reference Lewvel: 0 0.000 (m)
*
n/n | Walls Shear/Total Shear = nvx | Walls Shear/Total Shear = nvz
Level | (En) (En) 1 (En) (En)
*
1 ®=%%| 3- 0.000 1310.019 0.00 NO |35- 0.000 1310.329 0.00 HOC
2 I 3- 0.000 1006.894 0.00 NO |35- 0.000 1136.063 0.00 HNO
3 I 3- 0.000 649,932 Q.00 HO |35- 0.000 639.961 0.00 HO w
For Help, press F1 MNUM él
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The precondition in order the checks of Inelastic Analyzes to open is that since the analysis is
over, select the command Mass Distribution so as the window Report opens and then press the

button | Graph - Checks Creation for Output |

Checks

1 Fx+0.30Fz - Triangular
9 ~Fx+0.30"Fz - Triangular
17 F2+0.30"Fx - Tnangular
25 +Fz2+0.30%x - Triangular

Analysis Type - Distribution

101 Fx+0.30"Fz - Orthogonal
109 «Fx+0.30"Fz - Orthogonal
117 F2+0.30"Fx - Orthogonal
125 -F2+0.30"Fx - Orthogonal

[Jindude Total Table in Output
Analysis Method for the Reinforcing Method Design

DL

BCT BCTBC

8 5
8 38
90 48
™35
85 R
8 4
9 8
81 35

S0 NC

1351151602
12100 0 00
13300 000
1400 000
13706 6 00
nN7oo 000 0
40123 4028 28
1600 000 0

O O ©O O N -

Print

Yes
Yes
Yes

Yes

Fx+0.30°Fz - Triangular

v| [ ok

The table above contains the total number of beams (B) and columns (C) which have lower
capacity than the demanded. For each pushover and each LS. The symbol “T” means total.

Print

Include Total Table in Output

to consider all of them.
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Diplay Checks
The play button opens the TXT file that contains all members’

capacity regarding deformation for the pushover analysis with a “YES” indicator in the “Print”
column:

|1 Fx+0.30°Fz- Triangular (84 51 135/1/15|16/0 2 2 |

File Edit View Insert Format Help

Dl=(d S/ S|

HMEMBER CAPACITIES IN DEFORMATION TERMS

Analysis Type - Distribution : Fx+0.30%Fz - Triangular (1)

Target Dispacements: Damage Limitation (DL} .052 (m)
Severe Damage 057 (m)
Hear Collapse 062 (m)

Beams (Fx+0.30%Fz - Triangular) (1)

|Damage Limitation | Sewvere Damage | Hear Collapse
| (DL) | (5D) | (HC)
Memb. Node |y=d*6=d|epl/yrd| |y=d*8=d|6pl/yrd| | yed*8sd|6pl,/yrd|
—-+t-——— t t———
00000]0.00000|Ye=|0.00000]0.01117|¥e=|0.00000(10.02234|Yes
210.00011|0.00000|No |0.00007]0.01367|¥es|0.00007|0.02734|Yes
2]10.00000|0.00000|Yes|0.00000]0.01329|¥es|0.00000|0.02658|Yes
3]10.00000|0.00000|Yes|0.00000]0.01093|¥es|0.00000|0.02186|Yes
1|0.00000|0.00000|Yes|0.00000]0.01032|¥es|0.00000|0.02064|Yes
13]0.00000|0.00000|Yes|0.00000]0.01243|Ye=|0.00000]|0.02485|Yes
13]0.00000|0.00000|Yes|0.00000]0.01058|Ye=|0.00000]0.02115|Yes
14]|0.00000|0.00000|¥Yes=s|0.00000]0.00991|Ye=|0.00000(0.01981|Yes
14|0.00000|0.00000|Yes|0.00000]0.01048|Ye=|0.00000(0.02097|Yes
810.00000|0.00000|No |0.00001]0.00944|¥es|0.00001|0.01887|Yes
51 15]|0.00000|0.00000|Yes|0.00000]0.01240|¥es|0.00000(0.02481|Yes
7]0.00000|0.00000|Yes|0.00000]0.01344|¥es|0.00000|0.02687|Yes
52 8]0.00000|0.00000|Yes|0.00000]0.01157 |¥es|0.00000|0.02315|Yes
7]0.00041|0.00000|No |0.00025]|0.00917|¥e=|0.00031|0.01835|Yes
53 7]0.00000|0.00000|Ye=|0.00000]0.01059|¥e=|0.00000(0.02117|Yes
10]0.00000|0.00000|¥Yes|0.00000]0.00904|Ye=|0.00000(0.01808|Yes
54 10]0.00000|0.00000|Yes|0.00000]0.01347|Y¥e=|0.00000(0.02694|Yes
11]0.00000|0.00000|Yes|0.00000]0.01347|¥es|0.00000(0.02694|Yes
55 11]0.00000|0.00000|Yes|0.00000]0.00904|¥e=s|0.00000(0.01808|Yes
910.00000|0.00000|Yes|0.00000]0.00992 |¥es|0.00000|0.01983 |Yes
58 9]10.00000|0.00000|Yes|0.00000]0.01075|¥es|0.00000|0.02151|Yes
6]|0.00000|0.00000|Ye=|0.00000]0.01367 |¥es|0.00000|0.02734|Yes
a7 00000]|0.00000|Ye=s|0.00000]0.01261|¥Yes|0.00000(10.02523|Yes
00000]0.00000|Ye=s|0.00000]0.01140|¥e=|0.00000(0.02280|Yes
58 00000]0.00000|Ye=s|0.00000]0.01243|¥e=|0.00000(0.02485|Yes

