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• Cable-Stayed Bridges can be classified by:

→ Span Arrangement: 
• Single Span
• Two Span
• Three Span (standard)
• Multi Span

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design

Lérez River Bridge in Pontevedra, Spain, 1995. Carlos Fernandez Casado, S.L.
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• Cable-Stayed Bridges can be classified by:

→ Span Arrangement: 
• Single Span
• Two Span
• Three Span (standard)
• Multi Span

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design

Alamillo Bridge, Sevilla, Spain, 1992. Santiago Calatrava
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• Cable-Stayed Bridges can be classified by:

→ Span Arrangement: 
• Single Span
• Two Span
• Three Span (standard)
• Multi Span

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design

Haiwen Bridge, China, 2019
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• Cable-Stayed Bridges can be classified by:

→ Span Arrangement: 
• Single Span
• Two Span
• Three Span (standard)
• Multi Span

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design

Arthur Ravenel Jr. (Cooper River) Bridge, SC, USA, 2005. Parsons Brinkerhoff Quade & Douglas
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• Cable-Stayed Bridges can be classified by:

→ Span Arrangement: 
• Single Span
• Two Span
• Three Span (standard)
• Multi Span

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design

Lake Maracaibo Bridge (Puente General-Rafael-Urdaneta), Venezuela, 1962. Riccardo Morandi
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• Cable-Stayed Bridges can be classified by:

→ Span Arrangement: 
• Single Span
• Two Span
• Three Span (standard)
• Multi Span

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design

Rion Antirion (Charilaos Trikoupis) Bridge, Greece, 2004. Jacques Combault
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• Cable-Stayed Bridges can be classified by:

→ Span Arrangement: 
• Single Span
• Two Span
• Three Span (standard)
• Multi Span

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design

Ting Kau Bridge, Hong Kong, 1997. Sclaich Bergermann Partner
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• Cable-Stayed Bridges can be classified by:

→ Span Arrangement: 
• Single Span
• Two Span
• Three Span (standard)
• Multi Span

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design

Queensferry Crossing, Queensferry, UK, 2017. Jacobs / Arup
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• Cable-Stayed Bridges can be classified by:

→ Span Arrangement: 
• Single Span
• Two Span
• Three Span (standard)
• Multi Span

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design

Mersey Gateway Bridge, Cheshire, UK, 2017. COWI / FHECOR
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• Cable-Stayed Bridges can be classified by:

→ Stay Cable Arrangement: 
• Fan
• Harp
• Hybrid (Semi-Fan)

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design

Ed Hendler Bridge, Pasco/Kennewick, WA, USA, 1978. Arvid Grant & Associates / Leonhardt & Andrä
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• Cable-Stayed Bridges can be classified by:

→ Stay Cable Arrangement: 
• Fan
• Harp
• Hybrid (Semi-Fan)

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design

Øresund Bridge, Copenhagen, Denmark, 2000. COWI
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• Cable-Stayed Bridges can be classified by:

→ Stay Cable Arrangement: 
• Fan
• Harp
• Hybrid (Semi-Fan)

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design

Brotonne Bridge, Normandy, France, 1977. Jean Muller
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• Cable-Stayed Bridges can be classified by:

→ Stay Cable Planes: 
• Single Plane
• Two Vertical Planes
• Two Inclined Planes
• Multiple Vertical Planes
• Multiple Inclined Planes

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design

Puente Centerario (Panama Canal Second Crossing), Panama, 2004. TYLI / LAP
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• Cable-Stayed Bridges can be classified by:

→ Stay Cable Planes: 
• Single Plane
• Two Vertical Planes
• Two Inclined Planes
• Multiple Vertical Planes
• Multiple Inclined Planes

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design

Sidney Lanier Bridge, Brunswick, GA, USA, 2003. TYLI



Cable-supported bridges – Cable-Stayed Bridges: Overview

26.05.2020 20

• Cable-Stayed Bridges can be classified by:

→ Stay Cable Planes: 
• Single Plane
• Two Vertical Planes
• Two Inclined Planes
• Multiple Vertical Planes
• Multiple Inclined Planes

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design

Tatara Bridge, Hiroshima, Japan, 1999. Honshu-Shikoku Bridge Authority
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• Cable-Stayed Bridges can be classified by:

→ Stay Cable Planes: 
• Single Plane
• Two Vertical Planes
• Two Inclined Planes
• Multiple Vertical Planes
• Multiple Inclined Planes

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design

Pitt River Bridge, Vancouver, BC, Canada, 2009. IBT
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• Cable-Stayed Bridges can be classified by:

→ Stay Cable Planes: 
• Single Plane
• Two Vertical Planes
• Two Inclined Planes
• Multiple Vertical Planes
• Multiple Inclined Planes

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design

Port Mann Bridge, Vancouver, BC, Canada, 2012. TYLI / IBT
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• Cable-Stayed Bridges can be classified by:

→ Tower Configuration: 
• Single Tower
• “H” Tower
• “A” Tower
• Diamond Tower
• Double Diamond Tower
• Inverted “Y” Tower

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design

Sunshine Skyway Bridge, Tampa, FL, USA, 1987. Figg & Muller



Cable-supported bridges – Cable-Stayed Bridges: Overview

26.05.2020 24

• Cable-Stayed Bridges can be classified by:

→ Tower Configuration: 
• Single Tower
• “H” Tower
• “A” Tower
• Diamond Tower
• Double Diamond Tower
• Inverted “Y” Tower

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design

Sidney Lanier Bridge, Brunswick, GA, USA, 2003. TYLI JJ Audubon Bridge, LA, USA, 2011. Buckland & Taylor, Ltd.
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• Cable-Stayed Bridges can be classified by:

→ Tower Configuration: 
• Single Tower
• “H” Tower
• “A” Tower
• Diamond Tower
• Double Diamond Tower
• Inverted “Y” Tower

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design

Second Meiko Nishi Bridge, Nagoya, Japan, 1997
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• Cable-Stayed Bridges can be classified by:

→ Tower Configuration: 
• Single Tower
• “H” Tower
• “A” Tower
• Diamond Tower
• Double Diamond Tower
• Inverted “Y” Tower

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design

Arthur Ravenel Jr. (Cooper River) Bridge, SC, USA, 2005. Parsons Brinkerhoff Quade & Douglas
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• Cable-Stayed Bridges can be classified by:

→ Tower Configuration: 
• Single Tower
• “H” Tower
• “A” Tower
• Diamond Tower
• Double Diamond Tower
• Inverted “Y” Tower

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design

Fred Hartman Bridge, Baytown, TX, USA, 1995. LAP / URS
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• Cable-Stayed Bridges can be classified by:

→ Tower Configuration: 
• Single Tower
• “H” Tower
• “A” Tower
• Diamond Tower
• Double Diamond Tower
• Inverted “Y” Tower

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design

Pont de Normandie, France, 1995. Michel Virlogeux
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• Cable-Stayed Bridges can be classified by:

→ Tower Configuration: 
• Single Tower
• “H” Tower
• “A” Tower
• Diamond Tower
• Double Diamond Tower
• Inverted “Y” Tower

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design
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• Cable-Stayed Bridges can be classified by:

→ Girder Type: 
• Flexible
 Concrete Edge Girder
 Steel / Composite Edge Girder
 Hybrid: Concrete Edge Girder + Steel 

Floor Beams
• Stiff
 Concrete Box
 Steel Box (Orthotropic)
 Truss

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design

Sidney Lanier Bridge, Brunswick, GA, USA, 2003. TYLI
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• Cable-Stayed Bridges can be classified by:

→ Girder Type: 
• Flexible
 Concrete Edge Girder
 Steel / Composite Edge Girder
 Hybrid: Concrete Edge Girder + Steel 

Floor Beams
• Stiff
 Concrete Box
 Steel Box (Orthotropic)
 Truss

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design

Port Mann Bridge, Vancouver, BC, Canada, 2012. TYLI / IBT
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• Cable-Stayed Bridges can be classified by:

→ Girder Type: 
• Flexible
 Concrete Edge Girder
 Steel / Composite Edge Girder
 Hybrid: Concrete Edge Girder + Steel 

Floor Beams
• Stiff
 Concrete Box
 Steel Box (Orthotropic)
 Truss

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design

East Huntington Bridge, WV, USA, 1985. Arvid Grant / LAP



Brotonne Bridge, Normandy, France, 1977. Jean Muller
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• Cable-Stayed Bridges can be classified by:

→ Girder Type: 
• Flexible
 Concrete Edge Girder
 Steel / Composite Edge Girder
 Hybrid: Concrete Edge Girder + Steel 

Floor Beams
• Stiff
 Concrete Box
 Steel Box (Orthotropic)
 Truss

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design
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• Cable-Stayed Bridges can be classified by:

→ Girder Type: 
• Flexible
 Concrete Edge Girder
 Steel / Composite Edge Girder
 Hybrid: Concrete Edge Girder + Steel 

