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Lateral Load

Designing for Wind
An Elastic Approach
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Wind vs Seismic Design
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A Wise Man’s Observation
Dr. Kishor Mehta

“There is no record of failure under wind
load for a properly designed (ASCE -7) and
constructed building”
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Wind Engineering Design

Can we push the limits of a purely
elastic performance?
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Wind Engineering Design
Current Approach

A Form of Performance Based Design

2 Designing for Wind

Current Approach
Designing for Wind

Limit States (Performance Levels):

» Strength: MRI = 700, 1700 Years (Code)

* Interstory Drift: MRI = 10,50,100 Years
(Engr. Judgment)

* Perception to Motion: MRI = 1,10 Years
(Engr. Judgment)
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Design Wind Loads
Static Equivalent Wind Loads:

 Building Code (normal buildings)

« Wind Tunnel - (tall buildings and slender
structures)

Static Elastic Analysis Design Procedure

2 Designing for Wind

The Wind Pressure Equation

Along Wind Loads Only (static equivalent)
p=1-%pV2KyK; Ky Cy Gy

I Importance of Building

%pV?  Velocity Pressure

K, Terrain Exposure

Ky Directionality Factor

K Topographic Effect (Wind speed up)
Cp Shape Coefficient

G; Gust Effect Factor




' = external (aerodynamic)
P =nternal (static equiv.)
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Wind Load Cases
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Interstory Drift Control
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Perception to Motion
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Current Practice
Limitations

» Dynamic effects are indirectly considered
Code Approach
* Gust Effect Factor approach

Wind Tunnel Approach

» Dynamic amplification of loads based on dynamic
properties provided by structural engineer
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A Framework for Wind PBD

[ Determine wind hazard ]

[
[ Identity Target Building

Performance Level

Data coliection to supplement
as-built data ifor evaluation of
existing bulidings)

Establish acceptance
criterln

Deve!op building
analytlcal model

Improvement as
naaded

[Evaluate building components]— -
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Conservatism: Dynamic Response fo
Stat/c Equivalent Wind Loads

Cuy

Code as well as the current
wind tunnel procedure
provides equivalent static
loads

Wind loads are not static!

Code loads as well as wind
tunnel loads may be
representing peak load for a
very short duration over a long
design wind load event

-1 Cxy Cay 1
x lood
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Possible Improvements
Design Procedure

Use Linear Dynamic Analysis Procedure
* Wind tunnel testing measures force versus time anyway
» Dynamic effects are explicitly considered in the analysis
 Directionality is explicitly considered in the analysis

* Rely on ACI 318 code recommendations for cracking
effects

2 Designing for Wind WAILTER P MOORE

Possible Improvements
Design Procedure

Use Non-linear Dynamic Analysis Procedure
» Wind tunnel testing measures force VS time anyway

» Dynamic effects are explicitly considered in the analysis
» Directionality is explicitly considered in the analysis

» Cracking effects explicitly considered in analysis based
on load level and material properties

6/12/2012
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= ASCE 41-06
Seismic Rehabilitation
of Existing Buildings

2 Designing for Wind

Analysis Method

» ASCE 41-06 frame work used

 Detailed procedure for shear wall modeling
followed

» Fiber model used for walls representing
concrete and reinforcing

 Displacement controlled behavior for flexure in
wall and link beams

» Force controlled behavior for shear in wall and
link beams

6/12/2012
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Component
Force vs Deformation Curves
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Designing for Wind
Component or Element
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Performance Objective Matrix

Wind Per‘ormarce Objectives
Hazard
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Performance Level
Limited Interruption | Operadonal Conrinued
Occupancy,
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Material Non-linearity
Modeled

Deformation controlled Force controlled behavior

behavior
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PERFORM-3D Fiber Sections
Walls
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10 and LS Limits
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Case History

» 20 story concrete core shear wall building

 Failed to meet current building code in
core shear wall

Structural Problems

* Moment and shear capacities of link beams were found
to be deficient by as much as 50%

* In a few localized areas the required strength was more
than four times the provided capacity

» Compression capacity of shear walls as calculated using
ACI 318-08, Equation 14-1 was exceeded in many
locations

6/12/2012
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PBD Approach
Non-Linear Dynamic Analysis

» Non-linear analysis is required to
redistribute the forces away from
overstressed areas

» Evaluate Capacity/Demand Ratios

Critical Wind Directions Determined

» Six directions for existing building

configuration
Case | Wind direction | Design speed
(degrees) {mph, 3-sec)
1 320 123
2 350 131
3 360 133
4 180 126
5 120 117
6 230 122
2 Designing for Wind _
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NL Dynamic Analysis Procedure

« Seven sets of loads distributed along the height
» Each set has Fx, Fy and Mz
» (6 +5)x7X3=Total 231 time histories
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Design storm duration typically ranges
between 45 and 60 minutes
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Analysis Method

* ASCE 41-06 frame work used
» Detailed procedure for shear wall modeling followed

* Fiber mode] used for walls representing concrete and
reinforcing

» Displacement controlled behavior for flexure in wall and
link beams

« Force controlled behavior for shear in wall and link
beams

2 Designing for Wind

Link Beam Performance

Nonlinear static analysis = Nonlinear dynamic analysis
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Summary - Link Beam Behavior

« Dynamic analysis gave significantly favorable results

 The existing building beam performance did not violate
LS limit

» Improvements will be needed to bring the performance
to within LS limit for revised building

Link beam upgrades at various locations will be tricky and
will require additional analyses

Serviceability Performance

Nonlinear dynamic analysis under 25 year wind

GNP Y
LIALH R0
M Foons
ROOF

.

—o—Mift X
oritty

0 00003 0001 00015 0002 €0025 0003 00035 CO009 D.0O4S Q005

Drift Ratio

21



Observations:
PBD Dynamic Analysis

» The peak responses in X and Y directions are not
concurrent

* Peak load for a very short duration does not mean that
overstress similar to that under the static load is
guaranteed

* [Inelastic response was much smaller in non-linear
dynamic analysis than non-linear static analysis

2 Designing for Wind

Observations

» Buildings that are in trouble can be evaluated
using this state-of-the-art method

» Very logical and strategic upgrades can be
employed when a performance-based approach
is used

» Owners are put in position to make decisions
based on performance levels

» Procedure can be used for new design approach

6/12/2012
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Conclusions

» We were able to salvage a building that did not meet
code

* We were able to understand building behavior when
certain elements do not offer the required strength

» We were able to relate the inelastic behavior to damage
level and ask owner to elect between a relaxed
performance level and demolition of the building

» We are prepared to offer strengthening solutions that are
targeted to improve building behavior

2 Designing for Wind

Conclusions

* PBD using non-linear dynamic analysis
can be implemented with present software

* Provides a better understanding of
building behavior under wind load

» Can result in a more rational and
economical building design approach than
current design approaches

6/12/2012
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Continuing Research Needs

* Investigate more structural systems/building
heights

» Experiment with different structural system
performance

* R Factors for Wind (Rwina) — Starting point?
» More fragility curves for building components

 All-steel buildings: Can we design for strength
and incorporate artificial damping for drift and
perception control using PBD NL Dyn Analysis?

6/12/2012
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