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A Study on Natural Vibration Characteristics of Dome Structure According to
Natural Frequency Ratio of Substructure
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Abstract

Large space structures exhibit different natural vibration characteristics depending on the aspect ratio of structures such
as half-open angle. In addition, since the actual large space structure is mostly supported by the lower structure, it is
expected that the natural vibration characteristics of the upper structure and the entire structure will vary depending on the
lower structure. Therefore, in this study, the natural vibration characteristics of the dome structure are analyzed according
to the natural frequency ratio by controlling the stiffness of the substructure. As the natural frequency of the substructure
increases, the natural frequency of the whole structure increases similarly to the natural frequency of the upper structure.
Vertical vibration modes dominate at 30° and 45°, and horizontal vibration modes dominate at 60° and 90°.
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(Fig. 1) Shape parameters of dome structure
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(b) Floor plan of Rib dome

(8) 3D of Rib dome structure

(d) Half-open angle 45°
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(c) Half-open angle 30°
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(e) Half-open angle 60° (f) Half-open angle 90°

(Fig. 2) Analysis model (Rib dome)
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St Fxo| 17 ZEsH|of| mE & 7xo| 17 T=E EMof| mhet o7
9] fo]EHE o]&sle] A E Aot ayE (Table 2) Specification of rib dome
B RS &R A F S 37 7xES gajs)  substructure
_ - Substructure
Aokt A (1) EYE 13} BE AESE Ay
?4 ] A (») o ¥ °r _ ° Half-  Modulus of elasticity Member
ST ol 12} R= AFFE 0.85HzE 33tk o
pen Column Column
A relo BAs AR = LZXE AA 9 3 angle ) Brace , Brace
) &Girder &Girder
T TR S R R €Y gEes sMa e 5.0544E+02  2.0500E+05
% = =] =19 Ay . .
$5007145 AMEELIL, B PR Bo|aE 58386E+03  2.0500E+05
SM4909l ¢ 165255 ARESIATE 4 & =9} 20789E+04  2.0500E+05
Bl pze] AEHZ 2437 98 <Table 1>, 54267E+04  2.0500E+05
- 1.2013E+05  2.0500E+05 %) (%)
< >9l Zo] EMIAISE WA YT
Table 2>¢} o] WA WA 0 DoMgOEH5  20500E+05 500014 16525
3.6892E+05  2.0500E+05
(Table 1) Specification of dome structure 5.6641E+05  2.0500E+05
Upper dome structure 81693E+05  2.0500E+05
1.1286E+06  2.0500E+05

Half- Modulus
Span  Dome open of

(m) shape angle elasticity Member
(deg)  (N/mm)
30 9333+
Rib 45 T659EH4  D500.0¢
60 850824 14
0 21703605
30 75600E+03
. 45 44414F+03  D5000°
100 Lattice ) 3eeops3 14
N 66200FH3
30 6.9902E+H3
. 45 3S8U3EHB  D500.0¢
Geodesic ) somzEss 14
90 53320EH3

<Table 1> 4# & 7x9] ALES e,
<Table 2>+ 3} #+x% = gH & vz 30°d
uj o] A¥e YeRSith e 53 A 2d &
oA WfZte] wE AP FE3F <Table 2>l A<}
2ol ZAAT A 2HEe 14 1f JIEF
¢l 0.85HzE - & 7x9 12 aiLf 2sF=E 5t
i, S F29 1A} i e A 5 7E 13
I A5 wie2 F7HAA 10815704 1070
o] i Bdg JAIATE B =FdA= 134 =
E AEFE 13t old W& 1f BE A4S
stazl st i mde] §4& MIDAS Gen
2017 AHESEQ A, AeFe F2A|Y AF a1y

SHT

Zzte) SN mEe gu B pxe} s T2
Sl wek AA FEEe] e w3 g
Tk <Table 3>& ¥IZlzt 30° 2]H. &9 7, 3}
T2 13} 3 AEre AA F2E 13 1
T4E et sy 2de <Fig 3> 2
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(Table 3) First natural frequency of rib dome

Natural frequency

Analytical model Upper _ Sub Total

R30-N 0 0.85

R30-1 08 07335
R30-2 170 07643
R30-3 255 07928
R30-4 340 08149
R30-5 0.85 425 08283
R30-6 510 0834
R30-7 595 08392
R30-8 680 08416
R30-9 765 08433
R30-10 850 08444

R 30 - N

\ \ \
Shape Half-open angle  Natural frequency Ratio
R : ribbed dome 30:30°
L : latticed dome 45 : 45°
G : geodesic dome 60 : 60°
90 : 90°

