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Mg WPl AME WL AFAE AL BSAAYL, mFe e AR dAst
uhE BAT 3 So4AE Ade 7143 Aol ekd AFTo|uz

“engineering art"g} & 4 ot mAHQA wFL 75 (pilot)oll &3ty AHHAUG F 7
T Atolel Age dEe et A5 ¢S nxnz AdstEe age 4 4
5 o B2 715 BoFh 2y 7T AUt £olER] ¥ FAHAA uFE A
&7] 98- = =¥troad-bed)e] ¥ E AH 715E& AL F AAH Atold] 71 A
AZdst= Wy dig °E‘:rL7} dedqrt o] A7 AFAZ dFudte uFY MR 3
H7t AAHJY. @Fie ol Y AL 7 T v u 98 JtEXEE 25
el A wFdA ‘%‘ o] th([8]).

(1) o A A4 WA

¥l (suspension bridge)e] %9l 719 Atetx| o] AANEE o] PYF S }Fo o
oF ARE A FUSZ A8 Aol T & Aow, Belel, WoldF, A
2A FA 9t 22 YAHE FoHE F Yo 715 vehd JHg edd deaE A
7] 400673 AAE Qead AR AolE(cable)To g o]Foi ol YEE
o AAA FEiE Aolgwon FHSo] Q7] WE HFE Bol W FEE WPo)
A Gt AHE S-S AL Yk AolE olddle g X T A

(flexible strength)e] & R A7} glon, w3 AolBo] B4 AFE B0 Y7 o
ol WFAdel FFdde 93-S AYx o dF5ue F8 FAE AFEE e Aol
Eolug, Qe 2 Ao 4L dA4ne 7dr1es FASA SAAAG

Figure 1. Menai Suspension Bridge

2FAEWRE2] 7|22 Thomas Telfordel ¢Jste] AAE Menai Suspension Bridge7}
7189 g A WA deuzA 1826Wdel FFHJCh 1767E el 21 F Y7 Fcenter
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span) 7F¥ Menai Suspension Bridge®] $+8°]% main span®| Zol7} @5 7Ad7E
S Hrhsle 88 247 FUrk

Figure 2. Brooklyn Bridge Figure 3. Golden Gate

194)7) #ata}t 7]4¢] d9 o2 Brooklyn Bridge(1883%, 488m), Golden Gate(1937,
1280m) 5 % uFo] AAMHAUth AA Hxe HE 5] Niagara Railway
Suspension Bridge(185513)2 743 John A. Roebling®] AAg HdA F dht= 48m
span®] Brooklyn Bridge®]t. Brooklyn Bridget= @t} ?‘;TT’LQ] AN Z golojzz HIY
A AoE, EFARAY, oo old TF A T 2 FA I Vs Y8
AMESGGL, o] Jled dd 59 HF| Q‘iiq 193739 715" Golden Gate
Bridgetr MZ@A2~3 w3 vld 719EE A4% ez BRE vt 98 7l2 N e
= AFAe 70 7ML F2] 32l Golden Gate Bridgee vhvhel &%/, uhe, XX
AL FEST £ vig s e 208 AU £ =S A7

%NE

Figure 4. Vertical and torsinal oscillations in Figure 5. Second Tacoma Narrows Bridge
Tacoma Narrows Bridge

204171 FEAA AN AARE mFel 2FYE odde &
F 3t A3 Q3to] Z(linear mechanical theory)®] A &olct dxa 4Mdo] A4
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7} o= Atzo]l ¥AIStHTl Tacoma Narrows Bridgeol H3 2 &&3] ZAX[Aqt

IHHQY BFAM o]23 BHPoze] HZo] WaFS AAsA HAUALh
1950'd 53 ¥ Tacoma Narrows BridgeB.t} ulgo] A&sts go] & NMEL ol

AAHAJT A 2ZF2 S5 g2 njgoR AMFHoH A2 AFS He

219 Hlgo] AEHUL FEG AFR o]E8F FA A HRE ANPALE EYo=

Be H&3 248 A4 & Jdve Al Husi

1z
rﬁ
2 g

(2) Tacoma Narrows Bridge

2
7b &% B o]F 1930dd e wF HAAZ <8R Leon Moisseiffe 7HH
9HE d5n AAd EFSHTE 19389 A o] &(Deflection theory)dll &8t #H 7
H](Depth Span Ratio)7} 1:3500]l 2 W (3)A U (plate girder) 22 E & A&3 Tacoma
Narrows Bridge7} 255 %lor 1940d@ 799 ¢FHAh 714 dRd A8 &5
o] 9 Tacoma Narrows Bridge’} 53d A2 /1% 4719 < 19403 11€ 7¢
OJRATH[1D. ©] ¥ ¥ FHL Tacoma AlWolA izl 7FAE 82 1Y Barney Elliott
ol ol BAsHA FHeletel] @A 71S5HA AU

