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(b) Problem 2

(a) Problem 1

Category of Coupling Problems for Structures

Figure 1.1.1
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Figure 1.1.2 C(ategory of Fluid-Structure Interaction[1.5]
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Figure 1.3.1 Governing Effect on Responses of Liquid-Structure System
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EMERT., 2-EEMREME%Table 2.2. 212377,

COATFY THEHET (DEtLIBVTRERE L >TWDS, 777 ABEBEINT
BOLAHEEORELE (=t ) XFETMHICKRKNTERINTVD,

F(t)={f(t140)+F(t,-0)}/2 (2.2.12)
(DS, FAFIE=1ZB VT, FE0. 50 KM AE LN LH OB BRI
ZEERLTWVD,

Fig.2.2.2(a) B L U () DR et L2 & SHBTFLEROKREIEREFLEL
CEBTEEAD Y. BT S I EE RIS € B D NRBENE LT 5 2 2 ath
NB, TOE>ZEAEBIERORABBTRLNS., JhIET U TERBIIBL
TE<HMLNEGIbbsOBEELFEERZ LD AKOFEKTH Y, N(2.2. 108V
TERBEEEFRECTH Y 2L 2DIE>EHEDTHD,
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(1)
(2)
(3)
(4)

(5)

Table 2.2.1 Test Function for Krings-Waller's Method

Time Domain

Laplace Transformed Domain

£(t)=H(t-1)

f(s)=exp(-s)/s

f(t)=sin(st)

f(s)=z/(sz+iz)

f(t)=exp(-0.5t)

f(s)=1/(s+0.5)

.f(t)=exp(—0.2t)sin(t)

f(s)=l/{(s+0.2)2+l}

0 (4n-0.55t$4n+0.5)
f(t)=1 1 (4n+0. 5$t£4n+1.5,
4n+2.55t£4n43.5)
9 (4n+1.55t£4n+2.5)

(n=0,41,2,. L)

f(s)=cosh(s/2)/{s-cosh(s)}

where H(t) is step function

H(t)=0(t<0), 1/2(t=0), 1(t>0)

f(t)=H(t-1)

2= _—= T

-5 —+ A A
] D 1 1.5 2
{
(a) N=2%(=64), v =6/T, T=2
Figure 2.2.2 Numerical Results of Krings & Waller's Method
Test Function : f(t)=H(t-1)

(Continued)

. Numerical Result,

Exact Solution
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f(t)=H(t-1)
o

1.5
]
0
T
5

i

-5 s

p .5 1 15 2
t

(c) N=2%(=64), v =3/T, T=2
Figure 2.2.2 Numerical Results of Krings & Waller's Method
Test Function : f(t)=H(t-1)
: Numerical Result, -—----- : Exact Solution
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Table 2.2.2 Numerical Results of Krings & Waller’s Method
Test Function

f(t)=H(t-1)

Exact Results

Numerical Results (T=2)

N=28, v =6/T | N=2%, v=6/T |N=2%, ¥=3/T
0.0000 | 0.000000E+00 | 2.484681E-03 | 2. 484911E-03 | 5. 239518E-02
0.0625 | 0.000000E+00 | 2.514009E-03 | 2. 488588E-03 | 5. 251508E-02
0.1250 | 0.000000E+00 | 2.556129E-03 | 2. 493869E~-03 | 5. 266112E-02
0.1875 ] 0.000000E+00 | 2.616114E-03 | 2. 501389E-03 | 5. 284059E-02
0.2500 1 0.000000E+00 | 2.701160E-03 | 2.512052E-03.} 5.306311E-02
0.3125 | 0.000000E+00 | 2.821628E-03 | 2.527157E-03 | 5.334173E-02
0.3750 | 0.000000E400 | 2.992713E-03 | 2, 548613E-03 | 5. 369458E-02
0.4375 | 0.000000E+00 | 3.237242E-03 | 2.579287E~03 | 5.414774E-02
0.5000 | 0.000000E+00 | 3.590552E-03 | 2. 623623E-03 | 5. 474007E-02
0.5625 | 0.000000E+00 | 4, 109542E-03 | 2.688789E~03 | 5.553230E-02
0.6250 | 0.000000E+00 | 4.880709E-03 | 2. 786960E-03 | 5.662504E-02
0.6875 | 0.000000E+00 | 6.109594E-03 | 2. 840357E-03 | 5. 819820E-02
0.7500 | 0.000000E+00 | 8.118572E-03 | 3. 193817E~03 | 6. 060869E-02
0.8125 | 0.000000E+00 | 1.173608E-02 | 3.652479E-03 | 6. 467958E-02
0.8750 0.000000E+00 | 1.937117E-02 | 4.632405E-03 7.282447E-02
0.9375 0.000000E+00 | 4.227804E-02 | 7.712936E-03 9,.630181E-02
1.0000 | 5.000000E-01 | 4.929873E-01 | 5.012975E-01 | 5.476459E-01
1.0625 | 1.000000E+00 | 9.436465E-01 | 9. 948759E-01 | 8. 990065E-01
1.1250 | 1.000000E+00 | 9.664054E~01 | 9. 979380E~01 | 1. 022534E+00
1.1875 | 1.000000E+00 | 9.738023E-01 | 9.988882E~01 | 1. 030766E+00
1. 2500 1. 000000E+00 | 9.771050E-01 | 9. 993076E-01 1. 034963E+00
1.3125 | 1.000000E+00 | 9.787438E-01 | 9.995148E~01 | 1. 037546E+00
1.3750 | 1.000000E+00 | 9. 795676E-0) | 9. 996190E-01 | 1. 039342E+00
1.4375 | 1.000000E+00 | 9.799725E-01 | 9. 996703E-01 [ 1.040720E+00
1.5060 | 1.000000E+00 | 9.801949E-01 | 9. 996986E-01 | 1. 041868E+00
1.5625 | 1.000000E+00 | 9.804150E-01 | 9.997267E-01 | 1.042806E+00
1.6250 | 1.000000E+00 | 9.808055E-01 | 9.997761E~01 [ 1,043909E+00
1.6875 | 1.0000005+00 | 9.815596E-01 | 9. 998711E-01 | 1. 044938E+00
1.7500 | 1.000000E+00 | 9.829161E-01 | 1.000042E+00 | 1. 046047E+00
1.8125 | 1.000000E+00 | 9.851852E-01 | 1.000327E+00 | 1.047287E+00
1.8750 | 1.000000E+00 | 9.887806E-01 | 1.000778E+00 | 1. 048714E+00
1.9375 | 1.000000E+00 | 9.942616E-01 | 1. 001465E+00 | 1. 050389E+00
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s Fig.2.2.2()B LU () EHETS I LIt ) MEMBIRET yORELr 2
2%, yORERSAEIVHE, BHOSBEICS O THAESESRELHELZL S
rxb0d, LoT, DEVyOEENSISLTED LHEEFRECLDHAND B,

