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I. PREFACE

The analysis methods applied for the assessment and the seismic redesign of existing reinforced
concrete structures are the elastic methods; static or dynamic, as well as the inelastic methods
(material nonlinearity); static or dynamic.

The elastic methods are based on the linear relationship between stresses and deformations for
the structural elements, while the nonlinear behavior of the structure is taken into consideration
through approximate methods (e.g. global behavior factor g or local ductility factors m). The elastic
analysis methods is simpler in implementation, however are less accurate compared to the inelastic
analysis methods.

On the other hand, the inelastic analysis methods contribute to a better supervision and assessment
of the structural behavior of the structure, by identifying not only the failure mechanisms but also
the progressive failure. So, the deformation of the structural members and their remaining
overstrength can be checked, as well as the structural ductility of the structure. So, the nonlinear
analyses lead to a more reliable and safe structure. The nonlinear dynamic analysis (meaning the
time-history analysis with direct integration of the nonlinear equations of motion) is the most
reliable analysis method of structures.

In the nonlinear analysis the seismic action is described by real seismic records or artificial
accelerograms of peak ground acceleration [1]. However, the simulation of the cyclic post-elastic
behavior of the structural members is under research and experimental verification. Also, the
accelerograms used for the analysis must be selected as appropriate to represent the seismicity of
the region reliably.

Consequently, the engineer that conducts the assessment and the redesign of an existing structure
applying nonlinear dynamic analysis must be experienced. Since the nonlinear analysis is complex
and computationally time consuming, especially for 3D multi-storey structures (notice that since
that method is nonlinear, the mode superposition principles is not applicable), the nonlinear
dynamic analysis is not a method of general use.

Instead, the nonlinear static analysis leads to results that are less reliable that the one of the
nonlinear dynamic analysis, but more representative about the nonlinear behavior of the structure,
that cannot be considered with accuracy, when linear methods are applied. In case that an
incremental later load is applied of a certain pattern until collapse, the nonlinear static method is
considered as Pushover analysis. The Pushover analysis is not as complex as the nonlinear dynamic
analysis.

The nonlinear static analysis is not a modern analysis method. However the last decades, the
researchers developed structural models that can simulate the nonlinear behavior of the critical
regions of the RC structural members. This is the reason why the nonlinear analysis is so widely
applicable for the assessment and the redesign of the existing structures.

Il. SCADA PRO

SCADA Pro incorporates the nonlinear static analysis. Considering the default parameters, all
demanding nonlinear static analyses are applied, as well as, all the appropriate design checks are
performed for each performance objective according to EC8 part 3 and the corresponding results
are presented with a direct and supervisory way.
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The nonlinear static analysis provides information and supervision of the order of occurrence of the
plastic hinges in the critical regions of the structural members. The engineer can study the gradually
deformed shape of the structure step by step and so can easily detect the weak regions or under
failure regions of the structure.

That method is used for the assessment of the structural behavior and the comparison of the
capacity of the existing structures with the structural demand defined in the selected performance
objective, according to EC8 part 3. This method can also be applied for the redesign of existing
structures or the calculation of the ratio a./ai according to EC8 for new structures. This ratio is
calculated through the capacity curve and it is used for the definition of the behavior factor g.

e CONDITIONS

Important precondition for applied the nonlinear analysis scenario is the existence of steel
reinforcement in the structural members. The steel reinforcement is calculated, when the structural
members are designed ONLY according to Eurocode 2, considering the materials of steel and
concrete with modified strength. The modified concrete and steel material correspond to the type
of the old materials of the existing structure. The materials that will be used to approach the
properties of the existing materials should NOT be type B or STl (old type of materials) but the
properties of the new materials should be modifies with the corresponding safety factors as
appropriate.

e INTRODUCTION

The user manual contains guidelines for the application of a nonlinear analysis with SCADA Pro.

The test case presented in the current manual is a three storey reinforced concrete (RC) frame
structure, considered as existing structure. The main objective is the assessment and the redesign
of the structure according to the selected performance objective. The presentation of this test case
is the guide for a new user to become familiar with the software SCADA Pro.
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lll. GENERAL DESCRIPTION

e Geometry
The reinforced concrete (RC) building examined is a three storey frame structure with basement.
The foundation is composed by strip foundation and a single footing under the stair core.
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e Materials

The material of the structural elements is reinforced concrete of type C20/25 with steel of type
B500C for the steel reinforcement.

In case the type of materials of the existing structure is B and STl (old type of material), then they
will not be used with their strength values considered, but they will be adjusted to the strength
values of the new type of materials modified with the corresponding safety factors.

e Design Regulations

Eurocode 8 for the seismic loads considered.
Eurocode 2 for the structural design.
Code of Structural Interventions (KAN.EPE.2013) for the retrofit of the structural elements.

e Assumptions about loads - analysis

- Dynamic Response Spectrum analysis method

The load cases according to this analysis method are the following:
(1) G (permanent)

(2) Q (imposed)

(3) EX (seismic loads in X direction derived from dynamic analysis).
(4) EZ (seismic loads in Z direction derived from dynamic analysis).

6
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(5) Erx % (torsional moments derived from the seismic loads imposed with an accidental eccentricity

versus the nominal location of the mass of the storey +2erzi).

(6) Erz £ (torsional moments derived from the seismic loads imposed with an accidental eccentricity

versus the nominal location of the mass of the storey +2etxi).

(7) EY (vertical seismic load in Y direction derived from dynamic analysis).

- Nonlinear static analysis (Pushover analysis)

The structure is subjected to an incremental later load of a certain pattern until collapse.
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1. s STEP: PRELIMINARY PROCEDURE

The input data of an existing structure are inserted with the same procedure as for a new designed
structure.

The analytical description about the drawing, the analysis and design of a RC structure is presented
in the manual entitled “Case study: Reinforced Concrete Structure”.

The main steps preceded the Pushover analysis are presented summarily:

1.1 Creation of a new case study

|0

1.2 Modelling

!ilm
k Basic || Modeling |L

Insertion of the structural elements in the interface by using the appropriate tools (dxf/dwg,
templates, draft, modelling).

1.3 Slabs - Loads

Untitled
Basic Modeling View Loads Analysis Post-Processor Members Design Drawings-De
=
\3 @ [ = = e s 21 v
| Parameters |dentification Zoellner | Delete Renumbering Modeling Maodel Supports Thickness Properties || Insert Tools || Checks
- Slab | | - correspondence < - | | - -
Insert Il Edit Il Strips

Insertion of slabs and loads, using the corresponding tools.

1.4 Analysis

TestK41 - ScdaPro 32Bit

— Basic Madeling View Tools Slabs Loads Analysis Post-Processor Members Design Drawings-Detailing Addons
= B s z z 1.

G @ o i F EEEE PR OREE

I EC-B Greek -

B cocemommen | N8 N5 N
| New Active Scenario Run | Combinations Checks Seismic | ass Mass Centers Bending Bending Shear Shear  Seismic Forces Seismic Forces Po Centers Po -CM |
| ” Force H Drstrrbutmn Deviation  Stiffness X Stiffness 7 Stiffness X Stiffness Z Distribution X Distribution 7 Deviation Deviation |
| Scenarios Results View

A preliminary analysis of the structure must be applied according to Eurocode 8 (static or dynamic
EC8 scenario).
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1.5 Design
@‘.@@e. § 2 20000 - G -t
—  Basic  Modeling  View  Tools  Slabs  Lloads  Analysis  Post-Processor | MembersDesign | Drawings-Detaling  Addons swie - (3
» » & ] o & X ¢ ooy Cross-Section Design g | |
¥, Ecruooden) - [ | By be:? | { "ﬁf 'ﬁf ‘ ﬁ = .j.... & <= %“ >ﬁ.7 v

Buckling Members Input
Mew ' AciveScenario  Para- | Continuity  Check-  Results | Node Design |Buckling  Check-  Results Check  Results | SlabStrip  Mesh Results Masonry 2D
meters || of Beams * Reinforcement~  ~ Releases~  ~ Reinforcement~ = Reinforcement~ = Calculation= = - Connedtions Design Diagrams

Scenarios Beams Capacity Design Columns Footings Slabs - Mesh Steel

e As it was aforementioned, important prerequisite for the implementation of the nonlinear
analysis scenario is the existence of the steel reinforcement, which is calculated only when the
cross-sections are designed according to Eurocode 2 considering the modified strength value of
the materials.

e Asthe materials of the existing structure are considered the modern materials with modified
properties concerning the corresponding safety factors. The materials of the existing
structure are not type of B and STI (old type of materials).

If the structure studied has materials of type B and STI, then for the definition of the materials in
the design parameters field and before the preliminary design, use the properties of the modern
materials modified with the safety factors according to EC8 part3.

Structural Component Parameters

Steel Reinforcement Capacity Design Steel
Combinations Slabs | Beams " Columns | Footings
Concrete : C20/25 Concrete ﬂ Steel (Main)

Checks Type C20/25 v Type B500C v
Bending Constants Constants
izl Force pal
“ P Fek (Mpa) a Es (Gpa) 200
Shear
1.5 500
Conn. Angle  |a L= Fyk 0p2)
Capacity Desigr] yes 1 ysu 1.15
["] Shear Ampl
Fetm (Mpa) | 22 yss 1
Torsion TRd (Mpa) 0.25 Max Deformations
Check = 0.02
Max Deformations
Serviceability
o (N,M 0.0035
Crack control M) Cancel
£c (M) 0.002
[ Deflection contn 4 |0425 | ¢ (D4
Soil Failure (Beams Cancel
[[]Check ofr. |25 MM

0K Cancel

The values of the compressive strength Fck of the concrete kat the yield strength Fyk for the steel
are the characteristic values.
e According to the Code of Structural Interventions (KAN.EPE.2013), the strength value are
experimentally defined median values of fcm and fym for concrete and steel, respectively.
e Especially for the existing materials when the design checks are regarding deformation the
characteristic values are equal to the median values (Fck=fcm and Fyk=fym). So, in the
above fields you will type the corresponding values for concrete and steel for beams and
columns.
e Asitwas aforementioned, the Code gives in tables the values of partial safety factors ym (ycu
and ys,) for the existing materials and the design checks regarding deformation.

9
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EXAMPLE:

Assume that the existing structure’s construction materials are B160 and STI with median strength
values:

Concrete -> fcm=11,0 MPa

Steel ->fym=250,0 MPa

e Since the design checks are regarding forces, then:
fk=fm-s and fd=fk/ym

In the corresponding fields considering sufficient data reliability level, type:
-Concrete

s=0.10fcm -> fck=fcm-0.1fcm=0.90fcm

Reliability level -> yc=1.65 so fcd=0.9x11.5/1.65=6.27 Mpa

-Steel
s=0.15fym -> fyk=fym-0.15fym=0.85fym
Reliability level -> ys=1.25 so fyd=0.85x270/1.25=183.6 Mpa

L. In the “Fck” and “Fyk” fields type the calculated FINAL VALUES (Resulting after dividing
withthe safety factors) and the corresponding fields of the safety factors ycu and ysu type
one.

e Since the design checks are regarding deformation, then:
fk=fm and fd=fk/ym

- Concrete
Reliability level -> yc=1.20 so fcd=11.5/1.20=9.58 Mpa

- Steel
Reliability level -> ys=1.20 so fyd=270/1.20=183.6 Mpa

Y. In the “Fck” and “Fyk” fields type the calculated FINAL VALUES (Resulting after dividing
withthe safety factors) and the corresponding fields of the safety factors ycu, ycs, ysu and yss
type one.

Then continue with the preliminary design and the final step is the adjustment of the existing steel
reinforcement to the calculated one on the preliminary design by using the column’s and beam’s
detailing.

Until that step the synoptic procedure is the same followed for
the assessment and design of a new RC structure.

¥l Hide

| Isolate

l
.

& Check-Reinforcement
1 Editar
Results

_ Exploration
|g||!!i Detailing

lg! Diagrams
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1.6 Interaction curves and surfaces
1.6.1 Calculation of the structural members’ resistance (Pushover)

Since the preliminary design has been completed and the existing steel reinforcement had been
inserted in the structural model and before the creation of the pushover analysis scenario, it is
demanding to precede the “Strength calculation (Pushover)” by selecting the corresponding
command:

Ribbon: “Member Design”>“Columns”>“Results”>“Strength Calculation (Pushover)”
Through this command, the program calculates the interaction diagrams between bending moment
(M) and axial force (N) for all columns of the structure in all levels.

U e — FR=ES
calc1 | caiez | calenmymz| T oplévnec vyniz | my| vz mymzn P s Cancel e
Mz Angle

. N M
BHLS o g

ocessor | Members Design | Drawings-Detailing Addons N+
= , |
i @ b

Buckling  Check-  |Results| Che Design Total

Reinforcement - il Reinforce

Columns N . -
HH Editor @) Level ) Total

¥ dex| .

%

T Results CD|LIITII'IS 1-"!'3"3
#, Exploration Cancel
‘N

|”“ Detailing
|ﬁ Strength Calculation [Pushover)

My=-178,542 , 196,115 Mz=178,502 , -196, 101 N=-066,957 , 2989,240

Select the Strength Calculation (Pushover) of the columns and the walls per level or for the total
structure.