For Help, press F1

At the bottom of the file, the Shear Resistance Check appears only for members that fail in shear.
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SHEAR RESISTANCE CHECK

Beams (Fx+0.30%Fz - Triangular ) (1)

|Elem. NHode | Vrd,s |Vrd,max | Vr | Ved | Ratio |A - DL|B - SD|T - NC|
| + + + + + + + +
Columns (Fx+0.30%Fz - Triangular) (1)

|Elem. Node | Vrd,s |Vrd,max | Vr | Ved | Ratio |A - DL|B - SD|T - NC|
| + + + + + + + +

| 4 42|y:1369.81| 2227.03| 171.52| 171.71] 1.0011] |

| 5|y:1369.81| 2227.03| 171.51] 171.71] 1.0011] |

| 18 56|y: 276.60| 128.48| 251.99] 2.68| 0.0209] NO | NO | NO |

| 19|y: 276.60|] 128.48| 254.75| 2.68| 0.0209] NO | NO | NO |

| 38 lly: 276.60] 128.48| 284.94| 54.80| 0.4265|] NO | NO | NO |

| S56|y: 276.60| 128.48| 286.33| 54.80| 0.4265| NO | NO | NO |

SCADA Pro”

Structural Analysis & Design

At the end of this file and if the parameters of the Masonry Infills scenarios are active, the
checkbox/displays the results of masonry infills capacities in deformation terms for each infill
element.

For tensioned members, results are not displayed because these effects are not taken into
account in the project’s model.

|MASONRY INFILLS CAPACITIES IN DEFOCRMATION TERHSl

|Damage Limitation

| Severe Damage

| Near Collapse

| (DL) | (SD) | (NC)
Member |ysd*ef | ey | |ysd*ef | eu/yrd| |vsd*ef | Eu |
121 Comp.|0.00440|0.00150|No |0.00493|0.00269|No |0.00534|0.00350|No |
122 Tens.| | | | | | | I
123 Comp.|0.00262|0.00150|No |0.00278|0.00269|No |0.00291|0.00350|Yes=|
124 Tens.| | | | | | | I
125 Comp.|0.00426|0.00150|No |0.00474|0.00269|No |0.00511|0.00350|No |
126 Tens.| | | | | | | I
127 Comp.|0.00291|0.00150|No |0.00306]0.00269|No |0.00317]|0.00350|Yes|
128 Tens.| | | | | | | I

Check MindudeTotadTablemOuteut 1 jnclude the table in the print output.

Checks document help you to assess in which Pushover analysis, the structural elements
present lower capacity than the one defined in the considered LS, i.e. it can be easily
observed in which Pushover analysis, the defined performance level is not satisfied. In
such case, the structure must be strengthened, for example through the reinforcement
of some structural elements, and be redesigned.
First select from the list the analysis, which indicates the redesign of the existing
structure.

Analysis Method for the Reinforcing Method Design
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Fx-+0. 30%Fz - Triangular W

Fx-+0. 30%Fz - Triangular
Fu+0.30%Fz - Triangular
Fz+0.30%Fx - Triangular
Fz+0.30%Fx - Triangular
Fix-+0.30%Fz - Orthogonal
+Fu+0.30%Fz - Orthogonal
Fz+0.30%Fx - Orthogonal
Fz+0.30%Fx - Qrthogonal

. The Interventions procedure is explained in “Members Design” chapter.

. In both processes of evaluation and intervention, no elements with lack of structural
integrity must be met for any analysis type of the considered Limit State.

Internal F ) -
Press the st rorees command to open the txt file containing:

= NODE DISPLACEMENTS AND ROTATIONS
= MEMBER INTERNAL FORCES
= BEAMS ACTIVE STIFFNESS

File Edit View Inset Format Help

D\ SR o o=@ B

| NODE DISPLACEMENTS / ROTATIONS |

Node |Num DISPLACEMENTS | ROTATIONS

Numb. |L.| dx (mm) dy (mm) dz (mm) | rx(rad) ry(rad) rz (rad)

