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' TOWERS - CARACTERIZACAO SISMICA DE EDIFICIOS

LWL TOWERS

_Ll Story response plots [m|
Tower | T1 w | Analysis/Combo | TH_SLVD1_X « | Output options | Step-by-step ~  Direction @ ¥ (O Y | []Display Step  B50 z Animation

PR_43.01 L | a3
PR J R | 139 1
PR_35119 25 5
PR_31.2 I | 1313
PR_27.37 4 | L27 4
PR_23.46 - | 235
PR_19.55 — | 196
PR_15.64 «— | 156
PR_11.73 — | 17
PR_7.82 S | r7.82
ailid e | 1391
Fo T T I T T T T T N T T T T T T T T 0

-85 110 - 0 BB 110 168 Z220E-2 -6.00 -400  -2.00 0.00 200 400 BO0E-3 -1.80 -1.20 -060 0.00 0.60 120 180E3 0.60 0.40 020 0.00 0.20 040 O060E3

Max story displacements [m] Max story drifts Story shears [kN] Story forces [kN]




' WHAT IS TOWERS?

SEISMIC ANALYSIS OF MULTISTORY BUILDINGS

TOWERS in a plugin for SAP2000 that includes specific functionalities for the analysis of multistory buildings.

3 sarz2000
File Edit View Define Draw Select  Assign  Analyze Display  Design  Options | Tools | Help
- - FRC IR AR” - 6 @ & @ q %4 %y ¥z |3 Add/Show Plugins.. !
After the installation has T e -
| indow CSiLoadOptimizer
been completed, the A s

plugin can be executed
dlreCtIy from the SAPZOOO [:: SectionCutter
"Tools" menu. P

o
] ‘ Towers

Combinator




' WHAT IS TOWERS?

SEISMIC ANALYSIS OF MULTISTORY BUILDINGS

One or multiple "tower” objects can readily be defined from the main window. All the towers will be saved inside
.sdb file of the model and, therefore, it will not be necessary to re-define them in any subsequent session.

1l Towers * 1l Define towers x 1l Tower definition O X
Towers Tower name T1
Define/Edi... 1 towen(s) defined Towers Click to:
Defined from group | TowWER e
Add new tower...
Towers properties
o' | Settings... » Calculate Modify./Show tower... Story mass calculation
Choose tables for display () Consider floor mass only ® Include interstory mass
Delete tower

Centers of mass and rigidity

Sories definition
Torsional to polar radii ratios - Check for torsionally flexible systems

Interstory drift sensitivity coefficients - Control of second order effects ® Ao O Custom
Story Elevation [m] Height [m] £
PD ]
OK Cancel PR_3.91 397 391
Story response tables
PR_7.82 782 kR
Select load cases/combos... 2 of 10 selected
PR_11.73 11.73 19
Choose tables for display PR_1564 15.64 1.91
] Max story displacements [ Story shears PR_19.55 15.55 391
]
[ Max story drifts ] Story forces
oK Cancel
HE‘ Story response plots... QK

Ready




' WHAT TOWERS DOES?

SEISMIC ANALYSIS OF MULTISTORY BUILDINGS

Once that one or more towers have been defined, the following operations will be made available:

TOWERS PROPERTIES CALCULATION - Calculate the
floors centers of mass, floors centers of rigidity, floors
torsional radii, floors polar radii and drift sensitivity
coefficients (used to measure the sensitivity to second order
effects).

STORY RESPONSE TABLES — Display the response tables
In terms of maximum story displacements, maximum story
drifts, story shears and story forces.

— Display interactive diagrams
of story displacements, story drifts, story shears and story
forces over the height of the building.

1l Towers

Towers

Define/Edt... 1 tower(s) defined

ELI-' | Settings... » Calculate

Choose tables for display

Centers of mass and rigidity

Torsional to polar radii ratios - Check for torsionally flexible systems

Interstory drift sensitivity coefficients - Control of second order effects

Story response tables

Select load cases/combos... 2 of 10 selected

Choose tables for display

] Max story displacements ] Story shears
] Max story drifts [ Story forces

B> Story response plots...

Ready

OK




WHAT TOWERS DOES?

TOWERS PROPERTIES CALCULATION

Once that one or more towers have been defined, the following operations will be made available:
Ll Towers

* 1L Settings

Customize the
Towers Mass and stiffness to use . .
1 towerls) defined an aIyS|S SettlngS

and

(®) Use default mass source and initial stiffness

(") Use mass and stiffness from a previous load case
Towers properties

E‘f' | Settings... » Calculate Centers of rigidity calculation method
(®) Singles floors centers of rigidity
Choose tables for :lsplay () All floars centers of rigity
Centers of ans and rigidity

Torsional to fpolar radii ratios - Check for torsionally flexible systems Distribuion of forces for torsional radil and al fioors CR {f selected)

X¥-Direction
Interstory drig sensitivity coefficients - Control of second order effects

Y-Direction

(® Proportional to story mass

(®) Proportional to story mass
() Proportional to story mass and elevation

v

() Proportional to story mass and elevation
Height exp.. K

Height exp., K
Story response tables
Select load cases/combaos. .. 0 of 0 selected Calculate interstory drift sensitivity coefficients
) X-Direction Y-Direction
Choose tables for display Horizontal forces RS_SLV X “ Horizontal forces RS_SLV_ Y v
] Max story displacements [ Story shears Displacements Displacements
[ Max staory drifts [] Story forces
(®) Use scale factor l:l (®) Use scale factor l:l
() From analysis () From analysis
Vertical forces GRAVITY LOADS  ~ Vertical forces GRAVITY LOADS
= oK
Ready

QK Cancel




WHAT TOWERS DOES?

