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Tacoma Narrows Bridge (1940) 855m




1. Movie Records of Collapse

https://www.youtube.com/watch?v=68NxH9tk 4g
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https://www.youtube.com/watch?v=68NxH9tk_4g

2. Tacoma Bridge

Dimensions
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Prof.R.H. Scanlan @z A

Lecture of Structural Dynamics at Princeton University
(USA)



Wing Theory = 1% -

FIG Static Pressure Field on a
NACA Airfoil
(Trailing edge fulfills Kutta condition)
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Bluff Body (e.g.. Bridges)

FIG Flow around Bluff Bodies
(trailing edge does not fulfill Kutta condition)
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Dimension of Original Tacoma
Sridge

Main span length (m) B53.4
Side span length (m) 3353
Tower height (m) 71
Width between cables {(m) 11.9
Total deck width (im) 11.9
Deck edge (m) 2.3
Cross section of each main cable (m?*) 0,124
Mass of each main cable (U'm) 1.05
Inertia moment for vertical bending £ (m®) (0.154
Inertia moment for lateral bending J_ (m®) 5.69
Inertia moment for torsion J (m?*) 607 = 10"
Deck mass (t'm) 6.22
Polar inertia moment for deck (tm*/m) 1046.5
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~inite Model of Original Tacoma Bridge
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Comparison of national frequencies
(Unit: 2 1)

Muode type ADISNOLD COBO COLAPSE

-

(1)LS 0568 0435 -
(2) VA 0817 0.795 -
y
(3) VS 1,189 Far&g?&rs#ymg -
(4) LA | 296 824 rag/ig _
(5) TA 1503 1147 1.256
(6) TS | 608 1165 -
(T) VA 1.703 1055 -
(8) VS 1.792 - -
(12) VS 2.179 - -
(16) TA 2321 - -
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Vibration Modes
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Asymmetry
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—moda 115 |
—mada 2VA
moda 3VS
—moda 4 LA
w—moda 5§ TA
—mode 615
—rmada 7VA
—rmade 8 VS
—mods 12VS
—moda 16 TA
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Evolution of @ in comparison with U using 10 modes.
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Figure Evolution of i in comparison with L'using 10 modes.
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Comparison between analysis and
measurement on Original
Tacoma Bridge

Analyses U(m/s)
Jurado, 2modest = 0.00318 11.49
Jurado, 10modes £ = 0.00318 11.49
Scanlan torsional flutter £ =0.003 7.60
Scanlan torsional flutter £ =0.010 10.23
Farquharson real collapse 18.77
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-lutter Solution by Prof. Scanlan

e Single-degree-of-freedom torsional flutter

e+ 22w,a+w,a]=Faa)l,
File o =d-a+4,a,
Non-dimensional Form:

Floa) = U (2B ) (K4 T{BasU) + K4 1],
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-lutter Derivatives by Scanlan
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Flutter derivatives  A.*
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Karman & Dunn

DAMPING OF anDULAR DSCILLATIONS
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Vortex Pattern over Rotating Deck Section
drawn by Scanlan
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Dimension of Tacoma Narrows
Sridge

m = 4.249 t/m

r (Rotation Radius): 4.573 m

g (Gravity) 9.8 m/s2

| (Polar moment) 178 tm2/m

o  (Air density) 0.00123 t/m3
B=11.89m

L"d ?}:rln = ﬂgﬂfpﬂl'

14.482 .
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OTN

of Mech
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G

0.003
0.005
0.010
0.015
0.020

A3

0.043
0.072
0.145
0.217
0.290

U/nB

3.20
3.50
4.30
3.15
5.75

flutter conditions as a function
anical damping

Proto Type Velocity
Ucr (m/9)

7.6
8.3
10.2
12.2
30.6
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Results of Wind Tunnel Tests of
Original Tacoma Bridge
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The results of wind tunnel tests

e I-NT(2rd)  Ucr = 099 m/s x + 50

— 7.0 m/s -
Proto - Type

fmodel = 1.44 Hz
fproto—type = 1.44/ I5O
= 0.20Hz ------ The same value
of observation
| 220 m/s x 450 = 156 m/s
Original Tacoma Bridge was collapsed at K.
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Prof. Scanlan's Conclusion

e The cause of the collapse of original Tacoma
Narrow Bridge was flutter.
Prof.R.H.Scalan made clear it by using aero-
dynamic theory.
Flutter is destructive phenomena, therefore
we must check that it will not occur below
wind design speed.
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Conclusion
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