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TECNICO
LISBOA
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;

Modelacdo N&o Linear de Edificios

Objectivos:

1.

Modelacao de uma parede de alvenaria através de um
portico equivalente constituido por colunas e vigas
definidas por elementos de barra susceptiveis de
deformacoOes de corte e flexao.

Definicdo do comportamento n&o linear da alvenaria através
de roétulas plasticas (plastic hinges).

Determinacéo das curvas de capacidade da estrutura.

/“/

r-r T 7

Viga

Coluna
‘ T

e L.

Ill.l.
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Modelacdo N&o Linear de Edificios

U

TECNICO N - " . 1
LISBOA Exemplo de modelacao e analise estatica ndo linear de uma

Parede de Alvenaria em SAP2000

1. Definicdo da Geometria

2. Definicao do Material

3. Comportamento Nao Linear

4. Analise Estatica Nao Linear (Pushover)

5. Referéncias
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1. Definicdo da Geometria

TECNICO o
LISBOA =
3
1,81,5] o0 <+
Pombalino Gaioleiro 18.3
2
-

16,0
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1. Definicdo da Geometria

TECNICO
LISBOA

4,0

4,0

16,0

4.0

1,811,5

4,0

2,8

Pombalino Gaioleiro 18.3

_ A parede € modelada atraves de um
T — 17— portico equivalente onde cada nembo e

Coluna

T lintél de alvenaria é definido através de um

| o | _I_ N macro-elemento (elemento de barra).
. f\_., Elemento de ligagao

O modelo fica definido por conjunto de
| colunas e vigas, ligadas entre si através
' de elementos de ligacao rigidos.

UN
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1. Definicdo da Geometria

TECNICO
LISBOA

Pombalino Gaioleiro Portico Equivalente

UN
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1. Definicdo da Geometria

TECNICO
LISBOA
Pombalino Gaioleiro
Colunas (Piers)
Vigas (Spandrels)
Nés Rigidos (Rigid Nodes)
pr
-

Portico Equivalente

33

3,3

—_—

3.3

33

3.3

4,0

4,0

40

3.4
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1. Definicdo da Geometria

TECNICO ! ' ' ' Colunas (Piers)
LISBOA

40

i
| | | I | J Rigido
‘_‘k_.‘ l Hy
i

4,0

Deformavel ™~_- Hetr

o
=t
S SR S S f
v -— - -— -— LV HQ
> c c £ c > X Rigich |
o o o o o o i
3,3 33 33 3,3 33
Colunas | D(m) | H (m) | h' (m) | Heg (m) H.« — Altura Deformavel
Pet 1,80 | 4,00 3,30 3,40 H1 e H2 — Altura Rigida (ligac&o)
P 1,80 4,00 2,80 3,10

h (m) L (m) Ler (m)
1,20 3,30 1,50

Vigas

UN
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1. Definicdo da Geometria

TECNICO | ' |
LISBOA o
=t
| IR R —
o
~
[ | | | J
L L L L]
o
=t
| I S T
5 E E E £ ¥
o o o a o o
33 3,3 3,3 33 3,3
Colunas | D{m) | H{m) | h' (m) | Ha (m)
Poxt 1,80 4,00 3,30 3,40
P 1,80 4,00 2,80 3,10
h L L
Vigas (m) (m) ert (M)
z 1,20 3,30 1,50
-

Colunas (Piers)

_ floor
| 0" E"
\_\!\30 ’d'
S <30 >
L] h‘
H h
b h . h
-r~ <30 30* %x\
- 30° 2
. floor
1 ]
D —
—— 1 _ (H-n)

Heﬁr: h.+§D—‘-

H.x — Altura eficaz

hl

h’ — Altura resultante das relacbes geométricas

H — Altura entre pisos

D — Largura da coluna

(Dolce, 1989)
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1. Definicdo da Geometria

TECNICO ' ' '
LISBOA o
-
| I S —
o
ﬂ'
| I R
o
-
| I R R
5  E E E F3
o o o a o o
33 3,3 3,3 33 3,3
Colunas | D{m) | H{m) | h' (m) | Ha (m)
Poxt 1,80 4,00 3,30 3,40
P 1,80 4,00 2,80 3,10
h L
Vigas (m) (m) Letr (m)
> 1,20 3,30 1,50
-

Vigas (Spandrels)

(b)
(a) Aberturas alinhadas
(b) Aberturas desalinhadas
L. — Comprimento Deformavel
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1. Definicdo da Geometria

- S4
i " .| | Colunas | D(m) | H(m) | hi(m) | h(m) | Hex(m) | t(m)
ELI Sg‘ll “LI | 1 | N PA4 1,80 4,00 0,6 0 3,40 0,65
Jdoa w ) PB4 1,80 | 4,00 0,6 0,3 3,10 0,65
E. SQEI %3] | PA3 1,80 | 4,00 | 06 0 3,40 | 0,70
T ] PB3 1,80 | 4,00 0,6 0,3 3,10 0,70
T £ g ¥ PA2 1,80 | 4,00 0,6 0 3,40 0,75
| ST ( St ; S1 , 81 ;| Ss1 |
' ' - ! PB2 1,80 | 4,00 0,6 0,3 3,10 0,75
< B & & B - PA1 1,80 | 3,40 0 0 340 | 0,80
R PB1 1,80 | 3,40 0 0,3 3,10 0,80
e T T ‘*@ Vigas D (m) L (m) L (m) L (m) L (m) | t(m)
. T s4 1,20 | 3,30 | 0,9 0,9 1,50 | 0,65
53 1,20 | 3,30 0,9 0,9 1,50 0,70
52 1,20 | 3,30 0,9 0,9 1,50 0,75
51 1,20 | 3,30 0,9 0,9 1,50 0,80
» Definir a geometria do portico no programa SAP2000
Z i * Colunas e Vigas modeladas com elementos de barra
- 11/48
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1. Definicdo da Geometria

TECNICO!  pefine > Sections Properties > Frame Sections > Add New Property...