TOWERS PROPERTIES CALCULATION

Output — Centers of Mass and Rigidity

1l Results O >

Export to Excel
i Centers of mass and rigidity | Torsional to polar radii ratios ~ Drift sensitivity coefficients
Hevation Bx By Mx My Mz Iz Xcm Ycm Xer Yer ex ey ex/Bx ey/By
Tower Story
[m] [m] [m] [kNs%m] [k Ns%m] [kMs%m] [k Nms3 Im] [m] [m] [m] [m] [m]

T1 PR_3.91 3.91 19.8 10.8 1833 1833 1833 1.094e-+04] 8.584 5323 10.43 5.439 1.845 0.1157 0.09319 0.01072
T1 PR_7.82 7.82 19.8 10.8 1847 184.7 1847 1.113e+04] 8.641 5324 9.932 5.345 1.292 0.02081 0.06523 0.001927
T PR_11.73 11.73 19.8 10.8 1842 1842 1842 1.105e+04] 8.657 5333 10.14 5445 1.479 01117 0.07467 0.01035
Ti PR_15.64 15.64 15.8 108 1836 1836 1836 1.111e+04| 8.643 5.341 5.838 56 1.185 0.2586 0.06037 0.02354
T1 PR_19.55 19.55 19.8 10.8 1849 1845 1849 1.11e+04] 8.716 5.343 10.05 5.551 1.32% 0.2078 0.06714 0.01924
T1 PR_23.46 2346 19.8 10.8 1828 1828 1828 1.107e+04] 8.623 5327 5.74 5.785 1118 0.4585 0.05645 0.04245
T1 PR_27.37 2737 19.8 10.8 1829 1829 182.9 1.093e+04] B.664 5339 5.882 5.068 1218 0.5291 0.06152 0.04859
T1 PR_31.28 31.28 19.8 10.8 1804 1804 180.4 1.082=+04] 8.547 5327 9677 5.995 113 0.6672 0.05709 0.06178
T PR_35.19 3519 19.8 10.8 1828 1828 1828 1.095e+04] 8.701 5343 5.811 5923 11 0.5738 0.05606 0.05368
Ti PR_35.1 39.1 15.8 108 179 17% 175 1.071e+04| 8.563 5323 5647 6.04 1.084 07171 0.05477 0.0664
Ti PR_43.01 4301 19.16 108 1255 1255 125.5 5811 5711 5.304 1 5.973 1.288 0.6632 0.06721 0.06157

Story inertial

properties

Story
centers of
mass (CM)




WHAT TOWERS DOES?

TOWERS PROPERTIES CALCULATION

Output — Torsional to polar radii ratios

1l Results O >
Export to Excel

Centers of mass and rigidity | Torsional to polar radi ratios | Drift sensttivity coefficients

i X-Direction Y-Direction
Hevation
Tower Story K K& r I= (rs) K K& r I= (rs)
[m] fkN/m] kNm//Rad] [m] ml leNym] lkNm/Rad] [m] [m]

T1 PR_3.91 EX:) 2.808e+05 2.865e+07 10.1 7724 1.7 2.964e+05 2.865e+07 9833 7724 1.62
T1 PR_7 82 T8z 1.42e+05 2 Nedd7 1275 7762 27 2 F73e+05 2 3e+07 1008 7762 1687
T PR_11.73 11.73 9.576e+04 1.632e+07 13.05 7744 2842 163e+05 1.632e+07 10.01 7744 1.665
T1 PR_15.64 15.64 6.98%+04 1.54e+07 14.84 777 3.641 1.543e+05 1.5de+07 5599 A 1.649
T PR_19.55 19.55 6.532e+04 1.03e+07 12.56 T74a7 2627 1.062e+05 1.03e+07 5.849 7747 1616
T1 PR_23.46 23.46 5.45e+04 1.126e+07 14.37 7.789 3433 1.088e+05 1.126e+07 1017 7.759 1.72
T PR_27.37 2737 4 48e+04 7.327e+06 1275 7732 2736 7.333e+04 7.327e+06 5956 T332 1.671
T1 PR_31.28 31.28 31595804 7.6782+06 1549 7.746 4.001 7.494e+04 7.678e+06 1012 7.746 1.708
T1 PR_35159 3515 2 Thbe+04 4 247e+06 1241 T4 2573 4 41%+04 4 247e+06 5804 T4 1.604
T1 PR_35.1 391 1.472e+04 4.019%e+06 16.52 1737 4561 3.75be+04 4.019e+06 10.35 773 1.788
T1 PR_43.01 4301 6623 1.337e+06 1421 6.805 4 358 1.758e+04 1.337e+06 a7 6.805 1642

Equivalent story  Story

translational and torsional
torsional radius
stiffness



WHAT TOWERS DOES?

