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VEHET— FOZHEEEOEROLEROKLD, 4AHOERALFHIIONT, E<OEHEACHL TREHEZS
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Table 1-1 9(= vma*/Ehg @) of normal vibration (inertia of u, v, w are included) :
fixed support, axisymmetric case (n=0), a/A=100

Q

Mode Number .
$o fst  2nd  3rd  4th  5th  6th 7th  8th  9th  10th 11th 12ch 13th 14th 15th

30.0  1.046 1.321 1.611 2,042 2.906
32.5  1.025 1.247 1.558 1.845 2.535
35.0  1.009 1.189 1.497 1.719 2,249
37.5 0.996 1.144 1.423 1.648 2.029 2.703
40.0 0.985 1.109 1.349 1.603 1.862 2.425
42.5 0.975 1.082 1.285 1.556 1.745 2,201 2,838
45.0  0.965 1.061 1.232 1.496 1.675 2.021 2.573
47.5 0.956 1.044 1.188 1.427 1,632 1.877 2.352 2.950
50.0 0.947 +.031 1.153 1.363 1.596 1.768 2.168 2.697
52.5 0.938 1.020 1.125-1.307 1.548 1.696 2.015 2.483
55.0  0.929 1.010 1.10r.1.260 1.488 1.654 1.888 2.300 2.802
57.5 0.920 1.003 1.082 1.220 1,427 1.623 1,787 2.144 2.596
60.0 0.310 0.996 1.066 1.186 1,371 1.586 1.715 2.011 2.417 2,893
62.5 0.900 0.990 1.053 1.158 1.322 1.535 1.671 1.898 2,261 2.694
65.0 0.889 0.984 1,042 1.134 1.279 1.479 1.643 1,804 2.126 2,519 2.970
67.5 0.878 0.979 1.032 2.008 2.366 2.779
1.906 2.231 2.610
1.819 2,111 2,460 2.854
1.748 2.006 2.326 2.691
.058 1.140 1.260 1.422 t.601 1.699 1.913 2,207 2.544 2.919
80.0 0.817 0.956 1.000 1.049 1.122 1,231 1.379 1.557 1.670 1.832 2.100 2.412 2,762
82.5 0.804 0.952 0.995 1.040 1.107 1.205 1,340 1.509 1.649 1.764 2.004 2.294 2.620 2.961
85.0 0.790 0.947 0.99% 1,033 1,093 1,182 1.305 1.462 1,624 1,712 1,919 2,187 2.490 2.820‘21611
87.5 0.776 0.943 0.987 1.026 1,081 1.162 1,274 1.420 1.586 1.681 1.843 2.090 2.373 2.685 2.8%4
90.0 0.760 0.938 0.984 1.020 1.071 1.144 1.247 1.381 1.542 1.660 1,777 2,002 2.266

1114 1,243 1,425 1,613 1.732
70.0  0.867 0.974 1.024 1.097 1.211 $.375 1.572 1.686
72.5 0.855 0.970 1.017 1.082 1.184 1.332 1.521 1.658
75.0  0.843 0.965 1.010 1,069 1.160 1.294 1.470 1.634
1
1
1

77.5 0.830 0.960 1.005

Table 1-2 2 of normal vibration : fixed support, antisymmetic case (n=1), a/h=100

f
do Mode Number
1st 2nd 3rd 4th 5th  6th 7th  8th 9th 10ch 11th 12th 13th 14th 15th 16th

30.0 1.052 1.220 1.657 2.403

35.0  1.02% 1.127 1.393 1.889

40.0 0.995 1.072 1.242 1.579 2,087

45,0 0.971 1.034 1,151 1.386 1.755 2.252

50.0 0,944 1.007 1.094 1.261 1,534 1,914 2,381

55.0 0.909 0.988 1.056 1.179 1.383 1.676 2.052 2,399

60.0 0.867 0.973 1,031 1,123 1.278 t.506 1.807 2.158 2,321

65.0 0.820 0.960 1.013 1.085 1.204 1,382 1.624 1,923 2,165 2,337

70.0  0.771 0.947 1.000 1.058 1.15% 1,292 1,487 1.734 2,006 2,128 2.420

75.0  0.720 0.934 0,990 1,038 1.111 1,224 1,382 1,588 1.832 2,001 2.172 2.485

80.0 0.6635 0.921 0,981 1,023 1.083 $.174 1,303 1,473 1.683 1,888 1,988 2,250 2,378