----- I==1 | | I | 1
1] | 0.000E+000| 0.000E+00
2| | 2.409E-001]|-3.605E-00 | MEMBERS INTERN.FORCES
3| | 1.919E-001]|-4.364E-00 .
s| | 2.454E-001]-2.222E-00 Memb. |Numb. |S./E. |Axial | Shear | Shear | Tors. | Bend. | Bend.
61 | 2.185E-001|-2.399E_0p| NUm- |Toad INode | N(KN) | QY(KN) | QZ(KN) | MX(KNM)| MY (KNM)| MZ(KNM)
7] | 2.448E-001|-1.188E-00] ~—  _ === |- | | - ! ! | | -
o | zaseoorjssworool Ml 1 3% LSS 3esi 509 002 308 3.9
¢l | 2.187E-001]-1.775E-00 2] | 40] 30:1-“ 2:76| —2:2 BEAMS ACTIVE STIFFNESS
10| | 1.919E-001|-1.125E-00 -
11| | 1.919E-001]|-3.436E-00 | ! sl -54.831 -2.761 e ) )
121 | 2.442F-001|-2.567E-00 4) | 421  419.61) 11.34] -3.6] |Member |Plastic Hinge| K (along ¥) | X (along Z) |
13| | 1.919E-001|-4.018E-00 1 1 5| -385.86] -11.34] 3.6 |Num. | Start| End | KNm2 1 Klm2 1
1411 2.1898-001 -3, 869800 5: : 42: :Z;.::: g.ig: 735 Iﬁﬁ;;ili;iﬁli;iﬁl 10156.94561 | 10156.94561 |
161 1 2.287E-001|-7.357E-00 3] | 4q) 143:;5| 1.8 1.1 : 45 : N: : N: : 13278.84313 : 1327824313 :
18| | 2.190E-001|-5.743E-00
18| | 4.873E-001|-7.210E-00 7| 1 4:rfll fégz-gfl ;-gfl i'l 1 46 | No | No | 13008.70413 | 13008.70413 |
oSSR L e e ) niw g s | |
21| | 5.693E-001|-3.467E-00 . . .
22| | 6.682E-001|-1.812E-00 8 | 461  216.71] -0.24] 0.4 | 49 | No | No | 14494.69739 | 14494.69739 |
231 | 5.6325-001|-2.8195-00 5| | i_9!| 712?;? 2':' fg;: 1 S0 | No | No | 12916.76626 | 12916.76626 |
e L R L B I N E s Rt
2311 4.705E-0011-1.5258-00 10] | 48] 409.39) 1.08 -4.8 S4 | No | No | 12556.14660 | 12556.14660 |
281 | 2.708E-001 -4, 8785700 1 | 11] -387.79] -1.08 4.8 | S5 | Ne | Ne | 12182.65800 | 12182.65800 |
27| | 6.682E-001|-6.830E-00 - ° °
221 | £.708E-001|-5.881E-00 11 | 42| s40.38) -3.72] 1.7 | 56 | No | No | 13296.10827 | 13296.10827 |
251 | 5.750E_001|-5.161E00 1 | 12| -518.98] 3.72| -1.7 57 | No | Ne | 13593.5076€ | 13593.50766€ |
300 | 5.7162-001|-2. 808500 12 | 501 476.92) z.18 3.3 | € | No | No | 9655.59400 | 9655.59400 |
310 | 1.2128:000|-3.457500 1 | 13| -455.32) -2.18] -3.3 | 59 | No | No | 12594.92481 | 12594.92481 |
321 | 9.861E-001-3.862E-00 13) | iqll :;;2? —i.:? g 1 60 | No | No | 10156.94561 | 10156.94561 |
3| L208E0001-S.41E00) 0 L G TISTC 0T Jold | 62 i Me | Me | 13a08.70415 | 1900870813 |
2411 784587000175, 267500 1 | 161 -81.54] 0.01] 6.8 | 63 | No | No | 10156.94561 | 10156.84561 |
351 | 1.208E+000|-7.358E-00 17| | 51 ese.73 0.10] ¢l 1 64 | No | No | 18160.65744 | 18160.65744 |
36| | 7.645E-001|-7.048E-00 ° N o 0.2 0.2
370 | 9.887E-001]-5.924E-00 N | 18] -829.45) -0.101 8.8 1 65 | No | No | 13778.78915 | 13778.78915 |
381 | 9.912E-001]-1.015E+00 8| 1 igl :iz.azl —Z.:g| —:Z.: 1 €6 | No | No | 12870.37008 | 12870.37008 |
e N e B A e vl
401 | 0.000E+000] 0.000E+00 | | 20] -183.18] -11.43) 10.2) | 6; | No | No | 11301.3;931 | 12301.3;931 |
211 0.000E+0001 0.0002+00 20| 1 6]  406.21| -4.43) -0.3 | 70 | No | No | 11549.68037 | 11549.68037 |
431 1 0.000E+000| 0.000E+00 1 | 21 -368.24] 4,43 0.1 1 71 | No | No | 1325610827 1 13236.10827 1
44| | 0.000E+000| 0.000E+00 . .
ToL L LTLIioTIII ITIIIITIT 211 1 71 73.591 -7.741 -7.7 1 72 | No | No | 13593.46722 | 13593.46722 |

For Help, press F1 1 | 22] -57.39) 7.74| 7.7 1 73 | No | No | 14997.88577 | 14997.88577 |
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Moreover, through the window Report, the button

SCADA Pro”

Structural Analysis & Design

2.3 Seismic Force:

Seismic Action of Scenarios Of seismic elastic Static analyzes

SCENARIO : 0 — DATA AND RESULTS OF SEISMIC FORCE

DATA FILE LOAD CASES

RESULTS FILE — INTERNAL FORCES

SEISMIC ACTION ALONG THE MAIN DIRECTIONS OF THE BUILDING
Calculations Parameters

Fundamental Periods (Proximity Type)

Height Distribution Of Seismic Force (Shear-Moment)

Seismic Action of seismic inelastic analyzes

SCENARIO : 0 — DATA AND RESULTS OF SEISMIC FORCE
DATA FILE LOAD CASES

RESULTS FILE — INTERNAL FORCES

SEISMIC ACTION ALONG THE MAIN DIRECTIONS OF THE BUILDING
Calculations Parameters

Fundamental Periods (Modal Resp.Spect.analysis)
Eigenvalues Participation Factors

