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FREE VIBRATIONS AND JMA-EARTHQUAKE RESPONSES
OF CYLINDRICAL ROOFS

By Harwo KUNIEDA, Koji KITAMURA and Takanori OHYA

Synopsis

This paper clarifies the free vibrational and response characteristics, mainly re-
sponse to KOBE-JMA earthquakes, of cylindrical roofs. As the first step, the kinematic
equations of cylindrical roof shells subject to up-down and horizontal earthquakes are
derived and the calculation of eigen values and modes are executed. And, the response
characteristics of cylindrical roof shells subject to KOBE earthquake will be revealed in
mathematically analytic method. Followingly, FEM results will be shown in order to
confirm the mathematically analytic result. In the final stage the response characteris-
tics of latticed cylindrical roofs to the same earthquake will be given.
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Table 1 Eigen values € in the case F.S. a/h = 500. L,/L, = 0.50.

1) Axi-symmetric mode in traverse direction

g0 = 60.0°

st 2nd 3rd 4th Sth 6th 7th 8th Sth

0.0824 0.1577 0.2889 0.4637 0.6777 0.8752 0.9697 1.2522 1.5919
0.2128 0.3069 0.4722 0.6842 0.8932 0.9814 1.2579 1.5979 1.9814
0.1831 0.3641 0.4910 0.6952 0.9009 0.9883 1.2656 1.6054 1.9887
0.2331 0.3115 0.4330 0.5280 0.7113 0.9081 0.9965 1.2761 1.6157
0.2865 0.3505 0.4778 0.5820 0.7327 0.9154 1.0072 1.2895 1.6288
0.3383 0.3970 0.5126 0.6340 0.7587 0.9227 1.0212 1.3056 1.6446
0.4476 0.5479 0.6777 0.7877 0.9299 1.0386 1.3246 1.6633 2.0459
0.4378 0.4983 0.5860 0.7154 0.8176 0.9369 1.0594 1.3464 1.6847
0.4879 0.5476 0.6267 0.7500 0.8475 0.9441 1.0836 1.3710 1.7089

W00 =3Oy U W

g0 = 90.0°

1st 2nd 3rd 4th Sth 6th Tth 8th Sth

0.0554 0.0867 0.1324 0.2075 0.3034 0.4183 0.5515 0.7018 0.8414
0.1266 0.2433 0.3140 0.4236 0.5553 0.7055 0.8657 0.9334 1.0744
0.1569 0.2129 0.2976 0.3730 0.4411 0.5630 0.7111 0.8714 0.9411
0.1589 0.2428 0.3159 0.4173 0.4990 0.5793 0.7195 0.8780 0.9448
0.1952 0.2877 0.3410 0.5471 0.6167 0.7314 0.8858 0.9477 1.0912
0.2327 0.3224 0.3819 0.4548 0.5696 0.6629 0.7480 0.8950 1.0995
0.2996 0.3503 0.4238 0.4827 0.5876 0.6983 0.7692 0.9049 0.9545
0.3045 0.3375 0.3804 0.4559 0.5193 0.6070 0.7241 0.7924 0.9152
0.3406 0.4148 0.5570 0.6294 0.7455 0.8146 0.9248 0.9662 1.1330

W00 =3O U WD

o = 120.0°

Ist 2nd 3rd 4th Sth 6th 7th 8th 9th

0.0930 0.1219 0.1720 0.2358 0.3106 0.3960 0.4919 0.5979 0.7131
0.0831 0.1186 0.1677 0.2248 0.2670 0.3193 0.4003 0.4948 0.6004
0.0966 0.1192 0.1541 0.1858 0.2396 0.3097 0.4295 0.5030 0.6052
0.1465 0.2651 0.3217 0.4009 0.4871 0.5445 0.6155 0.7258 0.8485
0.1563 0.2060 0.2489 0.3501 0.4130 0.5014 0.5933 0.6471 0.7347
0.1865 0.2056 0.2400 0.2731 0.5130 0.6102 0.6909 0.7494 0.8621
0.2345 0.2666 0.3075 0.3481 0.4156 0.4781 0.5302 0.6221 0.7187
0.2656 0.2922 0.3780 0.4334 0.5595 0.6351 0.7356 0.7959 0.8807
0.2951 0.3216 0.3614 0.4118 0.4550 0.5287 0.5937 0.6514 0.7493
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2) Anti-symmetric mode in traverse direction