85.0 0.618 0.908 0.973 1.011 1.061 1.135 1,241 1.383 1.561 1.762 1.864 2.049 2,254 2.350

90.0 0.568 0.893 0.966 1.002 1.044 1.105 1.193 1.311 1,462 1,642 1.766 1.885 2,113 2,193 2.418

95.0 0.519 0.879 0.958 0.994 1.030 1.082 1,155 1.255 1.383 1.539 1,675 1.753 1.955 2.108 2,222 2,488
100.0 0.472 0.863 0.951 0.987 1.020 1.063 1.125 1,209 ¢.319 1.453 1,586 1,645 1,817 2.012 2.089 2,288
105.0 0.426 0.847 0.944 0,981 1.011 1,048 1,101 1.172 1.266 1.382 1,504 1.554 1.701 1.886 2,021 2.125
110.0 0.382 0.830 0.937 0.975 1.003 1.036 1.081 1.142 1.223 1,323 1,430 1.474 1,603 1.769 1,943 2.018
115.0 0,340 0.813 0,929 0.970 0.997 1.026 1.065 1,118 1,187 1.274 1.364 1.405 1.520 1.668 1,834 1.964
120.0 0,299 0.795 0.921 0.965 0.991 1.018 1,052 1,097 1,157 1.233 1.304 1.344 1,450 1.582 1.732 1.8%0
125.0 0.260 0.776 0.913 0.959 0.986 1.010 1.040 1.080 1.132 1.197 1.250 1.294 1,390 1.508 1.642 1.792
130.0 0,223 0.756 0.904 0.954 0.981 1.004 1.031 1.066 1.111 1.165 1,201 1.253 1.339 1.444 1.565 1,702
135.0  0.187 0.735 0.894 0.948 0.976 0.998 1,023 1.053 1.092. 1.133 1.163 1.218 1,296 1.389 1,498 1.622
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Fig. 1-1 deflection modes of normal vibration : ﬁ\ m .
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Fig. 1-2 deflection modes of normal vibration :
fixed support, n=1, a/h=100
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An example of distribution of the UD response quantities of a dome
on the surface, ¢,=60°,a/h=500,
(1). w ) (2) M¢ , (3) Mo N (4) N¢ f (5) Na s
and (A): A=3.6¥10"%, (B): A=2.25%107* ,(C): A=5.76+10"*
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.. M M M M M
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an
. M
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2
- 1=
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1= ma* N N L
Os; =;-®55/®0s , A= Eh Bps = Y, EstGsiS (],1)

j=1 i=1

@1s=%§1 _§1Gs,-Gs,-{ 2-j (j+0)} { 2-(i+1)-4,} S(0)
=l i=

1N N
+_2 2quckps[)LjSZ(k:j)"’{/lj"2+j(j+1)}5(k,j)]

3
— a . ° —
02 (p.q) = -—KD{ sing W," Ny 4 Ws} "
j=1 k=0

1 N X _
-— GiCrpsSik,j) N =2N(=2K
2 (1_‘})]21 k§0 sj - kps ( J) ( L)

1 N N ) )
Z chpqcir:i‘s (k’l)

B, (poa.r) = - #_Vz){ sing Wy Wy W, W, | T ) &

oo
@4s=3§stS (j, 1) @SS(p)=§ 'NGPJ-GS,- (j+2)S(j+1 i)+(i-1)S(j-1, i)] {_12({'+1)}
j=1 j=1 i=l ]+1

RO OEFERIILTHRRETEZSN S, LR 2HBRICDONTA Y DTN OBRRMEEDMHE THEAL
SEMBETEZMEFTDT Kunieda, 1993) (B, 1999, 2O—HEZRT.
Table 2 Critial Intensity A, in Single Modal State, Kobe JMA UD, a=4000cm, n = 0.01 , Fixed End