TOWERS PROPERTIES CALCULATION

Output — Drift sensitivity coefficients

il Results O >
Export to Excel

Centers of mass and rigidty ~ Torsional to polar radii ratios | Drift sensitivity cosfficients

Hevation X-Direction Y-Direction
Tower Story P v d h e P v d h e
[m] [kN] kM) [m] [m] fM] [kN] [m] [m]

1 PR_3.91 i 2093e+04 638.1 0.008869 EX-) 0.0744 2.093e+04 J07 0.01026 EX-) 0.07767
1 FR_7.82 78z 1 854e+04 612 00165 in 0.1306 1.854e+04 6R99 001298 g 0.09529
T PR_11.73 11.73 1.69%+04 5227 0.02071 351 01722 1.69%+04 B156 0.01521 3.51 0.1074
1 PR_15.64 15.64 1.504e+04 4556 0.02474 EX-) 0.2088 1.504e+04 B56.3 0.01577 39 0.109
T PR_19.55 19.55 1.306e+04 454 8 0.02662 3.51 0.1954 1.306e+04 505.2 0.01877 3.51 0.124
1 PR_23.46 23.46 1. 11e+04 414.8 0.02824 EX-) 0.15933 1.11e=04 456 0.01795 39 01118
T PR_Z7.37 2737 5160 3805 0.02563 3.51 0.1828 5160 4186 0.02066 3.51 0.1156
1 FR_31.238 31.28 7252 3245 0.03097 EX-) 0177 T2h2 38749 0.0189 391 0.09035
1 PR_35159 3515 h287 315 0.03087 s 0.1309 5287 335 002246 EX:) 0.08%6
1 PR_35.1 391 3386 2425 0.03008 EX-) 0.1074 3386 2622 00179 EX-) 0.05513
1 PR_43.01 4301 1465 1538 002829 g 0.0689 1465 1689 003771 g 0.07256

Resultant story Story
vertical and drift
shear forces



WHAT TOWERS DOES?

STORY RESPONSE TABLES

Select the load cases/load combinations of interest and display the corresponding output tables.

Appropriate output options can be set for the different analysis types directly from the SAP2000 interface.

1l Towers
Towers
Define/Edit... 1 tower(s) defined
Towers properties
o | Settings... b Calculate
Choose tables for display

Centers of mass and rigidity
Torsional to polar radii ratios - Check for torsionally flexible systems

Interstory drift sensitivity coefficients - Control of second order effects

Story response tables

Select load cases/combos. .. I 1 of 24 selected

Choose tables for display

Max story digplacements
Mazx story drifts

Story shears
Story forces

Display tables...

H:.‘.‘ Story response plots...

Ready

0K

*

1l Output case selection

Select

[EEE I
RS 5LV Y
R5_SLO_X

TH_SLVD1_X
TH_SLV0Z X
TH_SLV03_X
TH_SLVD4 X
TH_SLVD5_X
TH_SLVO1Y
TH_SLVDZ_Y
TH_SLV03 Y

TH_SLVD4_Y 2

O

oK
Cancel

Deselect all

*

E Output Options

Mode Shapes

All Modes

Modal History Results
(® Envelopes

O Step-by-Step
() Last Step

Direct History Results
O Envelopes

(@) Step-by-Step
O Last Step

Load Combos

() Envelopes

@ Correspondence

O Multiple values, if possible

Base Reactions Location

Gobax [0 |m

Global ¥ 0
Global Z 0 m

Nenlinear Static Results Steady State Results

() Envelopes (® Envelopes
O Step-by-Step O At Freguencies
(®) Last Step

In and Out of Phase




WHAT TOWERS DOES?

