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On the Three-dimensional Free Vibration and Earthquake Response
of Braced Rib Arch Bridges with Long Span

Tadayoshi AIDpA and Toshiyuki Fuiir

Abstract

Dynamical characteristics ot horizontal and torsional vibrations are important to the structural
design against seismic loads and these characteristics must be analysed three-dimensionally.

The purpose of this paper is to make clear the dynamical characteristics of braced rib arch bridges
with long span and to obtain earthquake response of them. From these studies, following statements
can be made ; @ the dynamical characteristics of horizontal and torsional vibrations of them must
be analysed three-dimensionally, @ they may be designed by modified seismic coefficient method

against seismic loads.
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Fig. 1 Deformation of transverse frame
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Table 1 Masses and moments of inertia of mass

|
sxlj ) angp71.3919 is|155.8928 ﬂx4h43 5148‘ﬂn5139.3626]ineh33 98|2|ﬂn7163.3049 axshs9.e9zz
gy 27 | 6.92245 ﬁ“ %4.42629:LJ '2.9266558§ 2.19444 £¢ 71 72182\87 2.33414 €Y | 2.30778

L 63.5052 27 27.0874 | o5 ,1 3633659“

6.2 1996f

o

2.64675, se ;1 03057 97 U

;n,[ :ns’ﬂs 9728
ma 22.6958 | me 18 8969

|

m1016 0893 - mi1414.0651 m13:13 96’7

mo 19 8966 "11316 2251 ! m1714 2101 | m2112 8876 mg515.2439 | m2918.2462

’712213 2428 mz615.6879 | m3(18.4065

m1 ’34 3896*v mz 42 8262* ms ;41'9605*; m7 41.4672*1 mg 20-7542*3 mi340.8602* mis (50.7206% mi7 58.1935*

Unit : Mass:----+--- kg + sec?/cm,

* : These include masses of concrete slab.
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Fig. 4 Expansion joints of floor system
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Table 2 Natural period, frequency and

predominant mode

No. Iggtlgaal Freaél:galcy Predominant mode
1 1.6098 0.6212 | symmetric, Horizontal
2 1.5045 0.6647 | anti-symmetric, horiz.
3 0.9486 1.054 symmetric, horiz.

4 1 0.7115 1.406 anti-symm ., vertical,
5 0.5840 1.712 symm,, vert,

6 0.5492 1.821 , anti-symm., horiz.
7 ! 0.5353  1.868  symm., horiz.

8 1 0.4249 | 2.353 anti-symm,, horiz.
9 | 0.3688 2.712 symm,, vert,

10 0.3183 ' 3.142 | symm., horiz.

11| 0.2945  3.395 | anti-symm,, vert.
12 0.2608 3 834 symm,, horiz.
13| 0.2457 4.069 anti-symm,, horiz.
14| 0.23402 4273 | symm., vert.
15| 0.23397 4.274 | symm,, horiz.
16| 02292  4.363 | anti-symm., horiz.
17 | 0.2118 4.721 anti-symm,, horiz.
18] 0.1782 5.611 anti-symm,, vert,

191 0.1720 5.814 symm,, horiz.

20 0.1686__ 5.931 | symm., vert.
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Table 3 Displacements and deformations of horizontal symmetric normal vibrations
Nawral T reos | 0.948 | 0.5353 0.3182 0.2608

Us 0.148240 ~0.096171 | 0. 592540 | 0.155838 -0. 170088

2 Us 0.274623 —0.123074 0.412924 0.340939 —0.296C04
=B U, 0.418878 —0.131428 0.022739 0.443928 —0.353837
g 8 Us 0.560916 —0.111368 —0.496687 0.451739 ~0.325464
2o | Us 0.443404 0.245623 —0.206948 0.174467 —0.154579
2T | Us 0.312504 0.601250 0.118117 —0.131545 0.079960
Us 0.316513 0.691157 0.180839 | 0. 325594 0.549648