LISBOA

Add Frame Sectio

Select Property Type

Frame Section Property Type

Click to Add a Section

General Monprizmatic Section Dezigner

Draw Solid Shape

Coluna PAl e PA2

File Edit View Define Draw Select Display Options Help
o] o] s] o|e|8|#|o|H B[]S
D
Y
I
El
i
&7
= Sl
e,
z

Mame Rectangle
kd aterial Alvenaria
Coo || <
= Center .
' Center 0,
Height 1.8
z "width 0.8
: R atation 0.

X=025 ¥=067 Done
12/48
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1. Definicdo da Geometria

TECNICO
LISBOA

Nés Rigidos (Rigid Nodes)

Seleccionar barra > Assign > Frame > End (Lenght) Offsets...

Colunas: h; e h;

Vigas: L e L,
Frame End Length Offsets

End Offset Along Length

" Automatic from Connectivity
@ [Define Lengths

ErcH 0

Erd-J 0.5

Rigid-zone factor 1

]S I Cancel |

13/48
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1. Definicdo da Geometria

TECNICO . _
LISBOA Analyse > Set Analysis Options...

Analysis Opticns

Available DOFs
W = [ W W UZ [ R« v BY [T RZ

Fast DOFz

Space Frame | Plane Frame Flane Grid Space Truss

m @ Cancel
ey = Fy -9

Saolver Options... |

#Z Plane =1 Plane

Tabular File

[ Automatically zave Microzoft Access or Excel tabular file after analpsiz

File name

[atabaze Tables Mamed Set

UN
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TECNICO
LISBOA

UN

2. Definicao do Material

Define > Materials > Add New Material

Materials Click e Alvenaria de Pedra Irregular
" Material Property Optior Add New Materia Quick..._| Peso Volimico v (kN/m3) 20
Add New Material.. |
. .. 2
Add Copy of Material... | Médulo de Elasticidade E (kN}rm } 1230000
Material Mame  |&lvenaria | Modis/Show Matenal.. | Coeficiente de Poisson v sz
taterial Notes todifp/Showy... | .. "
| Resisténcia Compressdo | f. (kN/m?) 2500
Optiors I -
v Show Advanced Properties l Resisténcia Corte por
t aterial Type |Dther j Fendilhagﬁo Diagonal T (kN,fmz} 43
Directional Symmetry Type |Isotropic ﬂ L Resisténcia Cort ¢ (kamz} 97
eslstencia Lorte por u
Dizplay Cal .
SR Deslizamento m 0,56

[ Material Properties are Temperature Dependent

Material Property Dat; '

b aterial Marme Material Type Symmetry Type
|Elther

Madify/Show Material Properties. ..

Ok, Cancel |

|.-'-‘~Ivenaria |Is0tn3|:uiu:

Modulus of Elagticity Weight and Mass Units

E 1230000, ‘wieight per Uit W olume Fl! |KN, m, C j
Mazz per Unit Yolume 0.

Advanced katenal Property D ata

Poiszan's Fatio Maonlinear Material Data... | M aterial D amping Properties. .. |

U 0.2 |

Thermal Properties... |
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TECNICO
LISBOA

UN

2. Definicao do Material

Define > Materials > Add New Material

I aterials

L
1

Matenal Property Optior

Material Name  |#lvenaria

b aterial Motes tl odifyShow. .. |
Optiors

kM aterial Type |Dther j
Directional Symmety Type |Isotropic ﬂ

Dizplay Color

[ Material Properties are Temperature Dependent

Madify/Show Material Properties. ..

Ok, Cancel |

Click ta:
Add New Material Quick... |

Add New Material.. |

Add Copy of Material... |
|

|

[ Moditp/Show Material...

I v Show Advanced Properties l

b aterial Marme Material Type

A

Symmetry Type

Massa Material =0

Massa concentrada no
topo das colunas

|.-'-‘~Ivenaria |Elther

|Is0tn3|:uiu:

Modulus of Elagticity

E 1230000,

Weight and Mass

Wweight per Uit Y olume

b azz per Unit WVolume

Units

o]
e

Foizzon's Ratio

Advanced katenal Property D ata

Maonlinear katerial Data. .

| bd aterial O amping Properties. |

KN.mC  ~|

U 02

| Thermal Properties... |
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TECNICO
LISBOA

UN

2. Definicao do Material

Define > Materials > Add New Material > Nonlinear Material Data...

Click to:

I aterials
I

Material Property Option Add Mew Material Quick...

Add Mew Material...

Add Copy of Material...

Material Name  [Alvenaria [ Madity/Show Material..