(Fig. 3> Name of analysis model
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(b) Lattice dome
-~ 08 k Fl ;
Sos
g o065 / —-G30
£ —aas
§ 0.6 Y ~G60
£ 055 ~G90
i\

LN 11 12 1:3 1.4 15 16 1.7 1:83 1.9 1:10
Ratio of frequency

(c) Geodesic dome

(Fig. 4> First natural frequency of analysis model
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st Fxo| I FSFH|o| WE & x| I Tl SMof| zst o7
(Table 4) Natural frequency at maximum eigenvector mode
Frequency Rate of Frequency Rate of Frequency Rate of
Modd i Vertic m(%ﬁe Mo i Verticl m(lyf)’se Modd i Vertic m((yf)’se
RON 22600  32%7 0N 11981 13311 GON 0w 121%
R0 [9886 516 301 118l (081 o1 0S5 1208
R02 1982 3086 302 1255 1047 Q2 1M 12399
R03 20868 3249  Hoimel | 1303 13604 Hoizrel | G303 12634 izl
R4 2158 3298 155% | 1304 - 1382 A% | o4 1w 1003%
R05 2191 3500 1305 1613 1406 Q05 108
R06 22076 3563 Vet | 1306 10854 1410 Vgl | G06 18D 085 Verticl
R07 2207 36033 1342% | [307  103@  141%  388% | GOV 1039 1208 509
rRos 220 [NEeEs 308 1m% [Ni2s G816 120M
R09 2290 3108 1309 1049 12697 9  1B0 121
R30-10 3168 13010 1049  128%9 G010 10384 12150
RSN 397 3667 SN 139 1200 GHEN 1046 08500
Ri51 1451 -% Gi51 08682
R52 2380 27077 452 10181 G52 103
RB53 1705 2849  Himdl | 1453 1008 0 1042 Hiwd | GB3 10112 Horizortal
R54 3@ 2u2 4226 | 154 10160 1068 4% | g4 1050 o /8%
R55 3080 3004 455 1000 1176 G5 1013 084D
R56 3174 308l Vetial | 1456 10211 1188 Vel | GH6 1018 0883 Verticll
R57 31391 3781 1408% | 1457 1088 1197 182% | G657 1018 0840  69%
RS 1800 [NB76 458 1060 1190 G568 1006 084%
R59 377 3006 459 1077 1194 GH9 103 084%
Ri510 31014 U510 (TR0 | o510 [TAeBT  08i%
RON 4023 31816 LON 1173 11907 GON 1126 09109
R0 (768 600 Le01 [RB0LT 1159 Q01 0946
ReO2 27212 26684 602 1060 1162 G2 1092
ReO3 2772 2804  Huiand | [603 10840 Hiardl | G033 1104 ozt
RO4 33 2983 ®I% | 1p04 1097 11710 108% | go4 1102 ooy 39%
ReO5 34215 3088 605 1104 1174 G5 1112 0907
R06 BHBAY 31185 Vetical | 1606 1156 11818 Vaticl | G06 1143 0909 Vertical
RO7 2454 3136  916% | L7 11584 1188 37% | GO7 118 09097  106%
ReOS 2469 31491 08 1166 1182 G088 11168 09101
RO9 2910 31565 609 11683 1182 G09 115 09103
ReO0 2037 [8H6I6T | Len10 [TAIESTTTAISOT | G0 [TAHEET 09104
RON 3953 4490 [ON  161%  161% GON 1502 14124
R0 1964 Ls01 [[EI62 St @01 ‘
RO2 31051 02 1477  15% 02 149%
RO3 359 31110 Humd | 1903 15889 15889 Ml | @03 15011 0 14069  Hhoimrel
R4 308 319 9% | toa 1596 15 B2% | g4 157 1407 6%
RO5  3%12 32 [905  16M8 16048 G5 15049 14109
RO6 41288 3230 Vet | 1906 1574 16077 Veticl | O06 15066 145 Vel
RO7 3642 4195 1190% | 1907 1587  160%  67% | G07 15089 14118 18%
ros [TAs20  42m 08 1619 16109 Q08 15062 14119
RO9 3981 4245 [909 16118 16118 09 1504 1410
RO 372 [TAET | 1010 [THESTTEEST 0 | G010 14121
WA, <Table 4>0l|4 RS w7zt o} g ztol7b 5L, e R oA 60° o]
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 FH [¢) 2=~ZA A (¢) 1+ 2=~A] 0 SES. vl = S o) 2= o) T
3 A i AE7 72 Ao f dERET B T4 259 FEs gol W A ¢ 7 Ut =
o]\;]_ a = EHE]/\ = ]o ])\1 = 5 ‘]_ o ;];H o ] 3
Uehta ook B F, 2 & B ALY = g 1A RE A WA v Al 9