Floor Beams
• Stiff
 Concrete Box
 Steel Box (Orthotropic)
 Truss

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design

Stonecutters Bridge, Hong Kong,  2009. Arup / COWI
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• Cable-Stayed Bridges can be classified by:

→ Girder Type: 
• Flexible
 Concrete Edge Girder
 Steel / Composite Edge Girder
 Hybrid: Concrete Edge Girder + Steel 

Floor Beams
• Stiff
 Concrete Box
 Steel Box (Orthotropic)
 Truss

ETH Zürich  |  |  Chair of Concrete Structures and Bridge Design  Bridge Design

Øresund Bridge, Copenhagen, Denmark, 2000. COWI
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Wöhler 

Relajación 

Fatiga 



2. Cables 
2.1. Tipos básicos de cables 

Tópicos Avanzados en Análisis y Diseño de Puentes 
Dr. Ing. Fernando Sima      Setiembre  2015  
  

Cordón de 7 alambres (típico de pretensado) 

1770 MPa – 1860 Mpa 
E=190 GPa 
 Alambre central recto y 6 alambres en espiral con un paso 

relativamente largo (módulo 6-8% menor al del acero) 



2. Cables 
2.1. Tipos básicos de cables 

Tópicos Avanzados en Análisis y Diseño de Puentes 
Dr. Ing. Fernando Sima      Setiembre  2015  
  

Cordón en espiral abierto (Open Spiral strand – OSS)   

E=170 Gpa 
Resistencia 0.9 fctb  
 

Varias capas de alambres  
helicoidales con dirección 
alternada y paso menor 



2. Cables 
2.1. Tipos básicos de cables 
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Dr. Ing. Fernando Sima      Setiembre  2015  
  

Cable cerrado (Full locked cable – FLC)   

Alambres interiores 
circulares  

1 a 3 capas de alambres en Z 

Cables Pfeifer 

Alambres 1370-1570 MPa 
E=160 +/- 10 GPa 
 
Menor relación de vacíos que cualquier otro tipo 
de cable 

1 – 13900/( . 702) = 10 %  

Relleno interior 

Protección contra corrosión: galvanizado  
(GALFAN) y pintado  
Densidad eq. 8.8 KN/m3 



2. Cables 
2.1. Tipos básicos de cables 

Tópicos Avanzados en Análisis y Diseño de Puentes 
Dr. Ing. Fernando Sima      Setiembre  2015  
  

Cable de alambres paralelos 

Problema de enrollarlo/desenrollarlo para transporte con diámetros 
razonables sin distorcionar la sección transversal durante mucho tiempo. 
Hoy habituales en los puentes japoneses. 

Alambres 5-5.5 mm  



2. Cables 
2.1. Tipos básicos de cables 

Tópicos Avanzados en Análisis y Diseño de Puentes 
Dr. Ing. Fernando Sima      Setiembre  2015  
  

Cable de alambres paralelos (PWS)– Puentes Atirantados   

19 x 7 mm hasta 449 x 7 mm 

Cables más grandes del puente Zárate-Brazo Largo - 337 x  7 mm 

Antiguamente envuelto por un cable de acero para mantener 
el posición el manojo de cables , tubo de protección (PE o SS) 
e inhibidor de la corrosión  llenando los huecos (grout) 
Para un cable de diam 200 mm la sección metálica era de  
14584 mm2 
 1 – 14584/( . 1002) = 54 %  

geq  = 115-120 KN/m3 Grout 
           85-90 KN/m3  Grasa 

Nuevos Cables de alámbres paralelos PWS (desde los años 90) 

1 – 16202/( . 1752) = 33 %  

geq  = 82 KN/m3 

7 x 7 mm hasta 421 x 7 mm 

Sistema de protección del Puente Zarate-Brazo 
Largo. Fisuración del tubo de PE y grout 

Levemente torneado para facilitar el enrollado y desenrollado 
y la compactación del cable en tensión. 
 
Para un cable de diam 175 mm la sección metálica era de  
16202 mm2 
 



2. Cables 
2.1. Tipos básicos de cables 
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Cable de cordones paralelos – Puentes Atirantados   

HDPE 

Relación de vacíos alta! 
Para un cable de 109 x 0.6’ la sección metálica es de  
109x140=15260 mm2 y un diam. de 315 mm 
 

Se sustituyen los alambres de 7 mm por cordones de 7 alambres 
(hasta 127)   

Tubo exterior de PE (Puente Normandia) 
eventualmente (si no se utiliza recubrimiento 
individual de HDPE) relleno inhibidor de corrosión 

1 – 15260/( . 157.52) = 80.4 %  

Grandes puentes – se elimina el recubrimiento individual y se 
utiliza un sistema de deshumidificación. 
 