, - 30° ¢, . 45° ¢, . 60°
a/h=1000 a/h=500 a/h=1000 |a/h=500 a/h=1000 a/h=500
A 0. 0008 0.'0016 0.0008 A 0. 0016 0.0008 A 0.0016 A 0.0008
1 - ——= - 1 - -— 1 - 1 -
2 -— - -— 2 - - 2 - 3 -
3 -—= -— ——= 3 - - 3 - 6 i
4 -— 11.1250 -— 4 - - 4 - 8 -
5 14.1250 9.9750 - 5 - - 5 - -9 i
6 14.9750 3.9750 8. 3750, 6 10. 6750 —— 6 19. 3000 10 19. 0500
T 9.7250 6. 4500 9. 1750, 7 10. 4250 17.0000 7 18. 9500
8 9, 7750 4.9125 8. 4250 8 6. 6750 18.9750 8 12.0250
9 5.9750 4, 2063 11.9250 9 8.6250 10. 9750 9 12.0250
10 2. 3875 1.1438 - 10 5.0250 - 10 7.3750
11 4.0063 2. 2438 -— 11 - 7. 3750 11 -




Table 3 Critical Intensity A, in Multi-Modal State a/h=500, a=4000cm, w=0.01, A=0.00065

£— kil P, = 30° P, = 45°
bt El’ CentroliD Kobe-UD  |EI’ CentroUD Kobe-UD
1,2 - - 12. 800 6.100
1,3 - - 12. 800 6.100
1,4 16. 200 12.800 12. 800 6.100
1,5 8. 300 ‘ 8. 700 12. 800 6. 100
2,3 -— -— —-— —_—
1,2, 3 - - 12. 800 6. 100
1,2,5 8.300 8. 600 12. 800 6. 100
1,2,6 2. 600 2.900 12.900 6.500
1,3,5 8.200 8.200 12. 800 6.100
1,3, 6 2. 600 2.900 12.900 6.500
2,3,5 8.200 8. 100 - 15.500
2,3,6 2.600 2.900 15.000 9.400
2,4,6 2.600 2.900 14. 600 9.500
2,4,8 2.000 1.375 8. 100 8.500
1,2,3,4 16.200 13. 100 11.800 6.100
1,2,3,4,5.6 2.700 2.900 11.800 6.400

¢, = 30°% a = 4000cm, Fixed End
El" CentrolD Kobe UD
A/h A 1n=0.00 n=0.01 7n=0.00 7 =0.01
0. 0001 0.5150 1.0750 15.1000 -—-
1000 0.0008 0.1750 0.3687 0.1437 0.3625
0.0016 0.2250 0.5750 0.1563 0.3125
0.00005 2.9000 8.4000 3.1950 0.9600
500 0.0004 1. 0500 3.1000 1. 0250 3.7000
0. 0008 0.4938 0.9750 0.9000 1.6750
B—T—ROBPALNLE—REREZZRTHHEGOIVECBAMBEEIIE< 2520 HEik e L TERE
HAEEEE—ROTNS EORICE— RZESNIIRETHD. ThHORLDVEFOHBTHHARERRO
RERBIEITH B, EH, CORBFETHNRERALBRAELECTLOEMERMVETS L. Al
TH5B., HMBOLOIBBHANESTE L o) PEMBEDRIREIITNS OMEFENREREICISELD
HLITLITRESENTNS OB LICEETHADEN I >TNE I ENEN, INSORDEELRE
BHIIHEY AL L TOPNATECRRL TS,

22T, BMEREBRANBELZRSICITVIZFHEEMAL 7~ Kunieda, 1993 SEIKEN-1ASS). FEBREHEITH
B EBOROENRRERRLEEHRWICH A ABEL L THASED SN TETVWS, £ELT, A4 A%
HIEH TE OMEFEHEEFLTHLMNTARDBOTHY, iz, EREICHOEIBEHEORASMIZ
BELDTHD, LHLANS, AFABBECELT, IHARERKREBRITHE T HMANNBELZHEET S
APRBRFNTFRIREZREINTHAL,

25 BMRERFAAILBEOFE

— I HBEY OB AR EESIIARBEERICBN T, FRLEO TERMOANERAPICBEWTHEERDT
55, BERANTHEATy THECEHEWEDESORERAREIIED TESICHEHNTE LM, HBDE
DL S ITHUKENONHOBSHRNERERCRAIDTEERAREF RO LSFIIRFHFANTIIIERICHET
3.