I aterial Motes I adifp/Shaw... |

Optiors
kM aterial Type |Dther j

Directional Symmety Type | |zotropic ﬂ L

Dizplay Color

[ Material Properties are Temperature Dependent

ke adify/Shaw b aterial Praperties. . . Material Property Dat:

Ok, Cancel |

b aterial Marme Material Type Symmetry Type
|Elther

|.-'-‘~Ivenaria |Is0tn3|:uiu:

Modulus of Elagticity Weight and Mass Units
E 1230000, ‘wieight per Uit W olume Fl! |KN, m, C j
Mazz per Unit Yolume 0.

Advanced katenal Property D ata

Poiszan's Fatio Maonlinear Material Data... M aterial D amping Properties. .. |
U 0.2

Thermal Properties... |
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2. Definicao do Material

TECNICO Define > Materials > Add New Material > Nonlinear Material Data...

LISBOA
Edit

b aterial Mame K aterial Type
Wlvenaria Dther Typionl Alagims

: : g
Huysteresiz Type Drucker-Prager Parameters it &

Ideolised diogrom.,

| Takeda j Friction Angle 0. Im \

/'/Oesiqn diogram.
|

Dilatational Angle 0.

Strezz-Strain Curve Defintion Options

- !
{+ |
: [
IJzer Stress-Strain Curve Data Ew
Murber af Points in Stress-Strain Curve |3—
Strain | Stress | Paint [D Rel ag éo Ten S éo -
1 -2 033E-03 -2500, o Deform ac ao
2 0. 0, A
3 2 [33E-03 2500, . ,
s Diagrama parabola —
rectangulo (Eurocaédigo 6)

e =f,/ E =2500/1230000 = 2,033E-03

UN
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TECNICO
LISBOA

UN

2. Definicao do Material

Massa Material = 0 > Massa concentrada no topo das colunas

Define > Load Pattern

Define Load Pattern

Load Patterns

Self Weight Auto Lateral
Load Pattern Mame Type Multiplier Load Pattern

IFu [DEAD ~|N | =l

Define > Mass Source

Define Mass Sourc

kazz Defintion

" From Element and Additional b azses
{« From Loads

" Fram Elerment and Additional b azzes and Loads

Defing Mass Multiplier for Loads
Load kLiltiplier

|Fy 1.

R — |

19/48
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2. Definicao do Material

TECNICO Massa Material = 0 > Massa concentrada no topo das colunas

Define > Load Pattern
Colunas | F, (kN)
Load Patterns PA4 25-'? 4
Self Weight Auto Lateral
Load Pattern Mame Type Multiplier Load Pattern PB4 5 1:'48
‘ Fy |DEAD = | =] PA3 | 121,32
PE3 149,04
PA2 130,50
Define > Load Cases PB2 160,20
"Load Case Data - Linea PA1 139,68
PB1 171,36
Load Casze Mame Motes Load Case Type
[DEAD Set Def Name | Modify/Show... | || [static | De
Stiffriess to Usze Analyziz Type
(¢ Zero Initial Conditions - Unstressed State v Linear
™ Stiffness at End of Monlinear Caze " Monlinear
Important Mote:  Loads from the Morlinear Caze are HOT included © Monlinear Staged Construction
it the current case
Loads Applied
Load Type Load Mame Scale Factor
z |Lu:uad F'atterrj|Fv jl'l

= m_F_ |
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3. Comportamento Nao Linear

-[FS%\IQIE\O O programa SAP2000 permite modelar o comportamento nao linear que resulta
das caracteristicas geométricas da estrutura ou das propriedades mecanicas dos
materiais através de rotulas plasticas (plastic hinges).

« Modelacdo do comportamento de cedéncia e pos-cedéncia.
» Definidas em qualquer ponto da barra.
» Possivel coexisténcia de rotulas na mesma posicao.
\
C A — Origem do referencial
;. 7 Lo g o B — Cedéncia (inicio das deformagdes na rotula)
2 D E C — Forca Ultima
D — Forca Residual
2 R E — Colapso
Deslocamento
2 Deformacao (indicativo): IO — Immediate Occupancy; LS — Life Safety; CP — Collapse Prevention
=

21/48

AVALIACAO SiISMICA E REFORCO DE EDIFICIOS ANTIGOS DE ALVENARIA, 6 e 7 de Junho 2013



3. Comportamento Nao Linear

TECNICO Resisténcia ultima das colunas (nembos) de alvenaria a ac¢cdes no plano
LISBOA
ROTURA POR FLEXAOD ROTURA POR CORTE
Derrubamento Fendilhacao Diagonal Deslizamento
Esmagamento
—
SidwnE on oo Eonil piE
1,5¢c, + o p
2 1.5t,Dt | o w7 Job
Mu:GuD t(1 - E) \"'Iru_.f_lﬂ'iig = Tﬂ | + 1 Eﬂ \""[u,deshz - 1 3H'
2 kf N 2Ty + o.D
Teona de Tumsek & Cacovic Teona de Mohr-Coulomb
0, — tensdo normal de compresséo; D — largura da coluna; t — espessura da coluna; f,—tensdo méaxima de
compresséo; k — factor de distribuicdo da tensdo normal equivalente a rectangulo (0,85); t, — tensao de
Z corte diagonal maxima (TC); b = H/D (1<b<1,5); ¢, — coesdo; u — coeficiente de atrito; H' — comprimento
- seccio comprimida.