STORY RESPONSE TABLES

Ll story results m} x
Ex Excel
Story shears  Story forces
Hevation X-Direction Y-Direction
Tower Story Analysis/Comb_ Type Output type U Joint 1D Uy Joint ID H H H
. . o Maximum story displacements table available for
T PO 0| RS_SLV_X LinRespSpec Max 3705 73 12e-05 13 B .
T PR_3.91 391 | RS_SLV_X LinRespSpec Max 0.002412 62 0.000506 434 d f d Iy / b F h t y
T1 PR_7.82 7.82 | RS_SLV X LinRespSpec ~ Max 0.00663 63 0.000913 435 u S e r e I n e an a S I S CO m OS . O r e a'C S 0 r
T PR_11.73 11.73 [RS_SLV_X LinResp5i M, 001212 4 0.001526 436 . :
. S - TR ones s and each analysis, the ID of the corresponding
T PR_19.55 19.55 [ RS_SLV X LinRespSpec Max 0.02525 6 0.002712 438 . . .
T FR_23.46 2346 | R5_SLV_X LinRespSpec Max 0.03243 7 0.003762 433 t p t d
T PR_%7.37 2737 | RS_SLV_X LinRespSpec Max 0.04006 é D.DDSTJ 52 440 J OI n IS re O r e "
T PR_31.28 31.28 [ RS_SLV_X LinRespSpec Max 0.04756 9 0.005833 441
T PR_35.19 35.19 [ RS_SLV_X LinRespSpec Max 0.05504 10 0.006754 442
T PR_35.1 39.1 | RE_SLV_X LinRespSpec Max 0.06236 11 0.007747 443
T1 FR_43.01 43.01 | R5_SLV_X LinRespSpec Max 0.06335 a4 0.0087 444
il story results m} x
Export to Excel
Max story displacements Story shears  Story forces
Hevation X-Direction Y-Direction
Tower Story Anaysis/Comb. Type Output type
T T T [m] dUx Object 1D dUy Object ID
Maximum story drift table available for user g ] T amweit
. . T PR_7.82 7.82 | RS_SLV_X LinRespSpec Max 0.001055 123 0.000118 409
d f d | F h t d h T PR_11.73 11.73 [RS_SLV_X LinResp5i M, 0.001431 135 0.000233 410
e I n e an a yS I S - O r e aC S O ry an e aC T PR_1 5.;54 15.;54 RE_SLV_X U:R::zsz:: M: 0.001681 136 0.000211 411
: . T PR_19.55 19.55 [ RS_SLV_X LinResp5i M, 0.00188 546 0.000208 412
anaIySIS/COmbOS’ the I D Of the Correspondlng 11 PR_23.46 2346 | RS_SLV_X U:R::‘;Sg:z MZ 0.002057 547 0.000234 413
. . T PR_27.37 2737 | RE_SLV_X LinRespSpec Max 0.00205 139 0.000383 414
b t t d T PR_31.28 31.28 [RS_SLV_X LinRespSpec Max 0.002061 140 0.000187 415
O J eC I S re p O r e - T PR_35.19 3519 [RS_SLV_ X LinRespSpec Max 0.002415 554 D.DDDZE; 416
T PR_33.1 39.1 | RS_SLV_X LinRespSpec Max 0.002488 555 0.000262 147
Ti FR_43.01 43.01 | R5_SLV_X LinRespSpec Max 0.002371 383 0.000246 383




WHAT TOWERS DOES?

STORY RESPONSE TABLES

1l story results m} x
Export to Excel
Max story displacements  Max story drifts
Hevation : } FX FY FZ
Tower Story Location Anaysis/Comb. Type Output type
[m] kN] kN] kN] H
- o T T T T —T Resultant story shears (FX, FY, FZ) are available
m PR_391 391 | BELOW RS_SLV_X linRespSpec ~ Max 6381 16.18 242 . .
T PR_3.91 391 | ABOVE RS_SLV_X LinRespSpec  Max §07.8 15.78 2208 f d f d |y / b
T PR_7.82 7.82 | BELOW RS_SLV_X LnRespSpec  Max 612 15 19.74 or user aerine analysis/ComDbaos.
T PR_7.82 7.82 | ABOVE RS_SLV_X LinRespSpec  Max 563.8 2676 2267
T PR_I1.73 11.73 | BELOW RS_SLV_X LinRespSpec  Max 5227 13.26 2036
m PR_I1.73 11.73 | ABOVE RS_SLV_X linRespSpec ~ Max 473 1217 3593
T PR_15.64 1564 | BELOW RS_SLV_X LinRespSpec  Max 4556 15.27 2096
T PR_15.64 1564 | ABOVE RS_SLV_X LnRespSpec  Max 410 1453 403
T PR_19.55 19,55 | BELOW RS_SLV_X LinRespSpec  Max 4548 1.17 16.74
T PR_19.55 19.55 | ABOVE RS_SLV_X LinRespSpec  Max 417 9.855 4851
T PR_23.46 2345 | BELOW RS_SLV_X LnRespSpec  Max 4148 9,665 1475
T PR_23.46 2345 | ABOVE RS_SLV_X LinRespSpsc  Max 3825 357 2854
T FR_27.37 27.37 | BELOW RS_SLV_X LnRespSpec  Max 38305 9.179 1269
T PR_27.37 27.37 | ABOVE RS_SLV_X LinRespSpec  Max 296 58.35 2995
T PR_31.28 3128 | BELOW RS_SLV_X LinRespSpec  Max 3245 2417 2057
T PR_31.28 31.28 | ABOVE RS_SLV_X LinRespSpec Max 2961 2477 1896 L story resuts o *
T PR_35.19 35.19 | BELOW RS_SLV_X LinRespSpec  Max 19 9.964 7.959 Export to Excel
T PR_35.13 35.13 | ABOVE RS_SLV_X LinRespSpec  Max 2705 8691 2537 ey e ——
m PR_39.1 39.1 | BELOW RS_SLV_X linRespSpec ~ Max 2425 2435 17.41
T PR_39.1 39.1 | ABOVE RS_SLV_X LinRespSpec  Max 1521 26.44 2042 Hevation ® B =z
T PR_43.01 4301 | BELOW RS_SLV_X LnRespSpec  Max 1538 8.023 6.426 sz S - GO BT Type Output type . - -
m
T PR_391 391 [RS_SLV_X LinRespSpec  Max 176 817 1257
T PR_7.82 782 | RS_SLV_X LinRespSpec  Max 1247 2125 125
T PR_11.73 11.73 | RS_SLV_X LinRespSpec  Max 139.7 7117 25.16
T PR_15.64 15,64 | RS_SLV_X LinRespSpec  Max 1344 6.831 27.82
. T PR_19.55 19,55 | RS_SLV_X LinRespSpec  Max 1318 6.849 47.43
m PR_23.46 2345 | RS_SLV_X LinRespSpec  Max 123 30.03 26.94
Resultant story forces (FX, FY, FZ) are available o o B
. . T FR 31.28 3128 | RS_SLV_X LinRespSpec  Max 1135 5.107 5.033
for user defined an alys|s/com bos. T PRL3.19 B[RS SV X |t | Mm 105 52 %06
T PR_39.1 39.1 |RS_SLV_X LinRespSpec  Max 1105 5.356 5456
T PR_43.01 4301 | RS_SLV_X LinRespSpec  Max 128.3 5.187 4571