Mass Participation Factors / Direction

Active Modal Masses

Acceleration Response Spectrum Matrix Values

Limit States - Elastic Response Spectra

Internal Forces

Press the command to open the txt file containing:

NODE DISPLACEMENTS AND ROTATIONS
MEMBER INTERNAL FORCES
BEAMS ACTIVE STIFFNESS
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File Edit View Inset Format Help

Dal sl & |- | B

For Help, press F1

Node |Num
Numb. |L. |

| NODE DISPLACEMENTS / ROTATICNS |

DISPLACEMENTS

dx (mm) dy (mm)

0.000E+000| 0.000E+00!
2.409E-001|-3.605E-00.
1.919E-001|-4.964E-00.
2.454E-001|-2.222E-00
2.183E-001|-2.399E-00
2.448E-001|-1.188E-00
2.448E-001|-3.310E-00
2.187E-001|-1.775E-00
1.919E-001]|-1.125E-00.
1.919E-001|-3.436E-00
2.448E-001|-4.567E-00
1.919E-001|-4.018E-00
2.199E-001|-3.669E-00.
2.187E-001|-7.357E-00.
2.190E-001]|-5.743E-00
4.873E-001|-7.210E-00.
6.703E-001|-3.074E-00
5.693E-001|-3.467E-00
6.682E-001|-1.612E-00
6.682E-001|-4.813E-00.
5.707E-001]|-2.414E-00
4.705E-001]|-1.525E-00.
4.705E-001|-4.978E-00
6.682E-001|-6.830E-00
4.705E-001|-5.991E-00
5.750E-001|-5.161E-00
5.716E-001|-8.609E-00
1.212E+000|-3.457E-00
9.861E-001|-3.862E-00
1.208E+000|-5.411E-00
7.645E-001]-5.567E-00
1.208E+000|-7.958E-00
7.645E-001]-7.048E-00
9.987E-001|-5.924E-00
9.912E-001]-1.015E+00
0.000E+000| 0.000E+00!
0.000E+000| 0.000E+00
0.000E+000| 0.000E+00!
0.000E+000| 0.000E+00!
0.000E+000| 0.000E+00!

| ROTATIONS
dz (mm) | rx (rad) ry(rad) rz (rad)
| | 1
| MEMBERS INTERN.FORCES
Memb. |Numb. |5./E. |Axial | Shear | Shear | Tors. | Bend. | Bend.
Num. |Load |Node | N(KN) I QY(KN) | QZ(KN) | MX(KNM)| MY(KNM)| MZ(KNM)
————— (B | I I 1 1
1] | 391 131.56] 3.85] 9.09] -0.02] -34.04]| 3.98
1 ] 2] -77.56] -3.85] -8.081 0.021 -2_331 143
2] 1 40] 20.14| 2.76] BEAMS ACTIVE STIFFNESS
1 I 3] -54.83) -2.76]
4] | 42]  419.61] 11.34] |Plastic Hinge| K (along ¥) | K (along 2) |
1 1 5] -385.86] -11.34| | Start| End | kNm2 1 KNm2 1
5] | 431  &77.4§6] 0.50] P—— P—— 1 1 1
1 1 6] -626.83] -0.50] | No | No | 10156.94561 | 10156.94561 |
] | 44]  148.65] -1.89] | No | No | 13278.84313 | 13278.84313 |
1 | 7] -127.05] 1.89] | No | No | 13008.70413 | 13008.70413 |
71 | 45] 3%4.78) -2.08] | No | No | 10156.94561 | 10156.94561 |
1 | 8] -373.18] 2.08] | No | No | 18160.65744 | 18160.65744 |
8] | 461  216.71] -0.24] | No | No | 14494.639739 | 14494.68739 |
1 | 9] -195.11) 0.24] | No | No | 12916.76626 | 12916.76626 |
Ell | 471 141.31) 1.86] | No | No | 12870.37008 | 12870.37008 |
1 1 10] -119.71] -1.86] | No | No | 18171.38223 | 18171.38223 |
101 | 48]  408.39] 1.08] | No | No | 12556.14660 | 12556.14660 |
1 | 11] -387.79] -1.08] | No | No | 12182.65800 | 12182.65800 |
11 | 49] s40.38] -3.72] | No | No | 13296.10827 | 13296.10827 |
1 | 12] -s18.3%8] 3.72] | No | No | 13593.50766 | 13593.50766 |
12] | s0] 476.92] 2.18] | No | No | 9655.59400 | 9655.59400 |
1 | 13] -455.32] -2.18] | No | No | 12594.92481 | 12584.92481 |
13 | 51|  477.26] -5.41] | No | No | 10156.94561 | 10156.94561 |
1 | 14] -453.64| 5.41] | No | No | 13278.84313 | 13278.84313 |
15] | 53] 105.16] -0.01] | No | No | 13008.70413 | 13008.70413 |
1 | 161 -81.54] 0.01] | No | No | 10156.94561 | 10156.94561 |
17] | 551 B856.79] 0.10] | No | No | 18160.65744 | 18160.65744 |
1 | 18] -829.45] -0.10] | No | No | 13778.78915 | 13778.78915 |
18] | 561 417.39] -7.80] | No | No | 12870.37008 | 12870.37008 |
1 | 19] =-278.18] 7.80] | No | No | 11106.18213 | 11106.18213 |
19 ] 5]  218.50] 11.43] | No | No | 18171.38223 | 18171.38223 |
1 | 20] -183.18] -11.43] | No | No | 11301.87931 | 11301.87931 |
201 ] 6]  406.21] -4.43] | No | No | 11549.68037 | 11549.68037 |
1 | 21] -368.24| 4.43] | No | No | 13296.10827 | 13296.10827 |
21) 1 71 73.59] -7.74] | No | No | 13593.46722 | 13593.46722 |
1 | 221 -57.39] 7.74] | No | No | 14997.88577 | 14997.88577 |
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Structural Analysis & Design