22/48
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TECNICO
LISBOA

UN

3. Comportamento Nao Linear

Resisténcia ultima das colunas (nembos) de alvenaria a ac¢des no plano

ROTURA POR FLEXAO

ROTURA POR CORTE

Derrubamento
Esmagamento

Fendilhacao Diagonal

Deslizamento

Rétulas de Flexao

Momento M, — Rotacéo ¢,

1.5t, Dt | o,

Vo =—oet
uidiag = T p *Jl 1.51,

Teona de Tumsek & Cacovic

1,5¢c, + o p
1I"'I[u,l:]r:s]iz = #

1+

Teona de Mohr-Coulomb

Lt

Rétulas de Corte V,, = min (Vi giag 5 Vudesiz)

Forca V, — Deslocamento d,
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3. Comportamento Nao Linear

TECNICO Resisténcia ultima das colunas (nembos) de alvenaria a ac¢cdes no plano

LISBOA
Comportamento Global Comportamento Rétula

M/ M/v
A

Ml Vut Muf'w‘u-ﬂ

t = 1K : > @l d

el e s L

Deformacéo ultima, elastica e plastica

* Norma Italiana (NTC 2008) preconiza que a deformacéao ultima dos nembos é
igual a 0,006 H.4 para a flexao e 0,004 H., para o corte (resultados baseados

em ensaios experimentais).
» Rotulas Plasticas modelam o comportamento de cedéncia e pos-cedéncia.

apléstlcn = Bfiitimo — Oelistico

Pplastico = Pultimo — Pelastico
24/48
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3. Comportamento Nao Linear

TECNICO Deformacéo elastica (modelo bi-encastrado)

LISBOA
K 1
T E
H e + Hegs Sesstico
12El  AG
Vu
F=Kx&— Vu =KX Selﬁgticﬂ — Selisticc: = E @
Hegs
© . Selisticc:
lastico — ~ 17
ElaASTICO HEff

Deformacgéo plastica

Splisticc: = Sl_'lltimc: o Selisticc:

Prplastico = Pattimo — Pelastico

|
- 25/48
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3. Comportamento Nao Linear

TECNICO Resisténcia ultima das colunas (nembos) de alvenaria a ac¢cdes no plano

LISBOA
Comportamento Global Comportamento Rétula
M/V M/V
i\
MUIVU Musu'ﬂ
1 >l - = /8
l pelBe qulBu - @uld.

Posicao das Rotulas de Flexdo (Momento M, — Rotacao ¢,)

T—y | S J P

ﬁ s 1 s s I

2 Diagrama de Momento Flector caracteristico.
= Rotula Plastica na secgdo de momento maximo.

26/48
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3. Comportamento Nao Linear

TECNICO Resisténcia ultima das colunas (nembos) de alvenaria a ac¢cdes no plano

LISBOA
Comportamento Global Comportamento Rétula
M/V M/V
A
M./ Vo m,m-—l
i 1 >o/d - = /8
pelBe qulBu @ulds
Posicao das Rotulas de Corte (Forca V, — Deslocamento &)
% 3 1
© o ® &
_________ I . .
2z Diagrama de Esforco Transverso caracteristico.
= Rotula Plastica a %2 H . 27/48
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3. Comportamento Nao Linear

TECNICO Resisténcia ultima das vigas (lintéis) de alvenaria a ac¢des no plano

LISBOA
CORTE Comportamento Global Comportamento Rétula
v Vv
N
V, =c¢,Dt Vo t Vi
WV +
a — Resisténcia Residual (0,25) “ oV
- =& ~
8o (a) I —
Posic&o das Rotulas de Corte (Forga V,)
I I RSN
I I
2z Diagrama de Esforco Transverso caracteristico.
: Roétula Plastica a ¥ Leff' 28/48
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3. Comportamento Nao Linear

TECNICO Resisténcia ultima das vigas (lintéis) de alvenaria a ac¢des no plano

LISBOA
CORTE Comportamento Global Comportamento Rétula
v v
V. — ¢ Dt dh Comportamento
ue “1 Fragil Vi
WV + —
a — Resisténcia Residual (0,25) “ oV
=5
2 r =5
I I RSN
I | I | |
2z Diagrama de Esforco Transverso caracteristico.
: Rotula Plastica a ¥2 Leff' 20/48
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3. Comportamento Nao Linear

TECNICO P : “oticas:
LISBOA Definicao das Rotulas Plasticas:
(1) Determinacao das tensdes normais de compresséo (o,) has colunas
Load Case: DEAD
(2) Determinacéo dos esforgos resistentes nas colunas e vigas
Op M, 1'““‘rl:l_.f_l:liag Vu,desliz Vy ViEES Vu {kN}
Colunas (kN/m?) | (kN.m) (kN) (kN) (kN) 54 63,96
PA4 26,76 | 27,83 | 59,84 | 16,68 | 16,68 S3 683 88
PB4 39,56 | 40,88 | 63,90 | 26,72 | 26,72 S2 73 80
PA3 126,59 | 135,00 | 93,26 | 86,16 | 86,16 51 78,72
PB3 150,41 | 158,49 | 98,90 | 108,41 | 98,90
PA2 219,36 | 239,01 | 121,78 | 161,18 | 121,78
PB2 255,23 | 272,86 | 129,25 | 196,18 | 129,25
PAl 305,46 | 338,97 | 148,30 | 240,51 | 148,30
PB1 355,91 | 384,00 | 158,08 | 290,95 | 158,08
pr
=
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TECNICO
LISBOA

