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Motivation: Prediction of Aerodynamic Excitation of Bridges

Lecture Contents

• Principal Concepts of Wind Engineering
• Dynamic Wind Excitation Phenomena
• Case Studies: Sutong Bridge and Stonecutters Bridge
• (Simulation Methods for Wind Effects)

Tacoma Narrows Bridge, 1940
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Principal Concepts of
Wind Engineering
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Introduction

The Davenport Wind Chain: Wind Response Analysis
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Introduction – Wind climate

Wind Climate

10-min mean wind speed
at 10m height with
50 year return period
according to DIN EN 1991-1-4:
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Introduction – Terrain

Terrain Effects: Mean Wind Speed Profile

Effect of Roughness on wind speed (atmospheric boun dary layer)

Power Law: � � � ���

�

��

�

�� is gradient height

���
is unobstructed velocity (speed constant above grad ient height)

� for mean speed, � for gust speeds

Log Law: � � � �. ���	

�

��

�� is roughness length



B a u h a u s   U n i v e r s i t y   W e i m a r
Modelling and Simulation of StructuresProf. Dr. Guido Morgenthal

Introduction – Terrain

Terrain Effects: Atmospheric Turbulence

Turbulence intensity: Typical Wind Spectra (von Karman):

�� �
��


�
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Fluid flow at high Reynolds numbers

• unsteady
• rotational
• turbulent

laminar
boundary layer

separated
flow

turbulent
boundary layer

wake
flow

Introduction – Bluff Body Aerodynamics

Bluff Body Aerodynamics

Bridge deck
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Static Forces

(Millau Viaduct)

FD

FL

FM

Time-averaged (mean) coefficients vs angle of attack:

Properties of Static Bridge Decks

B a u h a u s   U n i v e r s i t y   W e i m a r
Modelling and Simulation of StructuresProf. Dr. Guido Morgenthal

• Alternating creation of vortices
• periodic
• Kármán Vortex Street

Frequency – Strouhal Number:

Vortex Shedding

(VXflow)

(Soap film channel)

Properties of Static Bridge Decks
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Screens considered:

Wind screen simulations: M4 Neath

Properties of Static Bridge Decks

B a u h a u s   U n i v e r s i t y   W e i m a r
Modelling and Simulation of StructuresProf. Dr. Guido Morgenthal

Wind screen simulations: M4 Neath (original section)

Properties of Static Bridge Decks



B a u h a u s   U n i v e r s i t y   W e i m a r
Modelling and Simulation of StructuresProf. Dr. Guido Morgenthal

Wind screen simulations: M4 Neath (with solid screen)

Properties of Static Bridge Decks
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Wind screen simulations: M4 Neath (with perforated screen)

Properties of Static Bridge Decks
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Wind screen simulations: M4 Neath

Velocity time-histories

Properties of Static Bridge Decks
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Wind screen simulations: M4 Neath

Velocity profiles (mean ± 1 std.dev.):

Properties of Static Bridge Decks
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Velocity profiles (mean ± 1 std.dev.):

Wind screen simulations: M4 Neath

Properties of Static Bridge Decks
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Wind screen simulations: Strelasund Bridge

Properties of Static Bridge Decks
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Wind screen simulations: Strelasund Bridge

Properties of Static Bridge Decks
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Original With Wind Screens

Mv Lane 1 177 61 (-66%)

Mv Lane 3 112 29 (-74%)

CD,design (D=4.01m) 1.11 1.41 (+27%)

Wind screen simulations: Strelasund Bridge

Properties of Static Bridge Decks
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Dynamic Wind Excitation 
Phenomena
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Divergent amplitude
response

Galloping instability

Flutter instability

Limited amplitude
response

Vortex-induced vibrations (VIV)

Buffeting response

Wake-induced vibrations

Rain-wind induced cable vibrations

Parametric cable vibrations

Fluid-Structure Interaction Phenomena

Main Excitation Phenomena in Bridge Aerodynamics
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Millau Viaduct: static section

Properties of Static Bridge Decks
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Millau Viaduct: static section