EHIMAERN OV EREAREO THEOREBC I IRELTEho TEL INSOMAEBEL T,
HEIIRORENRRET DO TRAWNEDBRNEFEZASL IR,

RE: TRNHE—HEICOVNTERTEA5E. FERROREEKIARRORERRICL> TRONSD,
RADEROREMDFNOHREL TS,



n2X+an+X+aX2+ﬂX3=F(t) as

-ax \/a2 -48
Xg=e- V" (19
2B
EERETD, CORPBBRTHHHORMAECHER (Kunieda, 1993 SEIKEN-1ASS) 2Bz, Bl &idT
ANF—HEICENIAMOEREERTS. b LHERONBNZOERE2EA 2 &, gIMO7 ~5 2%
—KHRET 520 HDNIREEEICREL T, o TERTRIFE > THIHMEERBEOZERICRUL TESA
HEBRROHBOZERA & R2E5,
X (19 THERINBEUZEBLT L ERAVE (X, 0) 2084 LR BEROBBNIARTERS
NBEIFRNF—LR) GIZRETZHDET S,

Co=C|x_x,=(X*/24aX>/3+ BX*/8)| yox, (20)

HLANNEEL., ZORNCE - TAHEINSEFAZTHEHALDEEZ2 LR )VF— C WA 2L, (
E(CHABOIANF— LNV DERBERREHBERNPOMOEMEZEE T HORELRART Z &
MTED, foT, COEBALSROLSREREEIHT I LOHELTHAS D,

REE : FERRROBMMRERFAORBINHSRMNICBERRONBFICETSATHS.
ZORBRAATERINS.

Co-(C+A)=0 @

t
A=f1F(t)X(t)dt, (att=0,X =X 4, X =0) (22)
0

LA THARRONB ML ERAREOEE TIIERROBMMA SEHINALOERRTIENTE
BTHED, 2T, ROBTENRAEITEWNEEBEROM X KRO> THREAOHER VTR (22) OAZ
FELTHHROKCRWALEZ S A2 THAS. BHEROMIBEBOFBTEKRE L THEA I ENTES. K- T,
AHOBRICE > TR (20 ROBDBERMITITS ZENTES,

HEROBERD D, NERHE(X),0) DbETIE B <0 DBEITIE

X =-X, 2R(ay ~T)cndn > cn,dn, sn: JacobiD¥EIBI¥K
nB[R +1+ (R -1)sn]

R, B, oy DR BIZ DV TR (Kunieda, 1993 SEIKEN-IASS) 2 BB hizis,

Table 5-1 Comparison of Predicted Intensity Factor with Exact Result for Step Loading

o

B8 1.0 0.5 0.1
-0.5] 0.9988 | 0.9908 | 0.9821
-0.3| 1.0020 | 0.9936 | 0.9825
-0.1] 1.0070 | 1.0000 | 0.9850

Table 5-2 An Example of Comparison of Predicted Intensity Factor with Direct Numerical Result

modal number
1 2 3 4 5 6 7 8 9 10

BEHR 3623 -— -— 7.329 2615  1.008 0.172 0.032 0.029 0033

FiRlE 3624 - - 7.180 2627 0.983 0173 0.032 0.029 0034




3. BERYAMD  VORHE. MhBIGEHE

ZEHEE L TRBEAINZBHEEAMNY o)V OMBEEEERET 220 ITHBRISERT 2 ET L TRE
EHTCERREZERL TWAY, BERKOZOICETHRREMRSHELILREL -, SHiREFKERE
AOTOIREBITIERNTRAVOT, BEFMIENCTLERESROBRRE (ELUH Z1FELTw

5.