g0 = 60.0°

1st 2nd 3rd 4th 5th 6th 7th 8th Sth

0.0929 0.1901 0.2656 0.3843 0.5755 0.8128 1.0926 1.4104 1.4384
0.1316 0.2174 0.3568 0.4729 0.5962 0.8219 1.0993 1.4201 1.7831
0.1878 0.2518 0.3803 0.5493 0.6568 0.8373 1.1092 1.4287 1.7912
0.2376 0.3071 0.4070 0.5780 0.7205 0.8578 1.1216 1.4397 1.8017
0.2848 0.3637 0.4462 0.7630 0.8804 1.1363 1.4532 1.8149 2.2191
0.3342 0.4110 0.4960 0.6289 0.7935 0.9024 1.1534 1.4694 1.8306
0.5469 0.6600 0.9236 1.1729 1.4882 1.8492 2.2531 2.6993 3.1873
0.4980 0.5944 0.6943 0.9451 1.1950 1.5098 1.8705 2.2743 2.7204
0.4886 0.5434 0.6384 0.7306 0.8641 0.9682 1.2200 1.5343 1.8946

OO0 =N G W

¢o = 90.0°

1st 2nd 3rd 4th 5th 6th 7th 8th 9th

0.0497 0.0925 0.1583 0.2793 0.3652 0.4866 0.6287 0.7897 0.9685
0.1238 0.1719 0.2528 0.3542 0.4588 0.5201 0.6372 0.7948 0.9735
0.1221 0.2176 0.2714 0.3655 0.4841 0.6077 0.6771 0.8043 0.9794
0.1601 0.1920 0.2551 0.3214 0.3848 0.4955 0.6293 0.7386 0.8208
0.2299 0.2796 0.3619 0.4286 0.5115 0.6418 0.8428 0.9957 1.1899
0.2314 0.3119 0.3854 0.4758 0.5393 0.6555 0.7923 0.8636 1.0054
0.2678 0.3018 0.3518 0.4100 0.5061 0.5792 0.6722 0.8079 0.8805
0.3049 0.3345 0.4410 0.6180 0.6928 0.8229 0.8943 1.0276 1.2195
0.3691 0.4222 0.4772 0.5524 0.6500 0.7168 0.8383 0.9061 1.0404

OO~ U WD

¢o = 120.0°

1st 2nd 3rd 4th 5th 6th Tth 8th 9th

0.0566 0.0913 0.1392 0.1967 0.2882 0.3560 0.4449 0.5455 0.6567
0.0906 0.1263 0.1561 0.2052 0.2723 0.3508 0.4372 0.5059 0.5586
0.1179 0.1484 0.2470 0.2878 0.3585 0.4461 0.5441 0.6418 0.6939
0.1802 0.2160 0.2751 0.3838 0.4555 0.6585 0.8077 0.9244 1.0645
0.1754 0.2108 0.2502 0.2922 0.3608 0.4818 0.5613 0.6668 0.7765
0.2069 0.2346 0.2822. 0.3251 0.3766 0.4554 0.5290 0.5801 0.6760
0.2365 0.2648 0.3041 0.3607 0.4033 0.4700 0.5566 0.6156 0.6881
0.2641 0.2968 0.3296 0.4400 0.4888 0.5726 0.6507 0.7051 0.8871
0.2932 0.4048 0.5165 0.5878 0.6759 0.7275 0.8195 0.8969 0.9649

O 00O U b WD
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Table 2 Eigen values Q in the case S.S. a/h = 500. L,/L; = 0.50.

1) Axi-Symmetric mode in traverse direction

$o=190.0°

M=1 3 5 7 9 11 13 15 17

0.199 0.037 0.059 0.113 0.187
0.489 0.116 0.075 0.117 0.190
0.677 0.223 0.114 0.129 0.195

0 0.390 0.519 0.667

0

0.
0.781 0.33% 0.171 0.151 0.205 O.