Figure 6. Bridge midsection crashing into the
waters of the Tacoma Narrows,

November 7. 1940
o] B Atz FaFol 43 wFo AFd W A7t AFHA FU:, R
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Zol7k LRl 59 A9 u(x, e ¥AE HoR g4
() mu y+ kit +6u ,+but = Wx)+ Ax, D
& FAzA
2) u(0,)=u(L,)=u,(0,t)= u, (L,t)=0
o7 Fojzit}
| AT mmovable object 1

Nonligear $prings \mder\imsi A

\

A bending}aeam with supported ends

Figure 8. Center span hanged by foxed frame

Ueldtt. Hooke HAL w2t §43e AolE AgHoos= 4 L FAg3A g3 9
Hok Zgsleg U WA 3§ but 2 ARt o] W ut = max{0, u}oln bE FHo
L F8 Wx) o vtEog Q% R FHeA F Ax,HE

N 2B L Lazer & McKenna([14))oll 93] A7ERlon, d5n A7 AP
2 B gREd st QI&Hrt ol dgue A AFE BABIAIE RIAY,
gestd e AAY FARE RS BoF

I\

(2) 23t BALE =¥

T WA 2dye E£59E 2ol os) EAW vHroad-bed)® £EWY ohizh T
o|B(main cable)d] WEE AW 45AY Loz THH FAolRe HUYF £43

of o3 Bet AZ=C
Aolge] MY o(x, Het Bol ¥ wlx, e HIAF HArE ¥

mlvﬂ_klvxx+610t_b(u_v) = Wl(x)+f1(x’ t)y
3)
mzu”+k2uxm+52ut+b(u—v) t = Wz(x)"'fz(x, t)
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o BAzA
u(0, ) =u(L,)=u,(0,t)=u,(L,5)=0
4
v(0,)=0v(L,t)=0
2 Folln.
The cable represented by a vibrating string
I s S A CC R o
~g3--l--t-~---13---P-}\+t+--]--1+~
~ u(z, L~
\\ -l i t} | _—

\Q / Nonlinear springs
The vibrating beam with supported ends

Figure 9. Center span hanged by main cable

2Hol& FAolES FojUlEa kit
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AEEFW 283l o]+ Tacoma Narrows

b
sl 9EY AT LA e mdolth A WA

WatE Y e t8 .y, +0[(y—1Isind) "+ (y+ Isind) *]= W, (x) + f1(x, D

(5)
mo® = ky® o, +8,0 ,~blcosd[ (y—Isind) ¥ —(y+ Isind) 1= Wy(x) + fo(x, D
3 FAzA
=y..(L,)=0

© y(0,)=y(L,t)=y,/(0,1)
6
®(0,)=0(L,t)=0
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ZoH([6D).
An immovable object

Nonlinear cable-like springs

The vertical deflection
of the center

of gravity y(t)

The deflection from horizontal »(t)

Figure 10. Cross section of the suspension bridge
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Wx, )3 AEY A5 o(x, HRR ol T A Aol £AYE nA¥T Y&

Y R mde
u(x, D= LEF AolEe WIS ey 9% AolE9 M= &+ uvlx, 1) o 3ty

BAMETL E@ AclBW wuk Alolo] 4524 Uehis 48 b6(+) Tt use
Y 85 E,(+) % E,(+)dl o3t Folarkm Hgste, B¢ 95Y 45 =

L a3 2 Fejolti([18).
() my, +k,Ypet86y,+E (y—u—Isin®) + E,(y— v+ Isind) = W (x) + f(x, D,

Mo, — ko0, + 6,0, — I cosO[ E\(y— u— Isind) — Ey(y— v+ Isind)] = W(x) + fo(x, D
matt y— kst +6 3u ,— E (y—u—Isind) = Wi+ 14(x, 0,

m 4 ,t—k4vxx+§4v,—E2(y—v+lsin<l>)= W+ f,(x, 1)

W0,D=y(L,)=y,(0,0=y,(L, =0,
$0,)=d(L,H=0

w(0,)=u(L,)=v(0,d)=v(L,H=0.
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The Main Stream of Mathematical Modeling of a
Suspension Bridge

Department of General Education, Namseoul University Hye won Nam

It is well known that a suspension bridge may display certain oscillations under
external aerodynamic forces. Under the action of a strong wind, in particular, a
narrow and very flexible suspension bridge can undergo dangerous oscillations. The
collapse of the Tacoma Narrows suspension bridge caused by a wind blowing at a
speed of 42 miles per hour, is one of the most striking examples. In this paper, we
study models describing oscillations in suspension bridges and known results.
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