The program calculates automatically the interaction surfaces N-Mx-Mz of the columns/walls which
are displayed directly on the screen.

NOTES:

Y In the valuation step, and after reinforcement adapted to existing, for the beams, the
calculation of the interaction curves N-M is not necessary, because concerns uniaxial bending
and the differences are very small.

. If however, you want the exact calculation of the moments of resistance of the beams, then
into the reinforcement detailing of each beam in corresponding field, select the calculation of
Ultimate Moment Resistant pressing "Initial".

11
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Materia Inputdata
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General Data : Left support o6 © /EI”"
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resistance check
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Length (an) [0 | hidkness (a0 |
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resistance check
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[ JeE¥O
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e
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Rehabilitation
—
Right side

Length () [0 |
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Design Checks Report
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1.6.2 Detailing

curves N-M and the interaction surfaces N-Mx-Mz.

The command “Detailing” opens a new tool with multiple features about modifying the column’s
steel reinforcement (the analytical description is in the user manual of SCADA Pro), presenting the
internal forces diagrams and the corresponding values and deformations, as well as the interaction

- O

"\*’L‘k‘l‘\:‘f‘?\‘ ‘x‘hkﬁ

Hi | 1l

Column Editor
El Main Reinfaon
Heights (m}
Ci te C 2
Stirrups onere DVE mm
Ho3 [
Insert Dimensions
ﬁ Diagrams hi 0.6 H
hl
@ Internal Forc X i Xz hz |12 /=
L@Rasuhs Detailing
Detailing Design
mExplnraunn Top Bottom
o Continuity W Foundation W
¥ Deformations
Width (em) &0 Width {cm) 100
[@ Checks Cover {mm) 25 Cover (mm) 25
Design Scales
= 2 Cross Section 1: | 20 Detailing 1: 50
Recaloulation
Mame K12 - 598
Joint Check Tvpe COLUMN
Dimensions 35 /35
¥ = 300.00
+| 7 = H -Ha {cm) 300 fs0
Area {om*2) 1225.00 / 1225.00
Copy pmax % -am~2 4.0 - 49,00
Paste pealc % -an”2 101-12,32
oK Rebars
Cancel sm14

|

g‘ o
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For the interaction curves/surfaces click the following button

Morypdupato AAMNAETiSpaong M-N
e
Calcl || Calc2 | | Calc-N,My,Mz [opievmes My-Mz | |My-M| Mz | |My-Mz-H N- || N+ OK Cancel

| El Ko N My Mz  Angle
a a a a
i}

Step 100 N- || N+ |2

M e o o 0 27

Ponéc-KapnuAémnreg Maroprng

Enavaunc

Eheyxog

My=-206.891 , 206.891 Mz=134.438 , -134.438 N=-791.304 , 25690.560

1.6.3 Calculation of the interaction curves/surfaces M-N

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

e CALCULATION OF THE INTERACTION SURFACE

For the generation of the interaction surface of the selected cross-section, select the buttons
“Calcl” or “Calc2”.

The difference between the two diagrams refers to the part with negative values (-N) that
represents the tension.

-Calcl: This command generates the linear diagram of tension, which means = lower resistance in
tension—> less favorable conditions

-Calc2: This command calculates the median values of tension with result in the curved form and
more reliable results about the tension.

Notice: The upper part of the diagram (Compression) is not affected from the previous selection.
Both calculation methods (“Calc1” and “Calc2”) generate the same diagrams under compression.

13
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For the graphical display of the horizontal cutting planes of bending moments considering a
consistent value of axial load N, activate the checkbox “Horizontal”.

e GRAFICAL DISPLAY

[VHorizontal (V130 My v | Mymz| [Myn] [Mzn] [ myviz |

RN

i
IR AR
T 1)
T i
e
e O A T
\!ﬁ;!!!.fﬂ A
L Iy
_____ AT Vinless N 4
S T

For the 2D display, select the corresponding buttons mﬂzl "Hll ml:

Hy—llzl u-,m| Hz-III
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M- | N+
Select the buttons —|—| to display the diagram that is derived by reducing and increasing
the scale of the axial load’s display.

15
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e HORIZONTAL BAR OF MAXIMUM VALUES

My=-206.891, 206.891 Mz=134.433 , -134.438 N=-791.304, 2650.560

In the horizontal bar you see the six maximum values that are derived from the 3D interaction

surface.
N
+N
SV Ay
+My
+Mz My
Mz

N

These values represent the maximum (+) and minimum (-) value of each internal force and they are
the pick values of the surface.

NOTE:

The axes system of the bending moments coincides with the local axes system of the column, if
you haven’t modified the calculated angle beta for each column when the mathematical model is
created. The discontinuous line represents the negative values.

16



«ASSESSMENT AND REDESIGN ACCORDING TO EC8 part3» SCADA Pro”

Calc, My, Mz

Structural Analysis & Design

e FIND POINTS ON THE SURFACE

M My Mz  Angle
o JoJo o

Step I 100 N- | N+ |
This field has multiple uses:

e For the display of the horizontal cutting planes

Type in the field “Step” a value and click the following buttons LIM

N My Mz _ Angle N My Mz Angle

100 1] 1] ID I 200 ] ] 0
Step |1uu N- m Sten | 100 N- |
RMy=0.00,0.00 RMz=-0.00,-0.00 RMy=0.00,0.00 RMz=-0.00,-0:00
My=-185.54,185.54 My=-176.01,176.01

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

With a single click a horizontal the perimeter of a horizontal plane is displayed (a curve colored
magenta). The points of the curve are pairs of ultimate bending moments in both main direction of
the cross-section (Mx, Mz) for a single value of the axial load (N=constant) and multiple values of
the rotation angle of the neutral axis. The field “Step” represents the step in which the axial load
axis is run for the display of the corresponding horizontal curves (horizontal cutting planes). By
selecting N+, the horizontal curves for the positive values of the axial load are displayed and by
selecting N- for the negative values. Furthermore, for each horizaontal curve, the maximum and
minimum values of the bending moments My and Mz are listed for the corresponding specific value
of the axial load N.

[ My Mz  Angle
N RO E
Step 100 M- | N+ |
|n |n IEI 777

RMy=0.00,0.00 RMz=-0,00,-0.00
My=-185.54, 185, 54
Mz=121.69,-121.59

17
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e For the calculation of the ultimate biaxial bending resistance for specific values of the
internal forces N-My-Mz given.

Type the values of the internal forces in the corresponding fields N, My, Mz and click the

. Calc-M, My, M . ,
following button . Then the program calculates and displays the following

graph:

Calcll Calr_.'J_l CalcM, My iz

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

step |10 - | N+|
||:| ID ID 727

RMy=-120.62,120.62
RMz=60.31,-120.62
My=-203.40,203.40
Mz=134.22,-134,22

- The point with coordinates (N, My, IMz) is located on the diagram
- The line that connect the start of the axes (0, 0, 0) with the point (N, My, Mz) is drawn (a line
colored orange).

- The curve N* is drawn and the corresponding My, max and Mz, max are calculated.

My=-203.40,203.40
Mz=134,22,-134.22

- The ultimate biaxial bending resistance (RMy, RMz) is calculated for the corresponding internal
forces (N, My, Mz). These are the red dots on the horizontal curve.

e - The moment-curvature diagram is drawn.

e The moment-curvature diagram is defined for the specific value of the angle of the neutral
axis.

18
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Angle

I 30
If you type in the field “Angle” ., and angle with value different from 0,90,180,270 degrees, the
part of the diagram with negative values of bending moment will be displayed, too.

PonécKapnuddTnras Aaropnc

e POINTS PROJECTION ON THE INTERACTION SURFACE

|0 | 150 | 100 77

N=0.00 My=96,21 Mz=64. 14

NOTE:

Insert the values of the internal forces in the corresponding fields and click the following button
77
—1. The program locates the point with the corresponding coordinates and draws the line

(orange line) that connects that point with the start of the axes (0, 0, 0). Then, the program projects

the line to intersect the interaction surface (cyan color) and record the corresponding values of the

.. . . . . . N=193.52 My=96.76 Mz=58.05
biaxial bending moment resistance of the intersection point (useful

values in the Pushover analysis).

19
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Activate the checkbox “3D”

e 3D DISPLAY OF THE INTERACTION SURFACE
kb

SCADA Pro”

Structural Analysis & Design

and select the internal force from the drop-down

list for the display with colored display.

W”v

M
Mz
Na

If you select My the surface is colored along the axis Y. The color gradation define the spacing of
the cutting planes according to the colored bar on the right. The horizontal bar on the bottom of
the screen records the maximum and minimum values of the internal forces.

[lopitovnes. 130 [T[w]| [My-mz| [mynu| [z [my-mza

S S

-114.80

-160.86

-206.52
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The colored interaction surfaces gradually for the internal forces Mz and N, respectively.

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

Mz(kNm)
134.44

-74.69

-104.56

-134.44

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

Clontarss 2 (1] [wyae o o s, (e [we | [ ¢ ]| cone

MNikM}
268066

2303.69
1918.81
1529.94
1143.06
756.19
368.32

N T 4

-17.56

-404.43

-781.30

My=-206.825 , 206.825 Mz=134.438 , -134.438 N=-791.304, 2650.560
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Select “No” to display more analytic interaction surface, without color gradation.

Clostomss 2 T[] o] [ ]

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

o Keep pressing the left click of the mouse and while you move it the interaction surface rotates
respectively.
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2"4 STEP: PRELIMINARY CHECK

2.1 Preface

In the section where you create the analysis scenarios, when you select “EC8 General”, the
following types of analysis scenarios appear:

Static W

Static

Chymamic

Monlinear

Linear

Elastic Cynamic
Precheck Static
Precheck Cynamic
Time History Chynamic

The types:

e Static

e Dynamic
That types of analysis are used for the analysis of new structures according to EC8 and the
national annexes.

All the rest types:
e Nonlinear

e Linear Static

e Linear Dynamic

e Preliminary Static

e Preliminary Dynamic
They are used for the assessment and the redesign of the existing structures according to the Code
of Structural Interventions (KAN.EPE.2013) provisions.

2.2 Introduction

The types of analysis scenarios “Preliminary Static” and “Preliminary Dynamic” are two preliminary
analysis that are applied to check, if the conditions for the application of linear analysis (static or
dynamic), for the assessment and redesign of the structure, are fulfilled. More specifically, the
insufficiency index “A” are calculated that indicate the resistance of the structure under seismic
loads.. It is also examined the in-plan and in elevation regularity of the structure.

The provisions of the Code of Structural Interventions (KAN.EPE.2013) sets specific conditions for
the application of static or dynamic analysis.
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For the elastic static analysis provides a set of criteria (among other morphological and regularity),
that have been implemented in the program and are presented in the form of checks; only the
criteria that contain quantifiable variables and could be implemented computationally.

For the elastic dynamic analysis the only criterion is the insufficiency index «A» to be less than or
equal to 2.5.

o However, for both methods, the elastic methods can be applied for assessment purposes only,
if the permanent loads are increase 15% (ysqs = 0.15). So in the Ribbon “Analysis” you can define a
preliminary scenario analysis either static or dynamic, which will be executed with the elastic
response spectrum and all checks will be performed on the selection of the analysis, based on what
has been mentioned above.

Necessary condition for applying a preliminary analysis scenario is the existence of steel
reinforcement and the calculation of the biaxial bending moment resistance.

2.3 Preliminary analysis

In the Ribbon “Analysis” select the command “New Scenario”.

Renumbering
Modes | Mo o |

[ | Disable MName

ECE_General Static ;

I ey Ao | ECB Genenl

EC8_General Precheck Dynam| T Precheck Stati

EC8_General Blastic Chnamic vPe . - =
Properties| Static

Chymamic
Elemer Monlinear
Linear

Flastic Chnamic
oo Prechechk Static
Precheck Cynamic

Time HistuE mamic
Mew

Ext |

You create a new scenario “Preliminary Static” or “Preliminary Dynamic”.
e Forthis analysis scenario the stiffness of the structural elements are defined according EC8

Then, you follow the process for applying an analysis scenario.
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In the dialog box “Parameters” define the parameters like in the analysis scenarios of ECS8:

| Seismic Areas

| Spectrum Type

Type 1 w

Horizontal Vertical

5,avg 1.2 0.9

Down g -g.00 v Up o-p.00 w
Dynamic Analysis

Importance B

Zone |II |V |1
Spectrum

Response Spectrum Ductility Class
I 5 Horizontal b0| 2.5

|R.esponse Spectrum | | Update Spectrum
Structural Type q

e o] e O

Structural Type

LORDE

TCE) |o.15 |

oo (2 [ [t ]

Vertical b0

sd(n) »= 0.2 |ag

gz [] 1

Soil

Eigenvalues IIl Accuracy | 0.001

Spectrum Participation factors
prx [] O Ppry [] O

Eccentricties sd (T)
sd(m) [ !

sd(v) [ 1
sdrzy [ 1

0.5

prz [] O

[] 0.05

& T x

emz [] 0.05 #z

Openings Setbacks

X [Jone
Z [Jone

ay [ 1

X | All the other cases

X | Frame System | i | z | All the other cases

Frame System

Structural Type
[] 71 according to 4.3.3.2.2.(5)

X |Concrete Moment Resisting Frames

v |2 |Concrete Moment Resisting Frames ~ |

Interstorey Drift Limit

Damaged Buildings

| wals | KANEPE || Defaut || Ok || Cancel |

e The response spectrum for the preliminary checks must be elastic.