0

0

0

0

.279
282 0.392 0.522 0.669
286 0.396 0.525 0.673

292 0.402 0.531 0.678
0.838 0.437 0.236 0.183 0.220 0.302 0.409 0.537 0.685
0.872 0.524 0.303 0.223 0.241 314 0.419 0.546 0.693
0.893 0.597 0.369 0.268 0.267 0.331 0.431 0.557 0.703

0.908 0.655 0.431 0.315 0.297 .351  0.446 0.569 0.715
0.918 0.703 0.489 0.363 0.331 0.374 0.464 0.584 0.728

OO0 U WD~

2) Anti-symmetric mode in traverse direction

do=90.0°

n
M=2 4 6 8 10 12 14 16 18
0.067 0.041 0.083 0.148 0.231 0.332 0.452 0.591 0.748
0.218 0.078 0.091 0.151 0.233 0.335 0.455 0.593 0.750
0.381 0.146 0.112 0.158 0.238 0.339 0.458 0.597 0.754
0.517 0.228 0.148 0.172 0.246 0.344 0.464 0.602 0.759
0.621 0.312 0.195 0.194 0.257 0.353 0.471 0.609 0.765

0.696 0.393 0.249 0.223 0.273 0.364 0.480 0.617 0.774
0.751 0.466 0.304 0.257 0.293 0.378 0.491 0.627 0.783
0.792 0.531 0.360 0.296 0.317 0.394 0.505 0.640 0.79
0.823 0.587 0.414 0.337 0.345 0.414 0.521 0.653 0.808

© 00 ~I DWW WK -

A p P TN g8
S 58 R g,
PO R P kg,
SEFHY by g by,

Axi-symmetric modes Anti-symmetric modes

Fig. 2 An example of eigen modes in the case of F.S. with ¢ = 90.0°, (a) axi-symmetric
modes  (b) anti-symmetric modes.
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WE - FIZoWTDZENS DERT L TWA, Fig. 912D ¥ 4 7OREA E— FilZRT, ThHORPL
EEHESROMIEVICEEL TS I Edthhrbd, JBHRIICEE TS L 4T L HIERRDE- FO%HE
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Table 3 Model parameters.

a/h @0 L,/L: Bound.Cond.

Type A 500 60° 0.5 S.S.
Type B 500 60° 0.5 FS.
Type C 500 120° 0.5 S.S.
Type D 500 120° 0.5 F.S.
Type E 500 120° 1.0 F.S.
Table 4 Non-dimensional frequencies, numbers Type F 500 120° 2.0 F.S.
of half-waves and response participa-
tion factors for type D roof.
=F Q e SlE RS Table 5 Non-dimensional frequencies, number of
FElAE B8AE  KEAN FFAD half-waves and response participation
factors for specific modes of each model
1 0.067 5 1 -0.000 0.001 type.
2 0.068 41 -0.001 -0.000
3 0.100 6 1 -0.012  -0.000 947 B=F  Q B2 24 FlBERE
4 0113 7 1 -0.001 0.040 MRIAE BHAE KTAN ETAR
5 0.115 6 2 0.000 -0.004
6 0.118 7 2 -0.000 -0.000 1 0.097 3 1 -0.025 -0.133
7 0.1581 7 2 -0.002 0.000 2 0.114 2 1 -0.120 0.021
8 0.155 8 2 -0.000 0.011 - A 3 0.149 4 1 -0.056 0.013
9 0.156 8 1 %-0.024 -0.001 6 0.226 5 1 0.019 0.075
10 0.159 7 1 -0.002  %x0.117 12 0.344 1 1 0.101 0.468
1 0.163 7 3 -0.000 0.000
12 0.165 6 3 0.001 -0.000 1 0.144 3 1 -0.001 0.018
13 0.197 8 3 0.002 -0.000 5 0.272 4 1 -0.000 0.018
14 0.199 9 3 -0.001 0.001 B 14 0.443 6 1 -0.202 -0.000
15 0.19 9 3 0.002 0.000 29 0.627 8 1 0.110  0.001
16  0.204 9 1 0.001 *-0.101 41 0.743 9 1 -0.003 -0.024
17 0.209 8 4 0.000 -0.002
18 0.210 9 4 -0.001 0.000 1 0.052 4 1 -0.140 0.033
19 0.212 10 2 0.000 -0.007 2 0.062 5 1 -0.014 -0.062
20 0.229 10 1 *-0,044 -0.000 C 3 0.067 3 1 0.024 0.114
21 0.240 10 4 0.001 -0.000 4 0.084 6 1 0.088 -0.017
22 0.243 10 4 0.000 -0.000 9 0.133 2 1 -0.331 0.060
23 0.244 10 3 -0.000 -0.000
24 0.252 9 5 0.000 -0.001 1 0.067 5 1 -0.000 0.001
25 0.254 8 5 0.000 0.001 10 0.159 7 1 -0.002 0.117
26 0254 9 3 -0.000 0.005 D 16 0.204 9 1 0.001 -0.101
27 0.257 10 2 -0.000 -0.002 20 0.229 10 1 -0.044 -0.000
28 0.270 11 2 0.003 0.000 37 0.310 12 1 0.091  0.000
29 0.276 11 1 0.000  *0.062
30 0.280 10 5 0.001 -0.000 1 0.115 6 1 0.001 -0.000
31 0.285 11 5 0.000 -0.000 8 0.213 10 1 -0.017 0.001
32 0.28 11 4 0.002 -0.000 E 33 0.434 13 1 0.003 -0.115
33 0.292 10 4 -0.000  -0.000 41 0.493 15 1 -0.001 0.104
34 0.295 10 6  -0.000 0.000 49 0.528 16 1 0.030  0.000
35 0295 9 6 -0.000  -0.000
36 0.300 11 3 -0.000 0.006 1 0.207 8 1 -0.002 0.000
37 0.310 12 1 *0.091 0.000 13 0.428 13 1 0.001 -0.022
38 0.314 12 3 -0.002  -0.000 F 17 0.494 15 1 -0.000 -0.017
39 0.321 11 6  -0.002 -0.000 30 0.610 16 1 -0.040 0.002
40 0.322 12 2 0.000  -0.002 3% 0.675 18 1 0.026 -0.001
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Fig. 9 Some mode shapes of type D roof.