2. Cables 
2.1. Tipos básicos de cables 

Tópicos Avanzados en Análisis y Diseño de Puentes 
Dr. Ing. Fernando Sima      Setiembre  2015  
  

Cable de Barras de acero (Puentes atirantados)   

Sistema utilizado en algunos de los primeros puentes 
atirantados (ya no se utiliza) 
 

7-10 barras diam 26.5, 32 o 36 mm 
fyk= 1080 Mpa / 1230 Mpa (rotura)  

Relación de vacíos alta! 
Para un cable de 10 x 36 mm la sección metálica es de  
10x1018=10180 mm2 y un diam. de 241 mm 
 

1 – 110180/( . 1202) = 78 %  

geq  = 125 KN/m3 



2. Cables 
2.1. Tipos básicos de cables 
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Cable multi-cordón   

Formado por varios cordones espiral 

Strömsund Bridge(F. Dischinger, 1955) 

Askøy Bridge (AAS Jacobsen, 1992) 



2. Cables 
2.1. Tipos básicos de cables 
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Cable multi-cordón   

Lillebæl Bridge(Jonson-Ostenfeld, 1970) 



2. Cables 
2.1. Tipos básicos de cables 
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Cable de alambres paralelos – Cable principal puentes colgantes 

Air-Spinning:  Metodo más utilizado durante 100 años para la ejecución 
del cable principal.Hasta 30000 x 5mm alambres instalados uno a uno, 
de extremo a estremo, luego compactados y envueltos (wrapping)  por 
un alambre galvanizado  de acero con tratamiento de recocido blando 

Cable principal del Puente de San Francisco - 27572 Alambres  

Cable principal del Puente Severn - 8322 Alambres 
galvanizados  

“wrapping” bajo tensión para conseguir fricción entre los 
alambres (i.e. aumento notable de rigidez a flexión del 
cable)  



2. Cables 
2.1. Tipos básicos de cables 
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Cable de alambres paralelos – Cable principal puentes colgantes 

Cable de cordones de alambres paralelos prefabricados (PPWS) 

Cordones prefabricados de alambres 
paralelos  (4000 m) Puente Akashi Kaikyo 

Cable principal del Akashi Kaikyo – 36830 alambres 
(127 x  290 x 5,23 mm) 



2. Cables 
2.1. Tipos básicos de cables 
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Nuevos desarrollos: Cable de cordones paralelos  autoprotegidos – Cable principal puentes colgantes 

Típico cordón de 7 alambres con protección 
individual (Cohestrand® - Freysinet) 

1.5 mm Polietileno 

Resina  

Alambre galvanizado  
(Galfan) 

Puente Verdun Sur Garonne (2012)  



2. Cables 
2.1. Tipos básicos de cables 
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Comparativa Eficiencia del sistema a 
través de la rigidez AEeq    

Etan tal que  
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Cable-supported bridges – Cable-Stayed Bridges: Conceptual Design

• Basic proportions of cable-stayed bridges:

The geometry of cable-stayed bridges is determined by the 
following ratios:

→ Side spans (l1) to main span (l) ratio:
• Backstays govern the stiffness of the bridge and are 

subject to significant stress reversals
• l1 / l ratio determines the fatigue stress range in the 

backstays and demands for tie-down devices / 
counterweights at anchor piers

ll1 l1

h

l tension tension

compression



Cable-supported bridges – Cable-Stayed Bridges: Conceptual Design

• Basic proportions of cable-stayed bridges:

The geometry of cable-stayed bridges is determined by the 
following ratios:

→ Side spans (l1) to main span (l) ratio:
• Backstays govern the stiffness of the bridge and are 

subject to significant stress reversals
• l1 / l ratio determines the fatigue stress range in the 

backstays and demands for tie-down devices / 
counterweights at anchor piers

• Optimum l1 / l ratio depends on LL / DL ratio:
 Road bridges, l1 / l = 0.4 … 0.5
 Rail bridges, l1 / l = 0.3 … 0.4

→ Tower height (h) to main span (l) ratio:
• Controlled by flattest stay: optimum angle ≈ 23 deg

(inclination ca. 40%)
• Optimum h / l ratio ≈ 1/5

(compare to 1/10 for suspension bridges)

l1 l l1

0

0.1

0.2

0.4
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LL / DL = 0.6
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l1 / l = 0.4