In the above dialog box there is added a new button “KAN.EPE.” , which opens a new
dialog box presented above:

Calculation of the constant value of shear length Ls

Data Reliability
Level

|Saﬁshctory W |

Damage level for the calculation of the factor vSd (£.4.2)

Severe & extended Damages-Strenthening W |

I

Calculation Method -Analysis / Structural Performance

Safety Factor ySd (0. 15)

Values of the behaviour factor g'
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In this dialog box you can define the following two parameters (like in the nonlinear analysis
scenario):

e The Data Reliability Level

e The Damage Level for the definition of the coefficient ysa.

The value 0 in the following field/means that the coefficient will take values. In case you want to
set a different value, you type it and the calculation are implemented by taking into consideration
your value.

e The following fields are inactive because refer to the scenarios of elastic and dynamic
analysis, that will be explained later.

e Especially, for the preliminary check, the selection of the calculation method of the shear
length Ls does not affect the results.

Then, you perform the analysis scenario, then you save the file with the load combinations and in
the section “Checks” the results of the checks that correspond to criteria of the appropriate analysis
application are presented.

e The check about the symmetric distribution of the mass and the stiffness.

e The check about the percentage of the shear force against which the wall structural system
resists.

e The check of the interstorey drift of storeys or nodes. The first check refers to the
interstorey drift between storeys (underlying and overlying floor) and the nodes’
interstorey drift refers to the displacement of each node of the storey. Both checks are
implemented in each direction.

e The check about the fundamental periods.

e The checks about the insufficiency indices and the morphological regularity. The check of
the insufficient index A is implemented per storey for the beams and the columns
separately. It is recorded the number of the beams where the index A is lower or greater to
2.5 per strorey, as well as the percentage of the total beams and columns. The totals in the
bottom are the summations per elements and in total. Finally, the check of morphological
regularity contains the criterion of the median insufficiency index A per storey.

o |If for example the insufficiency index A is greater than 4.0 for the 30% of the structural
elements, the further assessment of the structure is not necessary.

The nonlinear analysis (Pushover) or the elastic analysis (static or dynamic) are applied
concerning the previous criteria.

3. "9 STEP: NONLINEAR ANALYSIS
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Since the interaction surface of all structural elements are calculated, the model is ready for
performing Pushover analysis.
Initially, go back to Ribbon “Analysis” and create a nonlinear analysis scenario.

[ |
& ECs_General Nonlinear (2) © A
Mew Active Scenery Run

SCeneries

e For Greece, select the scenario “EC-8 Greek/Nonlinear” as well as the corresponding
scenarios for Cyprus, Italy and Austria, for which the National Annexes are incorporated in
SCADA Pro.

e EC8 General is a scenario that doesn’t contains a National Annex. This means that the user
has to update the coefficients according the Annex of his country.

e Using the scenarios EC8 Greek, EC8 Italy, EC8 Cyprus and EC8_ Austrian all the
corresponding coefficients are filled in the corresponding fields automatically.

e Especially, for the nonlinear static analysis scenario (EC-8_Greek / EC-8_Nonlinear), when
EC8 provisions are considered, the multipliers of the inertial properties that will be defined
in this step of the procedure, will be taken into consideration in the initial Pushover analysis
where only the permanent and imposed loads are active. The default values of the loads are
defined in EC8.

e Then, about the parameters of the nonlinear analysis, you choose if they will be kept the
same as in the first pushover analysis or they will be reduced step by step concerning the
initial value. The reduction can take place either in the beginning of analysis step or after the
formulation of the plastic hinge.
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Select the new scenarios “EC8_General
Dynamic” and define the “Properties”:

3.2 Run scenarios

e Initialize Data

2 | Parameters I |I'¥'Iass Centers (cm)

8 | Automatic Procedure I
Level
Procedure
0 - 0,00
| Mass - Stiffness |
1 - 400.00
Static-Dynamic 2 - 700.00
Pushover 3-1000.00
1 Initialize Data

X

0.00
0.00
0.00
0.00

¥ z

0.00 0.00
400.00 0.00
700.00 0.00
1000.00 | 0.00
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e Parameters

Sesmic Area Characteristic Periods Lavels XZ

‘ Sesmic Areas | Responce Horizontal Vertical Down |0 -0.00 v | Up |4 - 1200.00 > |

. 0.9 -
o Type 1 v Savg 12 | ["]Plastic Hinge chedk under the Reference Level |
Zone |
Soil TB(s) |0.15

Importance IB—V‘ TC(s) | 0.5 |0.15 |
Zone |[II v ¥ Il_‘ oE) |2 1

Spectrum

PFx [ ] O PFy [] O PFz [ | O
Response Spectrum Ductility Class DCM [¥]
Eccentricities &d (T)
C El Horizomﬁlbﬂ Vertical b0 sdmg [ 1

emy [] 905 =y
|F‘.e5ponse 5pectrum| | Update Spectrum | sd(T) == ag sdevy [ 1

emz [] 905 =z

Diynamic Analysis

Eigenvalues II' Accuracy | 0.001

Spectrum participation factors

Seismic Combinations sdrz) [ :
% +k Fz riangular Disribution
[#]Fx +kF [w] Triangular Disributi
[IFx-kFz Orthogonal Distribution Check Node El
Fx +kFz
[ ]+x-kFz [] Accdental Eccentricities Ex Number of Steps Lamda Range (%) El
Fz +kk Fx [[] Acddental Eccentricities Ez Maximum 2. of Total Height
Fz-kFx
7 +kFx []Base Shear from Responce Spectrum Constant Value of the Shear Length LS
[]Fz-kFx Transverse Load Factor (k) Active Stiffness | After the plastic hinge v |
Data Credibility )
Default | aK | | cancel | SPECTRA |Sahsfactory W |

In the dialog box of Pushover Analysis Parameters, the parameters outside the borders are defined
as for a linear analysis. In that case the Response Spectrum must be Elastic.

In “Levels XZ” section:

Lavels XZ Select the lowest and the highest level where the

Down | g -0.00 w| Up 4-17200.00 w /|| Seismic actions will be imposed for the analysis’

purposes.
[ ] Plastic Hinge check under the Reference Level

Itis recommended to define as the highest level the last complete level (no stairwell termination).

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 levels under the
reference level, are taken into consideration as potential locations of plastic hinges.

In “Seismic Combinations” section:
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Seismic Combinations

Fx +kFz Triangular Disribution

l-z:x--t El;:z Orthogonal Distribution

[]-Fx-kFz [ ] Accidental Eccentricities Ex

Fz +kFx [] Accidental Eccentricities Ez

::z-_t E)::x [|Base Shear from Responce Spectrum

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

e Check the load combinations considered 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

Transverse Load Factor 0.3
L . The coefficient k is given as 0.3 by default.

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

Accidental Eccentricities Ex

7| Acci -
e Check [+] Accidental Eccentricities Ez

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

if you want to consider the accidental Eccentricities due to

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

Activate all seismic combinations with the accidental eccentricities considered and then 64 load
combinations are produced. That means that 64 pushover analyses are conducted and
consequently the computational time is increased significantly.

In the last section:

Check Node Active Infill Masonry
. On "Active Infill Masonry" choose

e Lamda Range W":'EI whether we want to be fully taken into
Maximum % of Total Height account in analysis the Masonry Infill included

in our construction.
Constant Value of the Shear Length Ls . y g ”
° Active “Check of 2" order effects” to

Effective Stiffness | Calaulationineverystep | congider the 2™ order effects when is
Data Reliability Satisfactory w necessary.
[ ] chedk of 2nd order effects (8)

e In “Check Node”, type the number of the node for calculation of the Capacity Curve. This is
the diaphragm node or another node in the outer perimeter of the last complete level of the
building.

e In “Number of Steps”, define the maximum number of steps (analyses) for each Pushover
analysis.
Pushover is an iterative analysis procedure that terminates when the structure collapses;
when the sequence of the developed plastic hinges evolves a collapse mechanism.
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.
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“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. In 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.

The setting a different value (i.e. Amin=10%): This means 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).

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 together in 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 calculated the internal forces due to dead and live

&

New

loads and the stiffness considered on the elements, are multiplied by the factors set in

Elements . ., .
> durlng 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:

- Initial: 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 hinge are
created or not. Stiffness is decreased, compared to the original value.

- 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. Until
that step of analysis the initial value of the effective stiffness is considered.

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

Partial Safety Factors
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Based on the knowledge level achieved through the different levels of survey, inspection and
testing, the following set of partial safety factors (PSF) as shown in Table 3.3 are used in the
verifications.

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

PSF
KNOWLEDGE LEVEL | Material Overstrength
KL1 1.20 (ym) 1.20( yrd, Vov)
KL2 Vmas in EN1998-1 | Vra, Vovasin EN1998-1
KL3 0.80 (Ym) 0.80 (Vrd, Vov)

EXAMPLE:

Inthe dialog box “Spectra” is defined the response spectrum 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 limit states considered 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).

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 of 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.
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e

Design Existence (years Exponent k

Damage Limitation (DL)
Check Soil Acceleration ag=AgR.yT. (TR/TLR) 1/k
TR Calculation TLR. Calculation

Return Period TR (years) 2475 Exceedance Probability PLR.%
Exceedance Probability PR.% Return Period TLR. (years) 475

Severe Damage (SD)
Check Soil Acceleration ag=AgR. v (TR/TLR) 1k
TR Calculation TLR. Calculation

Return Period TR (years) 2475 Exceedance Probability PLR %
Exceedance Probability PR.% Return Period TLR (years) 475

Mear Collapse (NC)
Check Soil Acceleration ag=AgR.yIL. (TR/TLR) 1k
TR Calculation TLR. Calculation

Return Period TR (years) 2475 Exceedance Probability PLR. %
Exceedance Probability PR %% Return Period TLR. (years) 475

Default

i
N
BiF

N
BiE

e
BiE

GREEK 10% GREEK 50%b | ECE 2% | | ECE 10% | | ECE 20%

| ok | | caned |

Use National Appendix 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

e Automatic Procedure

Automatic Procedure |

Then select |
calculations, automatically:

and the program will conduct the analysis and the corresponding

| Parameters | |Mass Centers {cm) ] |
| Automatic Procedure | Level ¥ v 7 =
Procedure
0-0.00 0.00 0.00 0.00
J | Mass - Stiffness |
1 - 300.00 0.00 300.00 0.00
of | swtcOyamic | |2 60000 60504 60000 82204
« | Pushover | |3-900.00 60446 90000 82472

4-1200.00 59037 120000 88312

Initidlize Data
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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!

When the Pushover analysis is applied, the structure is pushed with a gradually increased lateral
static load (triangular or rectangular distribution along height) until the collapse of the structure.
So, plastic hinges are formed gradually in the edges of the structural elements (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 plastic region in the joints of the structure. The plastic deformations indicate that the
strength resistance of the structural elements is overtaken and so the construction collapses.

3.3 Nonlinear Analysis (PUSHOVER) Combinations

E 31000 - Be T8O -

Basic Modeling View Tools Slabs Loads Analysis

r r y a
‘ﬁét ECE General Monlinear 2] - L. \uz \_‘s._,;.
Mew | Active Scenery Run Combinations | Checks Seismic
Force
Sceneries Results

Activated the following analysis scenario, press the button “Combinations” to open the window
“Load Group Combination”, where you can create your combinations or select the default ones by
clicking on the command “Default Combinations”.

FuvSuaopol ZeT PopTicewy
AcToxiag AsiToupVIRBTITOG
VG 135 vE |1 ¥GE |1 ] EyGyQsEywlQ [¥]£G+Q+5p0Q Yrohoyiouse
va |[i5 vED3 [0 gg:ggﬁ;@m igjzu;gaiwm Tt
Eifioc Aedfuvon  |LCT 2 Lc3 Lcs Lcs LC6 L~

Sevépio EC-8 Gree.. | EC-8 Gree.. | EC-8 Gree.. | EC-8 Gree.. |EC-8 Gree.. 7|EC-8 Gree.. |EC
o6pTIon 7 2 0 0 0 0 0
Tomog G =la =la =le =le ~le =ls
Apéoei | kornyopia... = B B B
Meprypacpn

Fuus.l Actogios ™l ot E2ERT) 030

TuvBa2 =] =]

TwvB.:3 =l =l

Iuvd.ad j j

Iwvd.:3 ﬂ ﬂ

FwB.5 =l =l

Iuvd.:7 j j
Iuvd.:d j j
) =l =l
TuvB:10 =l =l
Iuvdall j j
Suvb.:12 =l - v

< >

Mipootien | | Agaipeon Mépooa | [Karaipnen | [ TXT TiporaBopiopEvol ZuvBuaoyol oK Cancel

. L Default Combinations
By selecting the command “Default Combinations” , the

program imports the combinations related to the Active Scenario.