Z2MOME > ) OB RENE Donnel RITETWTHIE
miakwoh—HEAEHELH AN TS
(Kraus, 1967), 273, $7RE L 2 OHBRMBEERIT
Dischinger RIZETWTHE (1959) Itk HE2 N TVWS
2N, BEREER. BEE—RFERFEINTOLAVWDOTES
BRI N TWARY, B TIF EMICk D RERT

EFETTHIEN—ROTHS 0. BFEDR BHEE—

RENLEL —BRBHAERELTEAGNE a0 Tz,

ZITHOHE->TWEORIBBERIIETMIEHEROLDOT, ERITX BEMENBEORIIZEEL

Ty,

BEROm< ABIZL D BRIEMIIEL SN TWAEN, FETOTSLERICELEZREICTS20, ®HTIZ
CHRERERDD, FHT IR LERICSEZTWS, Dischinger RZEIK HHEHREHHFERIL

D’Alambert QFEBEZHANTROLDIZHEA SN S,

2
1-v 3-v a
vu'+v°—w+k{ u'°°-—u"——2—v"°— w" = 2w"%° — W% 2w — W —B—Z =0

2
1+Vu’°+v°°+1_vv”—w°+k 3(1-V)v”+§iwﬂa +E__Y=0
2 2 2 2 B

B-= , D=——n, k=—r=
1-v2 12(1-v?) Ba® 124°

AAEITMBERIIEAATELASNS, AL, 0 = PUABLAELZDEER,

2 32 2

X =—piz—(u +0),Y=- —2(v+17) R Z=—p—a—2(w+H7)
ot ot ot

H_/=Wcos(¢—0— )+Vsin($°—— ),—=—Wsin(¢—0—¢)+Vcos(9£_¢)
2 2 2 2

(23-a,b,¢)

(24)



31 BHENSOR

TR SN S U THIUMER THAXE, BERERCTEEDESZEALDT. TNITHL BB ZEXR
H5, BRI ERODELIITES,

=S, (#) coshE €, v=Sv, (@) sinhE e, w=Tw,(p) sind,E e -

u, =Ee™ v, = Fe™ w, =Ge™
W m BTATREINS 8 RAEAEAD 8@@@'@3@60

Dym® + Dym® + Dym* + Dym® + Dy =0 (26
ZORDOBE D~D,iRw oMK THD AL,

Dy =kA, D, =C? - AC, +k(AA; + A, + B)

D, = A,C)* +2B,C, - AB; - Cy(A4A; + A,)) - 2B,C,C, - B’C, - AC," + kA, 4,
Dy = 2B, A,C, + By® - A, A,C; — By(A Ay + A,) - 2B,B,C, - BB, - 4,C,’
Dy= Aa(Bz2 - 4,85)

A =(1-v)A+k)/2, A4,=0Q"-27, 4,=0Q%-AA-v)(1+3k)/2
B, =A(1+v)/2, B,=-A(v+kA%), B;=-(1-Q%)-k(1+1")

Cy=-kA(1-v)/2, C,=-1-kA*(3-v)/2, Cy=-2k(1-1%)

0= P‘lz w? = (1“’2)9‘12 w?

B Eh
BHEEMOBEIZSCTROERIZI DOV 1 S IInidsoh s,
(1) m*! NEOEFEEDEHE ml=a EBNT

(Was thys V)= (B Q10 R)ET +(Py, Oy, Rp)e™™ an
Q) =08, 0y =6Fy, Ry = mB, Ry =-17P)
(0 & pidtaid)
) w=EAl OBE. [Vom? | p EELT

(Wy» Uy, v,)=(8, 01, Ry)cos B¢ + (B, O, R,)sin B¢ (28)
Q1=06R, Q) =6P, Ry =B+ 1Py, Ry =~ B + b
3 n=HFEEE OHE. m=a+if (a,f>0)LENT
W s V) =€ (B 1, Ri)cos B +(By, Q. Ry)sin g

+e”®{(P5, Qs, Rs)cos Bp+(Ps, Qg, Re)sin Bo}
O15=08) Ps-0,Pg,0,6=0, P5-61Pop
Ry = P, - 4Py Ry = iy + Py, Rs = ~(uy B - 11pFs) , Rg =—(po s+ wiFs)

. 29
TZTo, 0 & ulTkOBRICEALNS,



ry - Coby - cib, - -cb -c,a

p=¢y-9, 6

2 3
ab, +b, apb, +b’ (30)