UN

3. Comportamento Nao Linear

Definicdo das Rotulas Plasticas:

(3) Determinacédo das deformacdes elasticas

Colunas | V,(kN) | K(kN/m) | 8eas (M) | Opasi (M) | @epasi(rad) | @pas (rad)
PA4 16,68 | 14222,15 | 0,0012 0,0124 0,0002 0,0058
PB4 26,72 | 18461,54 | 0,0014 0,0110 0,0002 0,0058
PA3 86,16 | 17537,18 | 0,0049 0,0087 0,0007 0,0053
PB3 98,90 | 22711,70 | 0,0044 0,0080 0,0007 0,0053
PA2 121,78 | 21279,25 | 0,0057 0,0079 0,0010 0,0050
PB2 129,25 | 27490,91 | 0,0047 0,0077 0,0010 0,0050
PAl 148,30 | 25458,33 | 0,0058 0,0078 0,0012 0,0048
PB1 158,08 | 32807,02 | 0,0048 0,0076 0,0012 0,0048

Spléstic::r = Oiitimo — Oelistico

Ppliastico — Pultimo — Pelastico
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3. Comportamento Nao Linear

TECNICO o . e
LISBOA Definicao das Rotulas Plasticas:

(4) Define > Section Properties > Hinge Properties... > Add New Property...

Colunas: Rotulas Momento - Rotagao

Hinge Property Name
Pad - M3

[Frame Finge ProperE
Edit
Dizplacement Contral Parameters

Type
Moment/SF Ruotation/SF &+ boment - Ratation
-27.83 -0,0052

Hinge Type
(" Force Controlled [Brittle)
f« Deformation Controlled [Ductile]

" Moment - Curvature

-27.83 -0.0058 i
2783 .0,0058 Hinge Length
-27.83 0 m

a a
2782 ] Hysteresiz Type And Parameters

b ament b3 27.83 5.800E-03

27.83 5,800E-03 ¥ Symmetic . :
2783 5,800E-03 Mo Parameters Are Required For This
Hysteresis Type

Hysteresiz Type | zatropic -

kM odify/S how Hinge Property....

Load Carrying Capacity Beyond Paint E
" Dirops To Zen
" |z Extrapolated

Cancel |

Scaling for Moment and Rotation
Positive Meqative

[~ Use'ield Moment  Moment SF |'|,
I~ UssYield Rotation  Rotation 5F [1.

M/V [Steel Objects Only)
Acceptance Critenia [Plastic Ratation/SF)
Pogitive MHegative
M./ Ve - Immediate 0ccupancy |'| JO00E-04
[ LifeSafety [4 40003
’_ Collapze Prevention |5,BDDE 03
z + o/8 [~ Show Acceptance Criteria on Flot
: @uldu .
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3. Comportamento Nao Linear

TECNICO o . e
LISBOA Definicao das Rotulas Plasticas:

(4) Define > Section Properties > Hinge Properties... > Add New Property...

trame Hinge propery Do Colunas: Rotulas Momento - Rotagao

Hinge Property Name -
Edit
|F',£'.'4 -3 Dizplacement Control Parameters

Type

Paint toment/SF Rotation/SF (* Moment - Rotation
2783 -0,0058
D 2783 T " Moment - Curvature
C

2783 0,0058 Hinge Length

Hinge Type
(" Force Controlled [Brittle)

f« Deformation Controlled [Ductile]

2783 0 -

a a
2783 ] . Hysteresis Type And Parameters

A
Moment M3 E 2783 5 BO0E-03 .
D |zotropic -

Husteresiz Type
2783 5,800E-03 P Symmetic
2783 5 800E-03 Mo Parameters Are Required For This

Hysteresis Type

kM odify/S how Hinge Property....

Load Carying Capacity Beyond Point E
f* Drops ToZero
" |z Extrapalated

Cancel |

Scaling for Moment and Fotation
Positive Megative

[~ UseYield Moment  Mament 5F |1
[~ Useield Ratation  Rotation SF 1.

IO — Deformacé&o de cedéncia (Steel Obiects Or)

Acceptance Criteria (Flastic Botation/SF)

Positive MHegative

LS - Val Or n éO S u perlo r a. 3/4 d a - Immediate Occupancy |1,DDDE-D4
deform ac 30 Ultima [ Life Safety [4.400E -0

’_ Collapze Frevention |5,BDDE-03

C P — Defo rm ag ao L,] |t| ma [V Show Acceptance Criteria on Plot

UN

AVALIACAO SiISMICA E REFORCO DE EDIFICIOS ANTIGOS DE ALVENARIA, 6 e 7 de Junho 2013



3. Comportamento Nao Linear

TECNICO
LISBOA

Definicdo das Rotulas Plasticas:

(4) Define > Section Properties > Hinge Properties... > Add New Property...

Frame Finge Propery L

Hinge Property M ame
Pad -2

Hinge Type
(" Force Controlled  [Brittle)

{* Deformation Controlled  [Dructile]

Shear 2 ~|

b odify/Show Hinge Properhy. . ‘

Cancel |

M/V

MUIVU

ols

(.j)ulau

UN

Colunas: Rotulas Forca - Deslocamento

T rame Hinge Propery &

Edit

Dizplacement Contral Parameters

Point Force/SF Dizp/SF

‘1668 0.0124

D 1668 00124
C

16,63 0.0124

-1EES 0

0 1}

1663 0

4
C 1E.68 00124
D

16,68 0.0124
16,68 00124

Load Carrying Capacity Beyond Point E
i* Drops TaZem
" |z Extrapolated

Scaling for Force and Digp
Positive

v Symmetric

Megative

[~ UsgeYield Force Force SF 1.