5 . . e . . )
Press 2% Ito save the combinations’ file as CMB file format in the project’s folder.
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You will need this file for checks applied for the retrofitting methods.

@ Save As

T < pushAMAZ » pushAMAZ » v & Search pushAMA2 Pl

Organize New folder = - @
& MName Date modified Type c
= Libraries
ﬂ Documents
J“. Music
= Pictures

# videos

scaanal File folder
scades_c
scades_Sid

scades_Synd

File folder
File folder
File folder
scades_Toixo File folder

scainp File folder

18 Computer
& os(c)
ca HP_TOOLS (D3]
a HP_RECOVERY (F

scaPush File folder

tmp File folder
CMB File

|| stat.emb CME File ~
v £ >

__| pushover.cmb

File name: | pushover.cmb v

Save as type: | Scada Combination(*.cmb) )

“ Hide Folders Cancel

3.4 Nonlinear Analysis (PUSHOVER) Results

to failure.

capacity curve (analysis steps):

| 1
-Select the three dimensional view of the structure 2

i F EEEE KON

displayed and the dialog box “Report” appears.
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In Pushover analysis, the structure is subjected to monotonically increasing lateral forces (uniform
or triangular distribution) that represent the seismic inertia forces until collapse. Plastic hinges are
developed gradually at the edges of the structural elements (beams, columns, walls).

The plastic hinges lead to the reduction of the stiffness at the start and end length of the structural
elements, gradually. The analysis is completed, when a failure mechanism is developed based on
the formed plastic hinges in the structural elements. The corresponding structural elements cannot
receive further tension due to the excessive plastic deformations developed and the structure is led

e The user can see both the pushover analysis results in the form of a capacity curve that
correspond to a specific load combination and the deformed shape in each point of the

-Select one of the commands in the ribbon “Analysis” and the command group “View”

On the interface, the three dimensional undeformed and deformed shape of the structure is
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O Arcs
1= Circles Step VBOAN) () Parameters
1 Beams »» | [ Successional Display of | DL
B Columns the Plastic Hinges
g s
-4 Footings ﬁ:::‘ o Capacity Curve of MDOF System v
A Nodes pe
=+ Mathbeams
+1 MathColumns
7 Surf 2D
A5 Surf 3D
& Slabs
Graph - Checks Creation for Output "
[AProject Param... 23 project Data | | <
MATH,  1987.0, 2728, 0.0 ORTHO OSNAP AP GRID  CROSSING  INSIDE

In the field “Check Node” define the serial number of the node that will be used for the derivation
of the capacity curve.

The check node is usually master node of the rigid diaphragm in the top floor of the

structure. If a diaphragm doesn’t exist, select a node in the perimeter of the top floor.

You can select a different check node to see the corresponding results, without perform

again the pushover analysis. The corresponding results are updated automatically.

Chedk
Mode

e Inthis example the Check Node is the one with the label “63".

In the top of the window select one of the distributions set previously

Fx+0.30%Fz
Fz+0.30%Fx

and a load combination |[-Fz+0.30%Fx

The list contains the steps of the selected nonlinear analysis.
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|Triangular v| |Fx+0.30‘Fz v|
Parameters
Step Vb)) ([A) \—I

1. 4524714 (0.43339) s> [ icﬁwgﬂ:[ Display of
€ Flasic Ninges
SD
. 250.40681 (1.96507) v =
270.06343 (0. 18828)

. 374.40096 (0.99937)
. 396.80721 (0.21461)
. 401.95696 (0.04333)
450.70286 (0.46690) e
460.33169 (0.09223)

. 557.85572 (0.93411)
10. 640.23870 (0. 78909)
11. 651.54392 (0. 10828)
12, 665.17321 {0.13054)
13, §17.37946 (1.45757)
14, 822.87042 (0.05255)
15, 837, 11834 (0. 13647)
16. 883, 55086 (D.44474)
17, 918.68357 (0.33651)
18, 926.62514 (0.07507)
19, 997.21076 (0.67505)
20, 1163.37178 (1.59153)
21, 1206.93775 (0.41729)
22, 1244, 18182 (0.35673)
23, 1247,41822 (0.03100)
24, 1354,49404 (0. 163565) I
25, 1264,53895 (0.00043) Uy
26. 1310.44580 (0.43971)
27, 1317.2806% {0.06547)
28, 1317.66863 (0.00372)
29, 1319.18336 (0.01451) ks Creation for Quiput |

30, 1324.95729 (0.05530 w

?.

R RN T

=) )
= =]

0.4
017
0.20

Each step provides the corresponding shear value Vb(kN) and the A load factor, while at the same
time are presented are presented in the corresponding graph the following data:

e (Capacity Curve »
e |dealized Capacity Curve
e Target Displacement Idealized Capadity Curve

Target Displacement
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3.4.1 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 on 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.

Vb(kN)
425
i)
aTs
350
125
300
il
250

225

200

= iix{mj
L] a L] [ =] Lr) (=]
= = = = o =
a a a a a a
Chedk 53

In the following field — you can change the check node and derive the results for a

different check node, without repeating the analysis. The presentation of the results is updated
automatically.

3.4.2 Idealized Capacity Curve

It is the linearized capacity curve according to the procedure given in Annex B of EN 1998-1. The
idealized elasto-plastic force- displacement relationship is calculated.
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Vb*{kN)
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3.4.3 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.

425

s

f
:Zf;;
o/

Ba s
P

Fjn)

0.0s
(IR [1]
IR E]
0.20
024
0.0
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Parameters

Structural Analysis & Design

Spectrum: is like the Spectrum command explained in the section about the scenarios parameters.
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 with the capacity curve and so they can be defined or modified before or after the
implementation of the analysis procedure.

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

EC8 Parameters

Idealization Method of the SDOF system

Equal Areas Calculation W

Formula B.6 EC& ANMEX B

Equal Areas Calculation

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

caral

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

3.4.4 Representation of the structure
The deformed shape of the structure is depicted in real time and the location of the plastic hinges
formed in the edges of the structural elements for each step.
There are two methods:

1. Select the step from the list

Step Vb(k) ()
| 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 together with the deformed one, in gray and
red color respectively.

Colored dots indicate the edges with the plastic hinges and the different colors 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 — 6,)/2yrq value.
- Yellow color, when the chord rotation is between the (8,m — 8,)/2yrs and (Bum - 6,) values.
- Red color, when the cord rotation is more than the (8um — 6) 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 | B0 I, and ME | buttons gives you the deformed shape of the structure for the three
Limit States. That means that the structure is displayed on the step, where the deformation of the
control node is equal to the corresponding target displacement.

The colored points on the curve correspond to the three LS:
A-DL

: blue
B-5D
° :yellow
° ric :red
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‘ Triangular

s 8

Step VbkM) ()

60. 1712.66460 (0.02529) v [ Suecessional Display of
Capacity Curve

the Plastic Hinges
Check
Node
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e v

o0 [VB(KN

g
R

4
1
&
..J'
800
&
2
,’
4

Uiy

015
[BH
2
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The graphics generated per distribution (Rectangular, Triangular) and seismic combination.

The | Soho oo Onin I Ouips ' command is necessary for the syntax of
the documents, which contain the graphs and the design checks of the project, and their update
in case of modifications.

3.5 Non Linear Analysis (PUSHOVER) Checks

@‘--_a-mmm BeL 080 -

Basic Modeling View Tools Slabs Loads Analysis

) B ) 7 EEEE e
E:_ EC2 General Monlinear [2) &"' i \;, | =

Mew Active Scenery Run Combinations] Checks peismic
! (| Force ||
! SCeneries _! ! Results I
First press | Graph - Checks Creation for Output "and then select “Checks” command. The

following window is displayed:

Analysis Type - Distribution DL 5D MC
BNE T B|C (T JEISES]
1 | Fu+0.30%Fz - Triangular #4151 135 115160 2 2
9 | -Fx+0.30°Fz - Triangular 4338 121 0(0 (0 OO O
17 | Fz+0.30%Fx - Triangular 90 43 132 0(0 (O OO O
25 |-Fz+0.30%Fx - Triangular 735 11400 0 0D 0 LI
101 | Fxe+0.30%Fz - Orthogonal 45|52 137 0(6e (6 (OO O LI
109 | -Fx+0.30%Fz - Orthogonal |83 34 N7 (00 0 OO0 O LI
117 | Fz+0.30"Fx - Orthogonal 91 49 140 1|23 |24/ 0 28 28 LI
125 | -Fz+0.30*Fx - Orthogonal |81 35 11600 0 OO0 O LI
=]
=]
=]
E P
Indude Total Table in Qutput | Diplay Checks |
Select Analysis for Intervention check
|Fx+0.30*Fz—TrianguIar V‘ | I | | Cancel |
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Print

eS| w

Indude Total Table in Output

Diplay Chedks

The

|'I Fx+0.30%Fz - Triangular

File Edit View Insert Format Help

to consider all of them.

SCADA Pro”

Structural Analysis & Design

A table with the total number of beams (B) and columns (C) which have lower capacity than the
demanded, for each pushover and each LS. “T” means total.

Indicate with YES the pushover analysis to include in the printout or just check

button opens the TXT file that contains all members’ capacity
regarding deformation for the pushover analysis a “YES” indicator in the “Print” column:

84 51 135 1/15 16/0 2 2

D E SR s 0@l B

MEMBER

Target Dispacements:

| (DL)

46 ooooolo.
2]0.00011]0.
47 2]0.00000]0.
3]10.00000]0.
48 1]0.00000]0.
1310.00000]0.
43 1310.00000]0.
14]0.00000]0.
50 14]0.00000]0.
8]0.00000]0.
51 15]0.00000]0.
710.00000]0.
52 8]0.00000]0.
7]10.00041]0.
53 710.00000]0.
10]0.00000]0.
54 10]0.00000]0.
11]10.00000]0.
55 11]10.00000]0.
9]0.00000]0.
56 9]0.00000]0.
£]0.00000]0.
57 6]0.00000]0.
5]10.00000]0.
58 5]0.00000]0.

For Help, press F1

Memb. MNode |ysd#*8=d|8pl/vyrd|
——————————- - - o —————— - -t - +-—

CRPACITIES IN DEFORMATICN TERMS

Severe Damage
HNear Collapse

| Damage Limitation | Severe Damage

| (3D)

00000 |Yes|0.00000]0.
00000 |Ne |0.00007]0.
00000 |Yes|0.00000]0.
00000 |Yes|0.00000]0.
00000|Yes|0.00000]0.
00000 |Yes|0.00000]0.
00000 |Yes|0.00000]0.
00000|Yes|0.00000]0.
00000 |Yes|0.00000]0.
00000 |No |0.00001]0.
00000 |Yes|0.00000]0.
00000 |Yes|0.00000]0.
00000|Yes|0.00000]0.
00000 |No |0.00025]0.
00000 |Yes|0.00000]0.
00000|Yes|0.00000]0.
00000 |Yes|0.00000]0.
00000 |Yes|0.00000]0.
00000|Yes|0.00000]0.
00000 |Yes|0.00000]0.
00000 |Yes|0.00000]0.
00000|Yes|0.00000]0.
00000 |Yes|0.00000]0.
00000 |Yes|0.00000]0.
00000|Yes|0.00000]0.

44

|yed*&sd|6pl/yrd|

Analysis Type - Distribution : Fx+0.30%Fz - Triangular
Damage Limitation

(1)

(DL}  0.052(m)

(50)  ©0.057(m)

01117 | Yes|O.
01367 |Yes|0.
01329|Yes|0.
01093|Yes|0.
01032 |Yes|0.
01243 |Yes|O.
01058 | Yes|0.
00991 |Yes|0.
01048 |Yes|O.
00944 |Yes|0.
01240|Yes|0.
01344|Yes|0.
01157 |Yes|O.
00917 |Yes|O.
0105%|Yes|0.
00904 |Yes|0.
01347 |Yes|O.
01347|Yes|0.
00904 |Yes|0.
00992 |Yes|O.
01075 Yes|0.
01367 |Yes|0.
01261 |Yes|O.
01140|Yes|0.
01243|Yes|0.

0.062 (m)

| Hear Collapse

(HC)

|yad*8sd|6pl/vrd]

00000]|0.02234|Yes
00007|0.02734|Yes
00000]|0.02658|Yes
00000]|0.02186|Yes
00000]|0.02064|Yes
00000]|0.02485|Yes
00000]0.02115|Yes
00000]0.01981 |Yes
00000]|0.02097|¥es
00001]0.01887|Yes
00000]|0.02481|Yes
00000]|0.02687 |Yes
00000]0.02315|Yes
00031]0.01835|Yes
Q00000]|0.02117 | Yes
00000]|0.01808|Yes
00000]|0.02694|Yes
00000]|0.02694 | Yes
00000]|0.01808|Yes
00000]0.01983 | Yes
00000]0.02151 |Yes
00000]|0.02734|Yes
00000]|0.02523|Yes
Q00000]0.02280|Yes
00000]|0.02485|Yes
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Checks document help you to assess in which Pushover analysis, the structural elements present
lower capacity than the one defined in the considered LS. It means that it can be easily observed
in which Pushover analysis, the defined performance level is not satisfied. In that case the structure
must be modified, for example through the reinforcement of some structural elements and be
redesigned.