Properties of Static Bridge Decks
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• Alternating creation of vortices
• periodic
• Kármán Vortex Street

Frequency – Strouhal Number:

Millau Bridge: Flow visualisation

Vortex Shedding

Properties of Static Bridge Decks
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(VXflow)

Rectangular Section: Static

���	
�/�

Vortex-Induced Vibrations (VIV)
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Rectangular Section: Static

Vortex-Induced Vibrations (VIV)
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Vortex-Induced Vibrations (VIV)

Rectangular Section: Forced

���	
�/�
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Vortex-Induced Vibrations (VIV)

Rectangular Section: Forced

���	
�/�
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(VXflow)

Rectangular Section: Forced

Vortex-Induced Vibrations (VIV)

���	
�/�
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Elastic system →‘resonance’ between vortex shedding frequency ����� �
St	�
�

and a natural frequency of the structure ����� :

Lock-in (nonlin. synchronisation)

St
shedf U

D
 =  
 
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Vortex-induced Vibrations (VIV)

Vortex-Induced Vibrations (VIV)
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Storebælt Bridge

*

Vortex-Induced Vibrations (VIV)
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Source 
21
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St

fD

U
=  

Morgenthal, McRobie, (DVM) 0.42 0.08 0.19 
Jenssen and Kvelmsdal (1999), (FV)  0.45 0.04 0.16 
Enevoldsen et al. (1999), (FV)  0.51 0.08 0.17 
Larsen and Walther (1998), (DVM) 0.56 0.07 0.17 
DMI and SINTEF (1993), (section model) 0.54 0.01 0.11-0.15 
Larose (1992), (Taut strip model) 0.72 -0.08 0.11 
Morgenthal, (smoke tunnel)   0.19 
Jang, Morgenthal (soap film channel)   0.19 
 

Storebælt Bridge: aerodynamic properties

Great Belt East Bridge, mean lift coefficient
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Experiment: Reinhold et al (1992)

CFD: Kuroda (1997)

DVM: Taylor et al. (1999)

α+

Great Belt East Bridge, mean moment coefficient
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Vortex-Induced Vibrations (VIV)
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Storebælt Bridge: Vortex shedding frequency
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Vortex-Induced Vibrations (VIV)
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Smoke tunnel:

Soap film channel:

St=0.19

St=0.19

Storebælt Bridge: flow visualisation

Vortex-Induced Vibrations (VIV)
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Storebælt Bridge: Lock-in
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Multi-slice CFD Formulation: Niteroi Bridge (main s pan l=300m)

Vertical modes: f1=0.32Hz, f2=0.55Hz, f3=0.70Hz

Vortex-Induced Vibrations (VIV)
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Multi-slice CFD Formulation: Concept

Slice i:

Vertical structure: Horizontal structure:

Vortex-Induced Vibrations (VIV)
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Multi-slice CFD Formulation: Example Niteroi Bridge  (main span l=300m)

Vortex-Induced Vibrations (VIV)
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Aerodynamic Instability

Aerodynamic Instability

Aircraft Flutter
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(CSTB)

Aerodynamic Instability

Aerodynamic Instability
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Aerodynamic Instability

(VXflow)

Aerodynamic Instability
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Expressing motion-induced forces:

• flat plate (Theodorsen)
• using aerodynamic derivatives

(typ. determined from section model tests)

(VXflow)

Aerodynamic Instability (2 DOF)

Aerodynamic Instability

B a u h a u s   U n i v e r s i t y   W e i m a r
Modelling and Simulation of StructuresProf. Dr. Guido Morgenthal

• Forced oscillation test to identify Scanlan derivatives

Aerodynamic Instability

,→ ,→

Aerodynamic Instability
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Aerodynamic Instability (1 DOF)

Aerodynamic Instability

Pure Heave: ��� � 2������� � ���
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Aerodynamic Instability (1 DOF)

Aerodynamic Instability

Pure Pitch: ��� � 2��
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Aerodynamic Instability (1 DOF)

Aerodynamic Instability

Pure Pitch:
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Aerodynamic Instability (1 DOF)