[~ Use Yield Disp DispSF 1.
[Steel Objects Only)

Acceptance Critena [Plastic Disp/SF)
Positive

MHegative

- Immediate Dcoupancy |'| J00E-03

[ Lite Safety [9.300E-03

l_ Collapze Prevention o124

[ Show &cceptance Criteria on Plot

Type
* Force - Displacement
" Stress - Strain
Hinge Length
-

—

Hysteresiz Type And Parameters

Hysteresiz Type |zotropic: -

Mo Parameters Are Required For Thiz
Hysteresiz Type

Cancel
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3. Comportamento Nao Linear

TECNICO o . e
LISBOA Definicao das Rotulas Plasticas:

(4) Define > Section Properties > Hinge Properties... > Add New Property...

Vigas: Rotulas Forca

Frame Hinge Property Data for 54

Force Control Parameters
b axirnum Allowed Force

Hinge Property Mame
|54 -2

Hinge Type (" Specified Proportion of vield Force
{* Force Controlled [Brittle]

(" Deformation Controlled  [Ductile]

Pozitive Megative

f* |lszer Specified Force

Shear V2 ﬂ Positive Megative

63,96 |

Modify/Show Hinge Property. .

[ Hinge Logzesz All Load Carrying Capacity When Masimum Force |2 Reached

Cancel | Acceptance Crtenia  [Force/Mawimurm Allowed Force]
Pozitive Megative
- Immediate Ocoupancy |83,EE |
| Life Safety 63,96 |
v
I_ Collapse Prevention |I33,E|E |
Vu
[v Hinge iz Symmetric [Tenszion Behavior Same az Comprezzsion Behavior)
oV

z 5 Cancel
- ._
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3. Comportamento Nao Linear

TECNICO o . e
LISBOA Definicao das Rotulas Plasticas:

(5) Selecionar barra > Assign > Frame > Hinges...

Frame Hinge Assignmen

Frame Hinge Aszignment Data

Hinge Froperty Relative Distance

Pad - M3 o
1]

Frame Hinge Assignment

Frame Hinge Aszignment Data

Hinge Property Relative Distance
54-12 ~|[os

Tr A
36/48
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TECNICO
LISBOA

UN

3. Comportamento Nao Linear

Definicdo das Rotulas Plasticas:

(5) Display > Show Misc Assigns > Frame/Cable/Tendon...

- M1

GIHICRS -

A N]
- U2y

- M1y

JEH | (B2

42 - MDY

cPHICh] - W2

ZHH] (B4

ZAHI(PEA -

I15H2{PBd

15H(PAd

ITHI(FE] -

I7HI(PR] -

> Hinges
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LISBOA

FUN

4. Analise Estatica Nao Linear (Pushover)

A analise estatica ndo linear (pushover) consiste na aplicacdo de incrementos
monotonicos de uma solicitagdo horizontal sobre uma estrutura, com o intuito de
avaliar a sua capacidade resistente a accOes sismicas (horizontais).

A resposta de estrutura € traduzida através de curvas de capacidade, que
relacionam a forca de corte basal com o deslocamento horizontal observado num
determinado ponto de controlo (usualmente coincidente com o CM do ultimo nivel).

Carregamentos Laterais (EC8)

» Distribuicdo Uniforme: proporcional a massa independentemente da altura
(resposta de aceleragao uniforme).

« Distribuicao Modal: proporcional a massa e ao deslocamento modal normalizado.

SAP2000

(a) Introducdo manual das forcas estaticas equivalentes (distribuicdo por piso
proporcional a massa do no).

(b) Definicdo automatica, opcao particularmente vantajosa no caso da distribuicdo

modal por considerar o deslocamento em cada no.
38/48
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4. Analise Estatica Nao Linear (Pushover)

TLIIE%\IOI/EO Definir a Load Case DEAD para Analises Nao Lineares

Define > Load Cases > DEAD > Nonlinear

Load Caze Mame Motes Load Caze Type

DEAD Set Def Name | Modify/Show... | | | [Static “+] Design...
|mitial Conditions Analyzis Type

& Zero lnitial Conditions - Start from Unstressed State " Linear

" Continue from State at End of Nonlinear Case (* Monlinear

Important Maote:  Loads from this previous case are included in the

" Monlinear Staged Congtruction
Current case

Modal Load Caze Geometic Monlinearty Parameters

Al Modal Loads Applied Use Modes from Casze MODAL - * Mone
" P-Delta
(" P-Deka pluz Large Displacements

Loads Applied
Load Type Load Name Scale Factor
Load F'atlerrJ | Fuw

Meu:hf_l,l

Delete

Other Parameters

Load &pplication Full Load Moditu/Sha...
Fesults Saved Final State Only Modify/Show... Cancel
Monlinear Pararmeters Default Modify/Show. ..

