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- - Performance-Based Wind Design — How?
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Lateral load or cord rotation

Performance-Based Wind Design — Experimental Study

500 Cyeles 500 Cycles 75 Cyeles

§Cyeles 2 Cyeles

Alternative wind loading protocol
#1. More yielding cycles

#2: Non-zero mean

#3: Two ramp-up and ramp-downs
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Figure 22. Load versus chord rotation relationships: wind loading protocol.
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Wind Pressure ,Max=17.79 psi,Min=-28.35 psi

Roof Disp.-X=-30.73 in, Roof Disp.-Z= 0.50 in

[ ¢ BeamPlastiching ® ColumnPlastiching * PanelZone Plastiching ® semi-rig Con. Plastic hingl

Wind Time-History, Direction=195 deg, V=82mph,T=397.39 s

Performance-Based Wind Design — Time History Analysis
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Alireza Mohammadi
Ph.D Candidate
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ME Al| 1. Austin Tower
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HMEZ A2 2. Rainer Square Tower =ax 71@
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M2 Al 3. Yonge College Condominiums
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« A 7|F: Korean Building Code (KBC 2016)
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Rwr = 1.0 (¥4 A7) Rw=1.5 (HEHd LHEEA)
o ML EE Al e Wpy = 8,837 kN Wopy = 7,765 kN (-12.1%)
It H}SE = DX ’ DX )
S8 3543 Wpy = 17,807 kN Wopy = 15,507 kN (-12.9%)
Sy W,y = 11,219 kN W, x = 8,063 kN (-28.1%)
g = W,y = 5,651 kN W,y = 4,582 kN (-18.9%)
35
H =2 =8 Wiy = 9,404,834 kN-m Wiy = 6,589,429 kN-m (-29.9%)
=83s"e Wyy = 5,001,651 kN-m Wiy = 3,835,866 kN-m (-23.3%)
HM 22T 620 ton 520 ton (-16.1%)
© MIDAS IT Co,. Ltd

EN . dFFZ7|&MOJL 2022 Kang Thomas H.-K.



ds719t S
2A HEAH

© MIDAS IT Co,. Ltd

ME Al 5. 47-Story Building in Houston, Texas
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M2 Al| 6. 40-story office in Toronto
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M2 Alg| 7. Abraj Al Bait Tower in Mecca, Saudi Arabia

208
TEN Design Review: Concrete shear wall cross sections were
_ R| At 655(232m) reduced by 20-25% as a result of applying a load reduction
o I . _
50mx70mE O factor to wind resonant component by Ry, =2
=32|E MEtA 7 :
Mc’;lue Module
- ds7|HHSEA =
—_rL—{% EOI: = 7|:|I- Module
#2

MEHS M5B}

Shear Wall Module Ductility Demand (u)
[ - Section Between [0 and LS
Vertical Wall (4200 mm long) Smaller than 10
L - Section Between 10 and LS
— e Inclined shear walls Between IO and LS
Wind Tunnel Test
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ZX : Fouad Y. Elezaby, 2017
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Over-estimation of Acceleration Responses

Peak lateral drift (m) Acceleration (m/s?)
Test model
x direction | y direction Peak X component y component
Al Thol & & A 0.20 0.27 0.13 0.06 0.12
-3 2 EHFA 0.21 0.31(115%) 0.21(162%) 0.13 0.16
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Response spectral density

Performance-Based Wind Designh - Why?
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Performance-Based Wind Design - Why?
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Ground motion
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Structural Design Wind Load (224 7|4)

ds71BtUis
2A 71=UE

g

MeL

© MIDAS IT Co,. Ltd

Static
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Static Force
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ZAH : Kang Thomas H.-K,, 2022
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Modeling and Analysis (Effective Stiffness)

Table 8-1. Example Reduction Factors for Reinforced Concrete Elements

Serviceability analysis Strength analysis

Wind load MRI <100 years" >700 years”
Column axial® 1.0 A, 1.0 A,
Column flexure 1.0 I, 071,
RC frame beams 051, 0.35 I,
PT frame beams 0.7 1, 051,
RC slabs 035 I, 0251,
PT slabs 051, 0351,
Uncracked shear walls 1.0, 0.875 I°

axial-flexure
Cracked shear walls 0.6-0.9 I, 0.5-0.8 I,

axial-flexure?
Link beam flexure’ 0.5to 0.7 I, 0.3 to 0.6 I,
Link beam shear® 0.15to 1.0 A, 0.1to 0.7 A,

TEIE

] Ei T
1

Faﬂu T

@ (o)

Plastic Nonlinear F|n|te Length Fiber Finite

Hinge SpingHinge ~ HingeZone  Section Element
Range of structural model types (NIST, 2010).

18
16
14
12
°
g 1
-
~ \_ Stiffness at strength level based on
06 secantline at strength level load and
displacement
0‘ Stiffress at service level based on
secant line at service level load and

displacement

0

0000 0100 020 0300 0400 0500 0600 0700 0800 090 1000
Displacement

Figure 8-2. Secant stiffness approximation.