Aerodynamic Instability

Pure Pitch:
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Tacoma Narrows Bridge

Aerodynamic Instability
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• Aerodynamic behaviour of the static deck

MaChang Bridge Wind Nose Optimisation

Aerodynamic Instability
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• Motion-induced forces – Scanlan flutter derivatives

MaChang Bridge Wind Nose Optimisation

Aerodynamic Instability
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• Motion-induced forces – Scanlan flutter derivatives

MaChang Bridge Wind Nose Optimisation

Aerodynamic Instability
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• Motion-induced forces – Scanlan flutter derivatives

Instability point (torsional flutter):

Aerodynamic Derivative A 2
*

-0.50

0.00

0.50

1.00

1.50

0 2 4 6 8 10

vr

A
2*

Instability point at zero damping

MaChang Bridge Wind Nose Optimisation

Aerodynamic Instability
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• Motion-induced forces – Scanlan flutter derivatives

ORIG

RND3

RND2

RND1

MaChang Bridge Wind Nose Optimisation

Aerodynamic Instability
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A2
* comparison at v r=6
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• Motion-induced forces – Scanlan flutter derivatives

MaChang Bridge Wind Nose Optimisation

Aerodynamic Instability

Instability point (torsional flutter):
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• Two modes (vertical/torsional) couple to a flow-driven unstable oscillation

• negative effective damping due to neg. aerodynamic damping

• mode coupling due to aerodynamic stiffness (frequency shift)

• motion-induced aerodynamic forces feed energy into the system

• classical flutter: two modes couple

• flutter boundary: Ucrit

• Ultimate Limit State

22 ( , , , , , ,...)h h h hmh m h m h F K h hζ ω ω ρ α α+ + =&& & & &

22 ( , , , , , ,...)I I I F K h hα α α αα ζ ω α ω α ρ α α+ + = &&& & &

Equations of motion:

b
K

U

ω = 
 

Aerodynamic Instability (2 DOF)

Aerodynamic Instability
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• Fully coupled flutter analysis:

Aerodynamic Instability

Aerodynamic Instability (2 DOF)
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Simulation with aerodynamic section properties (static coefficients and
aerodynamic derivatives) coupled to 3D stuctural model:

Aerodynamic Instability

Aerodynamic Instability (2 DOF)
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Exploiting Unstable Behaviour: Energy Harvesting

Energy harvester (with Prof. Law, Stanford)

Aerodynamic Instability
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Deck Section Model Testing

Cable Drag Testing

Aerodynamic Properties

Site Conditions

Wind measurements

Design Wind Characteristics

FE Model

Dynamic Properties

Numerical Buffeting AnalysisFull Aeroelastic Wind Tunnel Testing

Buffeting Response → Structural Verification

Structure

Buffeting

Buffeting

→ Turbulent atmospheric boundary layer

→ Wind velocity field variable in time and space 

→ Fluctuating aerodynamic forces on the structure

→ Dynamic response of the structure
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Simulations on full 3D system model

Buffeting
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Local velocities due to simulated wind field

instantaneous nodal velocities

Simulations on full 3D system model

Buffeting
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Nodal aerodynamic forces due to local velocities (quasi-static + motion-induced)

L

D

M

v

Simulations on full 3D system model

Buffeting
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Footbridge Kehl-Strasbourg: Structure

Buffeting
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Footbridge Kehl-Strasbourg: Wind profile

Buffeting
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-0.7U
∞

0.7U
∞

Example: Footbridge Kehl-Strasbourg: Wind velocity field (turbulent component)

Buffeting
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Footbridge Kehl-Strasbourg: Natural frequencies / mode shapes

Buffeting
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Footbridge Kehl-Strasbourg: TMD

Buffeting
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static forces Aerod. Derivative

Footbridge Kehl-Strasbourg: Aerodynamic properties

Buffeting
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Buffeting

Footbridge Kehl-Strasbourg: Buffeting simulation
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Mersey Gateway Crossing

Buffeting
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Mersey Gateway Crossing

