Advanced Structural Analysis Part 10

Nonlinear analysis of suspension bridges and
Its appllcatlon on geometry control
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=M O| & (Elastic theory)

M(x) = M,(x)-H, - y(x) + X (x)
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X & 0|2 (Deflection theory)

v Melan (1913)
M(x) = M, (x)- H, -y(x) - (H,, +H,) - n(x) X(x)
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Tacoma Narrows Bridge2| 1| (1940)




M5t X & O| 2 (Linearized deflection theory)

M(x) = M,(x)-H, -y(x)-H, -n(x) + X(x)

v/ Bleich (1950) "
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Eln""-(H,+H,-(H, +Hp))77"=p—8Hp1
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Asphalt i

t=0.07m
w=2.3t/m’

Asphalt

t=0.07m
w=2.3t/m’

— K L . L\ v
Ria) . Deck
t=031Tm =~ 17m G 17m ; Low=2.5t/m’
o L=346m -
) V 1 V| WEdgeNode
WEdgeNode WCenterNode

e Deck & Asphalt
w._.=w, +W

total deck asphalt

3 3
[2.3>< 0.071x230.8 5 O.31>1<234.6 JX“ =2y X1T°

S W pigenode = 21.716t0n
W ieonode =130.27=21.76x2 =86.77ton

ge.

= (0.07%30.8%2.3+0.31x34.6x2.5)x 4.1 =130.27t0n

WCenterNode total ~
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NL-NL v.s. NL-L
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T=HEME B (2)
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4@7|5:300m ’

(0, -114.573)

‘ W1 + p1 Y W3 + p3

V4 W2 + p2 wi + pi =1,875tonf

(300, -114.573)

v X|ZF 300m, Al 60m (BB CHut Lo =)
N =4
2 =0m, 7y =z,=0m
AN = 4 = 60m

x,=0m, x, =75m, x, =150m, x, =225m, x, =300m

d =d,=d,=d,=75m
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Z 2380 22l= XE = W, + P, =50x75m /2 =1,875tonf
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i=1, (H175{-(2,-2,)+(Z,-7,)}=1,875
i=2, (H/175{-(Z,-2,)+(Z,-7,)}=1,875
i=3, (H/15%-(2,-2,)+(Z,-2,)}=1875

assume H =7T5tonf = Z, =7,=2812.5m, 7Z, =3,750m

multiply 60/3,750=1/62.5 to Z,,Z,,and Z,

) Meistn PxMA 7



& O X (4)
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off
Z,=2,812/62.5=45m, Z, =3,750/62.5 = 60m

= H =4,687.5tonf

7, =2,+ y =2 x,+Z,=—69.573m
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z2 = ZO +Tx2 + 22 = —54.573m
<N~ %o

I3=23,+ X, +2Z,=—69.573m
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roller shoe

R

wind shoe longitudinal elastomeric
bearing
end link
(b)

uplift shoe

wind shoe ertical

elastomeric
bearing
()

. beam element
centroid

of upper deck

imaginary
rigid beam

counter-weight
by approaching span
W=30,697kN

!

beam element
for simulating connection
between cross beam and

stiffening truss
boundary spring for El, =0
simulating longitudinal El, »w
elastomeric bearing beam element Ed~oo

k=49,050kN/m for simulating
end link
El. =0

Fl, =~
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Q£7| HALO| AOpLE =7t

X- Y-coord. (m) Z-coord. (m)
coord. [preliminary| final difference |preliminary| final difference| Remarks
(m) analysis analysis (mm) analysis | analysis (mm)

6.250 17.429 17.429 0 -48.062 -48.062 Olanchor point
25.000 15.711 15.693 18 -53.479 -53.462 17

37.500 14.510 14.478 32 -58.145 -58.111 34

50.000 13.175 13.132 43 -63.660 -63.609 51

62.500 11.679 11.629 50 -70.024 -69.956 68

75.000 10.008 9.957 51 -77.236 -77.157 79

87.500 8.158 8.110 48 -85.297| -85.215 82
100.000 6.125 6.086 39 -94.207| 94134 73
112.500 3.906 3.883 23  -103.960( -103.917 43
125.000 1.500 1.500 0 -114.573| -114573 0[tower saddle
137.500 3.661 3.632 29 -104.980( -104.938 42
150.000 5.637 5.586 51 -96.239 -96.160 79
162.500 7.428 7.360 68 -88.322 -88.230 92
175.000 9.034 8.955 79 -81.239 -81.147 92
187.500 10.454 10.369 85 -74.989 -74.905 84
200.000 11.688 11.601 87 -69.572 -69.502 70
212.500 12.735 12.650 85 -64.989 -64.935 54
225.000 13.594 13.514 80 -61.239 -61.201 38
237.500 14.264 14.191 73 -58.3221  -58.300 22
250.000 14.745 14.678 67 -56.239 -56.228 11
262.500 15.034 14.973 61 -54.989 -54.985 4
275.000 15.131 15.071 60 -54.573 -54.573 0| center point
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Zgursk 5.251
BZE ok
TR 0.148
g ursk 7.956
FE 4T
B Q| TXde 6.339
(cm) S LI 6.128
FHlolg Hae
X 0.335
59.858 60.000
FA 0|2 M3 (m)
13.573 13.631
FA0lE +HEH
A=
(kN) 3,648 3,917
A 2.817-3,010 3.194-3,266
2,785-2,983 3,185-3,218
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