0 300 600 900 1200

Recommended side span / main span ratios [Svensson 2012]



Cable-supported bridges – Cable-Stayed Bridges: Conceptual Design

• Design Development:

→ Project Specific Design Criteria: 
Long-span, cable-supported bridges are typically 
not fully covered by the provisions of standard 
bridge codes.  Topics that may require 
development of project-specific criteria (→ service 
criteria agreement) may include:

• Load combinations
• Serviceability requirements, e.g. deflection 

limits
• Wind loading / Aerodynamic vibrations
• Stay cable systems acceptance criteria
• Progressive collapse requirements (e.g. 

accidental cable loss) 

→ Guideline documents for stay cable design, testing 
and installation have been developed to 
supplement the standard bridge codes



Cable-supported bridges – Cable-Stayed Bridges: Structural Response

• Basic load-carrying mechanism of a cable-stayed bridge:

→ Response to Dead Load: 
Stay cables:
• Each stay cable can be assumed to support a 

tributary length of the girder
• Backstays are the exception: they are used to 

resist the unbalanced load in the main span

Stage i-1 Stage i … Stage i + 2 … Stage i + 4



Cable-supported bridges – Cable-Stayed Bridges: Structural Response

• Basic load-carrying mechanism of a cable-stayed bridge:

→ Response to Dead Load: 
Stay cables:
• Each stay cable can be assumed to support a 

tributary length of the girder
• Backstays are the exception: they are used to 

resist the unbalanced load in the main span
Girder:
• DL application on the elastic system results in 

significant deflections and corresponding moments
• Appropriate cable shortenings are required to 

restore the girder to the target profile and moment 
diagram

Elastic system

Stay cable

DL

MDL

MCS

Cable shortening

Permanent load

MPL = MDL + MCS

Dead load



Cable-supported bridges – Cable-Stayed Bridges: Structural Response

• Basic load-carrying mechanism of a cable-stayed bridge:

→ Response to Dead Load: 
Stay cables:
• Each stay cable can be assumed to support a 

tributary length of the girder
• Backstays are the exception: they are used to 

resist the unbalanced load in the main span
Girder:
• DL application on the elastic system results in 

significant deflections and corresponding moments
• Appropriate cable shortenings are required to 

restore the girder to the target profile and moment 
diagram

MDL

MCS

MPL



Cable-supported bridges – Cable-Stayed Bridges: Structural Response

• Basic load-carrying mechanism of a cable-stayed bridge:

→ Response to Live Load - Characteristic Influence Lines: 
Stay cables:
• The backstay function is fundamental to the efficiency of the 

bridge
• Backstays have very “broad” influence line: design 

controlled by fatigue in railway bridges (fatigue loads 
extending over large portion of span)

Girder:
• Behaviour similar to beam on elastic foundation
• Function of girder stiffness, cable stiffness and cable 

spacing
Towers / Anchor Piers:
• Provided that the tower is anchored through backstays to an 

anchor pier, the tower resists mainly vertical reactions
• In the absence of an anchor pier, the influence of the tower 

stiffness to the girder response is much more pronounced 
(see also multi-span cable-stayed bridges)

1 2

A a b

N1

N2

Ma

Mb

RA

MA

Stay cable 
tension

Girder 
moment

Tower 
reactions



Cable-supported bridges – Cable-Stayed Bridges: Structural Response

• Particularities of cable-stayed bridges:

→ Support and articulation
• Girder must be continuous through 

towers (highest axial compression), 
but can be articulated at mid-span (not 
recommended)

• Girder is commonly articulated at 
anchor piers, but may also be made 
continuous with the approach span 
girder

• The connection between the girder 
and towers / anchor piers in the 
vertical, longitudinal and transverse 
directions can be tailored to best fit the 
governing loading and site conditions:
 The concepts presented in the 

Support and Articulation section 
are generally applicable Floating Deck – No connection to tower Intergral Deck – monolithic connection to tower



Cable-supported bridges – Cable-Stayed Bridges: Structural Response

• Particularities of cable-stayed bridges:

→ Tower stability
• Towers are typically slender and subject to high axial 

compressive forces → 2nd order effects important
• Towers are often most vulnerable during the construction

phase: boundary and loading conditions are less favourable 
than in the final state

• Flexural stiffness and strength are a function of the axial load

( )
2

2= πcrP I
kL
E

kmin = 0.8

kmax = 2.0

2

max

min

6.25
 

= 
 

k
k

EI varies based on the level of cracking 

k ≈ 1.0 << 2.0

Anchorage point

Buckling load depends on EI and kL: 