8 =8,+idy (8,>0) (m* = HEBMEDEZ B>0)
u=p +ipy (uy>0) (m® = EEETRENEE B>0)

a; = —(A2 —QZ)+1:2—V—(1+k)m2

b= m, b=m?-[E 043027 - @2
2 2
3 1-v 2 3-v 2
o =—VA—kA -——kim*, c,=-(1+ kA" Y)m
2 2 (31

Fhbbodn, ot . OBAK., aldnnd .. OBEK
8, R RERTRVWELTERZS5A TS, BEROBERITEOEBFERNTTIROERNEMNENOF =

wIZHNLONEDATHEINSFOBERZARNELTRATIZIIEARN,
BREHFETATEALNS,

[@n] (B B B B) =0 (32)
FTRAWP,BREL-DOELE L L THRETHOGIHIXNBTH2 LW REEARANELND, 22, 1T
FIROBREXZVEFREHEOBREK L THEOT. BEHESFERORTHI2EGRDE L RD S5 -DITITR
FHEEEErAvRhdasn, RTHHETHEEEZRDBBRITRIEOMORERETRELAND S, £7., 174
RABIEICRICEIEREZRODZENFRARIENO T, BFEICHENEENDZIETHS, £, B
BIh28WIEEEORETHS, RADORETAXLVERENRES &, PR>EVWOKELTHEGD
IhREXIN, BEECHETAEEE—RMFESINS &Ik, P 2ROBICUE-T, RBHOLTE
AWAELEELELS, WIFhRh1IEOR (117) BFREEALS, ZO 1 HORNZMAMNIGEATH SR P, OFHER
BRECTRTNERSRY, TOZERREIZEFTEOELUEORBELS, A, RESLEFHEICEME
HEFNBEOT, LRHERED PIIACKREZEA RV, BEEOREERNINVWEDICEFEDAF v M
BE/NE < ENITHERRRRENICETOTERNTLRY., K- T, BEEERDSZEDICUTOL I ZEE
L7,

O BEEHEOBYIOAFy REE 0.0001 935, FHAXOFENELTHIALTIIHBEEZNELTS
@ 2#0RHEAETDOELIDRESLP, OBLADENSRUTOLEZTET S
@ FELTEBEARE->HEERFOEITEEEAF Yy CHMBEE 0.000000 ELTRDEL., ENS5EE
B L TIHAIRBBIGESKBEOA2EHELETS

BREAOGE L 2OEEHEEEE— ROF % Table 6,710, HBEE— FOFZE Fig 4152 5.

Table 6 Normalized circular frequenciesQ (symmeiric mode) by exact solution

(a) R/h=500, ¢ =60, Ly/Lx=0.5 (b) R/h=500, ¢ =90, Ly/Lx=0.5

It _2nd  3rd _4th Sth 6th  7th 8th 9th st 2nd 3rd 4th 5th 6th  7th  8th _ Oth
0.082 0.158 0.289 0.464 0.679 0.909 0.995 1.254 1.504 0.055 0.086 0.132 0.208 0.304 0.419 0.552 0.703 0.368
0.141 0.210 0.306 0472 0.685 0.909 0.991 1258 1.598 0.086 0.127 0.190 0.240 0.313 0.423 0.555 0.706 0.870
0.183 0.275 0361 0.490 0.69 0.912 0.993 1.266 1.605 0.125 0.156 0.213 0.298 0.369 0.439 0.563 0.711 0.874
0233 0312 0433 0526 0.711 0.916 0.999 1.276 1.616 0.159 0.199 0.242 0316 0.418 0.497 0.578 0.719 0.880
0.286 0350 0479 0.581 0.732 0.922 1.009 1.289 1.629 0.195 0.231 0.287 0.340 0.435 0.548 0.615 0.731 0.887
0338 0396 0.513 0.636 0.758 0.928 1.022 1305 1.644 0233 0.263 0.323 0.381 0.454 0.570 0.665 0.747 0.896