PREVERRS Y, ORTOLIIBRELDDEDHL, T2, FIBRE AR & VE— FOTRIZEE
HA SRS L T, JAHHOLOTH LI LD hhb, #ic, BEFEISEEFEOE— MR
AYEVy, Table 3D D, E, F ¥4 TOMENS L/L WREVIE LEHRBEAKE &), T0H
FHOKRENE— FRFBLISEISEROS VIR E 2D 2 0305,

3.3 &R

(12)3%% Newmark-B i (8= 0.25) 12X ) HHEERHES L, WERIEELEHHT S, BHTTT Vi Table
3DA~D DAFEEL T 5, BIiDHBEHEIIHEDE— FIWEICKRELFETHI LN DPED
T, BHEICIEEREA NI /2 DEBROEFVERV A, BEERIILRE2RDE-FIZ2% 2525,
HEEF — ¥ 12 KOBE-JMA #® > £ NS, UD B DEEL 108 % V5, [GEFHE OREHZ 413 0.002
# (RE05E0 0.02 MEIME% 10 FENIHRE) & L7

Fig. 10 & Fig. 11 G2 EHSI L CERAROBRRIMEEINE, RAEEEELROTEY 17T

3000
2500
2000
1500

1000

Max. Acc. Resp. (gal)

Max. Acc. Resp. (gal)

Lk v 4 +

t + J . + + + s
(8'.%8) (7‘1";3) (3?305) (4.173) (%%’{31)0 ?6‘.)30) (%.511) (21I87) (31.6524) @.19)
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Fig. 10 Maximum acceleration response to JMA-NS&UD.
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Fig. 11 Maximum velocity response to JMA-NS&UD.
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Fig. 12 Distribution of acceleration response at the time the maximum response induced.
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LIZENFIRLZ DT, #M#/SoA—F A %L, SELLUGHET 2 LREFRY #) 2iER
PUIRLT SREDORPSERKIZINT A—F AD0A08) DA — ¥~ LRGN E WS, ZhBlED
F— TP B E RIEE R TR L VA D, TIUSH - REKESNTT, ZEREE ORI E 5101
BEALHEN o~ REEZONE BFICHEHSNIBREMGY c VTIEAN0Q0S) D+ —
=)o ¥£72, KTVEIE ETFEEFICAN LZBEOBRRIEEEERENEMIIAT LB E0Zh %
KELCEAALDHNETTELIDEH D, ZDTENSIDE I HEDIZE 5T, KFE)E ETEIDS
FRENEBICKE BB EE 52005, Fig. 12 3857 4 TIZoW TR K{EE & AR CONE
FEISEAED A % BTN 1/2 DI L TORLZZDDTH Y, IEBIITNROT— FAE#TH I L
ERB LTV 5, BRARPROMEECOEMN, HE, IHEOKICEORIBIEELT 7= A~ a
TRTADLE, BIZIEA 74 7T, BEIIKEANDKECEFE—F BRI 2 EOFEGTRE—
DEBT B, B ORI L O~ FAKERNTH S, B, C, DF AL 7TiE, EBLD
SRR 2 I, 4 EOFIFE - FAERLTWA, 20X ITRK, BRE&MN, ANBOAE SIE
LT, BHEIZEWOPDE— FAEBT A L0%hh 5,