Buffeting
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Pseudo-3D CFD Buffeting Simulations

Buffeting
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Pseudo-3D CFD Buffeting Simulations

Buffeting
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Pseudo-3D CFD Buffeting Simulations

Buffeting
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Pseudo-3D CFD Buffeting Simulations

Buffeting
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Pseudo-3D CFD Buffeting Simulations

Buffeting
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Summary: Phenomena in Bridge Aerodynamics (Aeroelas ticity)

Summary
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Case Studies: Sutong Bridge and 
Stonecutters Bridge
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Stonecutters Bridge

Sutong Bridge

Stonecutters/Sutong: Overview
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Stonecutters Bridge

Sutong Bridge

Stonecutters/Sutong: Overview
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Bridge Towers

Stonecutters/Sutong: Overview
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Bridge Decks (Main Span)

Stonecutters/Sutong: Bridge Configuration and Erection Schemes
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Stonecutters/Sutong: Bridge Configuration and Erection Schemes

SCB Erection: Tower
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Stonecutters/Sutong: Bridge Configuration and Erection Schemes

SCB Erection: Tower
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Stonecutters/Sutong: Bridge Configuration and Erection Schemes

SCB Erection: Deck Pre-assembly
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Stonecutters/Sutong: Bridge Configuration and Erection Schemes

SCB Erection: Heavy lift
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Stonecutters/Sutong: Bridge Configuration and Erection Schemes

SCB Erection: Heavy lift
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Stonecutters/Sutong: Bridge Configuration and Erection Schemes

SCB Erection: Mainspan cantilevering
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Stonecutters/Sutong: Bridge Configuration and Erection Schemes

SCB Erection: Mainspan cantilevering
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Stonecutters/Sutong: Bridge Configuration and Erection Schemes

CONTRACT NO. HY/2002/26 22.11.07

STONECUTTERS BRIDGE MHYH-JV

Rev. 14

DECK RELEASE L/F ERECT EXTERNAL PT RELEASE L/F ERECT

ERECTION DECK DISMANTLE NEXT CYCLE DECK SEGMENT

SEGMENT N SEGMENT   SEGMENT N+1

MOVE AND FIX ADJUST ACCESS GANTRY MOVE AND FIX ADJUST

LIFTING FRAME GEOMETRY TO CABLE ANCHOR LIFTING FRAME GEOMETRY

WELDING TOP PLATE NDT REPAIR

SEGMENT N SCAFFOLDING

BOTTOM & WEB PLATES NDT REPAIR

WELD TROUGHS(90nos)

AND T-STIFFENERS(14nos)

NDT

CONTINGENCY MEASURES WINDOW

STAY CABLE

INSTALLATION SET UP UNREEL CABLE

 CABLE EQUIPMENT 1st INSTALL TOWER SOCKET

BACK SPAN STRESSING FINAL STRESSING

CABLE N+1 FIX JACK FINAL

INSTALL TOWER SOCKET  REMOVE JACK ADJUSTMENT

 CHECK GEOMETRY

  & CABLE FORCE

MAIN SPAN SET UP ANALYSIS

CABLE N CABLE EQUIPMENT 1st REMOVE JACK

STRESSING FINAL

UNREEL CABLE FIX JACK STRESSING

INSTALL TOWER SOCKET FINAL ADJUSTMENT

NET : 8 days

SET UP

2nd

STRESSING

CABLE N+2

NEXT CYCLE

TYPICAL MAIN SPAN 8 DAY CYCLE PROGRAMME

ADVERSE WEATHER

WINDOW FOR DECK

ERECTION

4 5 6

REPAIR

8 732

SEGMENT N-1

181

SEGMENT N+1SEGMENT  N

ADVERSE WEATHER

WINDOW FOR STAY

CABLE ERECTION

2nd

STRESSING

CABLE EQUIPMENT

UNREEL CABLE

WEATHER WINDOW: 2 days

WEATHER WINDOW: 3 days WEATHER WINDOW: 3 days

SCB Erection: Mainspan cantilevering - cycle program me
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Stonecutters/Sutong: Bridge Configuration and Erection Schemes