First decide the analysis, which indicates the redesign of the existing structure by selecting one
from the list.

Select Analysis for Intervention check

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 - Qrthogonal
Fz+0.30%Fx% - Orthogonal
+z+0,30%Fx - Orthogonal

The Interventions procedure is explained on “Members Design” chapter.
In the bottom of the text file, the Shear resistance check appears only for the structural members
under shear failure.

File Edit View Insert Format Help
D(a SR @l ¢ =e-| B
~
SHEAR CHECKS
Beams (-Fx+0.30%Fz - Triangular) (3)
| WEmB. NODES | Vrd,= |Vrd,max| Vr | WVed | RATIO |& - DL|B - 5D|C - NC|
1 + + + + + + + 1
| 25 3lv: 300.74] 328.50] 117.41] 198.47| 1.6905] NO | NO | NO |
1 4|y: 300.74| 328.50] 116.07| 207.28| 1.7858] HNCO | No | NO |
| 26 1]v: 240.59] 328.50] 95.18] 202.98| 2.1326] NO | NO | NO |
1 2|y: 240.59] 328.50| 96.92| 188.70] 1.946%] NO | No | NO |
1 31 S5|wy: 370.14| 328.50| 155.96| 156.02| 1.0004] HWC | HO | HO |
| 1ly: | | | | ©0.0000] | | |
1 32 9|wv: 240.59] 328.50] %S54.18| 103.74| 1.1014|] HWC | HO | HO |
| Sly: | | | | ©0.0000] | | |
1 35 Tlwv: 641.57] 722.70] 271.92| 436.54| 1.6054|] HWC | HO | HO |
1 8lv: 641.57] 722.70] 265.75] 476.86| 1.7944] NO | NO | NO |
1 36 S|y: 801.96| 722.70| 320.52| 416.26] 1.2987| NO | NO | NO |
1 &lv: 801.96] 722.70] 323.68] 461.28| 1.4251] NO | NO | NO |
1 38 &lv: 641.57| 722.70| 263.95| 455.%0] 1.7273] NCO | No | NO |
1 2|v: 641.57| 722.70] 262.84| 484.12| 1.8419] NO | NO | NO |
1 39 10|v: 641.57| 722.70| 243.96] 306.91| 1.2580|] NO | NO | HNO |
1 &lv: 641.57| 722.70] 248.40] 338.69] 1.3635] NO | NO | NO |
| 40 Tlv: 641.57] 722.70] 263.96] 448.58| 1.6994] NO | NO | NO |
1 3)v: 641.57| 722.70] 262.85] 479.75| 1.8252] NO | NO | NO |
1 41 11|v: 641.57] 722.70] 243.92| 306.17] 1.2552] NO | NO | NO |
1 Tlv: 641.57| 722.70| 248.37| 537.35] 1.3582| NO | NOo | NO |
| 57 31|v: 963.90| 904.87| 360.99| 364.84] 1.0107] NO | NO | NO |
| 27| v: | | | | ©.0000] | | |
Columns (-Fx+0.30%Fz - Triangular) (92)
|Mérhog Edup.| Vrd,= |Vrd,max| Vr | Wed | hdéyog |R - DL|B - SD|C - HNC|
1 ; ; ; ; ; ; ; ; 1
1 3 15|y: 356.43| 642.40] 270.52| 271.35] 1.0031] 1 1 1
1 S|v: 356.43| €42.40] 270.57| 270.88] 1.0015] 1 1 1
v
For Help, press F1 NUM A
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3.6 Seismic Force

ratios presented in each direction.

E sone -([@Ble Tt 8Q) -

=— Mathbeams
] MathColumns
i Surf 2D

£ Surf 3D

g Slabs

[ AProject Param... |23 Project Data

Basic  Modeling  View  Tools  Slabs  Loads | Analysis
o ’ . 5
& Eca_General Nonlinear (2) - &n \\Z \3,
New °  Active Scenery Run || Combinations Checks Seismic
Force
Sceneries Results
LA ALD GO A
Project Data o x
-/ Lines
G Arcs
{3 Circles
-7 Beams
B Columns
< Footings
A Nodes

EC8 part3»

Post-Processor

I

Mass

Members Design

E E K

Mass Centers Bending Bending  Shear

Drawings-Detailing

SCADA Pro”

Structural Analysis & Design

Activated the nonlinear analysis scenario and then press “Seismic Force”.

Addons

E P P FF

Shear  Seismic Forces Seismic Forces Po Centers Po - CM

Distribution  Deviation  Stiffness X Stiffness Z Stiffness X Stiffness Z Distribution X Distribution Z Deviation Deviation
View

L R o s e 5] K B 2| B @

e e T

2 %[0 2

£

In the TXT file, first the load case data are presented, then, the spectrum parameters, the
performance level and the damage level. Then, for each analysis, the maximum base shear, the
corresponding maximum displacement, the overstrength ratio and the minimum overstrength

Histor.bd - WordPad

S ol

File Edit View Insert Format Help

D[ (E| Sl s &|Tl@| | B

ECENERY : 3 - PUSHOVER ANALYSIS

(EC8)

DATA FILE LOAD CRSES

Load Case 1 (Dead-G)
Load Case 2 (Live-Q)
MASSES CALCULAT. FROM : G+¥2+Q
Calculation Parameters

Ductility Class

Response Spectrum Type

Sesmic Zone

Lcceleration of Gravity g (m/sec2)
Design ground acceleration ogR
Build. system along X

Build. system along Z

Ground Type

Characteristic Periods
Factor-Importance Category

1 DCM
: Type 1
T I

9.810

1 0.16%2.810=1.5696
: Frame System

: Frame System
. B

i TB=0.15 TC=0.50 TD=2.00 (sec)
: yi=1.000 - 2

MATH.

Lower bound factor : po=2.50
Viscous damping ratio : £=5.000%

n/n Level Plan Dimensions Coef.$2 Acc. Eccenticities

Height (m) LIz (m) LIIz (m) L.Cc.2  etix(m) etiz(m)

0 0.000 15.200 11.100 0.300 0.760 0.555

117‘ 1 4.000 15.300 11.100 0.300 0.765 0.555
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4 th STEP: RETROFITTING METHODS

A structural member need to be reinforced when it can not carry the vertical loads and the loads

resulting from the design earthquake. The need for reinforcement of the concrete structural

elements is determined based on the options:

e Performance objective

e Load distribution along height of the horizontal/seismic loads considered in the design checks
of the retrofitting methods.

If you have select, for example, performance objective “B” and load distribution triangular, then
you have to access the report file of the study and do the following:

ort
Rep Select the seismic load distribution
Triangular v | [Fxt0.30° »| | Spectrum along height considered in the
design checks of the retrofitting

Load Step of Vb (kKN) (A) Parameters
| <] [>5 | [Successive Dispiay of = methods and also the performance
the Plastic Hinges objective. Then examine each step
Check [35 Capacdity Curve W D i
Mode E of the capacity curve of the
structure to locate the column,
~ |Vb(kN)

where is formulated the first plastic
hinge.

2R3 L3 b E£n
SIS ]
SRS

Ux{mj

o

{5} wy [==3
a =] =]
[=1 [=1

0.10

Ll
=1 o o

Graph - Checks Creation for Output Internal Forces

! In this way, an iterative process starts, where you reinforce and then recheck some structural
elements, starting with that column, until the structure’s capacity satisfies the defined
performance objective.

You return to the Ribbon “Members Design” where:

Use the command “Detailing” for beams and columns to apply the rehabilitation and reinforcing
methods according to the requirements of the Code of Structural Interventions.
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L. Important prerequisite for the design of the retrofitting methods is the calculation of the load
combinations of the nonlinear static analysis saved in the corresponding step of the
analysis/design procedure.

__;/ S@ e a9t To0 -@)

Basic Modeling ~ View  Tools  Slabs Loads Analysis Post Processor Drawings-Detailing Addons
3 ¢ F e s ¢ - ¢ R Cross-Section D
ECZ Eurocode [0) @ 3 { = 55—3? ﬁﬁf' ‘ ﬁ H & :5, % 7
f’ L. s hd H aT z‘» Buckling Memb
New ~ Active Scenario Para- Continuity Check - Results MNode  Design | Buckling Check - Results Check Results Slab Strip  Mesh Results
meters || of Beams - Reinforcement~ - Releases™  ~ Reinforcement =~ Reinforcement~  ~ Calculation~ - = Connections
Scenarios Beams Capacity Design Columns Foatings Slabs - Mesh steel
L AA LS Structural Component Parameters LD
AeSopiva E 3 x
SsoHsvaaven Steel Reinforcement Capacity Design Stesl
. s Combinations Slabs Beams Columns Footings
-
-4 Lines Combinations of Load Sets (101) | Uk | Serv. | +X||-X| +Z | -Z  No
% Arcs
[ Circles Combinations ULS/SLS  Dir. ™
/™1 Beams 1(14) +1.35Lc1+1 50Lc2 uLs
. Columns 2(1) #1.00Lc1+0.50Lc2 uLs
e Footings 3(2) +1.00Lc1+0.30Lc2+1 00Lc3+0.30Lc4+1.00Lc5+0 30Lc7+0.30lcS  ULS X
_L‘ Modes 4{2) +1.00Lc1+0.30Lc2+1 00Lc3+0.30Lc4+1.00Lc5+0.300c7-0.30LcS  ULS X L ST
+— Mathbeams 5(2) +1.00Lc1+0.30Lc2+1 00Lc3-0 30Lc4+1 00Lc5-0 30Lc7+030LcS  ULS X PAAMAL + puRAMAL +
I MathColumns 6(2) +1.00Lc1+0.30Lc2+1.00Lc3-0.30Lc4+1.00Lc5-0.30Lc7-0.30Lc8  ULS X Orguize = Mt - .
Surf 2D 7(2) +1.00Lc1+0.30Lc2-1 00Lc3+0.30Lc4-1.00Lc5+0 30Lc7+0.30lcS  ULS X ) i : - J "
£ Surf 3D 8(2) +1.00Lc1+0.30Lc2-1 00Lc3+0.30Lc4-1.00Lc5+0 30Lc7-0.30lcS  ULS X T
= Slabs 9(2) +1.00Lc1+0.30Lc2-1. 00Lc3-0.30Lc4-1.00Lc5-0.30Lc7+0.30lcS  ULS -X
1002) +1.00Lc1+0.30Lc2-1.00Lc3-0.30Lc4-1.00Lc5-0.30Lc7-0.30LcS  ULS XY
< >
Level Mutipliers 1/(14) Insett Combinations
pushorenms
Level X s z et 2 -
Combinations Calculation S z
0-0.00 1.000 1.000 1.000 File name: | puthevee.cms 5
1-43000 (1000 [1000 | 1.000 St ot Combatend "
2-82000 1000 1000 |1.000 Combination G+2Q | 101 TELL s o
Automatic Design
0K Cancel
v

[Anapéaperpor .. B3 azsopiva k... | [ <
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4.1 Columns-walls reinforcement
4.1.1 Rehabilitation of columns-walls

The section “Rehabilitation” contains tools for the rehabilitation of the columns according to the
Code of Structural Interventions (KAN.EPE.2013).

’l@\la‘J@\ ﬁ?l*“ﬁ‘hlwl'ﬁlw fofo

cz‘ﬂi,, Jacketing

4

Rehabilitation

|:| Corrosion Protection
Materials used on the surface that act as corrosion
inhibitors for the steel reinforcement of the reinforced
concrete structures and applied by impregnation,

|:| Concrete Repair
Repairing mortars for the structural rehabilitation of
concrete members,

[C]crack Filing

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

Sika

Printout
,

Protection

Fire Protection Layers
Fire resistant mortars applied by using epoxy resins,

Concrete layers or coating

Repairing mortars of ane or more components For Final
: proteckive coating.,

Paint Protection
Flastic-elastic paint protection for concrete and coatings

Sika

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

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

included in the final report.

Select the command “Delete”, the rehabilitation methods are excluded from the report.

Furthermore, in SCADA Pro, the techniques and the material considered in each rehabilitation
method are enriched with the corresponding material and techniques of the company Sika A.E.
The user has direct access in the library of Sika materials by pressing the button Sika ,
which appear in the dialog boxes about the beam reinforcement.

Sika

Select the command “Sika” , and then select the appropriate material for each

rehabilitation method. Also, select the following button and a PDF file is downloaded
automatically with an analytical description of the material properties as well as information of its
use.
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[:] Corrosion Protection

Sika® Ferrogard®-303+ v 2
v ?