3. VIEW
-1 1 L
i ¥ EEEPE R OROEE
e X z i e
Mass Mass Centers Bending Bending Shear Shear Seismic Forces Seismic Forces Po Centers Po - CM
Distribution  Deviation  Stiffness X Stiffness Z Stiffness X Stiffness £ Distribution X Distribution £ Deviation Deviation

View

“View” command group is used in a different way for Linear and Nonlinear Scenarios.

§ For Linear Analysis

For Linear Scenarios: the commands are used so as the user reviews the data in the following
drop-down list.

Mass Distribution

Mass Distribution

Mass Centers Deviation
Bending Stiffness X ~10-3
Bending Stiffness £ ~10-3
Shear Stiffness X "10-3
Shear Stiffness £ 710-3
Seismic Forces Distribution X
ISeismic Forces Distibution £

By each selection, the diagram with the corresponding title opens.

i 1 18001 0243 pyREEEmEnn
Eadt 1ses s 1500 = 0.00 Py
i i 12.00-2=bocdzbes L oo SyNEEEREEE
T ] 8.00-1=5t=ra1 s o
o K B0t e Ll
i i 30055t NSNS T
KNm ﬂ([,'.”.;' """ LA oum) grnwnl:r ,,,,,, =4
0.00% wasanas: = L. -4
sk 1500+ 0.00 P Y
T 1200215 rmmdenes 00 RREEESS g
aiE 900 o 0.00 5 oo p
r 6.00- 1+t gmro 0.00 o T .
i 3.00--rmoae e 0.00 - Iy
. iy = vam) | i E A
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§ For Nonlinear (Pushover) Analysis

For Nonlinear (Pushover) Scenarios:
Select one of the "View" commands (for example "Mass Distribution"). The depiction of the
structure changes and the corresponding dialog box opens:

I

|Tr|angular v‘ |Fx+0‘30‘5=z v|
Parameters
Step Vb)) (A) \—I:
Successional Display of DL
v
O the Plastic Hinges
T -
83
oe ||| copacty Curve vl
=000 | VbikN)
4750
4500 Pt
4250 ey
4000 s
750
3500 ’,’
3250
] 3000
2750
2500 ‘.1,’
2280
2000 &
1750 &
1500 i
1250 f
1000
0| H
w0 |/
250 Jx{m
g g ] = =
= = 5 5 =
Graph - Checks Creation for Output
< >

1 It'sanew tool used for the presentation of the capacity curve of all Pushover analyses and
the corresponding view of the deformed and undeformed shape of the structure in each step.
In the top of the window select one of the previously defined distributions

v

Triangular

Fx+0.30%Fz
Fz+0.30%Fx%

and a load combination |Fz+2.30%Fx

The list contains the steps of the selected nonlinear analysis.

[Tangulr v [P0 V] Each step provides the corresponding shear value
step Vo) () _ [Peemee= 1 \b(kN) and the A load factor, while the following data
DSuccesslonal Display of
the Plastic Hinges

0. )
2, 250,40581 (1.96507) v
5. 270.06343 (0. 18528)
4. 374,40096 (0.59937)
5. 396.80721 (0.21461)

can be shown graphically:

B e | §  Capacity Curve
3. 450.33169 (0.09223) . .
. 557.35572 (0.83411) 8 Idealized Capacity Curve

10. 640.23870 (0. 78909)
11. 551.54392 (0. 10828) .
12, 665, 17321 (0. 13054) § Target Displacement
13. B17.37946 (1.45787)
14. 822.87042 (0.05259)
15. 837.11834 (0. 13647)
16. B33.55086 (0. 44474)
17. 918.58367 {0.33651) S — ——
18. 926.62514 (0.07607) L dpaCTy LUrve W
19. 997.21076 (0.67609)

20. 1163.37178 {1.59153)
21. 1206.93775 (0.41729)

22. 1244.18182 (0.35673, i ]
e e Ideallzed_ Capadty Curve
23. 1264.49404 (0. 16358) Target Displacement

25. 1264.53895 (0.00043) x(rny

26. 1310.44560 (0.43971)
27, 1317.28069 (0.06547)
28, 131766863 (0.00372)
29, 1319.18335 (0.01451) ks Creation for Output |
30, 1324,95729 (0.05530
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§ 1.Capacity Curve

The capacity curve represents the nonlinear relationship between the base-shear force and the
displacement of the control (Check) node.

The points depicted in the capacity curve are the “Steps” of the pushover analysis. The selected
step is displayed with pink color and represents the time of a plastic hinge creation.