0.388 0.447 0.548 0.681 0.787 0.934 1.040 1.324 1.663 0.269 0.299 0.350 0.424 0.482 0.588 0.701 0.769 0.906
0.438 0.499 0.586 0.719 0.818 0.941 1.060 1.346 1.685 0.305 0.338 0.380 0.457 0.519 0.607 0.727 0.794 0.916

[LCRN - NPT e
[o IR B RV RV R S s =]




Table 7 Normalized circular frequencies(Anti-symmetric mode) by exact solution
(a) R/h=500, ¢ =60+, Ly/Lx=0.5 (b)  R/h=500, ¢,=90*, Ly/Lx=0.5

n| Iss 2nd 3rd 4th 5th  6th  7th 8th  Sth n| Ist 2n0d 3rd 4th  5th  6th  7th 8h Sth
1 ]0.093 0.187 0257 0.383 0.575 0813 1.093 1415 1.778 1 {0.050 0.093 0.158 0227 0273 0.364 0486 0.629 0.79
2 10.131 0.218 0357 0466 0.594 0.821 1.099 1420 1783 2 10089 0.123 0.172 0253 0.354 0455 0514 0.636 0.794
3 10.187 0251 0.381 0.551 0.655 0.836 1.109 1.428 1791 3 10122 0.164 0216 0270 0366 0485 0.609 0.676 0.804
4 10238 0.306 0406 0579 0.725 0.858 1.121 1.439 1.802 4 10.160 0.192 0.255 0320 0383 0496 0.630 0.743 0821
5 ]0.285 0364 0445 0.602 0.769 0.882 1.136 1453 1815 510196 0.229 0.279 0362 0427 0.511 0642 0.777 0.846
6 10.334 0412 0495 0.629 0.799 0.905 1.153 1.469 1.831 6 10231 0269 0.311 0386 0476 0.538 0.655 0,795 0.869
7 10.385 0454 0.548 0.659 0.824 0.927 1.173 1488 1.849 7 10268 0302 0.351 0410 0.507 0579 0.671 0.810 0.886
8 10.437 0498 0.596 0.694 0.847 0.948 1.195 1.510 1.870 8 10.305 0.334 0.390 0.440 0.529 0.619 0.692 0.824 0.900
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Fig. 4 Examples of eigen mode Ly/Lx=0.5, a/h=500, ¢,=90°
(1) symmetric n=1 (2) symmetric n=3 (3) Anti-sym. n=1 (4) Anti-sym. n=3
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HZ0FENS EBHTIEL. £, ERETRIBBREOEBANRE ZEERS. > T, LTHEHIIHNTLE
BERBBLERRRTHEENRTHNS, 2. BERBDEABSEVWKEO TEALTSHD, E¥0BREEHE
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fij + Zga),-jf},- + wzijTij = F;(t) (33)
b=1,3.57 7=123,45,6
nE5h5,

X (33) h OKERIBEEL T, (1) 13 Nigam-Jennings HIC & D BHERMEMICGTE I N, AFOHBERIEIT 0. 02
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Figs. 5 Cylindrical roof maximum response quantities for Kobe-IMA
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a1 = 20105 (61005 ~ §200) (@5 —wl), @y =250, ~ 107) (w3 - wf)
$n =(a1/w, ~a,0,) (34)
g, tw,idn BEHE—ROEEEREEAGARHBRTHD. {2, 3FRETRENETN0.02 LT
Wb, .
AR R (B, 1998) O—E%# Figs.5 K5 A%, INSORIZFOREMNE, HAICHRLRL, @LT
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(&) for UD - Component (B) for NS - Component
Figs. 6 An example of distribution of the response quantities of a cylindrical roof
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u=3YU, () cosik ei“”,v=2Vn(¢) sinA & &0 w=YW,($) sinA,E £t
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U, V,,W; 3 1 RORE—RTHB. E, F, G RBKTREAARBERE 0 1TKEFT 550N, MEOED

DHERRBERT S, BMEBIIBITHRHMEE 0 Q2 ROERFCERETHSL I L2BBCLTHHREO | &H
DIRE—RERDEDICERRT S,

U= 3 {u A€ +e™%P )4 By cos ¢+ ,Cy siny, ¢}
k=7,

K

Vi = kz’ {, A (e™? —e"%® )+ B, cosyip + ,Cy sin B0} (35)
=J;