Cable-supported bridges – Cable-Stayed Bridges: Structural Response

• Particularities of cable-stayed bridges:

→ Tower stability - Example

Arthur Ravenel Jr. (Cooper River) Bridge, SC, USA, 2005. Parsons Brinkerhoff Quade & Douglas



Cable-supported bridges – Cable-Stayed Bridges: Structural Response

• Particularities of cable-stayed bridges:

→ Tower stability - Example
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• Particularities of cable-stayed bridges:

→ Tower stability - Example



Cable-supported bridges – Cable-Stayed Bridges: Structural Response

• Particularities of cable-stayed bridges:

→ Tower stability - Example



Cable-supported bridges – Cable-Stayed Bridges: Structural Response

• Particularities of cable-stayed bridges:

→ Redundancy requirements: Accidental cable loss
• Modern cable-stayed bridges are designed with 

closely-spaced stay cables so that accidental 
loss of a cable will not result in progressive 
collapse

• Furthermore, stay cables are considered 
replaceable components and therefore cable 
exchange must be possible during service

• Planned cable exchange is performed strand 
by strand and therefore imposes static loading 
to the structure

• Accidental cable loss, depending on the cause, 
can be relatively sudden (i.e. relative to the 
eigenfrequencies of the bridge) and must 
therefore be treated as dynamic loading

Seohae Grand Bridge, South Korea, 2000. TYLI



Cable-supported bridges – Cable-Stayed Bridges: Structural Response

• Particularities of cable-stayed bridges:

→ Redundancy requirements: Accidental cable loss
Time-history analysis approach:
1. Apply LL that maximises the axial force of the 

stay cable in question to the intact structure 
and obtain the total axial force in the cable for 
the considered load combination

2. Remove stay cable in question from model 
and replace with corresponding reactions to 
tower and girder (initial conditions)

3. Run time-history analysis by removing cable 
reactions (reduce cable reaction to zero over a 
short time step)

4. Record response of structure over time, 
capture peak and final force effects and check 
that structure remains stable

5. Repeat steps 1 to 4 for all cables

N

t

N0

Nmax
Nnew

N

N

N → 0

N → 0



Cable-supported bridges – Cable-Stayed Bridges: Structural Response

• Particularities of cable-stayed bridges:

→ Redundancy requirements: Accidental cable loss
Time-history analysis approach:
• Most precise approach
• Can consider geometric and material 

nonlinearities
• Selected material damping coefficients and 

time-step of cable loss can affect response 
significantly

• Labour/data intensive
• Can be avoided if a dynamic amplification 

factor of 2.0 is used in conjunction with a static 
approach (conservative)

• Can be used selectively to prove out dynamic 
amplification factors less than 2.0 

N

t

N0

Nmax
Nnew

( )0max 0= + − ⋅newN NNN DAF a 0

0

m x −=
−new

N
N
NAF

N
D→

N

N

N → 0

N → 0



Cable-supported bridges – Cable-Stayed Bridges: Structural Response

• Particularities of cable-stayed bridges:

→ Redundancy requirements: Accidental cable loss
Eurocode (static) approach:
1. Apply LL that maximises the axial force of the 

stay cable in question to the intact structure 
and calculate design effect: Ed,1

2. Remove stay cable in question from model 
and calculate design effect under the same 
loading: Ed,2

3. Calculate the difference between the design 
effects: ∆E = Ed,2 - Ed,1

4. Total design effect = Ed = Ed,1 + 2 ∆E

Ed,1

Ed,2

Dynamic Amplification Factor



Cable-supported bridges – Cable-Stayed Bridges: Structural Response

• Particularities of cable-stayed bridges:

→ Redundancy requirements: Accidental cable loss
PTI (static) approach:
1. Apply LL that maximises the axial force of the 

stay cable in question to the intact structure 
and obtain the total axial force (N) in the cable 
for the following load combination:
1.1 DC + 1.35 DW + 0.75 (LL+IM)

2. Remove stay cable in question from model 
and replace with corresponding reactions (N) 
to tower and girder, applied in the opposite 
directions and multiplied with a load factor of 
1.1 and a dynamic amplification factor of 2.0
(unless a lower factor can be determined from 
a non-linear dynamic analysis, but not < 1.5)

3. Superimpose effects of Steps 1 & 2 to obtain 
total load effects

N

N

1.1 ∙ 2 ∙ N

1.1 ∙ 2 ∙ N



Cable-supported bridges – Cable-Stayed Bridges: Structural Response

• Particularities of cable-stayed bridges:

→ Stay cable vibration (see also lecture on Common Aspects)
Cable vibrations can be generated by:
• Wind: dry/wet galloping (most cases), buffeting or vortex-

shedding (rarely)
• Loading of bridge girder or towers

Rain-wind-induced vibrations:
• Creation of water rivulets along a significant length of the 

cable → apparent modification in cable shape → galloping
• Wind tunnel testing show that cables are particularly 

vulnerable when:
 Smooth
 Lightly damped
 Declining in direction of wind
 Modal frequencies = 0.5 … 3.3 Hz
 Wind speed = 5 … 18 m/s
 Relative yaw angle (γ) = 0 … 45 deg

Fred Hartman Bridge, Baytown, TX, USA, 1995. LAP / URS

Vibration-induced fatigue cracks at stay anchorage guide pipes 



Cable-supported bridges – Cable-Stayed Bridges: Structural Response

• Particularities of cable-stayed bridges:

→ Stay cable vibration (see also lecture on Common Aspects)
Cable vibrations can be generated by:
• Wind: dry/wet galloping (most cases), buffeting or vortex-

shedding (rarely)
• Loading of bridge girder or towers

Rain-wind-induced vibrations:
• Creation of water rivulets along a significant length of the 

cable → apparent modification in cable shape → galloping
• Wind tunnel testing show that cables are particularly 

vulnerable when:
 Smooth → provide surface modifications to HDPE pipe
 Lightly damped → provide mechanical damping
 Declining in direction of wind
 Modal frequencies = 0.5 … 3.3 Hz
 Wind speed = 5 … 18 m/s
 Relative yaw angle (γ) = 0 … 45 deg

Types of surface 
modifications to 
HDPE pipe

External dampers near deck anchorages



Cable-supported bridges – Cable-Stayed Bridges: Structural Response

• Particularities of cable-stayed bridges:

→ Time-dependent effects
• The principles discussed for cantilever-constructed bridges 

with respect to:
 Creep + shrinkage
 Camber
 Erection equipment weight
 Prestressing
 Change in structural system

are also applicable to cable-stayed bridges
 Note that the contribution of tower creep to the total girder 

deflection is significant. 
• Due to the relative flexibility of the girder-tower system during 

erection, it is easier to adjust the profile by adjusting the 
cable lengths compared to conventional cantilever-
constructed bridges.

• However, errors are cumulative and grow quickly, therefore 
accurate monitoring and record keeping during erection are 
paramount to ensure the correct final geometry

Puente Hisgaura, Colombia, 2018



Cable-supported bridges – Cable-Stayed Bridges: Structural Response

• Particularities of cable-stayed bridges:

→ Wind loading & aerodynamics
• Code provisions apply to bridges with negligible 

dynamic response, i.e. road and rail bridges of 
spans up to 40 m (see Conceptual Design)

• For cable-stayed bridges, input from wind 
specialists is required:
 Definition of wind characteristics:

• Wind speed vs. Return period
• Wind vs. Directionality
• Turbulence (terrain roughness)

 Wind tunnel testing
• Virtual testing (CFD) - preliminary
• Sectional testing 
• Aeroelastic testing

Sectional test set-up:

Golden Ears Bridge, Vancouver, BC, 2009. Buckland & Taylor

Aeroelastic testing of full model during erection (RWDI)



Cable-supported bridges – Cable-Stayed Bridges: Structural Response

• Particularities of cable-stayed bridges:

→ Seismic design
Depending on the site seismicity, the seismic 
design of cable-stayed bridges often extends 
beyond the standard code provisions:
• Input ground motions are developed based on 

site-specific hazard analyses for multi-level 
events; identification of faults running through 
bridge alignment

• Response is determined through non-linear, 
time-history analyses

• For long-span bridges, spatial effects 
(asynchronous seismic excitation) may need to 
be considered

• May involve complex detailing such as 
dampers, isolation bearings, fuses, special 
ductile elements

Rion Antirion (Charilaos Trikoupis) Bridge, Greece, 2004. Jacques Combault



Cable-supported bridges – Cable-Stayed Bridges: Construction

 Precasting → Repetition
 Simplicity in connections between segments
o Economical if same section can be used for approaches: Cost of forms 

and erection equipment is amortised over greater length
 Simple lifting equipment

• Constructibility Aspects:

→ Early collaboration between designer
and contractor is essential to ensure an 
economic design and successful 
execution

→ Erection method must be developed 
during the design process to ensure 
compatibility between design and 
erection and viability of the former 