STB Erection: Tower and backspan construction



B a u h a u s   U n i v e r s i t y   W e i m a r
Modelling and Simulation of StructuresProf. Dr. Guido Morgenthal

Stonecutters/Sutong: Bridge Configuration and Erection Schemes

STB Erection: Mainspan cantilevering (balanced)
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Stonecutters/Sutong: Bridge Configuration and Erection Schemes

STB Erection: Mainspan cantilevering (closure)
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SLS:
• Workers (sea-sickness, welding - typ. a<3%g)
• Surveyability
• Dynamic interaction with erection equipment (ULS?)

ULS:
• Stability 
• Capacity checks (foundations, tower, deck, cables, temporary works)

FLS

Principal Erection Stage Performance Requirements R elating to Wind

Stonecutters/Sutong: Aerodynamic Assessment
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SCB Wind Conditions: Bridge Location

Stonecutters/Sutong: Aerodynamic Assessment

Typhoon York, 1999
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WTIFM mast

Land fetch

Ocean fetch

10-minute mean wind speed
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SCB Wind Conditions

Stonecutters/Sutong: Aerodynamic Assessment
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Wind Conditions: SCB-STB Comparison

Stonecutters/Sutong: Aerodynamic Assessment
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Wind Tunnel Tests: Overview

Type of test Stonecutters Bridge Sutong Bridge 
Section model Scale 1:50 Scale 1:50 

Static 

With different variations (rand rail 
configuration, lifting gantry  and other 

erection equipment, guide vanes), 
Re=5E5 and Re=18E5 

With and without lifting gantry, 
Turbulence Iu: 0 and 0.055 

Angles -10º to +10º 

Forced oscillation No testing undertaken 
Smooth flow 

Angles -3º, 0, +3º 

Aeroelastic 
Smooth flow, turbulent flow 

Damping: 0.15% of crit. 
Angles -5º to +5º 

No testing undertaken 

Tower aeroelastic 

Scale 1:200 
2 construction stages 

With/without erection equipment 
Various orientations 

Damping: 0.16% and 0.5% of crit. 

Scale 1:100 
2 construction stages 

With/without erection equipment 
various orientations 

Damping: 0.5, 0.8 and 1.6% of crit. 

Full-bridge aeroelastic 

Scale 1:200, 2 stages 
Various orientations 

With/without opposite cantilever 
Turbulence/ speed as per Ocean and 
Land Fetch conditions (cf. Section 2) 
Damping: 0.4, 1.3, 1.6, 3.2 and 4.0% 

of crit. 

Scale 1:125, 2 stages 
Various orientations 

Turbulence Iu: 0, 0.055 and 0.11 
Damping: 0.5, 0.8 and 1.3% of crit. 

Cable drag testing 
Scale 1:1 

Different surface patters (smooth and 
with dimples of different depths) 

Testing undertaken at design stage but 
not at construction stage of the project 

Cable rain/wind testing 

Scale 1:1 
Different cable diameters 

Different cable angles 
Rain intensity 80mm/h 
Damping: 0.6% log dec 

Testing undertaken at design stage but 
not at construction stage of the project 

 

Stonecutters/Sutong: Aerodynamic Assessment
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SCB Section Model Tests (Scale 1:50): models

Stonecutters/Sutong: Aerodynamic Assessment
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STB Section Model Tests (Scale 1:50): Models

Stonecutters/Sutong: Aerodynamic Assessment
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Section Properties

Stonecutters/Sutong: Aerodynamic Assessment

 Increase in drag 
compared to smooth 

flow [%] 
Stonecutters  Bridge , Iu=0.12 15 
Stonecutters  Bridge , Iu=0.24 30 
Sutong  Bridge , Iu=0.055 8 
 

 dCL/dα dCM/dα 
Stonecutters  Bridge  3.0 0.5 
Sutong  Bridge  5.4 1.4 
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SCB Section Model Tests (Scale 1:50): Divergent ampl itude tests