. Approaching the mouse to the points of the steps the indication of the step’s number
and the corresponding values of Vb and Ux is displayed.

, [Vbi{kN)
325

=k
2Th
e

LR

E

il

s 13: 156,192, 0.0376 }

150

]

Ux(m)
o = = =] = =
w0 a w0 a w =] w0 % 5.; o
= = = = & = =
= = o = o = = =

Chedk

In MNode you can change the check node and derive the results for a different check

node, without repeating the analysis. The results’ presentation is automatically updated.

§ 2.ldealized Capacity Curve

It is the linearized capacity curve by the procedure given in Annex B of EN 1998-1. The idealized
elasto-plastic force- displacement’s relationship is calculated.
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Vb*(kH)
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Parameters

The button

is used in the definition of the parameters on how to make the capacity

curve bilinear. This bilinear curve is necessary in order the slopes of its two branches to be used
to calculate the period and the corresponding spectral acceleration.

§ 3.Target Displacement

The target displacement of the check node, for the tree different Limit States, is determined
according to the Displacement Coefficient Method given in Annex B of EN 1998-1.
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. Approaching the mouse to the points, the values for the three target displacements are
displayed, one for each level of performance and the corresponding shear to the check

node.
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Spectrum is similar to the Spectrum command explained in the section regarding the

parameters of the scenario. Note that these parameters are considered in the calculation of the
target displacement related to the seismic demand and not to the structural capacity. For that
reason, these parameters are irrelevant to the capacity curve and so they can be defined or
modified before or after the implementation of the analysis procedure.

In Parameters select the method for the derivation of the capacity curve (“Idealization Method”)
between the two methods proposed in Annex B of EN 1998-1.

ECE Parameters

Idealization Method of the SDOF system

Equal Areas Calculation W

Formula B.6 EC& AMMNEX B

Equal Areas Caloulation

] Target Displacement Calculation with
Iterative Procedure(ECE AMMEX B. 5)

Carcl

Target Displacement Caloulation with
Activate — Iterative Procedure(EC3 ANNEX B.5) and the program uses the lterative
Procedure proposed in EC8 for the calculation of the target displacement.

§ Representation of the structure

The deformed shape of the structure as well as the location of the plastic hinges, formed in the
edges of the structural elements for each step, are depicted in real time.
There are two methods:

1. Select the step from the list

Step Vb (A)
| v/

and you will see the corresponding deformed shape of the structure
in the selected step and the location of the plastic hinges.

The undeformed shape of the structure is displayed along with the deformed one, in gray and
red color respectively.

Colored dots indicate the edges with the plastic hinges and the different colors refer to the
damage levels.
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According to the chord rotation of the plastic hinges, dots have three different colors:

- Blue color, when the chord rotation is less than the (Bum — 8y)/2yRd value.
- Yellow color, when the chord rotation is between the (Bum — 0y)/2yRd and (Bum - By) values.
- Red color, when the cord rotation is more than the (Bum — 8y) value.

2. Otherwise, select the first step and press to see the structure’s motion and the plastic

hinges’ formation. Press to stop it. You can have the same effect by clicking on a “step” in
the list and turning the mouse wheel.

ADL |, B30 I, and E | buttons gives you the deformed shape of the structure for the three
Limit States. This means that the structure is displayed on the step, on which the deformation
of the check node is equal to the corresponding target displacement.

The check points on the curve correspond to the three LS:

i : blue

B-5D
:yellow

ﬂ:red
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Step Vb(kN) (A)

the Plastic Hinges

Check

Node e

urvel

60, 1712,66460 (0.02529) v DSumEo"al Display of
Fapacity Curve

Vb{kN

0.5

‘ Triangular

v| ‘Fx+0‘30‘Fz

Step Vb(kN) (A)

o

the Plastic Hinges
Check

Node

003
0.10
015

‘ Triar

ngular vl | Fx+0,30%Fz

0.

Chedk
Node

step Vo) () e
= == Successional Display of
e Pt s

1712.66450 (0.02529) w

E | Target Displacement

Vb(kN;

003
0.15
047

Graph - Checks Creation for Output
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- The graphics are generated per distribution (Rectangular, Triangular) and seismic combination.

- By choosing a type of distribution and seismic combination from the list,
the steps of this inelastic analysis for each step, the Shear
Load Step of Vb (kN) Vb(kN) A load factor and the corresponding minimum (\) factor
| V| are displayed. The corresponding point is also marked on the
capacity curve, in pink

At the bottom side of the window
| Graph - Checks Creation for Cutput II Internal Forces |

Member’s Moment - Rotation Diagram

=  The selection of

Graph - Checks Creation for Output command is necessary for the syntax of the

documents, which contain the graphs and the design checks of the project, as well as any
updates in case of modifications.

Internal Forces ' L.
=  Press command to open the txt file containing:

NODE DISPLACEMENTS AND ROTATIONS
MEMBER INTERNAL FORCES
BEAMS ACTIVE STIFFNESS

= The selection of the

Member’'s Moment - Rotation Diagram command

displays the member’s moment-rotation diagram per member (start-end) as well as direction.

