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Introduction

= Wind-induced stay cable vibrations risk
premature damage and failure of the
cables

= Cross-ties accepted as a viable solution

= |nfluence of cross-tie geometry and details
on mitigation effectiveness not well known
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Objective

To investigate,
via finite element simulations,

the influence of cross-tie geometry
and details on mitigation of wind-
induced stay cable vibrations
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GAPE GIRARDEAU

£ MAIN SPAN

(128 Stays, Main Span: 350m, H-Shaped Tower)
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Finite Element Model
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Free-Vibration Analysis :

Natural Frequencies and Mode Shapes

(In-plane Vibration)
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Influence of Crosstie Qua
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—m— Analysis w/ Fixed Ends (Reference) | |
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Transverse (out-of-plane) Vibration
- Mode Shapes and Freguencies -
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Mode-Frequency Evolutio
(Transverse

w
o
|

N
o

~~
N
L
~—
>
&)
c
O
-
o
)
—
LL

—m— w/ Four Lines of Crossties
(out-of-plane modes)

—=—w/ No Crossties

=
o

20 25 30
Mode Number

'*‘ 1.5, Department of Transporation TURNER-FAIRBANK
& Federal Highway Administration HIGHWAY RESEARCH CENTER



Influence of Cross-tie Pre-Te
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Time-History Analysis

under Transient Wind Loads




=W s, Wind Profile Used

= Based on 5-min wind speed record
= Upscaled to 3-s peak gust speed of 30 m/s
= Drag formula used (Cd=1.2)
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Sample Dlsplacement Profile $1)
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Displacement, Ux (10'3m)

@

Sample Displacement Profile (3)
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Sample Displacement Profile (4)
@ midspan of shortes

| ‘l ||| 1 Line of
| Crossties
| Iu Hm (Same as Left)

. No =

~ubn Crossties

—~
S
?
o
—i
~
X
)
—
c
(b}
S
(¢}
(&)
<
o
L
o)

4 Lines of
Crossties

2 Lines of
Crossties

(Same as Above)

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|
a0 /0. 300 1200 1500 1800 2100 2400 200 300,

'*‘ 15, Depariment of Tansporation TURNER-FAIRBANK
& Federal Highway Administration HIGHWAY RESEARCH CENTER




Energy Evolution of the cable system
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Other Wind Profiles Tested (

(based on measured wind
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Other Wind Profiles Tested (=

(An artlflmal profile to test vulnerability to high-freguency wind €c
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L Other Wind Profiles Tested (
(

n artificial profile to test vulnerability to resonant
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Displacement

@ midspan of Iongest cable .
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Energy Evolution %
of the cable system -
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Displacement

@ midspan of Iongest cable
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_ ﬁ Energy Evolution | sl
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Spectral Analysis (1)
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Spectral Analysis (2)
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Peak Axial Forces

Max Peak Axial Force in X-tie: -23 kN
(Max X-tie Pre-tension Applied: 35kN)
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Peak Shear Forces

'*‘ 15, Depariment of Transporation TURNER-FAIRBANK
& Federal Highway Adminisiration HIGHWAY RESEARCH CENTER



Conclusions

= Crossties are effective in reducing in-plane
vibration of a stay-cable system by providing
|ateral constraints between cables

Incorporation of crossties modify the oscillation
properties of a cable system, and its mode-

frequency evolution depends on the configuration
of crossties

Over-sized crossties make the system overly
rigid, rendering the system vulnerable to high-
frequency local vibration modes
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Conclusions (cont'd)

= Crosstie grounding increases the natural
frequencies of the system’s global modes of
vibration

Increased crosstie pre-tension improves the
transverse performance of a cable network, while

the in-plane performance Is insensitive to crosstie
pre-tension

Performance of a cross-tied network is sensitive to
the frequency content of wind loading. Crossties
are particularly effective in reducing low-frequency
components of cable vibration
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ﬁ- | Conclusions (cont'd)

= Performance of a cross-tied network is not
necessarily proportional to its quantity (or number
of lines) of crossties. Excessive provision of
crossties may cause adverse effect under highly
turbulent winds

Establishment of standard design winds appear
imperative in the assessment and design of cross-
tying systems for stay cables
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Influence of Cross-tie Gounding (1)
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Influence of Cross-ties Grounding (2)
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