' WHAT TOWERS DOES?

STORY RESPONSE PLOTS

Multi-step animated response plots are available for each analysis/load combination to provide an immediate
feedback of the structural response.

1l Story response plots O *
Tower | T1 ~ | Analysis/Combo | TH_SLVD1_X ~ | Output options | Step-by-step | Diecton @ X (Y | [7] Display Step 9.50 3 Animation '

PR_43.01 | > I 13
PR_ J | I | 391
PR 35\ | 1352
PR 312 | — | 1313
PR_27.3 | i | o7 s
PR_22.46 | -— | lo3 5
PR_19.56 | — | l1a6
PR_15.64 | -] | L15 6
PR_11.73 | ] | Fr11.7
PR.782 | ] | 7,82
PR39% | " | L3901
)

-85 -1 I'I 0 -5|5 [IJ 5|5 1'{0 1&5 220E-2 -6.00 -4.IDCI -Z.IDD 0.00 Z.IDD 4.IDD 6.00E-3 -1.80 -1 .IZD -D.IBD 0.00 D.ESD 1.50 180E3 -0.60 -D.I4D -D.IZD 0.00 D.IZD 0.1!-10 0.60 23

Max story displacements [m] Max story drifis Story shears [kN] Story forces [kN]




' WHAT TOWERS DOES?

EUROCODE 8 - BEHAVIOUR FACTOR - TORSIONALLY FLEXIBLE SYSTEM?

1l Results a >
Export to Excel

Centers of mass and rigidity | Torsional to polar radii ratios | Drift senstivity coefficients

R X-Direction Y-Direction
Tower Story K K r Is rAsp K K r Is (r1s)p
m] KN/m] lkNm/Rad] m] m] lNJm] lcNm/Rad] m] m]

1 PR_391 im 2 808e+05 2 BBhe+07 10.1 TTH 171 2 564e+05 2 BRhe+07 5833 TTH 162
1 PR_7.82 782 1.42e+05 2 e+07 1275 7762 27 2.273e+05 2 Ne+07 10.08 7762 1687
1 FR_11.73 11.73 5 576e+04 1.632e+07 13.05 T.744 2842 1.63e+05 1.632e+07 10.01 7744 1.669
T PR_15.64 15.64 6.58%+04 1.54e+07 14.34 775 3641 1.543e+05 1.54e+07 5.59 7775 1.645
1 PR_19.55 19.55 6.532e+04 1.03e+07 1256 T74T 2627 1.062e+05 1.03e+07 9.849 T.747 1616
T PR_Z3.46 2346 5.45e+04 1.126e+07 14.37 7755 3433 1.0882+05 1.126e+07 1017 7.755 172
1 PR_Z7.37 2737 4 48=+04 7.327e+06 1279 T2 2736 7.333e+04 7.327e+06 9.996 7732 1671
T FPR_3128 31.28 3.15%+04 7.678e+06 15.45 7746 4,001 7.454e+04 7.678e+06 1012 7746 1.708
1 PR_35.19 35.19 2 7hke+04 4 247e+06 1241 T4 2573 4.419%e+04 4 247e+06 9.804 T4 1.604
1 PR_351 351 1472%e+04 4 015%+06 16.52 NET 4 561 3. 75he+04 4 015%+06 1035 ENET 1788
1 PR_43.01 430 6623 1.337e+06 14.21 6.805 4 353 1.758e+04 1.337e+06 8.721 6.805 1,642

(4)P Os primeiros quatro tipos de sistemas (ou seja. porticado, misto e de paredes de ambos os tipos) devem
possuir uma rigidez de tor¢cdo minima que safisfaca a expressao (4.1b) nas duas direc¢des horizontais.

v 2, (4.1b)
em que:
Py raiz quadrada da relacdo entre a rigidez de torcdo e a rigidez lateral na direccao v (“raio de tor¢cao™):
[ raio de giracdo da massa do piso em planta (raiz quadrada da relacdo entre (a) o momento polar de

inércia da massa do piso em planta em relacdo ao centro de gravidade do piso e (b) a massa do piso).