EX : Design and Performance of TALL BUILDINGS

FOR WIND 18
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Modeling and Analysis (Backbone curves and P-M curve)

(@)

Force

TN

Deformation

o
(b)

Generalized force-deformation backbone curves for :
(a) Large inelastic deformation(seismic),
(b) Limited inelastic deformation demand (wind)

(Mm'l qu)

Tension-Controlled Limit
£ =&, +0.003

Axial Force, P

(MnM v pan)
Method 1

¢P nt, max =}

Moment, M

Combined axial load and moment curve

=X : Concrete International December 2022
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Modeling and Analysis (Damping)

Acceleration «< 4J1/ &

Dynamic Streutral Response
(Acceleration, Base Moement)

1% to 3% Damping
= = =3(% Stiffness Increase
= : = 3(% Mass Increase

<=

A Zd, 42 Bt IE =222 8E
Ct&E, B MERHE)O| M=t
EZ : Irwin, Kilpatrick, Robinson, & Frisque, 2008)

Damping ratio (%)
©C = N W = OO N O
L]

Assumed damping vs building height
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\“ ‘ . e — Lower trendline
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0 0.10203040506070809 1
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20
& X : Bartolini & Kijewski-Correa, 2017
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Low-cycle Fatigue and Damage accumulation

ﬂ Displacement {across wind) Displacement {along wind)
Nalong
>
acro: . .
S :
Along wind Across wind T e " v
£ /(/ /
Low-cycle Fatigue | / [ orstaanen
Displacement
Ratchetting Effect /
(Damage accumulation)
- - ILHISE
7&! 7_| b I:<|D|- =1, E S o o

=)
(across wind)

(along wind)
21
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Deformation Damage Index

Types of Building deformation

Bl 05| A B Ko =Ky, Yo = Vor i Yor ¥y "T*::” ; i
H L L ny ;L
" 8 ¥ (a) Flexural (Axial) Deformations  (b) Shear (Racking) Deformations
1 Deformation AX, Y) B (X, 1)
Damageable Level n+1
Zone
1 D W
J C(X., Y, D (X,, ¥,)
Level n —ey
L
- in-plane shear strain
- filter out rigid body rotation

A single peak drift limit at the Operational performance
objective may not be suitable or telling for all types of
projects. Furthermore, peak drift does not guarantee
adequate performance of the envelope system.

22
ZX : ATC Design Guide 3
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Wind Pressure Integration technique

s
Pressure test model tested at the BLWT
=X : RWDI
F, (Story 17) F stoy 1)
400 b
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Story forces for stories
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Fxt) =am * Coxltyoss) * BAR
FAt) =ag * Ciyltmose) * BAA
z(tmodet) © B Ah

270l B

o di-modelcosei/Bmodel
* dz modelsme / model

CVmZ(tmodel . li/Blflodel

mz(t) —dg "

B Vi model
(t:tmodel . B 8 I;'r: - )

model

=X : Guidebook of Recommendations for
Loads on Buildings 2
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Critical Wind Direction
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Wind load(Ry, = 1.0, 2.0) vs Seismic load
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Seismic load reduction
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Coupling beam plastic deformation
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Story Drift
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Member Design
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Critical Wind Direction
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Shielding Effects of Surrounding Buildings
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Calculation of Story Wind Force (Wind Pressure Integration)
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Frequency (Hz)

X|Cf == XIS 7t 5 (X-dir. X "I S 7S E (Y-dir.

T [em/sec?] [cm/sec?]

1 2 3 Mean 1 2 3 Mean
A1 8.9 5.9 6.3 6.8 6.7 6.5 6.6 6.4
A2 7.8 4.6 5.7 5.8 6.8 6.5 6.7 6.5
A3 7.6 4.6 6.0 5.7 5.8 5.6 5.7 5.6
A4 7.6 4.6 6.0 5.7 4.8 4.7 4.7 4.7
A5 7.4 5.3 6.5 6.2 4.7 45 4.7 45
A6 7.4 5.3 6.5 6.2 5.2 5.4 6.0 5.3
A7 7.9 4.6 5.8 6.0 5.5 5.8 6.6 5.7
A8 9.0 6.0 6.4 6.9 5.7 6.0 6.8 6.0
A1 43 4.6 43 4.4 7.3 6.7 6.2 6.7
A2 4.0 4.0 3.9 3.8 7.3 6.8 6.2 6.7
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A4 5.0 4.7 4.8 4.8 6.9 5.3 5.2 5.8
A5 6.9 5.9 6.4 6.3 7.8 5.8 6.6 6.7
A6 6.9 5.9 6.4 6.3 10.1 7.4 9.0 8.8
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Cost and Carbon (ENR June 22, 2022)

I

Paradigm Shift(PBWD) in Tall Building Wind Design Cuts
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- High-rise PBWD will be the norm the world over in 10 years.
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