To Sika® FerroGard®-903+ cival ENIQAvVaIaKNG EPapHoync A

avaoroAéag BiaPpwaong yia To XaAUuBdivo onAiop6 KaTaoKeuwy ﬁ
Q.3., oYEBIO0UEVG VIa XN [iE ENOTIoNS. —
To Sika® FerroGard®-203+ Baoileral 0z opyavikd Kai avopyava

v
_ Sika :
[C] concrete Repair Avuryonk; Beyuary, ptm0a (1T e turemsms
g Sodong)
Sika® MonoTop®-310 S vi| 2
Sika® MonoTop® Dynamic vi| 2

EmioKsuaoTiko Koviapa SounTIKNG anoKaraoTne OKUpodEuaTog A

Construction

[ Crack Filing
SikaDur @-31 vi| 2
SikaDur ®-52 vil 2
Evéoq.n'l pTivn xWoO I&Eﬁoug yIa ouyKoAANGEIC Kal PN

EVELATWOEIC DOPNTIKAG GnoKaTaoTaong

S
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@ Rehabilitatior

ﬁ Protection

< >

Recalculation
Y =820.00

pEe

Paste

Lok

Placement

Cover (mm) El Thickness {cm) Length {cm)
Thickness (am) I:l
T I CR  CR
Cross-section U-shaped Jacket
Materizls
| Congete:c20/25 || Steel Main):BS00C ||
| Bolts-Hangers :8500C || Steel (Stirups) :8500C |ﬂ
Design Checks
Performance Level A-DL v
Anchorage length {cm) 0

Total calculation Friction mechanism P

participation percentage(%G)

Suspensors Strrups
Diameter {mm) D8 w
—
Number[l hs(mm) [I / El an

Dowels

Diameter (mm) Mumber EI Series EI

Cover (mm) Per (cm) EI [ alternately

Bottom Top  Lateral

E“i"il Anchorage length (mm) D

4.1.2 Concrete jacket for columns-walls

- JCYEIE

BETTE

SCADA Pro”
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The section “Jacketing” contains tools for the reinforcement of the columns according to the Code
of Structural Interventions (KAN.EPE.2013).

According the Code, the concrete jacket is a uniform concrete layer that surrounds the column
cross-section in a closed form. Otherwise, when the concrete layer in a side is not connected to the
layer of the adjacent side, then the reinforcing method is considered as additional concrete layers.

& 1

L

Type
Constants

Fak (Mpa)

ycs

2 (N,M)
2 (M)

e
Constants
2 ]| =e=

Fetm (Mpa) ¥ss
T o)

Max Deformations

Fyk (Mpa)
vau

Max Deformations

e
o
=]

=

Cancel

|Car1cel|
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Materials

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

| Concrete : C20/25

| Steel (Main):B500C |

| Bolts - Hangers :B500C || Steel (Stirrups) :B500C |
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. Furthermore, in SCADA Pro, the techniques and the material considered in each rehabilitation
method are enriched with the corresponding material and techniques of the company Sika A.E.
The user has direct access in the library of Sika materials by pressing the button sla ,
which appear in the dialog boxes about the beam reinforcement.

Sika

Select the command “Sika” , and then select the appropriate material for each

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

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

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

Placement

When the thickness per side

Cover {mm) 20 Thickness (cm) Length (cm)
iness onf 1 0 0 defers, then you select the
sice ° ° command “Side” and pick with
T L steped Jodiet the mouse the corresponding
Conarete : C20/25 st ran) ss00c | _ side. If the thickness is the same
Bolts - Hangers :B500C Steel (Stirups) :B500C in the total CrOSS-SeCtion, yOU
Design Checks
Sde scleckan, | Performance Level O © select the button “Total cross-
Anchorage length {cm) 0

H 4
Total calculation Friction mecharism section”.
participation percentage(%t) o

Suspensors Stirrups

Diameter (mm) |14 v olsg v
show
Number 0 hs{mm) 0 g 0
Placement H B
T — Furthermore, there is the option
Thidness (anf 8 s 0 to insert U-shaped Jacket, typing
10 50 H H
Sk the respective Thickness and
Cross-section U-shaped Jacket
Materials Le ngth ’
Concrete : C20/25 Steel (Main) :5500C
ika
Bolts - Hangers :B500C Steel (Stirrups) :B500C .
Design Checks
Side selection Performance Level A-DL v
Anchorage length (cm) 0
Total caloulation Friction mechanism
partidpation percentage(%) 9
Suspensors Stirups

Diameter (mm) 14 W+ olg w
show

Number O hs(mm) 0 ! 10

[
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2. Insert the steel reinforcement of the jacket with the commands “Main Reinforcement” and
“Stirrups” from the list (Chapter A “Column’s Detailing”).

n | Column Editor = B

=, Geometry "\*‘1. \1‘!"1.‘ ) ‘x‘ t‘ﬁ) H!E‘ ii!j " Add

Q

Main Reinfor:
Side ¥ @ |20 ¥ mm
Stirrups
Type
M Diagrams | ] ~ o] w0 om (em)

EExplnraﬁnn
Type 2

-
1 Deformation:

— —
Checks Hooks
&P = v 0 vo cm Calculation
< 3| [ Side D t paticpate
nbe 1| Clowen | 27
Recalculation
n.nnn
e = e e e e 8 Add Bars —_I
"t
51 S3 52 k
¥ = 300.00 Rebar Spading {mm}
51 52 53 Edit Bars
+ || 2 -
0 o 0 [J1in allBars
Copy Labels
Paste 20 |, seeo |[ E030 Delete Group Bars
aste ;) - Delete Group Bai
= N
‘ i 1000||a 2%:‘%2 P I—E
— o Add Dimension line
Cancel O I | SN W - (Rar Nistances)

= Fil
. . Ialealanrl e B, ] e e D | e |
3. Calculate the new interaction surface of the ¢ ¢

. . . Step 100 N | N+ | 2
reinforced cross-section by selecting the o o o

following button il

My=—473.689 , 478.659 Mz=415.844, 415,844 N=-1518.260 , 54%6.930

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

Stirrups
5. Inthe field “Stirrups” give the dimeter and the spacing of the stirrups of the O
jacket.
J g0
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6. Select the appropriate “Performance level”; Damage
Limitation-DL (Immediate Occupancy), Significant | Performance Level A-DL v

Damage-SD (Life Safety), Near Collapse-NC (Collapse
Prevention).

7. The compressive force Fem of the jacket is safely transferred as a shear force along the interface

through the three following mechanisms:

_ friction Anchorage length (cm) 0
- welded suspensors Friction mechanism p
- dowels participation percentage({%)

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

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

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

SUsSpensors
Diameter {(mm) |14 W

Mumber 0 hs(mm) 0

For the friction mechanism you have to define one of the following parameters:
- The assemblage length and then the program calculate the resistance considering the
friction coefficient u=1.0.

- The percentage (%) of the compressive force that will be transferred through the friction
mechanism.

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

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

Dowels
Diameter {mm) 14 w | MNumber |18 Series 1
Cover {mm)

Per {cm 7 Alternatel
Bottom Top  Lateral (m) [16.74 | []Alternately
84 70 42 Anchorage length (mm) | 84
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9. Inthe field “Design checks”, select the following :

Design Chedks

Side selection

Total calculation

- Calculation in total: Select this command and the checks will be performed in all sides of the cross-
section (according to KAN.EPE.2013) and the corresponding results will be presented per side.

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

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

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

Mz = 63,36 -138.27 S

v Wrd,r=753.98 Vrm=603, 19
v (vrd,r+vrm) fyR=1043.97
F "._-'rd,_r=282._}"j‘-H-'rm=EEE.1'El W

In the beginning of the design checks, the inertial forces appears in the top and the bottom of the
column.

Mx =-0.71-0.71
My = 14.38 -42.38
Mz = -6.83 15.24

Also, the shear resistance per direction are presented according to the paragraph § 8.2.2.2,
KAN.EPE.2013.

y: Wrd,r=331.75 Vrm=331.75 -
v (Vrd,r+Vrm) fyR=510.39

z: Vrd,r=256.35 Vrm=256.35

z: (Vrd,r+vrm)fyR.=394. 39 ~
4 [ m 3

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

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

Smax{cm)=45.00 o
4 [ 3
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The program calculates the appropriate number of dowels by comparing the number of dowels
based on the value of the compression force and the minimum number of dowels based on the
jacket’s area and keeps the greater.

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

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

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

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

_: )\@ Po B Elion -G
Basic Maodeling View Toaols Slabs Loads Addons

: [a_ E:',_ Fam f Qutput
= a7 1 B |
Greek Parameters Concrete Steel Steel Print
s Cross-Sections ¥ Property
Languages Parameters Bill of Materials Calculations Printout View
Calculation’s Printout
Availiable Chapters Printout Number of Pages : Select the Sect|0n ”Retrof|tt|ng
- General i . Building Data
et stne Levit : methods” and then select a level or
Design Move Up .
5 Jacketing Move Donn levels and the corresponding results
=- Columns .
boLevelo Delete of the design checks as well as the
o2 Delet=pd calculated number of dowels per
i o . .
steel st level will be recorded.
Masonry Error Correction
- Bill of Materials
Format Page
Paging 0
Export Printout
Print
Project Report
Cancel
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4.1.3 FRPs - laminates of columns-walls

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

. According to the paragraph §8.2.1.3, KAN.EPE.2013, a reinforced concrete cross-section can
be strengthened in bending with steel laminates or FRP fabrics. This reinforcing method is
applied mainly in beams and slabs and rarely in columns, because it is not allowed to be applied
in regions under compression. As an exception, it can be applied in regions under compression
when that regions resist against other type of failures, e.g. local buckling resistance of the
rebars by applying confinement.

n | Column Editor = B
7Y Rehabiltation #) | Q) | [T x i;;h 4] ’ Info
"\\‘\\\“‘% T H!E ii/
- Reinfordng Method | Steel Plates ]
Material
Steel (Main) :5275(Fe430) Sika
M Protection
Performance Level Accessibility (Table S 4.3)
A-DL v Mormal (Usual) Y] I
Placement I I
Default
Length (cm) | O Thickness 0 I J»
Width (cm) | O Anchorage (cm) | O Side j
Number of Layers 0 Strips' Data
["Iho bending participation [Jseguental Placement —+_ _i_
Width (cm) 0
< > Side
= Spacing (cm ]
Recalculation Cross-section padng (an)

Printout

Automatic Thickness
¥ = 300,00 Checks 11 Calaulation

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

Reinforcing Method | Steel Plates W

Material Steel Plates
Fiber Reinforced Polymers

Staal Mzinh 27 T7CiFEa=rTT A
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Material
Steel (Main) :5275(Fe430)

Steel (Stirrups) n

Type 5275(Fed3l v
Constants

2. Select the Material.

Es (Gpa) 210
Fyk (Mpa) | 275

& 1.15

yss 1

Max Deformations

= 0.02

Cancel
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. Furthermore, in SCADA Pro, the techniques and the material considered in each retrofitting
method are enriched with the corresponding material and techniques of the company Sika A.E.

The user has direct access in the library of Sika materials by pressing the button

which appear in the dialog boxes about the beam reinforcement..

Select the command “Sika” Sika

rehabilitation method. Also, select the following button

use.

3. Select the Performance Level and the Accessibility level
Performance Level Accessibility (Table 5 4.3)
A-OL v Mormal (Usual) W

4. In the field Placement, select:

Placement

Length (cm) 0 Thickness 0 Default
Width (cm) O anchorage (cm) O Side
Mumber of Layers a Strips' Data

Default: This command is used in order the

Sika

7’

, and then select the appropriate material for each

and a PDF file is downloaded
automatically with an analytical description of the material properties as well as information of its

length of the column and the width of the Placement

laminate to be filled in automatically. The Length (cm) | 300
width of the laminate is equal to the width

width (cm) | 40l

Thickness a

Anchorage {cm) | 0

Default

Side 1

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

1. For each side: Select the button “Side” and show with the mouse the corresponding side of
the column.

2. Forthe total cross-section: Select the button “Cross-section”.

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

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

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

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

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

D Sequential Placement continuous or discontinuous with intermediate spacing.

Width (cm) 0 Activate the “Continuous Formulation” in the field “Strips’ data”
and define the width of the laminate. For considering the
discontinuous formulation, deactivate the previous checkbox and

Spaci
pacing (cm) 0 define the spacing between the strips.

Activate the checkbox “No participation in bending” [VINe bending particpation 1 4 the Jaminate in the

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

Printout
Automatic Thickness
1/1 Calculation

My : Msd{72.906) <=2/3Mrd (87.97¢
Mz : Msd(-5.161) <=2/3Mrd'{-6. 227}
My : Msd{-99. 180) <=2/3Mrd'(-87.0¢
Mz : Msd(-7.226) <=2/3Mrd'(-6. 345)

Vy: Wsd(D,688) < Vrd,c(81.512)(1) :
Vz: Ved(-57.362) < Vrd,c(81.512)(1)
Vy: Wsd(0.6588) < Vrd,o(79.824)(1) :
Vz: Vsd{-57.362) < vrd,c{79.824)(1)

By selecting the command “Design checks”, the program calculates and presents the minimum
thickness t; and t; per side, in the checks’ results concerning the cross-section of the laminate and
the type of the material. Then, the thickness t; and t; are calculated again concerning the minimum

59



«ASSESSMENT AND REDESIGN ACCORDING TO EC8 part3» SCADA Pro”

Structural Analysis & Design

values of t; and t; and the design checks have to be repeated. Since the calculation of the thickness
t; and t; is an iterative method, select the button “Automatic calculation of the thickness”.

Automatic Thickness
Calculation

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

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

In the section of the results of the design checks are presented first the bending resistance checks
of the cross-section and the shear resistance check by direction X or Z according to the paragraph
§ 8.2.1.3 (a), KAN.EPE.2013.