4. FFARXBEOHRICEER

T 2T, EMANE A RIRRIAET 5 F A OB BN AT RII OV TS, FITICB LT
KCEEZ BV DIRROERTH 5,
1) ANHEROHE 2 BREMHOXE 3 HBROBCOPE

4.1 BIFEFIVEBIRTER

4.1.1 BFETN

AR ARSIV ERSNOBBEMRG 7 F 2 Y 2 WEIFEERED, NvFv—2EFMEL
TIREL TV 2ODEFMIOWTREIT 4T 7:Y , SRS, 2HNEE, 2RIV, Bad
Yy RUERIO -5 —XBO SEEDr — A2 E2 b, $HEOHEIY T, BRIHESHCD
WTRBSERY N 27 AT, BRAESHERIZOWTIIBARRE YY) 200 kgf/m® & U CHACHMEE %
BLEREE L L CRIMEA I BT A CEHEi L 72,

Table 6 Sizes.

Type A | Type B
L!
........ >y Ly (m) 21.00  42.00
Ly (m) 29.97
a(m) 57.90
X Boldeg) 30.0
: 0 h(m) 1.973
Loy, 7 d X tlnm) 165.2 X 7.0
1(em) 350.
Fig. 13 Lattice geometry. E (kgffem?) 2.1 X 108
P 0.3

4.1.2 MRFEZE
IS OFEE LCit, BRENEE S FAlEs2, B2V AEFRICETa< M) 228, 2D
PEEIT L AHREHETERILT 5 2 L2 X BB LD T2 A7z,
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WERWELEA Y A& O OES R,

M Cx b Ko = — M,  correerreressromsme sttt (13)
B & \SHERBE NS by
TEREN5,

SERICHTERE 2T L VIOEREY T, BIEATIRIET, A7 ) K R EAES 3701380 ST
PELTOLHENH Y, 0L EIIIBREICE W TIEBMED N, 12 X 2BIHETAERTE 4L
BBIENHB, £ZT,

K=K+ Ks (No) ...................................................................................... (14)

LLT, BOTK ¥ LEL, BB EZIT) S EAWEL LS, T IITKeNo) 1, B~ b 2
ALEHIND b DTHBHPTY T2 TR, THIHENEER L2 VIEE L EERTLHA LG OFK
DIFENTEAT ) o

39, HERUVBRES SHEEORMIC X AHBEEIT % O NSEERRN 21TV, OEH#IN, %
K, CONET CORBOBELR/2E 25, Type B~RS. DRSS R E R O
HEE X TW2729, BEBATIIT - TV, BT ORRE AV T KN, 21T 555, ZOB
CABOTRIERL, BOTHORETER L, &7 — R0V, Bkl LTEERGED 1 2THA
Newmark-8 % AV T OEBEEFITELIRAT 5, T2C3, f=1/4 L3 HMEERICL - TV
Bo BFE MY 7 Rid Reyleigh BIOHAIRE~ U 7 22V, 1RE 2KOBFERE = hy = 0.02
EL7

4.1.3 AOHBHEICOVWT

FRATI A L 7- i8Ik 1 Kobe-JMA, ElCentro'40, Taft ® UD RUSNS 5 TH Y, IEEOEY— 7 fE
%100 gal (CEELTANT S, Jhd, ZOFTIIUCERN Cho 2 & & Bz b EHBEE ROH
B L COBEDOSEEL R LR T A0 TH L, FHREL b, ATIREGERR I 10 T
SHEOBOMEORAIEL, 0.002F& L, UD KL —z HINZ, NSEGEy Al (FHEU5E) (AR
LTwWh,

