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Dynamic Response of Arch Structure
according to Natural Frequency Ratio between Arch and Columns
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Abstract

Long span arch structure is composed of arch as relatively flexible structure and column as relatively rigid structure. In
this study, the characteristic of dynamic response is analyzed according to the natural frequency ratio between arch and
columns. The result of analysis for arch as relatively vertical vibration mode is dominant, the influence of columns mainly
appears at relatively high frequency band according to increase of 1st mode frequency in column. However, the dynamic
characteristic of arch structure is expected to vary with not only frequency ratio but interaction between vibration modes of

arch and columns.

Keyuwords : Single layer arch, Open angel, Frequency ratio, Lower structure, Seisntic response
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(b) Arch model with columns
(Fig. 1) Aspect variables of arch structure
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(Table 1) Specification of arch models

Arch

Column

- - . Frequency of
Span Open | Modulus of First mode | Height of | Modulus of First mode arch versus
(m) angle elasticity he%:zency columns elastici Frec({]?lzency columns
(deg) |  (KN/ni) ) (m) (kN/ i )

0 0 0 N
30 9.7320 % 107 7.5290 < 10° 1 11
3.0115 % 10° 2 1.2
6.7755 < 10° 3 13
) 1.2046 < 107 4 14
46 | 10604x10 1.8822 % 107 5 15
50 1 3 2.7103 % 107 6 16
3.6890 < 107 7 1,7
60 1.1955 % 108 4.8182 < 107 8 1,8
6.0981 % 107 9 1,9
7.5285 % 107 10 1,10
90 1.6840 < 10° 3.0114 % 10° 20 1,20
6.7757 < 10° 30 1,30
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S5k 59, FAUG Aol gl AuY B
3.1 HHTEBO 1% BE Ts4 = ABSE <Table 259 2. 7150] Qe oA
GRS A a5 S)se 14 we g TES AEF WA A5 9 A% 4T
+E BQeA WA o AFRee 14 mE A oo UF EE AETE GASEAY 7154 1
SrulE ZAANG Aol TRE) SARY w o o TSV SN Heh AEHAE S
e Tkl AR & Rl gHEAR oo TE Belu A Fig2el s Az 1
S RATER U BE AFS s ¢ o 7o TAYE £E S9E vl )
Tl bew Awaelgol Adal e ay T AHel BAEN G R SR
s s ws o) BEG Aok gashes AL ¢ 5 Atk o
] 715G AN A 5ol 14 me  E B A%l 24 ua snagRssl o
ol FrhATE AL ¢ & Atk

(Table 2) Natural frequency of arch models

. First mode Fr}(iqqer\cytalirl Frequerg in . First mode Frk(iqqerlcytalin Freqqu in
O e | | oo | i || 90 |G | | i | i
(dee) Vf:rsus xlmth mass mass (deg) | vorsus with mass mass
columns | columns | participation | participation columns | columns | participation | participation
(H) | modeF) | mode(Hy) (H) | mode(Hy) | mode(Ho)
N 1.0000 352159 5.8038 N 1.0000 38.7049 11.9544
11 0.2409 04184 0.2409 1:1 0.3329 0.3899 0.3329
1:2 0.3670 1.0431 0.3670 1:2 0.5198 0.5198 0.5487
1,3 04737 1.3980 04737 13 0.5612 1.5266 0.7120
1,4 0.5535 1.6726 0.5535 14 0.5912 1.7875 0.8224
1,5 0.6128 1.8712 0.6128 1,5 0.6199 1.9628 0.8984
30 1,6 0.6588 2.0183 0.6588 60 1,6 0.6485 2.0858 0.9554
17 0.6970 21354 0.6970 1,7 0.6767 21808 2.2853
1,8 0.7306 2.2353 0.7306 18 0.7039 2.2611 2.3704
1,9 0.7617 2.3246 0.7617 1,9 0.7297 2.3331 24426
1,10 0.7913 3.8993 0.7913 1,10 0.7537 2.4000 2.5055
1,20 0.9229 51416 1.0751 1,20 0.8983 5.3522 29931
1,30 0.9623 8.1992 2.3988 1,30 0.9489 89145 34930
N 1.0000 36.7498 8.0557 N 1.0000 1.0000 19.9661
1:1 0.2851 04038 0.2851 1:1 0.3648 0.3648 04323
1:2 04578 0.5404 04578 1:2 0.4849 0.4849 0.7190
1,3 05815 1.4576 0.5962 13 0.5255 0.5255 09077
14 06121 1.7246 0.6953 14 0.5528 0.5528 2.2776
1,5 0.6418 1.9108 0.7669 1,5 0.5781 0.5781 24974
45 1,6 0.6713 2.0451 0.8221 0 1,6 0.6034 0.6034 2.6785
17 0.7001 2.1505 0.8680 1,7 0.6288 0.6288 28233
1,8 0.7276 2.2400 0.9088 18 0.6539 0.6539 29398
1,9 0.7533 2.3204 0.9468 1,9 0.6784 0.6784 3.0361
1,10 0.7768 23947 0.9833 1,10 0.7018 0.7018 31184
1,20 0.9120 5.2289 2.5800 1,20 0.8618 0.8618 6.3891
1,30 0.9564 85221 2.9485 1,30 0.9274 0.9274 6.9516
% N : arch without columns
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(Fig. 2) First mode shpe of arch models without columns
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(Fig. b) Frequency in vertical maximum
mass participation mode
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(Table 3) Resonant frequencies
of the dynamic load
Frequency| Resonant | t | R t
Open | ratio of |frequency of esonan esonar
angle| arch arch with | requency | frequency
(deg) | versus columns of arch |of columns
columns (Hz) (Hz) (Hz)
N R
11 1
12 2
1,3 3
14 ] 4
30 15 first mode 5
45 16 frequency of 1 6
60 17 example 7
20 . structures
1,8 8
1,9 9
1,10 10
1,20 20
1,30 30
¥ N : arch without columns
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