. K _ o _
W= 3 {wdyle % 1% )+ | By cos B + ,,Cy sinyd)
k=t

i

k 2k 2k - —
ak=‘£: By = ~ =(—£——12£,¢=¢0—¢
0

T }/k
¢ %o o
T, FHHEO i BHORKE— RIZROL D ILEHT 3,

- K; _ = i
U= 3 {,dz (e~ )+ By cosypp + ,Cy sin B¢}
k=7,

. K —
Vi= 3 {,Au(e™™® +e™ %)+ By, cos B + ,Cy siny, 6} (36)
k=,

- K; _ = ]
W= 3 {wAy (e - )4 By cosy,d + ,Cy sin fid}
k=7,

KE— ROREETS. 5. GORDFEKA, B, , 2kH3,
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$=0, ¢y T U; =V, =W; =W°; =0 37
EANT A, S0EEREED 5.
(2] 2 HZBEMLSORE— RIIEROBREHERE— FRALOBERZ LM

¢=0, ¢gT U; =V, =W; =W° =0 (38)

RUU dp =0, VY dp =0, [RWH dp =0 (i = j) (39)
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k21 k22 k23 FI —QZ 0 mayy 0 F} ={0} (40)
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Table 8 Comparison of approximate circular frequencies with exact ones
(upper: exact lower: approximate) a/h=500 ¢o=60 Ly/Lx=0.5

(a) 35 SYymM (b) # anti-sym
n | ist 2nd  3rd  4th  5th  6th  7th _ 8th  9th Ist 2nd  3rd 4th  S5th 6th _7th  8th _ 9th

=

1 [0.082 0.158 0.289 0.464 0.679 0.909 0.995 1.254 1.5%4 1 {0.093 0.187 0.257 0.383 0.575 0.813 1.093 1.415 1.778
M=9}0.082 0.158 0.289 0464 0.679 0.909 0.995 1.255 1.958 M=910.093 0.187 0.257 0.383 0.575 0.813 1.094 1.624 2.970
M=140.082 0.158 0.289 0.464 0.679 0.909 0.995 1.254 1.594 M=11{0.093 0.187 0.257 0.383 0.575 0.813 1.093 1415 1.779

2 ]0.141 0210 0306 0.472 0.685 0.909 0.991 1.258 1.598 2 ]0.131 0.218 0.357 0.466 0.594 0.821 1.099 1.420 1.783
M=9{0.141 0.210 0.306 0.472 0.685 0.909 0.991 1259 1.963 M=9]0.131 0218 0357 0.466 0.594 0.821 1.101 1.630 3.012

M=11J0.131 0.218 0.357 0466 0.594 0.821 1.099 1420 1.785

M=1140.141 0.210 0.306 0.472 0.685 0909 0.991 1.258 1.598
3

0.183 0.275 0.361 0.490 0.696 0.912 0.993 1.266 1.605 3 ]0.187 0.251 0.381 0.551 0.655 0.836 1.109 1.428 1.791
M=9]0.183 0.275 0.361 0.490 0.696 0.912 0.993 1.266 1.971 M=9]0.187 0251 0.381 0.551 0.656 0.836 1.111 1.639 3.031
M=110.183 0.275 0.361 0.490 0.696 0.912 0.993 1.266 1.605 M=11]0.187 0.251 0.381 0.551 0.655 0.836 1.109 1.429 1.793
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Disaster Prevention Research on Shells and Spatial Structures

Haruo KUNIEDA

Synopsis
Safety of shells and spatial structures is especially necessary, because the scale of these

structures is usually large and large number of people are contained. The author has been engaged
in the research of shells and spatial structures for several ten years from the viewpoint of safety
security for the natural disaster. At the factor of the natural disaster, there are earthquakes, wind,
snows, etc.. One of thses disaster factor should be taken into consideration according to the shape and
structural characteristics of these structures in disaster prevention research. Here, a part of the
authours research concerning earthquake response of spherical domes and roof type cylindrical shells

is summarized. And how these researches are promoted is shown.

Keywords: shell and spatial structure, U-D earthquake response, dynamic stability, natural frequency