4.2 BITRPR

Figs. 14, 15 3R KIS NERE R R RIGE R % Table 7 Eigen values (Period).
e, M LREARMZ L YRLAZLOTH
bo MIGKERBN 2T - 72858, BERFORET
Type B~RS. (IHILEEHE LB TN 2DT, K= K=K, |K=K +Ke
Ki + Ko & LTEHET 2 HiECIE, BARYZESZ
LHTERD 572 Type B~SS. X2\ Th, HEHR
WEFICB VTR ED 9 BV ED DA - TV Type A| F.E. | 0.563 0.552|0.721 0.669
B richY, FEMEARSOBEORTAIELL, 1 ﬁ'_é; 82}; gggg 83;8 8j§§ﬁ
KEEFEL K=K, Lz ED 2D ENORS L
%o Tnb, T0 X)) IHEITISRRGIRT R ORENZ Type B| F.E. | 0.882 0.765|1.376 1.345
FEl BO TR 2 8 LMl R L) S..10.928 0.9092.678 1.364
NUEE ) EfE T 7 BRSO REEBbh D, RS.|128 1) - -

AT HEB R OB BEHSHOREY RA7-0IZ, &K
DEEE 100 gal IRIZ TAN LD THAAINEI B AL NS, EMEROKESE2EZLL, Kl
Centro’40 AT TRREEDHER ENBHHETYH, KOBE-IMA ANTRERLLDHELHENHBL. $72,

Eigen Period

1st  2nd Ist  2nd
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Fig. 14 Maximum response acceleration for earthquake motions.
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Fig. 15 Maximum response displacement for earthquake motions.
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BEDE T I & > CEARMARHIIR 2D 2 L SERIZVNDLENS 2 5. BRAMORSIE, ETF
WESHOBSITER Y FESRONT, KEHHADOBIHENR SN, BHAMIZEY: Type B D%
DRERTMIBERE LT b, BREGOBEE, FS. & SS. OBEDORICIZZRIIL BN »72%kR
LRV, LAL, RS DBAIZBWTIIMOBEROGA & i ) FBEMFShz,

EBOBEHI BV TREENEHR L WO BETRT —F 4 y A1) OKFEORTR % &) NEBTS
PEVI) OHFBBEILBEIATHD, L, LTHEFANINEEIFLTHY, BEHERSy
FENCA B 20— 5 —CTHHSN/RS. ¥4 7T, z FAIDHEICLDRAT A MIH T DRI L v 7:

AR
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zévé; 7

Fig. 16 Distribution of the response displacement in case of S.S. (LG) for Kobe-JMA at
the time the maximum response displacement or axial force induced.

(a) Type A, UD, Disp., 5.82(sec.) (b) Type A, UD, Axi. force, 2.10(sec.)
(c) Type A, NS, Disp., 4.86(sec.) (d) Type A, NS, Axi. force, 7.48(sec.)
(e) Type B, UD, Disp,, 2.92(sec.) (f) Type B, UD, Axi. force, 2.58(sec.)
(g) Type B, NS, Disp., 5.22(sec.) (h) Type B, NS, Axi. force, 6.56 (sec.)
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», SEHBOEMLIRE R D% b WIS, y FEOWHAE 0, FIFHRITIENS ANHL
CHRVAERI B8R R L, 1 IPOERERONE & ) DAEMEMEEIVNS (BVREIREL 25T a
LEbHND, Type A~RS.~KOBE-JMA (I VTR X DOERIEEHIH THDW, FHEHORFES
AU DB RIS ORI M OBERE OB ST FDLOFNSITECEB 2R L TWALD L BN
Z) o

%L LT, Fig. 16 [SRKREMRURKENBEROEAIRE TR T,

4.3 ZOBEOEED

AFORMNCRWEFVIZEEA I ELVIET A XOEETH S, F—LPHEROBIRIZBEWT
5T 4 XOBE, KB % AT LThBRACEIISRENTE U LTS, FHHN T KTHEIAT
OERD L NBRGEITE A EDr — XTHEHNNTH o 72e D) RRERD S, K7 4 XORBRIE
P DRI ISEREROA T L, ATHEENT AR, RUHE - KPR O AT
(F1-RERESDY) I LAEHORERORIPULETHL EBbNE, T/, EEREEOBFE,LA
JIBRE LT EOBEIRAT A, L) 2L SIREICR S,

KOBE JMA 1IS KOBEnet
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