B2 —0.005141 | ~o. 013446 —0.011045 0. 2’5691 L —0. 153177

s —0.005480 | —0.018671 —0.017123 —0.524332 —0.396192

— | Os 0.004112 —0.007016 —0.015732 —0.885478 —0.672431

@ 2 @ 0.025179 0.021521 |  —0.011780 —1.350260 -0.877073
S| 2| 0O 0.054807 0.064325 | —0.013178 | —1.903948 —0.921325
g 07 0.084101 0.107488 —0.020946 | —2.467962 —0.868588
S @s 0.081046 0. 128130 —0.005775 1 -2. 819157 -0. 977931
E; I ! 0.003325 } ——0.041477 0.437127 | —0.029523 ——0 015384
5% 5| T2 { 0.107508 ' —0.103803 ! 0.468958 | —0.146984 0.127269
§ I's | 0.22901z | —0.218225 0.383909 | —0.351217 | 0.372335

S| T 0.426684 - —0.420712 . —0.037492 —0.645371 1 0.687 584

= Ts | 0.770629 | —0.804084 —1.089790 —0.996893 | 0.915896

| T . 0. 625565 g —0.590436 —0.895482 —1.808699 609685
drt 2 heordi+or2dr=— BXxg(r) - 5

Table 4 Absolute maximum acceleration response

spectrum coefficient (Dynamic coefficient)

Average response

i Average response

Natural | spectrum(1964) wspectrum(1970 Rock)
beriod h=0.02 | 2| h=o0. 05 E h=0.02 ; h=0.05
rews| 107 | o8| 085 0.6ss
0.9486 | 1.97 1.51 | 1.43 1.06
0.5353 2.9 221 | 2.35 1.72
0.3182 . 3.24 2.30 % 3.00 2.23
0.2608  2.85 2.14 . 3.25 2.45
0.2340 2.68 2.02  3.00 2.40
0.1720 | 2.15 1.73 | 243 | 1.94
0.1651 .  2.08 1.6 | 2.37 191
0.1376 |  1.84 1.52 | 2.10 1.68
0.1188 |  1.67 1.40 1 1.89 1.53
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0.2340 0.1720 0.1651 0.1376 0.1188
0.030132 —0.122052 0.189216 0.398513 —0.330026
0.615633 —0.154257 0.222605 0.355281 0.011645
0.435526 —0.134666 0.079891 —0.130265 0.551035
—0.444520 —0.062614 —0.107447 —0.459675 —0.198071
—0.320352 0.326433 —0.037273 0.055740 —0.521967
0.010844 0.387637 —0.011016 0.335415 0.429458
0.178430 —0.789472 —1.375842 —0.284371 —-0.219731
0.001987 —0.070683 —0.694435 0.216173 0.110141
0.004923 —0.136242 —1.359471 0.346164 0.035387
0.049937 —0.129898 —1.607742 0.205123 —0.147699
0.136145 —0.041681 —1.175940 —0.153179 0.033586
0.167888 0.035233 —0.068507 —0.377043 0.307268
0.138295 0.057801 1.319974 —0.225750 0.042810
0.208393 —0.112362 2.381335 —0.789434 —0.143983
—0.552842 —0.030601 0.000326 —0.052579 0.255479
0.007854 0.130814 —0.146688 —0.200861 —0.521581
0.572854 0.257583 —0.249414 —0.302857 -0.201917
0.497797 0.158060 —0.172775 —0.078052 0.998736
—0.943627 —0.320500 0.096502 0.664217 0.301083
—0.990016 —0.288243 0.876960 2.115542 —1.663413
Unit: @, ... X 10-3 radian
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\ AXIAL FORCE OF CHORD MEMBERS OF FLOOR SYSTEM
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Fig. 13 Maximum axial force response of chord
members of floor system
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Table 5 Velocity response spectrum Sy (in/sec)
for El Centro earthquake (1940, N-S)

bﬁgg? h=0.02 | h=0.05
1.6098 24.0 | 21.2
0.9486 44.2 32.6
0.5353 40.5 34.7
0.3182 22.5 19.0
0.2608 14.2 11.9
0.2340 14.5 11.9
0.1720 13.5 10.0
0.1651 13.1 9.7
0.1376 10.7 7.9
0.1188 9.4 6.7
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