→ Guiding principles:
• Simplicity
• Repetition / Modularity

→ Common constructible girder types:
• Precast concrete segmental
• Cast-in-place concrete segmental
• Composite

Ed Hendler Bridge, Pasco/Kennewick, WA, USA, 1978. Arvid Grant & Associates / Leonhardt & Andrä



Cable-supported bridges – Cable-Stayed Bridges: Construction

 Repetitive & modular construction
o Suitable for simple open cross sections
o Alternative to precasting for shorter production runs (incl. approaches)
‒ Form travellers are complex and expensive (cannot be amortised over 

the approaches); schedule may require four travellers
‒ Traveller imposes significant demands on girder (closely-spaced stays 

required); traveller may need to be temporarily supported by stays 
(complex details / load transfer)

• Constructibility Aspects:

→ Early collaboration between designer
and contractor is essential to ensure an 
economic design and successful 
execution

→ Erection method must be developed 
during the design process to ensure 
compatibility between design and 
erection and viability of the former 

→ Guiding principles:
• Simplicity
• Repetition / Modularity

→ Common constructible girder types:
• Precast concrete segmental
• Cast-in-place concrete segmental
• Composite

Sidney Lanier Bridge, Brunswick, GA, USA, 2003. TYLI



Cable-supported bridges – Cable-Stayed Bridges: Construction

• Constructibility Aspects:

→ Early collaboration between designer
and contractor is critical to ensure an 
economic design and successful 
execution

→ Erection method must be developed 
during the design process to ensure 
compatibility between design and 
erection and viability of the former 

→ Guiding principles:
• Simplicity
• Repetition / Modularity

→ Common constructible girder types:
• Precast concrete segmental
• Cast-in-place concrete segmental
• Composite

 Repetitive & modular construction
o Suitable for simple open cross sections
 Simple pre-fabrication of plate girders and precast deck panels
 No need for formwork (infill strips over girder flanges)
‒ Cross-section shape not aerodynamic → wind fairings typically needed

Port Mann Bridge, Vancouver, BC, Canada, 2012. TYLI / IBT

Derrick crane over land

Gantry over water



Cable-supported bridges – Cable-Stayed Bridges: Construction

• Erection:

→ Cable-stayed bridges are typically most vulnerable 
during erection 

→ Geometry Control:
Assembly of information and methodology, used to 
control positions and dimensions of structural 
elements during erection (x, y, z, t)

• Goal: achieve target geometry and stress state 
at a reference stage (typically @ 10’000 days)

• Final stress state is dependent upon final 
geometry and key erection stages (“locked-in” 
stresses, closures) → must track and control

Key aspects:

• Modelling of erection sequence
• Survey monitoring during erection
• Assessing and controlling during erection 

(perform adjustments as/if needed)

Sample Erection Manual:



Cable-supported bridges – Cable-Stayed Bridges: Construction

• Erection:

→ Cable-stayed installation:
Most effective method to control installation 
depends on girder type:
• Flexible girder: based on stay length
 Errors in load assumptions will result in 

different stay forces but not in girder 
geometry

‒ Requires accurate surveying of as-built 
structure at each stage to define stay length

• Stiff girder: based on stay force
o Adjustment of stay length independent of 

the target force would result in overstressing 
the girder; shims can be used to correct 
girder geometry (last resort)

At end of construction, installation within 
tolerances (among cables and strands) is 
confirmed by lift-off tests, and final adjustments 
are made as needed.

Port Mann Bridge, Vancouver, BC, Canada, 2012. TYLI / IBT

St. Croix River Crossing, MN, USA, 2017. COWI / HDR



Predimensionado de los cables

Puentes: Diseño y Construcción

Universidad de la Republica - 2014

Montevideo, Junio 2014
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Comportamiento de los cables

Para los tirantes, se puede partir de la solución 

exacta de la catenaria elástica
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Comportamiento de los cables



Consideraciones para el diseño de los cables                                        

(fib – Recommendations for the Acceptance of Cable Stay Systems)

ELS

ELS – Construcción y sustitución de cables

GUTS = Guaranteed ultimate tensile strength

ELU

γs= 1.35 (Caso 1) o 1.50 (Caso 2)

Caso 1

Caso 2

Puentes: Diseño y Construcción

Universidad de la Republica - 2014

Montevideo, Junio 2014



Consideraciones para el diseño de los cables                                        

(fib – Recommendations for the Acceptance of Cable Stay Systems)

ELF (Estado límite de fatiga)

Puentes: Diseño y Construcción

Universidad de la Republica - 2014

Montevideo, Junio 2014
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