WHAT TOWERS DOES?

EUROCODE 8 - BEHAVIOUR FACTOR — REGULAR IN PLAN BUILDING?

| 1l Results O X
il Results O X
Export to Excel —
Centers of mass and rigidity Dirift sensitivity coefficients fom Xer Yer ex ey ex/Bx ey/By
X Direction Y-Direction il El El El E
Hevation 5323 10.43 5439 1.845 0.1157 0.09319 0.01072
iENEy L) s Le i 5 EEF s L& i 5 sy 5324 9932 5345 1292 0.02081 0.06523 0.001927
fm] Jellin] ] fm] fm] o] i ded | fm] fm] 5333 10.14 5.445 1479 01117 0.07467 0.01035
T PR_351 391 2.808+05 2.8656+07 10.1 7724 171 2.964e+05 2.8650+07 9.833 7724 162 caet 0p38 56 1195 02556 008037 00299
T1 PR_7.82 7.82 1426405 231607 1275 7762 27 2273e+05 231+07 10.08 7.762 1687 o 1005 . 132 02078 005714 001926
T1 PR_11.73 173 9.5760+04 1632607 13.05 7744 2.842 15630+05 16326+07 10.01 7744 1669 . iy . e s 0.05645 004285
T1 PR_15.64 15.64 6.9890+04 1540507 1484 7779 3,641 1543+05 1540+07 999 7779 1549 s . s ges 1218 05291 006152 004859
T1 PR_19.55 19.55 6.5326+04 1.03e+07 1256 7747 2627 1.0626+05 1032407 9,849 7747 1516 a7 i s a95 11 i 005709 00618
T PR_23.46 2346 5450404 1126207 1437 7759 3433 1.0882+05 11260407 10.17 7.759 172 o ot o - 05796 0.05608 10,0533
T PR_27.37 2737 4480404 73270406 1279 7732 27% 7.3330+04 7.3270+06 9.39 7732 1671 . s o 1084 . 005477 00854
T1 PR_31.28 31.28 3.1990+04 76780+06 15.49 7746 4,001 7.494+04 7.678+06 10.12 7745 1708 oy i com 1238 06592 006721 005197
T1 PR_35.19 35,19 2.7560+04 4.2470+06 12.41 774 2573 44190+D4 42470406 9.804 774 1504 =
T PR_39.1 391 14726404 4.019+06 1652 7737 4561 3.7550+04 4.015¢+06 10.35 7737 1788
T1 PR_43.01 4300 6623 13372206 1421 6.805 4 1758204 13372206 8721 6.805 1642]

(6) A cada nivel e para cada direccdo de calculo x e v, a excentricidade estrutural e, e o raio de forcao r
devem verificar as duas condicdes seguintes, expressas para a direccdo de calculo v:

€ <0307, (4.1a)

2] (4.10)

X 5
em que:
€ox distancia entre o centro de rigidez e o centro de gravidade. medida segundo a direccdo x.
perpendicular a direc¢do de calculo considerada:
s raiz quadrada da relacdo entre a rigidez de torcéo e a rigidez lateral na direccdo y (“raio de torcdo™):
I raio de giracdo da massa do piso em planta (raiz quadrada da relacdo entre (a) o momento polar de

inércia da massa do piso em planta em relacdo ao centro de gravidade do piso e (b) a massa do piso).



WHAT TOWERS DOES?

EUROCODE 8 - BEHAVIOUR FACTOR — REGULAR IN ELEVATION BUILDING?

(3) A rigidez lateral e a massa de cada piso permanecem constantes ou apresentam uma reducdo gradual.
sem alteracoes bruscas. desde a base até ao topo do edificio considerado.