§ Member’'s Moment-Rotation Diagram

Selecting/command and pointing by left clicking a beam or column member, the member’s
moment-rotation diagram is displayed per member (start-end) as well as direction for the

selected distribution.
Report

| Tpiyowvikrn o | | Fx+0.30%Fz v |

. A prerequisite to display the member’s moment-rotation diagram is that the checks have
already be done, that is, the command

Graph - Checks Creation for Qutput has been selected
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Member's Moment-Rotation Diagram *
Member 28 Direction Exit
Start
A B r
B:10.08 o
r:2016
E
= 2B A4
= 10 20
=
47426
r B A
B:-1412
Bpl (x104.3 rad) ¥ :-28.£9
Téhog
A B r
B:11.39 L ' s
r:22.79 ' .
peA = 1,00 ; .
peB = 4,57 [2.05] . :
will = 5,88 [5.10] :
= 1 0
L)
% 26 413 ;
= 11 23
= 11.80
2T.19
472,63
r B A
B:-12.89
Bpl (x104.3 rad) ¥ - 2078

This diagram is based on the following assumptions:

e The calculation of moment My is made according to the relation (A.6) of the Kanepe’s annex
7A.

e The value of My is different for each step due to the axial force that is implicated in its
calculation.
For this diagram, however, a fixed value was used and is the one derived from the axial
force of the vertical loads.

e Two values of My (positive and negative) are calculated and two areas with the (different)

limits for the performance levels are designed respectively.

For columns, due to symmetrical reinforcement, the two values will always be the same.
e Aswell asitisalready known the diagram doesn’t have an elastic branch, so only the plastic

area is displayed.

e The 0 values have been divided by the corresponding safety coefficients. The ultimate Bpl
limits corresponding to the respective performance levels have been divided by the safety
coefficient yrd=1.8, while the angles of rotation Bsd have been multiplied by the coefficient.
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This is done to make sure that compatibility with the corresponding print results has been

achieved.

CheckPS_1.txt - WordPad
File Edit View Inset Format Help

Dle|d| SR s &5 | 5

3\. T
. T
Brion Amokiion
PwvPo Po-KM

1 | |
@3 2310.0000010.00000|Net |0,
1 |

1 0.022

1 | |
&9 26]0.00000]0.00000|Neet |O.
1 | |

1 I I 0.000
1 [ 0.000
0.000
1 I I 0.000
1 0.000
1 | |

1 o 0.000

For Help, press F1

22]0.00000]0.00000| Nt |0.00006]0.01002 | Nart |0

1 | |
3010.00000]0.00000|Nert [0.00000]0.00860 | Nt 10+

| |
2710.00000]0.00000|Neet |0.00000]0.01168 | Noet [0,

73 2910.00000]0.00000|Nert |0.00000]0.01270 | Naxt 10+

25]0.00000]0.00000|Neet |0.00000]0.01002 | Neet [ 0.

o 0.000 o
€1 2510.00000]0.00000 Nt 10, .
1 o 0.000 '
24]0.00000]0.00000 Nt |0.00000]0.00858 | Nort [0
1 | | 0.000 1
&2 24]0.00000]0.00000| Nt |0.00006]0.00945 | Nart | 0.
1 ! 0.000 I

2210.00000]0.00000|Nat [0.00000]0.01175|Nact 10

TIN«L 0.

1 I 0.000 Il
64 2710.00000]0.00000|Nert [0.00000]0.01083 | Noxt |0,
] 1 1 0.000 ]
2310.00000]0.00000|Nert |0.0000010.01083 | NaxL | 0.
] 1 1 0.000 ]
€5 20]0.00000]0.00000|Nat [0.00000]0.01028 |Noce |0
1 1 1 0.000 1
27]0.00000]0.00000|Nert [0.00000]0.00949 |Neet 0.
1 I - 1
(1 2910.00000]0.00000|Nart |0.0000010.00943 | Na 0.
1 Il 0.000 1
2010.0000010.00000 | Nat |0, 0000010, 01168 | Nort 0.
1 I T o.000 | 1
&7 15]0.00000]0.00000|Ncre [0.00000]0.00920 | Noee |0
1 I 0.000 Il

2810.00000]0.00000|Nat |0.00000]0.00850 [Nt 10.
0.0,

[ g
0002410.00000|0x1|0.000241C.01083 N1 0.

00087]0.00000]Oxt |0.00087]0.01083|Nat |0.

2110.00000]0.00000|Nert [0.00000]0.00964 |NaxL 0.

1 | | - 1
70 21]0.00000]0.00000|Nert |0.00000]0.00964 | Nart |0

23]0.00000]0.00000| Nt |0.00006]0.01076|Nart [ 0.