UN

39/48

AVALIACAO SiISMICA E REFORCO DE EDIFICIOS ANTIGOS DE ALVENARIA, 6 e 7 de Junho 2013



4. Analise Estatica Nao Linear (Pushover)

TECNICO 1 .
LISBOA Analise Pushover: Define > Load Cases

Distribuicdo Modal Distribuicdo Uniforme

Load Case Mame

Puzh_kodal Set Def Mame

Initial Conditions

Load Case Mame Maotes Load Case Type

|F'ush_UnifDrme Set Def Mame Modify/Show... | |Static ﬂ Design...

Imitial Conditionz Analpgiz Type
" Zera Initial Conditions - Start fram Unstressed State (™ Zero Initial Conditions - Start friom Unstressed State

" Linear
o Continue from State at End of Monlinear Case

Lfi‘ Continue from State at End of Nonlinear Case |DEJ‘3‘D ﬂl
Important Hote: Loads from this previous cagze are include

Impartant Mote:  Loads from this previous case are included in the : :
current caze curent case ™ Monlinear Staged Congtruction

(e Monlinear

Modal Load Case Maodal Load Caze Geometric Monlinearity Parameters
Al Modal Loads Applied Use Modes from Caze

All Modal Loads Applied Use Modes from Caze MODAL - (* Maone

- ™ P-Del
Loadz Applied Loads Applied e

Load Type Load Mame scale Factor Load Type Load Mame Scale Factor ¢ PDelta plus Laige Displacements
|M|:n:|e j 1 -1,

Add

td odify
Delete

Other Parameters Other Parameters

Load Application | Dizpl Control Load Application | Displ Contral Modiy/Shw..
Results Saved | Multiple Statesz

Fesults Saved | Multiple States Modifp/Shon... Cancel
Monlinear Parameters | User Defined MNonlinear Parameters | User Defined Modify/Show. .

UN
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4. Analise Estatica Nao Linear (Pushover)

TECNICO 1 .
LISBOA Analise Pushover: Define > Load Cases

Distribuicdo Modal Distribuicdo Uniforme

Load Case Mame Load Case Mame Mates

Puzh_kodal Set Def Mame i Pugh_Uniforme

Load Case Type
SetDefName| ModifuShow. . | |Static ﬂ Design...

Analpgiz Type
" Zera Initial Conditions - Start from Unstrezzed State " Linear

{* Continue from State at End of Monlinear Caze f* Continue from State at End of Monlinear Caze DEAD = (* Monlinear

Impartant Hate:  Loads from this previous case are include Important Mote: Loads from this previous case are included in the 7 Monfinear Staged Construction
current caze current caze ?

Initial Conditions Iritial Conditions

" Zera Initial Conditions - Start from Unstrezzed State

Modal Load Caze

todal Load Caze Geametric Maonlinearity Paraneters
Al Modal Loads Applied Use Modes from Caze

All Modal Loads Applied Use Modes from Caze MODAL - (* Maone
™ P-Del
LEeEslpRlsy P DEItE| lus L Dizpl t
Load Type Load Mame Scale Factor PEIR RIS LR PRALEEIETE

Loads Applied
Load Type Load Mame Scale Factor

Mode <[l 1 [T ~I

T 4[] =

Other Parameters

Other Parameters

Load Application | Dizpl Cantral Modify/Show...
Fesults Saved | Multiple States Modifp/Shon... Cancel
MNornlinear Parameters | User Defined b odify /S b,

Load Application | Diigpl Control

Results Saved | Multiple Statesz

Manlinear Parameters | Uszer Defined

UN
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4. Analise Estatica Nao Linear (Pushover)

—'I.uad Application Contro

TECN'CO Al . H Load Application Cantral
LISBOA Andlise Pushover: Define > Load Cases o hopieat

Contral Displacement
taterial Monlinearity Parameters Solution Control & Uss Conugate Displacement
[+ Maimumn Total Steps per Stage ’2007
" Use Monitored Displacement
v b aximurn Mull [Zera) Steps per Stage ’1007
Load ta a Manitored Displacement M agnitude of -
v M awimurn Conzstant-Stff lterations per Step 40 P .
r M aaximurn Mewtor-F aphson [ter. per Step 40 Manitared Displacement
7 Iteration Conwergence Tolerance [Felative) 1.000E-04  DOF u M &t Joint 30
r Uze Event-to-event Stepping Yes - 8 | J
Event Lumping Tolerance [Relative) 0.0 |
Cancel
Max Line Searches per |teration 20
Line-zearch Acceptance Tol. [Relative) 0.1 -
Line-search Step Factor 158 Anadlise termina quando o no de
Hinge Unloading Method Target Force Iteration Controlo atlnglr O deSIOcamentO
{* Unload Entire Stucture b aximum Iterations per Stage 10 d f . d
= Apply Local Redistibution Convergence Taolerance [Felative) 0,01 e |n| O .
" Restart Using Secant Stiffness Acoeleration Factar 1.
Continue Analysiz [ Mo Convergence Mo -
Rezet To Defaults Results Saved
[ o | Cancel | ™ Final State Only & Multiple States
L. . i . For Each Stage
Valores definidos pelo utilizador com o objectivo de Minimum Number of Saved States 200
optimizar a analise (ex: aumento do numero de passos Wasimum Number of Saved Stetes Jlam0

caso ocorram problemas de convergéncia)

WV Save positive Displacement Increments Only

Quanto maiores os valores indicados, mais refinada sera a curva ok | Cancl
de capacidade e maior sera o nimero de outputs da analise