il Results O x
Export to Excel
; Centers of mass and rigidity | Tarsional to polar radi ratios  Drift sensitivity coefficients
Hevation Bx By M My Mz Iz Xem Yem Xer Yer ex ey ex/Bx ey/By
Tower Story
[m] [m] [m] [kNs*m] [kMs%m] [k Ns*m] [kMNms] [m] [m] [m] [m] Im] [m]
Tl PR_3.91 39 19.8 10.8 1833 1833 1833 1.094e+04 8.584 5.323 1043 5439 1.845 0.1157 0.09319 0.01072
T PR_7.82 782 19.8 10.8 1847 1847 1847 1.113e+04 8.641 5.324 5.932 5.345 1.292 0.02081 0.06523 0.001927
Tl PR_11.73 11.73 19.8 10.8 1842 184.2 184.2 1.105e+04 8.657 5333 10.14 5.445 1479 01117 0.07467 0.01035
T PR_15.64 15.64 19.8 108 1836 1836 1836 1111e=04 8643 5.341 5.838 5.6 1195 0.2586 0.06037 0.02354
Tl PR_19.55 19.55 19.8 10.8 1849 184.9 184.9 T.11e+D4 8716 5.343 10.05 5.551 1.329 0.2078 0.06714 0.01924
Tl PR_23.46 2346 15.8 10.8 1828 1828 1828 1.101e+04 8623 5.327 9.74 5.785 1118 0.4585 0.05645 0.04245
Tl PR_27.37 2737 19.8 10.8 1829 182.9 182.9 1.093e+04 B.664 5339 5.882 5.868 1.218 0.5291 0.06152 0.04859
Tl PR_31.28 .28 15.8 10.8 1804 1304 1804 1.082e+04 8547 5327 9677 5.995 113 0.6672 0.05709 0.06178
1T PR_35.19 3519 19.8 10.8 1828 1828 182.8 1.095e+04 870 5.343 581 5523 1.11 0.5758 0.05606 0.05368
Tl PR_39.1 9.1 15.8 10.8 179 179 179 1.071e+04 8563 5323 9647 6.04 1.084 0.717 0.05477 0.0664
1T PR_43.01 43.01 19.16 10.8 1255 1255 1255 5811 571 5.304 1 55973 1.288 0.6652 0.06721 0.06197
1l Results O *
Export to Excel
Certers of mass and rigidity | lorsional to polar radii ratios | Dft sensitivity coefficients
) X-Direction Y-Direction
Hevaticn
Tower Story K Kd r Is rAsy K K& r Is rAsy
iml kN/m] [kNm/Rad] ml ] [kN/m] [kNm/Rad] ml ml
T1 PR_3.91 391 2.808e+05 2.865e+07 101 7724 171 2 964e+05 2 865e+07 5.833 7724 162
T PR_7.82 7.82 1.42e+05 2.31e+07 1275 7762 27 227305 2.31e+07 10.08 7762 1687
T1 PR_11.73 11.73 9.576e+04 1.632e+07 13.05 7744 2842 1.63e+05 1.632e+07 10.01 7744 1.669
T1 PR_15.64 15.64 6.98%+04 1.54e+07 14.84 7779 3641 1.543e+05 1.54e+07 9.99 7779 1.649
T1 PR_19.55 19.55 6.532e+04 1.03e+07 12.56 7.747 2627 1.062e+05 1.03e+07 5.849 7.747 1616
T1 PR_23.46 2346 5.45e+04 1.126e+07 14.37 7.759 3433 1.088e+05 1.126e+07 107 7.759 172
T PR_27.37 2737 4.482+04 7.327e+06 1279 7732 2736 7.333e+04 7.327e+06 9.996 7732 1671
T1 PR_31.28 3128 3.19%+04 7.678e+06 15.49 7.746 4.0M 7 454e+04 7678e+06 10.12 7746 1.708
T PR_35.19 3519 2.756e+04 4 247e+06 1241 774 2573 4.419e+04 4 247e+06 9.804 774 1604
T1 PR_35.1 39.1 1.472e+04 4.01%+06 16.52 7737 4.561 3.755e+04 4.01%e+06 10.35 7737 1788
T1 PR_43.01 430 6623 1.337e+06 14.21 6.805 4.358 1.758e+04 1.337e+06 8.721 6.805 1.642




WHAT TOWERS DOES?

EUROCODE 8 - BEHAVIOUR FACTOR — INVERTED PENDULUM SYSTEM?

il Results O *

Export to Excel
{ Centers of mass and rigidity | Tarsional to polar radii ratios  Drift sensitivity coefficients
Hevation Bx By Mx My Mz Iz Xcm Ycm Xer Yer ex ey ex/Bx ey/By
Tower Story
[m] [m] [m] [kNs%m] [kNs¥m] [k Ns#m] [kNmsq [m] [m] [m] [m] [m] [m]

T1 PR_3.91 191 19.8 10.8 1833 183.3 1833 1.094e=04 8584 5323 10.43 5439 1.845 0.1157 0.09319 0.01072
T PR_7.82 782 15.8 108 1847 1847 1847 1.113e+04 2641 524 9532 5.5 1.252 0.02081 0.06523 0.001927
T1 PR_11.73 173 19.8 10.8 1842 1842 1842 1.105e=04 8657 5333 10.14 5445 1479 0.1117 0.07467 0.01035
T PR_15.64 15.64 15.8 108 1836 1836 183.6 1.111e=04 8643 534 5.838 b6 1.1585 0.2586 0.06037 0.02354
T1 PR_19.55 19.55 19.8 10.8 1849 1849 1849 1112204 8716 5343 10.05 5551 1329 0.2078 0.06714 0.01924
T PR_23.46 2346 15.8 108 1828 1828 1828 1.101e+04 8623 5327 574 5785 1.118 0.4585 0.05645 0.04245
T PR_27.37 2737 19.8 108 1829 182.9 182.9 1.093=+04 2.664 5339 9.882 5.863 1.218 0.5251 0.06152 0.04859
T1 PR_3128 3128 19.8 10.8 1804 180.4 180.4 1.082e=04 8547 5327 9677 5.995 113 0.6672 0.05709 0.06178
T PR_35.19 3519 15.8 108 1828 1828 1828 1.095e+04 287 5343 381 5523 11 0.5738 0.05606 0.05368
T1 PR_33.1 351 19.8 10.8 179 179 179 1.071e=04 8563 5323 9.647 6.04 1084 0.7171 0.05477 0.0664
T PR_43.01 43 15.16 108 1255 1255 1255 5811 571 5.304 1 5573 1.288 0.6692 0.06721 0.06157

sistema de pendulo invertido

Sistema no qual 50 % ou mais da massa se localiza no terco superior da altura da estrutura. ou no qual a
principal dissipacdo de energia tem lugar na base de um unico elemento do edificio.