71 2810.00000]0.00000|Nat |0.00000]0.01189|Nact 10

72 30]0.00000]0.00000| Nt |0.00006]0.00943 | Nort [0

00000 |0.02003 | Neet
0.000 |

-00000|0.02377 | Nat

0.000 |
00000|0.01518 | Nart
0.000 |
00000 |0.01897 | Nart
0.000 |
000000, 02351 Neet

. |
©000010.01655 ] Nart
. |
00000 |0.02003 | Nart
0.000 |
000000, 02165 | Neet
0.000 |
©000010.02165|Nat
.000 |
00000 |0.02056 | Nart
0.000 |
00000 |0.01899 | Neet
.000 |
©000010.01
.000 |
0000010.02337 | Nat
0.000 |
00000 |0.01841 | Nart
0.000 |
000000, 01699 Neet
[

. |
.00000|0. 01780 | Nett

.000 |
000000, 01928 | Nat
0.000 |
00000|0.01528 | Nart
0.000 |
000000.02153 | Nart
0.000 |
000000, 02378 Neet
0.000 |
©000010.01920 | Nat
0.000 |
00000 |0.01885 | Nart
0.000 |

00000 0. 02336 | Neet
. |

©00000.02540 | Nart
0.000 |

Méhog 88 LievBuven
B T
B =105 [3.00]
por =105 [5.00]
E
5 A1
= T 22
= ops
of7
3684
r B A
pl (x1043 rad)
Téhoo
5 T
B:10.83 Tt
ri215s
poA=1.00
8116 [3.00]
Her=1.19 [5.00]
E
2 11
= R 22
= a7
0
43684
r s A 8108
pl (x102.3 rad)

The diagram shows the angle of rotation of the plastic joint (requirement) for the three steps of

the analysis corresponding to the three levels of performance:

A: blue B: C:red

The values are displayed, depending on the sign of the angle, in the corresponding area.

In the dialog box that appears:

The corresponding diagram for each edge (start-end) is displayed.
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Member's Moment-Rotation Diagram x
Membe: 28 Direction Exit
Start
A B r
B:10.08 o v i
r:20.16
E
= 28 A4
= 10 20
=
47426
r B A
B:-1412
dpl (x102.3 rad) :-28.49
Téhog
A B r
B:11.39 L v
r:2279 i
WBA = 1.00 i
Wes = 4.57 [3.05] .
pel = 5.89 [5.10] :
——— L]
E [l
= _i6 13 :
=, 11 23
= 11,80
27.13
A72.63
r B A
B:-12.89
r.-2578

Opl (x104.3 rad)

5|
The direction is selected through the corresponding direction field ﬁ’

. Especially for beams, the predetermined direction is the principal direction z assuming
however that the angle of rotation of the plastic joint is the worst magnitude of both

directions.

Two colored areas appear, one for the positive and one of the negative values of the axis, where
the blue represents the B performance level, while the brown one represents the C.

The black values are the limits for each level of performance.
. In the diagram, they appear as an integer. But in the bottom left for the negative and in the

upper left for the positive they are written with their decimal digits.
The colors appearing in the circles at the ends of each member in the three-dimensional structure

depend on the corresponding angle of rotation of the plastic joint.

More specifically:
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A B r
e 222 83
r:12.41
E
= .2 &
= & 12
=
22283
r B A B:-6.21
opl {x104.3 rad) i =121

. The blue color means that the respective blue line is inside the blue area, that is, the limit
A (which is value 0) is exceeded, but both this and the other two values have not exceeded the
boundary of the B (blue area).
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A B r
B:9.52 305.87 —
r:19.04 N
onl o 1
peE =1.82 [2.62] P
per =214 [4.23] P
£ ;-
Z 23 14 5 n
3 10 13
= 3.48
-1T5.E‘]m
r B A
B:-14.37
Bpl (x10~.3 rad) r:-2873
The color means that the respective value ( line) has entered the brown area

and the respective red line has not gone out of the brown area.

RR——

B:11.63 195.45 A 2 :
r:23.25

pBA = 1.00 P

pEE =3.36 [3.09] P

per=3.56 [5.18] P

E i i

= 25 13 i

= 12 23
= 10.61

14.22
172.32
r B A
B:-12.64
opl (x104.3 rad) h-p5en

' Finally, the red color means that the respective red value has gone out of the brown area.

A B r
B-E43 224 48
r:12.26
-37.04
E
= 42 B
=7 8 12
=
H B:-6.13
T r:-12.28
. -224.48 peA =1.00
r B A HEB =472 [2.28]

Bpl (x10~.3 rad)

ul =8.76  [3.57]

. All of the above are valid as long as the structure is on the step that corresponds to the
performance level C, so as all of the above are applied.

Also, the ductility indices regarding angle of rotation u6 for each level of performance are also

given. First, the required is indicated and then the one available is written in brackets.

The values are displayed with red color if the first value is bigger than the second one.

For the first performance level pea=1.
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§ For Time History Analysis

EC&_General Time History Linear (2 ~

e . Active Scenario
View” commands activated

After completing the analysis, press a command from the "View" menu that opens the following
window:

Report e
W2 v Scale ] C Hode
0055 (2] |L i e ) RS
E aee00 [ > ] |E I sn -22.434000
Accelerogram = ———— " 14,971100

T T T T T T 13 T T T T

20.00
15.00
10.00 -

5.00

.00
10.00

15,00 F
¥YZ v Scale 1
20,00 F E

e 0.045
@ 25 & T& 10 125 15 175 20 225 2% 275 IO

where the user can choose the direction of the seismic action (X, Y, Z or XYZ) and the scale that
the result of the analysis will be visualized. Type the number of the node to see the response.

The graph of the response of the selected node over time with the maximum and minimum value
is automatically displayed.

At the same time in the upper window, the selected Accelerogram of the selected seismic action
is displayed.

Finally, it is possible to view the deformed state of the structure for each time step of the analysis.
For this purpose, the model appears in the following three-dimensional representation, where
the undeformed shape is presented in parallel with the movement of the deformed shape.
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