My : Msd(16.793) <=2/3Mrd'(12.394)|
Mz : Msd(381.039) <=2/3Mrd'(251.21
My : Msd(~40,851) <=2/3Mrd'(-45.51¢
Mz : Msd{-154.603) <=2/3Mrd'(-172.2
Vy: Vsd(133.911) < Vrd,c(123.557)(1)
Vz: Ved(-14.411) < Vrd,c(142. 109)(1)
Vy: Vsd(133.911) < Vrd,c(113.795)(1)
Vz: Ved(-14.411) < Vrd,c(138.7349)(1)

4 (i}

Furthermore the results are presented by side and the value of the parameter AM; the difference
between the design bending moment and the moment resistance of the initial cross-section, is
calculated. If the parameter AM is positive (the initial cross-section should be reinforced) the
thickness values t; and t; are calculated as described above. The thickness is defined by the user.
SIDE: 1

AM=45.80

gjd1 = 293995,359

ajd2 = 447795.526

min T{mm]) : t=0.400 t1=0.693 t2=0.455

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

SIDE: 1

AM=45.86

ojd1 = 293995.559

ojd2 = 316639.253

min T{mm) : t=0.400 t1=0,347 t2=0.322

So, if you use two layers, then a minimum thickness t=0.35 is needed.

If AM=0, then there is no need for reinforcement, so t;=t,=0.

Finally, the shear resistance check is presented according to § 8.2.2.2 (iii) KAN.EPE.
Printout

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

The section “Protection” contains the tools for the application of protection methods in columns
according to KAN.EPE.2013.

n ] Column Editor - B
[&p Rehabiltatior "@l‘\—l‘d—l‘ ‘%‘ L-ii H!;\i‘ lil;'u " Infa

Rehabilitation

Corrasion Protection

Concrete Repair

Crack Filing

Printout
Add Delef

5

Protection

[]Fire Protection Layers
Fire resistant mortars applied by using epoxy resins.

T=Phs [[]Concrete layers or coating

Repairing mortars of one or mere components for final
protective coating

Recalaulation

Copy [C]Paint Protection
Plastic-elastic paint protection for concrete and coatings

Paste

oK

Cancel

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

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

methods will be included in the final report.

. Furthermore, in SCADA Pro, the techniques and the material considered in each retrofitting
method are enriched with the corresponding material and techniques of the company Sika A.E.
The user has direct access in the library of Sika materials by pressing the button sla ,
which appear in the dialog boxes about the beam reinforcement.

Sika

Select the command “Sika” , and then select the appropriate material for each

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

IMPORTANT NOTE:

The reinforced parts of the columns and walls are pointed out on the screen:
1. Inplanview: The node is colored yellow
2. In3Dview: The structural element is colored yellow.

61



«ASSESSMENT AND REDESIGN ACCORDING TO EC8 part3» SCADA Pro”

Structural Analysis & Design

Also, according to the type of the reinforcing method, an indicative letter appears of the
reinforcing method:
% Concrete Jacket:
% Laminate: “L”
% FRP: “F”

llJ ”n

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

n ] Beams Editor - o IEN
O] R || R || $€| 1| 1y

Al

_II||||||I|I||||||||||||l|||||||I|I|I||||I|IIII|AJ
D

Geometry | Span Main Reinforcement | Support Reinforcement | Stirrups | Additional | Crack control | Diagrams | Retrofitting method

Number of Span 2 Materizl Input data
Concrete : C3/10
General Data Left support
Steel in) :5220
Type Concete Jacketing V] Sl Span
[ Uniform reinforcement in the total length Steel (Stirups) :5220 Right support
Cover Slab thickness Accessibility Balts - Hangers :5220
{mm) (cm) (Table 54.3)
0 o 17 [ Normal {Usual) v Performance level A-DL v

The section “Retrofitting methods” contains the tool for the seismic reinforcement and
rehabilitation of the beams according to the Greek Code of Structural Interventions (KAN.EPE.).

First the calculated steel reinforcement is adjusted to the existing one, then you proceed with the
definition of the structural reinforcing techniques.

Select the span graphically or by left click on the span in the cad interface. Otherwise, set the

=]

number of the span in the field “Number of Span”

In the “Beams editor”, the beam is depicted in the direction at the input step. To locate quickly the
beam of interest among the rest structural elements, it is suggested, the numbering and the local
axes of all beams to be displayed and then, the corresponding beam to be selected by setting its
serial number in the editor utility. To define the left and right support of the beam, use the direction
of the local axis xx’. The start and the end of the beam element in the editor’s interface is defined
concerning the local axis xx’ direction, without considering the beam’s orientation in the plan view.

“General Data”
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Select from the drop-down list the structural reinforcing method applied to the selected beam.

Concete Jadketing
Steel Plates
Fiber Reinforced Polymers

e The activation of the checkbox “Uniform reinforcement in the total length”

[ Uniform reinforcement n the totallength a2 that the reinforcement, applied in each critical cross-

section, will be designed (supports, span) considering the less favorable values of the inertial forces.
The less favorable inertial forces are derived from the comparison of the inertial forces in all cross-
sections of the beam. Otherwise, if the checkbox remains inactive, then the inertial forces of each
critical region examined will be used for the design of the corresponding retrofitting method.

. In both options above, the structural reinforcement must be applied in the three critical sections
of the beam (left/right support and span).

e In the case of the concrete jacket and the additional concrete layers, type a value in the field
“Cover (mm)” to define the concrete cover of the cross-section.

e Activate the checkbox “T” T and type the thickness of the plate in the field “Plate thickness
(cm)” in case of a T-shaped cross-section. For a I-shaped cross-section, type the thickness of the
plate without activating the checkbox “T”.

. For zero value for the thickness of the plate, a rectangular cross-section will be considered, either
the checkbox “T” is active or inactive.

“Performance level”: Define the performance level of the structure.

Performance level

“Accessibility”: Define the accesibilty of the area where the reinforcement is applied according to
the § 4.5.3.2 in KAN.EPE.

Accessibility
(Table 54.3)

Mormal (Usual) W
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Material

Concrete : C&f10

| Type C20/25 W

Steel (Main) :5220

Steel (Stirrups) 15220

Buolts - Hangers :5220

| Constants

b reoes (2
| e

N IE

beam.

| Left support |

_om |
| Right support |

Fetm (vpe)

TRd (Mpa) 0.25

Max Deformations

OK Cancel

Structural Analysis & Design

4.2.1 Additional concrete layers — Concrete jackets

“Materials”: Select the type of material for each structural component of the reinforcing method.

Type 5220 v
Constants
= (o)
Pk 53]

w o
Max Deformations

- X
Ok Cancel

The same in both sides

O The side-rebars are taken into
congideration
The additional rebars are taken into
congideration

Default

Left side
-
Thickness (m)E

0 Do not partidpate in the bending
resistance check

Rebars

Corner o O
Inbermediabelzl @ O

Dowels - Suspensors

Diameter {mm)
Anchorage Length {mm) IZI

Stirrups
el ¥/ |

Ultimate Moment Resistance

‘ Initial | | Reinforced |

“Input Data”: Define the input data of the concrete jacket in the two supports and the span of the

it

Top flange
Lengin(am) [0 |mideess (@0 | [ ———

Sika
O Do not partidpate in the bending
resistance check
Rebars

@ O Rehabiltation
L JepvO e [0
Right side

Length (em) 120

Thickness {cm) O

Do not participate in the
bending resistance chedk

Rebars

Corner [

Internediate 0 o5

__Design Checks __Report

Bottom flange

Length {cm) @ Thickness (cmEI

O Do not partidipate in the bending
resistance check

Rebars
* Je VD
© Jols |0 e [0 ]
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In the dialog box “Beam structural reinforcement” that appears, you put the concrete jacket per
side (top, bottom, left side, right side). There is also a preview window part of the dialog box where
the settings are depicted.

The calculations and the design checks of the beam are the same with the checks of the column
presented in Chapter A.

To be taken into consideration the existing side rebars in the calculation of the ultimate moment
resistance of the cross-section, you activate the following checkbox:

The side-rebars are taken into
consideration

To be taken into consideration the existing additional steel reinforcement in the supports of the
beam, in the calculation of the ultimate moment resistance of the cross-section, you activate the
following checkbox:

The additional rebars are taken into
i
consideration Right side

Length (cm) 120

. . v Th in bath sid . el
If you activate the following checkbox = same in ot sides then, the field
Do not participate in the

“Right Side” is deactivated and receive the same input parameters as they bending resistance check
are defined in the field “Left Side”.

Rebars

Corner o

Internediate 0 o5

NOTICE:

If you select the button “Default”, then, the corresponding length of the supports and the span
are defined automatically. The support’s length is the critical length and the span’s length is the
total length of the beam minus the critical of the two supports. The calculated lengths correspond
to the reinforcing length.

Ultimate Moment Resistance In the field “Ultimate Moments Resistance”, if you select the
Initial Reinforcad button “Initial” or “Reinforced”, then the ultimate bending
resistance is calculated of the existing or he reinforced cross-

section, respectively.

Inthe field “Dowels - Suspensors” you define the input parameters of the dowels or the suspensors;
diameter and anchorage length.

Dowels - Suspensors

Diameter {mm}) 16 w

Anchorage Length (mm) | 100

In the field “Stirrups” set the diameter and the spacing of the stirrups of the concrete jacket.

Stirrups
@8 W f (10 I,
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Input parameters in the fields “Top” and “Bottom”

If you activate the checkbox “Not considered in the bending resistance check”, then the
corresponding concrete jacket or the additional concrete layer are not taken into consideration in
the calculation process of the reinforced cross-section.

In the first line of the input parameters of the steel reinforcement, you define the number of the
rebars of the first/basic rebars’ layer and their diameter. For more than one layers of rebars, you
define in the second line, the number of the rebar layers, the diameter of the rebars and the spacing
di between the rebar layers.

The rebar layers have always two rebars.

]
The activation of the checkbox, on the right of the diameter’s drop-down list O , means
that the corresponding steel reinforcement is not taken into account in the calculation of the
ultimate moment resistance.

Input parameters in the fields “Left Side” and “Right Side”

Left side
Length (cm) | 50
Thickness (cm) 10

0 Do not participate in the bending
resistance chedk

Rebars
Corner o114 w| ]
Intermediate| 3 D14 v [

In the field “Rebars” you define the diameter of the corner rebars of the corresponding side, as well
as, the number and the diameter of the intermediate rebars. The rest parameters are the same with
the parameters of the top and bottom of the cross-section.

In the field “Ultimate Moment Resistance” select the
button “Initial” of “Reinforced”. Then, a new dialog box
opens, where the interaction diagram of the uniaxial
bending moment and the axial force is depicted for the
existing and the reinforced cross-section, respectively.
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Beam structural reinforcement

The same in both sides

The side-rebars are taken into
o
consideration

The additional rebars are taken into
consideration

Default

Left side
Length {cm) | 50

Thickness {cm)| 10

0 Do not partidpate in the bending
resistance check

Rebars

Corner o 14 w| ]
Intermediate| 3 Bl14 w Il
Dowels - Suspensors

Diameter {mm) 16 W

Anchorage Length (mm) | 100

Stirrups
ala v/ 10 | m
Ultimate Moment Resistance

Initial Reinforced

Top flange

Length (am) | 0 Thickness {cm) 0

Do not participate in the bending
resistance check

Rebars
4 ol v [
2 @l o] [ diemy |3

Bottom flange

Length (cm) | 120 Thickness (cm) 0

O Do not partidpate in the bending
resistance check

Rebars
4 o5 w| []
0 ol w| [] difam) |9

Sika
Cancel
Rehabilitation
Protection
Right side

Length (cm) 120

Thickness (cm) 0

Do not participate in the
bending resistance checdk

Rebars

Corner i

[=1]

Internediate 0 ® g

Design Checks Report
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Select the command “Design checks” and the program performs all design checks for the concrete
jacket in all reinforced sides with concrete jacket (according to the Code of structural interventions)
and so the appropriate number of dowels is calculated. Those design checks and their
corresponding results are similar to those considered for the columns.

The results of the design checks are presented on the bottom of the window.
Finally, select the command “Report” and the results of the design checks will be added in the
corresponding chapter of the Report.

. After any modification on the parameters of the concrete jacket, select the command
“Report”, so that the repost to be updated with the new data as appropriate.
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4.2.2 Steel laminates — FRPs

For these two retrofitting methods, the sane procedure is followed as previously.
For the steel laminates or FRPs, select the corresponding layer from the drop-down list.

General Data
Type |Steel Plates ™

[#] Unifg Concete Jacketin
Ei“f\" Fiber Reinforced Polymers I
“Material”: Select the type of the steel for the laminates and the fiber reinforced polymers.

Material

Concrete : C8/10 Tzz:smnm szsslpesen v
Steel (Main) :5235(Fe3a0) Es (Gpa) 210
Steel (Stirrups) :5220 Fyk(Mpa) | 235
Buolts - Hangers :5220 ysu 1.15
= 1

Max Deformations

e 0.02

Cancel

The performance objective and the accessibility level are defined following the same procedure as
for the definition of the concrete jacket.

