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Experimental & Computational Simulation

Of Wind Pressures & Forces on Buildings

| tHaz Glass Damage in Super Typhoon Mangkhut

Wind vs. Earthquakes

Wind
~ Loads: shape & profile
dependent
~ Lacks transfer function from
wind fluctuations to loads

Earthquakes

~ Loads: mass distribution
dependent

~ Loads dependent on mass
and rel. ground acceleration

~ Direction dependence ~ Direction dependence
~ Response normally linear ~ Response can be nonlinear
~ Time history analysis requires ~ Time history analysis uses

an ensemble of surface
pressure time histories

available suite of ground
motion time histories.
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. — Response generally limited to ~ Response requires often
Co-PI SimCenter lower modes higher modes
~ Near source events like ~ Near source and far field
downburst or tornado and far ground motions.
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SimCenter¥y R B Ansan Karoem Nattaz Modeling 7
Ahsan Kareem NatHaz 4 ——— Caboratoy

Tarbulence Spectrum.

Microburst

SimCenter¥

Schematics of turbuléhditfOW aNdHs distortion as it passes
2 buildi Al ically i

Hurricanes & Tornadoes Environmental Loads _
rowersang
Chimner< S o
— .
/ L Buildings
sy
£ & Yaw Periods & Roll Periods Spectrum
H b b
3
3 | oo ———
&
toTa o %
Froasanoy i
Too0 300 10 1 Kareom, 1978
20 Karsomatiaz Moteling H i
SimCentersy |simCenterw Pesiodiage. SimCenterey |

Ahsan Karem NatHaz Modeling
Laboratory 1



8/11/2020

Modeling Wind Effects | Wind Codes and Standards

* Most of wind codes and standards offer:
= reductive formats and simplifications

Full-Scale/
Monitoring

* Gust loading factor approach (e.g., Davenport 1967)
= Considering dynamic buffeting actions on structures
= Alongwind response

= Acrosswind and torsional response ?
= Acrosswind —e.g., ALJ; AS/NZS, ASCE-7 (commentary)
= Empirical formula based on limited number of data

‘Computational

Tailonnalof:
Methods

Sirictires)

= A better way to overcome or complement conventional codes and

standards procedure to account for more accurate aerodynamic loading
effects on structures ?

Wind Tunnel
Testing
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Structural Wind Loads
and Responses

« Force base balance
technique

« Integration of
pressures

* Aeroelastic model
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Source of Database-enabled Design
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| tHaz Time-History Response Analysis

Analysis/Design scheme with

wind tunnel/CFD data
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Computational tools in Wind Engineering

Increasing Complexity in flow around Bodies
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* Ahybrid combination of Wind-Tunnel acquired data, stoch
simulation or CFD simulations with structural models

Ability to include nonlinear anlysis, PEWD

Model damping deviees in the structural system for their

performance assessment

+ Abilityto explore structural systems with fixed profile or multiple
profles
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Digital Wind Approach—Cyberbased Data-enabled Design Framework

& |

Wind Climate

A theory (CFD!) is something
nobody believes, except the person
who made it. An experiment is
something everybody believes,
except the person who made it.
Albert Einstein

e i "The Advancement of Science and it Burdens, 1956)
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Generalized wind loading chain
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C ional Wind Engineering: A
Fusion of CFD, Stochastics, Machine
Learning and Beyond

Random Fourier Methods (REM)
Digita iteing Methods (DFM)
Synthetic Eddy Methods SEM)
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Reliability Methods

The PEER framework for wind I o .
im = intensity measure v Takes RV input distributions, define probability or response levels of interest Stochastic Simulations
engineering demand parameter produces probabilty for those levels of interest, e.g. probabillty inter-story drift
- interaction parameter ©3 exceeds 107

¢= Most Popular

‘damage measure

dv= decision variables ¥ Classical e

Loss analysis Structural analysis  Aerodynamic analysis

12
,T\m /. /’//( (el ,WT. )| - WG el

Mean failure rate

workflow_driver Qol, ¥ Stochastic decomposition — s«

e - e —> / i B AR/ARMA -Deodatis & Shinozuka 1955

L ® Orthogonal serics

1= (RV,, RV,, RV, @ e . . . d
Qol = f(RVy, RV,, .RVy) — ¥ Random trigonometric polynomials -Grigoriu 1955~

Hazard analysis

5o
| @ 1
- \_ ’ ® Enhanced Mcthods‘_ add computational efficiency

e Local Methods (FORM, SORM) & Global Method (best for highly nonlinear responses)

_ - * WORKS FOR ONLY PROBLEMS WITH.A, EDR.VALYE , coor . SimCentersy
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v Karhunen-Loeve expansion -Phoon ctal. 2005

stochastic loads!

, B Wavelets ~ Gurley and Karcem, 199, Zeldin and Spanos 199

12
Simulation based!

W& Wind Engineering Sensitivity smelt

Quantifies uncertainty in building response when building subjected to a Wind Event Decomposes Variance in Output Into Fractions which can be attributed to Inputs

by performing multiple linear or nonlinear time history analysis > Stochastic, Modular, and Extensible Library for Time
Application: - » o n - -
« Inputs: Building information, structural

modeling, wind event & inputs for UQ e Sobol | 5 CH+
| Do et St o - = S / Qol,  Sobol ndces » C++ library for stochastic loading generation
- X 1 RV, RV . . .

Release Dates: s e e o - . » Implements one stochastic models for wind loading
Version 1.0 (2018) CFD Bluff Body . = ° > Wittig and Sinha, 1975
Version 2.0 (2019) Sampling, Stochastic Loading, Qol,  Sobol Indices 9 |
Wind Tunnel & Online Datasets Qol = f(RV,, RV,, .RV,) MRV, RV, LRV, » Other models can be added
V3.0 (2020) coupled FEM-CFD, more datasets, ———
Sensitivity, Reliability -

Research
Finite element modeling
Hazard characterization
UQincluding surrogate model generation
Datasets for model calibration
CFD Simulation
+ Inflow Conditions

Source Code: https:/github.com/NHERI-SimCenter/smelt
D : m/NHERI-SimC

ety f A, v 583, 63064 (1975)

CFD Beginner Mode
EVT Panel

WORKFLOW Applications Selections
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CFD Capabilities in WE-UQ

* Automatic Meshing using Gmsh
+ Tetrahedral meshing with adjustable size a different locations
* Turbulence Modeling

+ Smagorinsky Turbulence Model (LES) Gmsh
+ Dynamiec One Equation Mode LES)
+ 5 One Equation Model (RANS) +

+ kop Epsilon Model (RANS)
+ Spalart Allmaras DDES Model (DDES)

OpenVFOAM

* Turbulence Inflow Modeling (Part 2)

v

CFD Capabilities in WE-UQ

* Automatic Meshing using Gmsh
« Tetrahedral meshing with adjustable size a different locations
* Turbulence Modeling

+ Smagorinsky Turbulence Model (LES) Gmsh
+ Dynamic One Equation Mode LES)
+ A One Equation Model (RANS) +

+ kop Epsilon Model (RANS)
+ Spalart Allmaras DDES Model (DDES)

OpenVFOAM

« Turbulence Inflow Modeling (Part 2)

v
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