WHAT TOWERS DOES?

EUROCODE 8 - INTERSTOREY DRIFT SENSITIVITY COEFFICIENT

1l Results O >
Export to Excel

Centers of mass and rigidity  Torsional to polar radii ratios | Drift sensitivity coefficients

i X-Direction Y-Direction
Hevation
Tower Story P v d h ] P v d h ]

[m] kN N] [m] [m] kN N] [m] [m]
T1 PR_3.91 397 2.093e+04 638.1 0.008869 397 0.0744 2.093e+04 707 0.01026 397 0.07767
T1 PR_7.82 782 1.894e+04 612 0.0165 391 0.1306 1.894e+04 £59.9 0.01298 391 0.09529
T1 PR_11.73 1173 169%e+04 5227 0.02071 191 0.1722 169%e+04 6156 0.01521 191 0.1074
(2) Nao € necessario considerar os efeitos de segunda ordem (efeitos P-A) se a seguinte condicao for | 391 0.2088 1.504e+04 5%6.3 0.01577 39 0.103
satisfeita em todos 0s pisos: 391 0.1954 1.306e+04 505.2 0.01877 391 0.124
391 0.1933 1.11e+04 456 0.01795 391 01118
P o .d 391 0.1828 9160 4186 0.02066 391 0.1156
HZL}I =0.10 (4.28) | 391 0.177 7252 3379 0.0189 391 0.03035
tot /! 351 0.1309 5287 339 0.02246 351 0.089
397 0.1074 3386 262.2 0.0179 397 0.08913
e que: 391 0.0689 1465 168.9 0.03271 391 0.07256

e coeficiente de sensibilidade ao deslocamento relativo entre pisos:

P,  carga gravitica total devida a todos os pisos acima do piso considerado. incluindo este. na situacdo de
projecto sismica:

A valor de célculo do deslocamento relativo entre pisos. avaliado como a diferenca enfre os
deslocamentos laterais médios d, no topo e na base do piso considerado e calculado de acordo com
4.3.4:

Viet forca de corte sismica total no piso considerado:
h altura entre pisos.

(3) Se 0.1 < #< 0.2, os efeitos de segunda ordem poderdo ser avaliados de modo aproximado multiplicando
os esforcos sismicos por um factor igual a 1/(1 - ).

(4)P O valor do coeficiente # nao deve ser superior a 0.3.




WHAT TOWERS DOES?

EUROCODE 8 - DAMAGE LIMITATION — LIMITATION OF INTERSTOREY DRIFT

il Story results a >
Export to Excel

Max story displacemenrts ;! Story shears  Story forces

Hevati X-Directi Y-Directi
Tower Story evation Anaysi=/Comb. Type Output type fon ron
m] dUx Object 1D dUy Object 1D
T1 PR_3.91 391 |R5_5LV X LinRespSpec Max 0.0006117 § 122 0.000713) 408
T1 FR_7.82 7.82 |[R5_S5LV_X LinRespSpec Max 0.001085 ) 123 0.000118] 409
T1 PR_11.73 11.73 | RS_SLY_X LinRespSpec Max 0.001431 | 135 0.000289) 410
T1 PR_15.64 15.64 | RS_5LV_X LinRespSpec Max 0.001681 | 136 0.0002111 411
T1 PE 149 FF 16 RF (RS SV W |imBeenSrer Il=e 0.00188 | B46 0.0002088 412
. i , o o 0.002097 | 547 0.000294] 413
a) para os edificios com elementos nao estruturais constituidos por materiais frageis fixos a estrutura: 0.00205 | 139 0000383 414
d.v<0005h (4.31) 0.002061 | 140 0.000187) 415
0.002415 ) A4 0.000231] 416
b) para os edificios com elementos ndo estruturais ducteis: 0.002488 | 555 0.000262) 147
0.002371 | 383 0.000246] 333

d.v <0.0075h (4.32)

¢) para os edificios com elementos ndo estruturais fixos de forma a ndo interferir com as deformacdes
estruturais ou sem elementos nao estruturais:

dv <0010k (4.33)

em que:
d. walor de calculo do deslocamento entre pisos definido em 4.4.2.2(2):
h  altura entre pisos:

v coeficiente de reducdo que tem em conta o mais baixo periodo de retorno da accio sismica associada ao
requisito de limitacdo de danos.
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