“Input data”: Set the input data for the “Steel Laminates” or the “FRPs” for the supports and the
sap of the beam.

Top flange
[]The same in both sides Length {em) | O Thickness {mm) | © Sika Report

[ ] The side-rebars are taken into consideration Ehcitlicny 0 Anchorage (cm) | @

[ The additional rebars are taken into consider Number of layers 1
Rehabilitation

Default [“INot participate in bending
Protection

Right side
Length (em) |0 Thickness (mm) |0

Left side
Length (am) |0 Thickness (mm) | 0

Width (cm) |0 Anchorage (cm) | 0 width (cm) | 0 Ancherage (cm) | 0

Mumber of layers | 1 Mumber of layers 1

[[INot participate in bending [Inot particpate in bending
Strips' data

[[] Continuous placement

Strips' data

[[] Continuous placement
idth (am) | 0 Spacing (an) | 0 Width (em) | O Spacing {cm) 0
Automatic thickness

Ecsolcheds calculation

Bottom flange
Length (am) |0

Width (cm) |0 Anchorage (cm) | 0

Thickness (mm) | 0

Number of layers 1

Ultimate Moment Resistance [ Not particpate in bending
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In the dialog box “Beam Reinforcement” that appears, the input data per side of the cross-section
(top, bottom, left side, right side) are defined. There is also a window in the dialog box, where the
results of the design checks are summarized.

The calculations and the design checks of the beam are the same with the checks of the column
presented in Chapter A.

To be taken into consideration the existing side rebars in the calculation of the ultimate moment
resistance of the cross-section, you activate the following checkbox:

The side-rebars are taken into
consideration

To be taken into consideration the existing additional steel reinforcement in the supports of the
beam, in the calculation of the ultimate moment resistance of the cross-section, you activate the
following checkbox:

The additional rebars are taken into
i
consideration Right side

Length (cm) 120

. . v Th in bath sid . el
If you activate the following checkbox = same in ot sides then, the field
Do not participate in the

“Right Side” is deactivated and receive the same input parameters as they bending resistance check
are defined in the field “Left Side”.

Rebars

Corner o

Internediate 0 o5

If you select the button “Default”, then, the corresponding length of the supports and the span
are defined automatically. The support’s length is the critical length and the span’s length is the
total length of the beam minus the critical of the two supports. The calculated lengths correspond
to the reinforcing length.

In the field “Ultimate Moments Resistance”, if you select the
button “Initial” or “Reinforced”, then the ultimate bending
resistance is calculated of the existing or he reinforced cross-
section, respectively.

LlItimate Mament Resistance

Initial Reinforced
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J

Input parameters in the fields “Top” and “Bottom’

Top flange
Length (cm) | 50 Thickness {mm) | 1

Width (cm) | 25 Anchorage (cm) | 40

Mumber of layers 1

[ Mot participate in bending

If you activate the checkbox “Not considered in the bending resistance check”, then the
corresponding concrete jacket or the additional concrete layer are not taken into consideration in
the calculation process of the reinforced cross-section.

For the length of the laminate is defined as the length for the concrete jacket. The width of the
laminate is defined at first equal to the width of the corresponding side. The definition of the
anchorage length is mandatory and the program at first sets a value by default, which can be
modified by the user. The number of the layers is the number of the layers of the reinforcement.

Input parameters in the fields “Left Side” and “Right Side”

Left side
Length (em) | 40 Thickness (mm) | 1

Width (cm) | 50 Anchorage (cm) | 32

Mumber of layers | 1

[ Mot participate in bending
Strips' data
|:| Continuous placement

Width (cm) | 0 Spacing (am) | 0

The definition of the reinforcement’s geometry is defined with similar way to the one placed on the
top and the bottom of the cross-section. The checkbox about the non-consideration of the
laminates of the left and right side in the bending resistance of the cross-section is already activated,
because they reinforce the cross-section mainly against shear failure.

The placement of the laminates can be uniform or in strips; continuous or discontinuous with
intermediate spacing. Activate the “Continuous Formulation” in the field “Strips’ data” and define
the width of the laminate. For considering the discontinuous formulation, deactivate the previous
checkbox and define the spacing between the strips.




«ASSESSMENT AND REDESIGN ACCORDING TO EC8 part3» SCADA Pro”

Structural Analysis & Design

By selecting the command “Design checks”, the program calculates and presents the minimum

thickness t; and t; per side, in the checks’ results concerning the cross-section of the laminate and

the type of the material. Then, the thickness t; and t, are calculated again concerning the

minimum values of t; and t, and the design checks have to be repeated. Since the calculation of

the thickness t; and t; is an iterative method, select the button “Automatic calculation of the
Automatic thidkness

thickness” calculation

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

. The structural adequacy of the laminate or the FRP is reached with the increase of the
thickness or the number of the layers.
REPOE | Finally, select the command “Report” and the results of the design checks will be
added in the corresponding chapter of the Report.

. For each modification in the steel laminate or the FRPs, repeat the selection of the command
“Report” to be added in the final report of the study.

. Furthermore, in SCADA Pro, the techniques and the material considered in each retrofitting
method are enriched with the corresponding material and techniques of the company Sika A.E.
The user has direct access in the library of Sika materials by pressing the button ke ,
which appear in the dialog boxes about the beam reinforcement.

. The buttons “Rehabilitation” and “Protection” correspond to a dialog box each with tools about
the rehabilitation and protection of the beam structural elements according to the Code of
Structural Interventions (KAN.EPE).

Rehabilitation - Protection n Rehabilitation - Protection
Rehabilitation Comrete Rt
Corrosion Protection
| Concrete Repair
[ crack Filing Crack Filing

Cementitious binding materials for the structural

rehabilitation of the concrete cracking, welded and for

infilled,

Sika
Printout Printout
Add Delete Add Delete.
Protection Protection

Fire Protection Layers [JFire Protection Layers
Fire resistant mortars appied by using epoxy resin.

Concrete layers or coating [ ] conerete layers or coating
Repairing mortars of one or more companents for final
protective coating.

Paint Protection [[Jpaint protection
Plastic-elastic paint protection for concrete and coatings.

sika

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

Report

corresponding checkbox. By selecting the command “Report” can add the

corresponding information in the final report of the study.
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The reinforced beams are indicated on the screen like the reinforced columns:
The corresponding structural member is colored yellow:

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

«» Concrete Jacket: “)”
< Laminate: “L”
< FRP: “F”

Input data

Left support

Right support .
takes place according to the local axes of the beam

(according to the direction that it was drawn: from left to right and vice versa). For that
reason always activate the view of the local axes before the input of the reinforcing method.

The following definition

Prerequisite for the appearance of the label is that you have first selected the button
“Report” in the dialog box of the corresponding beam reinforcing method.
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Renumbering
Modes | Na

‘|

In the case of an elastic analysis, you create a new analysis scenario; static or dynamic analysis.

[ ] Dizable

Mame |

ECE_General Static

ECE General Precheck Static | o0 |ECB_General

EC8_General Precheck Dynam

= T Blastic amic
ECE General Blastic Dvnamic . Dyn

Properties| Static
Chymamic
Monlinear
Linear

[
Load Ca 5 o check Static
Precheck Cynamic

Blemer

IT Time Histo amic
W __I_l_ry_m_'_

| Exit

Then, you follow the process of performing a scenario.
In the dialog box “Parameters” do the following :

S L
Soil

e (015
Importance - o] TCEs) 0.5 |o.15 |
e 1] [1 wo [z [
Spectrum

Response Spectrum Ductility Class

|REsponse Spectrum | | Update Spectrum |
Structural Type
Structural Type
‘|

Vertical b
Sd(T) >= ag

q
ax qv qz

z

Frame System Frame System |

Structural Type
[ 71 according to 4.3.3.2.2.(5)

Seismic Area Characteristic Periods Levels XZ
‘ Seismic Areas ‘ Spectrum Type Horizontal Vertical Down [g-g.00 v Up |o-o.00 o
1.2 0.9
Savg I_‘ Dynamic Analysis

Eigenvalues II' Accuracy | 0.001

Spectrum Participation factors

Prx [] O PRy [] 0 PRz [] 0
Eccentricities sd (T)

sd(m) [ 1
emx [ ] 0.05 =y

sd(v) [ 1
ETIZ |:| 0.05 Hz Sdm |:| 1
Openings Setbacks
X [ Jone X | Al the other cases |
Z [Jone 7 | All the other cases |

X |Concrete Moment Resisting Frames

v |3-r |Concrete Moment Resisting Frames

v|

Interstorey Drift Limit Damaged Buildings

walls || KanEPE || Defaut || ok | cancel |
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First define the corresponding parameters like you do for the analysis scenario of ECS.
Since you have defined the corresponding parameters, perform the scenario for the elastic analysis

and then select “Load Combinations” = “Default” and save the file of the load combinations that
will be used for the design of the reinforcement methods.

If you select “Checks” all the checks appear, with the criteria for the selection of the elastic method
included. Nevertheless, the check considering the insufficiency index is the most important.

Eplowpo. SEiKIEQ OWEDMPKELOC A SOULKOV OToLYEiwv (mDogp.5.5.2 o(i))

| ofo IZuv/Ko | Aoxol | YOooTUADUHTO | E{rvoho |
|Zt&Bunc YWac (M) | h<=1.0 | A>1.0 | A<=1.0 | A>1.0 | A<=1.0 | A>1.0 |
e Fmm— Fmmm Fmmm Fmmm Fmm Fmm |
| 1 3.000 | 4 12%) 3 9% & 20%| o 0% 10 16%] 3 5%
| 2 £.000 | & 18%| 1 3% 6 20%] 0 0%] 12 19%] 1 2%
| 3 5.000 | & 18%] 1 3% & 20%] O 0% 12 19%|] 1 2%
| 4 12.000 | 4 12%] o 0% 4 13%] o 0% g8 13% o 0%
| 5 15.000 | 4 12%] 0 0% 4 13%] o 0% g8 13%] o 0%
| & 18.000 | 4 12%] o 0% 4 13%] o 0% g8 13% o 0%
e Fmm— Fmmm Fmmm Fmmm Fmm Fmm |
| EIgvoho | 28 85%| 5 15%| 30 100%] ©O 0% 58 92%] 5 8%

Tix 6k Tox OToLEla Opfmel kh<=1.0. Eov A»1.0 To XTipLo mpémel vo Elvot
HOpPohoy LEE KONOW LKO . ———— 0 eheyyoc Nev IkovomoLelToL

In the table above the structural member in failure are presented that should be reinforced. The
check about the insufficiency index is implemented regarding internal forces (bending moments).
The program calculates the indices A due to bending for the structural elements (ductile and brittle).
The classification of the structural members in ductile or brittle is done simultaneously. Three
criteria of brittle failure mechanisms are implemented according to KAN.EPE.2013. If one of the
three criteria is fulfilled, then the structural element is considered as brittle and so, the insufficiency
index A, is calculated in term of shear force. This calculation is made with no respect to the analysis

o“_ n

method “m” or “q".

The failed structural elements and the results of the brittle and ductile structural elements are
presented below analytically in the section about the print-out files.

When it comes to the import and the design of the reinforcement methods, see the description in
the nonlinear analysis section. Pay attention though in the following features:

. Important condition for the design of the reinforcement methods, when elastic analysis is
implemented, is the selection and the calculation of the load combinations that you saved in
the previous step.

. When it comes to the columns’ concrete jacket, important condition is in the field “Checks”
in the drop-down list “Performance level” to click the option with the sign “*¥*****»,
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Design Checks

e

Performance Level
Anchorage length (cm) A-DL

Side selection

Total calculation Friction mechanism Br ﬁ%
participation percentage (%) peee———
Suspensors Sti

The same option should be selected for the FRPs — Laminates of the columns.

Performance Level Accessibility (Table 5 4.3)
EEEEE 4y
Mormal (Lisual) W
A-DL
PladB - 5D
I -MNC 1 Default

el | Thicess [0

. The same option should be also selected for the beams in the dialog box “Beams Detailing”.

Geometry | Span Main Reinforcement | Support Reinforcement | Stirrups | Additional | Crack control | Diagrams | Retrofitting method

Mumber of Span 1 Material Input data
Concrete : C8/10
General Data Left support
Steel in) :5220
Type Concete Jacketing hd S Span
[ Juniform reinforcement in the total length Steel (Stirups) :5220 T —
Cover Slab thickness Accessibility Bolts - Hangers :5220
(mm) {cm) (Table 54.3)
0 a Or MNormal {Usual) v | Performance level | A-DL W
A-D
i B-SD
| i N [

Since you have inserted the reinforcement methods and calculated the new ultimate bending
moment resistance, go back to the Ribbon “Analysis”, perform the elastic analysis scenario and see
again the value of the insufficiency indices A of the structural elements.

In the section of the printout and the field of the analysis scenarios are presented the scenarios that
you have already created.

In the preliminary elastic analysis scenario, apart from the already described section, there are also
the following options:
e Analysis results (the results of the criteria that were described above)

e Insufficiency indices A: The corresponding values per structural element are presented

analytically in the stage of the preliminary analysis.

It should be mentioned that the upper bound of the index A is 2.5 for the preliminary analysis
scenario.
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