δ=0.9% log dec, fT/fV=1.2

Stonecutters/Sutong: Aerodynamic Assessment
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SCB Section Model Tests (Scale 1:50): Aerodynamic da mping

Stonecutters/Sutong: Aerodynamic Assessment
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STB Section Model Tests (Scale 1:50): Derivatives

Stonecutters/Sutong: Aerodynamic Assessment
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� � 1.0	log	dec

STB Section Model Tests (Scale 1:50): Derivatives (a erodynamic damping)

Stonecutters/Sutong: Aerodynamic Assessment
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SCB & STB Section Model Tests: Aerodynamic stabilit y summary

Design Flutter Boundaries Confirmed:

Stonecutters/Sutong: Aerodynamic Assessment

 Tested f t/fV Tested 
damping 

[% of crit.] 

Wind angle of 
attack [°] 

Confirmed f ull -
scale min. crit. 

wind speed 
[m/s] 

Stonecutters 
Bridge 1.20, 1.60, 2.06 0.15 

0 
+/- 2.5 
+/- 5.0 

95 
75 
50 

Sutong  
Bridge 2.21, 2.61 0.3, 0.5, 0.8 -3, 0, 3 64 
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SCB Section Model Tests (Scale 1:50): VIV tests, ver tical response

Stonecutters/Sutong: Aerodynamic Assessment
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SCB Section Model Tests (Scale 1:50): VIV tests, tor sional response

Stonecutters/Sutong: Aerodynamic Assessment
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SCB Guide Vanes

Stonecutters/Sutong: Aerodynamic Assessment
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STB Section Model Tests (Scale 1:50): VIV tests, ver tical response
(with guide vanes)

Stonecutters/Sutong: Aerodynamic Assessment
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STB Guide Vanes

Stonecutters/Sutong: Aerodynamic Assessment
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SCB Aeroelastic Tower Tests (Scale 1:200): Full hei ght freestanding condition

Stonecutters/Sutong: Aerodynamic Assessment
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SCB Aeroelastic Tower Tests (Scale 1:200): Full hei ght freestanding condition

Stonecutters/Sutong: Aerodynamic Assessment
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Tower TMD schemes (not implemented)

Stonecutters/Sutong: Aerodynamic Assessment
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SCB Aeroelastic Tower Tests (Scale 1:200): Full hei ght freestanding condition

Stonecutters/Sutong: Aerodynamic Assessment
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STB Aeroelastic Tower Tests (Scale 1:100): Full hei ght freestanding condition

Stonecutters/Sutong: Aerodynamic Assessment
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STB Aeroelastic Tower Tests (Scale 1:100): Full hei ght freestanding condition

No erection equipment With equipment

Stonecutters/Sutong: Aerodynamic Assessment
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STB Aeroelastic Tower Tests (Scale 1:100): Resonant  wind speeds

Resonant Wind Speed
(1st Long't Bending Mode)

0.0

10.0

20.0

30.0

40.0

50.0

60.0

120 145 170 195 220 245 270 295 320

Tower Height (m)

W
in

d 
S

pe
ed

 (
m

/s
)

Resonant Wind
Speed
Design Wind
Speed
Working Wind
Speed

Stonecutters/Sutong: Aerodynamic Assessment
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STB Full Height Freestanding Tower Condition - Crane s

Tower Mode
f = 0.1403 Hz

Crane Mode
f = 0.3978 Hz

Frequency of Tower & Tower Crane
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Stonecutters/Sutong: Aerodynamic Assessment



B a u h a u s   U n i v e r s i t y   W e i m a r
Modelling and Simulation of StructuresProf. Dr. Guido Morgenthal

Tower Erection – Vortex Induced Vibrations

Stonecutters (0.16% of crit):

Sutong (0.5% of crit):

Stonecutters/Sutong: Aerodynamic Assessment

Tower 
Height 

Frequency 
of 1st 

longitudinal 
mode [Hz] 

Sc Number  Resonant RMS Amplitude [mm]  
Without Erection 

Equipment 
With Erection 

Equipment 

293m 0.17 12 150 35 
246m 0.22 11 30 ~0 
174m 0.40 10 30 ~0 
119m 0.72 10 ~0 ~0 

 