S VmPe v o] PR Y el 1F

FHlol Aol g E Aok AeHA E, dE & A

2E U E o A Ushke AL B 59 Aol U@ vy Assle) ue A 1
ohoolRe ALHA & e Bol vla) £4 2 MEANE 134 B Hoh 1f Ae)M £33
Fo) AuE gol W glov, eln e 59 A = A

59

AW S Bol AL Q= ACR oddn

Ho) = a7 HE= izl wet 9000l 7}

CELE R

=1

e 28
S8 mh HEE Wi

A e AL B F Uk B A7 F F = ATolAE Al TR AR F TR S T
o S wE A S e AES vl b £ 54 Wete] mE A m e A e
2 Aoz wfzte] AL Ay 1 vy 58S BYSItk AF F 7EE VLR I
9 A7t AA Yehte AL 2 5 Yok ojAe A 7Y i AerE 2ATELRA Af As 5
g ATl BH B3 gE)x S Jeid 2 2 A BAsleH, s 7289 af s
o] AoHA EqME Hblzte] @) AL4E  TEES BAAFE 2HS A 7xe 1




fr &5 1004 1081704 =4kt B3 A
= TEE WIS 243 5 FXE ol&sto #
A5tk

1) 314 2l 12} 1f e 248 53 3
5 Tz AsFurt S7MEE s 727t 8l
© 2a3 fAReHA AsER, E5E7E 155
A yehdth a8Eg HHe HAFpvle
1:52 ATEch E=gh dRbH o=z 1104 1.5 AR
o] RdoXe vz 30°9] iy Rs57F AA
By, o]F Ha} dHEo] 1:10 EddA e ¥
7} 90°9 At AEF7t AA vebds & 5 3

2) a4 =g Hd 1f HEE 43 2
W7)zre] = 7)0f wheba] 300014 90°= AXH 4=
s FaFo] Holx|11, £ 25 Jao] AA=
o2 Yepgth T3 5 4ol wet £4% 2w
292 Fol] T2 Fol Hlgl] W zo] A» ot
2} 12+ R Ao 3 WE] FA% 53 4o W
37} 2A Yepdoh

3) A mde Hof 1f WH7} e RE
ANl 1f AFFE Hlwd Ay, 5 4] B
glo] 30°0 49 1 F
Lm 90°e A A ZE
of w7 zto] A wet £ 2E Lo g3l
AAe o2 FoEh AR gH 59 F5 o
E 5ol vls) +33} 732 WEke] F7hgo] o
o] 1y XE Wl wet Hd) 1f A5
o] ¥Fo] Bol Yehdth

T o T2 A F 7=
St ogofst A 22T A
195 2-8319S W] 53
7t Bed Aoz HuEh

°

f
o

PO}

~

T
L
R
L
R

<
T
<
T

References

1. Jung, C. W, Park, S. M., & Kang, ]. W, “A

Study on the Seismic Response of Arch

Structures Using Artificial Earthquake

Ground Motions”, Journal of Korean

Association for Spatial Structures, Vol.§,
No.6, pp.59~66, 2008

2. Jung, C. W, Seok, K. Y, & Kang, J]. W,,

"Natural Frequency Analysis of Arch by
Galerkin’s Method”, Journal of Korean
Association for Spatial Structures, Vol.7,
No.4, pp.55~61, 2007

3. Jung, C. W., "A Proposal of Quasi Static

Seismic Force for Arches subjected to both
the Horizontal and Vertical Seismic Wave",
Journal of Korean Association for Spatial
Structures, Vol.7, No.6, pp.103~110, 2007

4. Seok, K Y, & Kang, J]. W, “Dynamic

Response of Arch Structure according to
Natural Frequency Ratio between Arch and
Columns”, Journal of Korean Association
for Spatial Vol13, No.3,

pp-65~72, 2013

Structures,

5. Yoon, S. W,, & Park, Y., “Comparison of

Natural Frequency of Domestic and Foreign
Long-spaned Structure”, Journal of Korean
Association for Spatial Structures, Vol.9,
No.1, pp.79~85, 2009

®m Received : June 29, 2018
®m Revised : July 12, 2018
® Accepted : July 13, 2018

82 _Hi18H M3z S 732, 2018. 9





