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IntroductionIntroduction

WindWind--induced stay cable vibrations risk induced stay cable vibrations risk 
premature damage and failure of the premature damage and failure of the 
cablescables

CrossCross--ties accepted as a viable solutionties accepted as a viable solution

Influence of crossInfluence of cross--tie geometry and details tie geometry and details 
on mitigation effectiveness not well knownon mitigation effectiveness not well known



ObjectiveObjective

To investigate, To investigate, 
via finite element simulations, via finite element simulations, 
the influence of crossthe influence of cross--tie geometry tie geometry 
and details on mitigation and details on mitigation of windof wind--
induced stay cable vibrationsinduced stay cable vibrations



(Opened December 2003)(Opened December 2003)

Bill Emerson Memorial BridgeBill Emerson Memorial Bridge

Stay Cables with CrosstiesStay Cables with Crossties
(Cape Girardeau, Missouri)(Cape Girardeau, Missouri)



((128 Stays, Main Span: 350m128 Stays, Main Span: 350m,, HH--Shaped TowerShaped Tower))

Bill Emerson Memorial BridgeBill Emerson Memorial Bridge



Finite Element ModelFinite Element Model
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FreeFree--VibrationVibration Analysis :Analysis :

NaturalNatural Frequencies and Mode Frequencies and Mode ShapesShapes

(In(In--plane Vibration) plane Vibration) 



Vibration Mode Shapes Vibration Mode Shapes (1)(1)

FF1 1 = 1.3805 Hz = 1.3805 Hz FF2 2 = 1.9077 Hz = 1.9077 Hz 

FF3 3 = 2.3759 Hz = 2.3759 Hz FF4 4 = 2.6967 Hz = 2.6967 Hz 

11stst modemode 22ndnd modemode

33rdrd modemode 44thth modemode



Vibration Mode Shapes Vibration Mode Shapes (2)(2)

FF20 20 = 3.0677 Hz = 3.0677 Hz FF21 21 = 3.0889 Hz = 3.0889 Hz 

FF22 22 = 3.1085 Hz = 3.1085 Hz FF23 23 = 3.1282 Hz = 3.1282 Hz 

2020thth modemode 2121stst modemode

2222ndnd modemode 2323rdrd modemode
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CrossCross--tying tying Schemes AnalyzedSchemes Analyzed
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Influence of Crosstie QuantityInfluence of Crosstie Quantity
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Influence ofInfluence of CrosstieCrosstie StiffnessStiffness
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Influence ofInfluence of CrosstieCrosstie PrePre--TensionTension
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Influence ofInfluence of CrosstieCrosstie GroundingGrounding
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Influence ofInfluence of Cable End ConditionsCable End Conditions
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Transverse (outTransverse (out--ofof--plane) Vibrationplane) Vibration
-- Mode Shapes and Frequencies Mode Shapes and Frequencies --

FF33 = = 0.73260.7326 Hz Hz 

FF1 1 = = 0.57900.5790 Hz Hz FF22 = = 0.6499 Hz0.6499 Hz

FF44 = = 0.77750.7775 Hz Hz 

11stst modemode 22ndnd modemode

33rdrd modemode 44thth modemode



ModeMode--Frequency EvolutionFrequency Evolution
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Influence ofInfluence of CrossCross--tietie PrePre--TensionTension

0.0

1.0

2.0

3.0

4.0

5.0

0 5 10 15 20 25 30 35 40 45 50
Mode Number

Fr
eq

ue
nc

y 
(H

z)

w/ 1 x Crosstie Tension

w/ 10 x Crosstie Tension

(Transverse Vibration)(Transverse Vibration)



TimeTime--History History AnalysisAnalysis

underunder Transient WindTransient Wind LoadsLoads

WindWind



WindWind Profile UsedProfile Used

Based on Based on 55--min windmin wind speed speed recordrecord
UpscaledUpscaled toto 33--s peak gust speeds peak gust speed of 30 of 30 m/sm/s
Drag formula used (Cd=1.2)Drag formula used (Cd=1.2)
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Finite Element Simulation (1)Finite Element Simulation (1)

WindWind

Cables not crossCables not cross--tied tied 



Finite Element Simulation (2)Finite Element Simulation (2)

WindWind

Cables crossCables cross--tied tied 



Finite Element Simulation (3)Finite Element Simulation (3)

Cables not crossCables not cross--tied tied 

Wind (transverse)



Finite Element Simulation (4)Finite Element Simulation (4)

Cables crossCables cross--tied tied 

Wind (transverse)
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SampleSample DisplacementDisplacement Profile (2)Profile (2)
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SampleSample DisplacementDisplacement Profile (3)Profile (3)
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SampleSample DisplacementDisplacement Profile (4)Profile (4)
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Spectral Analysis (1)Spectral Analysis (1)
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Max Peak Axial Force in X-tie: -23 kN
(Max X-tie Pre-tension Applied: 35kN)

Peak Axial ForcesPeak Axial Forces



Max Peak Shear Force: 3.4 kN
(located @ tower support of longest cable)

Peak Shear ForcesPeak Shear Forces



ConclusionsConclusions

Crossties are effective in Crossties are effective in reducingreducing inin--plane plane 
vibrationvibration of of a staya stay--cablecable system by providing system by providing 
lateral constraints between cableslateral constraints between cables
Incorporation of cIncorporation of crosstiesrossties modifmodifyy the the oscillation oscillation 
propertiesproperties of of aa cable cable system, and its msystem, and its modeode--
frequency evolution depends on thefrequency evolution depends on the configurationconfiguration
of crossties of crossties 
OverOver--sized crossties make the system overly sized crossties make the system overly 
rigid, rendering the system vulnerable to highrigid, rendering the system vulnerable to high--
frequency local vibration modesfrequency local vibration modes



Conclusions (cont’d)Conclusions (cont’d)

Crosstie grounding increases the natural Crosstie grounding increases the natural 
frequencies of the systemfrequencies of the system’’s global modes of s global modes of 
vibrationvibration
Increased crosstie preIncreased crosstie pre--tension improves the tension improves the 
transverse performance of a cable network, while transverse performance of a cable network, while 
the inthe in--plane performance is insensitive to crosstie plane performance is insensitive to crosstie 
prepre--tensiontension
Performance of a crossPerformance of a cross--tied network is sensitive to tied network is sensitive to 
the frequency content of wind loading. Crossties the frequency content of wind loading. Crossties 
are particularly effective in reducing loware particularly effective in reducing low--frequency frequency 
components of cable vibrationcomponents of cable vibration



Conclusions (cont’d)Conclusions (cont’d)

Performance of a crossPerformance of a cross--tied network is not tied network is not 
necessarily proportional to its quantity (or number necessarily proportional to its quantity (or number 
of lines) of crossties. Excessive provision of of lines) of crossties. Excessive provision of 
crossties may cause adverse effect under highly crossties may cause adverse effect under highly 
turbulent winds turbulent winds 
Establishment of standard design winds appear Establishment of standard design winds appear 
imperative in the assessment and design of crossimperative in the assessment and design of cross--
tying systems for stay cablestying systems for stay cables
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