Tower 
Height 

Frequency 
of 1st 

longitudinal 
mode [Hz] 

Sc Number  
[-] 

Resonant RMS Amplitude [mm]  
Without Erection 

Equipment 
With Erection 

Equipment 

306 0.13 39 457 394 
212 0.25 42 not measured 52 
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SCB Aerolastic Full Bridge Tests (1:200): Max. cant ilever condition

Stonecutters/Sutong: Aerodynamic Assessment
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Max. balanced Maximum cantilever

STB Aerolastic Full Bridge Tests (1:125)

Stonecutters/Sutong: Aerodynamic Assessment
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STB Maximum Balanced Cantilever Erection Stage: Dyn amic properties

DL, 0.12Hz DV/TL, 0.13Hz DV, 0.47Hz DV, 0.49Hz

DL, 0.94Hz DV, 0.98Hz DT, 1.36Hz

Stonecutters/Sutong: Aerodynamic Assessment
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Deck Lateral 1, f =0.12Hz Tower Lateral 1, f =0.19Hz

SCB Maximum Cantilever Erection Stage: Dynamic prop erties

Stonecutters/Sutong: Aerodynamic Assessment
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Deck Vertical 1, f =0.20Hz Deck Vertical 2, f =0.30Hz

SCB Maximum Cantilever Erection Stage: Dynamic prop erties

Stonecutters/Sutong: Aerodynamic Assessment
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Deck Vertical 3, f =0.40Hz Deck Torsional 1, f =0.44Hz

SCB Maximum Cantilever Erection Stage: Dynamic prop erties

Stonecutters/Sutong: Aerodynamic Assessment
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Summary of Natural Frequencies During Deck Erection  (L = cantilever length)

Stonecutters/Sutong: Aerodynamic Assessment
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SCB Buffeting Response

Stonecutters/Sutong: Aerodynamic Assessment
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Time and space (3D) dependent wind field

SCB Numerical Buffeting Analysis

Stonecutters/Sutong: Aerodynamic Assessment
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Time and space (3D) dependent wind field

Stonecutters/Sutong: Aerodynamic Assessment

SCB Numerical Buffeting Analysis
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Stonecutters/Sutong: Aerodynamic Assessment

Dynamic response (land fetch)

SCB Numerical Buffeting Analysis
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SCB Numerical Buffeting Analysis

Vertical response (land fetch)

Stonecutters/Sutong: Aerodynamic Assessment
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SCB Numerical Buffeting Analysis

Vertical response (land fetch)

Stonecutters/Sutong: Aerodynamic Assessment
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Critical Erection Condition: SCB (bending moments i n one girder)

Stonecutters/Sutong: Aerodynamic Assessment
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Critical Erection Condition: Summary (total buffeti ng deck bending moments)

Stonecutters/Sutong: Aerodynamic Assessment
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Countermeasure: Rocker-type deck TMD (not implement ed)

Stonecutters/Sutong: Aerodynamic Assessment
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Countermeasure: Ballasting (SCB)

Ballast: ~800t

Stonecutters/Sutong: Aerodynamic Assessment
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STB: Temporary Deck-Tower Connection

Equivalent Stiffness:

Peak buffeting forces in connection:

max. balanced max. total

Stonecutters/Sutong: Aerodynamic Assessment

± PXmax [MN] 22.4
± PYmax [MN] 16.5

min PZ [MN] -3.0
max PZ [MN] 1.4

± MXmax [MNm] 26.4
± MZmax [MNm] 140.2

Forces in deck/tower connection
± PXmax [MN] 9.4
± PYmax [MN] 3.4

min PZ [MN] -3.1
max PZ [MN] 1.7

± MXmax [MNm] 78
± MZmax [MNm] 209

Forces in deck/tower connection

K-PX [kN/m] 38x104 

K-PY [kN/m] 1010 

K-PZ [kN/m] 12 x106 

K-MX [kNm/rad] 107 

K-MZ [kNm/rad] 45x106 
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Thank you for your attention.