UN
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TECNICO
LISBOA

FunDEC

4. Analise Estatica Nao Linear (Pushover)

Analise Pushover: Define > Load Cases

™ g

Solution Control

b aximum Total Steps per Stage

b asirnum Mull [£ero) Steps per Stage

b asirnum Constant-SHfF [berations per Step
b asirnum M ewston-F apheon lker. per Step
[teration Convergence Tolerance [Relative)
|Jze Event-to-event Stepping

Ewvent Lumping Tolerance [Relative]

M ax Line Searches per lteration
Line-zearch Acceptance Tal. [Relative]

Line-gearch Step Factor

Target Force [teration

b awirnum [terations per Stage
Convergence Tolerance [Relative]

Acceleration Factor

Continue Analysiz [F Mo Convergence

st To Defaultz

Cancel

Controla o tempo de andlise.
NuUmero excessivo pode indicar que anélise parou devido a problemas numéricos.

Para cada etapa de analise inicia iteragdes do tipo “constant-stiffness”. Se néao
convergir, adopta iteragdes do tipo “Newton-Raphson (tangent-stiffness)”.

Tolerancia de erro relativamente a intensidade da forca aplicada na estrutura.
E muito eficaz e tende a reduzir o nimero de iteracdes necessaria.

Margem de erro usada para determinar os estados de uma rétula plastica.

Nao é usado em analises estaticas lineares.

Deformacéo € imposta de forma iterativa até corresponder a forca pretendida.

Margem de erro em relagéo a for¢a pretendida.

Factor que condiciona a deformagao imposta resultante da diferencga entre a forca
pretendida e a forga real aplicada na estrutura.
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4. Analise Estatica Nao Linear (Pushover)

TECNICO
LISBOA

Analise Pushover: Analyse > Run Analysis...

Display > Show Static Pushover Curve...

Display | Design Options
1 Show Undeformed Shape
Show Load Assigns

Show Misc Assigns

FF Show Deformed Shape...

ﬁ Show Forces/Stresses

4

Show Plot Functions...

Tocls Help

Shift+F11

ERIE- S

Show Static Pushover Curve...

Show Hinge Results...
Show Tables...

Save Named Display...

UN

Shift+F12

Static Monlinear Case

Flat Type

G e

Units

Push_Modal ~|

w3
1,007

0,90
0,607
0,707

05077

Mouse Pointer Location

|F|esu|lanl Base Shear vz Monitored Displacement

Displacement

o
a0, 100, €103

Hariz |

Cancel

=
&=
k]
"
@
o
@
2
@

~| | fenmc

Curent Plat Parameters
[voPo2

&dd Mew Parameters...

Add Copy of Parameters...
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UN

4. Analise Estatica Nao Linear (Pushover)

Analise Pushover: Analyse > Run Analysis...

Seleccionar N6 de Controlo > Display > Show Tables...

Edit

' ‘hmse Tables e ILoE '

=-0 MODEL DEFINITION ([0 of 70 tables selected)

-] System Data

E]I] Property Definitions

&[] Load Pattern Definitions

&[] Other Definitions

&[] Load Case Definitions

#-[1 Bridge Data

&[] Connectivity Data

E]I] Joint Aggignments

&[] Frame Assignments

Bi|:| Options/Preferences Data

#-[0 Miscellaneous Data

=-8 ANALYSIS RESULTS (2 of 13 tables selected]

=& Joint Dutput

[ B Dizplacements

: O Reactionz

@0 Joint Masses

B!El Element Dutput

2B Stru
&R T
#-[1 Modal Information

Load Patterns [Madel Def.)

Select Load Patterns..

1 of 1 Selected

Load Cazes [Results]

Select Load Cases... |
1 aof 4 Selected

Modifp/Show Options. ..

Optionz
v Selection Only
[~ Show Urformatted

Mamed Sets

Save Mamed Set...

Base Reactior

Export Curréht Fable.., 3
Display Current Table """ eeuu 3
Print Current Table as Text File 7™ n ____l_'j.l.nhaIFX
3 oK.,
Export All Tables 2 To Excel
Table Display &ll Tables J To Access

e { caren |

-

Select Load Cases

Select

DEAD
MODAL

Puzsh_Uniforme

MHonlinear Static Fesultz

(" Envelopes

" Last Step
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4. Analise Estatica Nao Linear (Pushover)

Curvas de Capacidade
1000
l\ Push_Modal
200
// \\ Push_Uniforme
= 600 y \\
=
= 400 \\
200 \\
D T T | |
0.00 3.00 6.00 9.00 12.00
d_control {cm)
StepNum GlobalFX StepNum GlobalFX
Unitless m KN Unitless m KN
15 0,02 | 859,76 15 0,01| 927,94
16 0,02 | 859,76 16 0,01| 927,94
17 0,02 | 859,76 17 0,01| 927,94
18 0,02| 859,76 18 0,01| 927,94
o 19 0,09 1,18 19 0,10 | 2,27
20 0,09 1,18 20 0,11| 2,27
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4. Analise Estatica Nao Linear (Pushover)

TECNICO A . .
LISBOA Analise Pushover: Analyse > Run Analysis...

Display > Deformed Shape... > Step 19

—_—

T
L i)

g Distribuicdo Modal Distribuicdo Uniforme

E
- 47148
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