FHAPL) : BHRAEBAERERTH P A DVTHEIEET o7, B
@WET=AL LA EY V7Y VN2 22 LEEL,. vy DEOREELIEL, 2o
yEABFEDNNS A=Ak y=5/T, v=3/TB LT v=9/T0 3EHEIELIETIT>
MEHEORERY TR EThFig.2.2.3(a), M)BLT(IIRT. TAELADT I 71
BOWTEHBRBEFEREL2AVEBATHY . R TERERUALNEREEFEA
FREUTER W, Fig.2.2. 3LV EHEA(OB A LAYy DEINNS T ED & B
GEHI*ELTEENRELL LI b0d, -y DEERELTIIZDONEM
BEILBOTHEEREREHE L TLE LU TAELLREH UBRENEATIHEMmIRE LN
5., LML I TCHEEEEEBIIRLTOWROD y DEIVNSOHSITHEEL T
MAHIIBIIREDIVWHERELEHDI LA TES,

FHAG)  RICHEBERA*EEAEOM G L LAEGEIIDVWTEXD, T=108&
UN=2°, UCHEEL. vy DEDHA23/TBLUS/TE L THEHEZIT >R R 2 Fis.
2.24@)BEIUMIERT. WTFhOBEERLBREEZFIISOTERENZHEIZHER
T52¢bhE, ZOHBOSASRMOBHAMAICHBEL Ty DEVNS S TEHE
DEVERE2BII LN TEDL, £ TCHEREZRIRZVHNOELAE<TH
HEBRHEELETHLREDLVEREL2HBDLI I EMNTES,

HEMMA  RICEBHMEEBDICRHLLEPOEBET O ERBEERZLALAEEIOVT
HEHEL2TS, T=16BL UN=28 B EL. v=5/TB LUS/TE AT ELFERET
hEhFig.2.2.5@)BLVTMIZRT. (a)DHE. BHEFIIECTHTMIEEN
Bohns N 2ERYLBECRERRE BN TCED, #HAQ DOEXBYD
ARICEROBERES2H 2V EETL2OEARAFEEBONILENESITHE
DEIVHEREBLZIEHARETHD.

HHAG): COoFERNEEREORERLB T AR IOBREEHICRLNLBHEET
HH, TOMBEFEFED L HED, ~BIBBEFLERCERBEDIVHEREEZHDLZ
YA TH B, Fig.2.2.610T=7,0=28B L Fr=5/T& LEHADRERERT.
TOPELBEPIIAST A - A EBRTNERE LI CHEERTEIENTEL Z &40

"5,
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(a) N=2%(=258), v =5/T, T=4
1.5
1 / \
E R
£
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t

(b) N=2%(=256), v=3/T, T=4
Figure 2.2.3 Numerical Results of Krings & Waller's Method
Test Function : f(t)=sin(xt)
: Numerical Result, ~—-=--2 Exact Solution
(Continued)
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sin(rrt)

f(t)

(c) N=2%(=256), v =9/T, T=4

Figure 2.2.3 VNumerical Results of Krings & Waller's Method
Test Function : f(t)=sin(st)

: Numerical Result, --—--- : Exact Solution

1.9

4] é.S -9 7.0 10

(a) Numerical Results, N=2°(=512), y=3/T,,T=10
Figure 2.2.4 Numerical Results of Krings & Waller's Method
Test Function : f(t)=exp(-0.5t)
: Numerical Result, ----- : Exact Solution

(Continued)
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exp(-0.51)

(1)

4] 25 9 7.5 10
, t
(b) Numerical Results, N=2°(=512), ~v=5/T, T=10
Figure 2.2.4 Numerical Results of Krings & Waller's Method
Test Function : f{t)=exp(-0.5t)
. Numerical Result, --—--: Exact Solution

1
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o 0 : : :
Il \/
P
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prasg

-5 : =

Y 4 12 16

—~ C0+

(a) Numerical Results, N=2%(=256), v=5/T, T=16
Figure 2.2.5 Numerical Results of Krings & Waller's Method
Test Function : f(t)=exp(-0.2t)sin(t)
: Numerical Result, —ew—-: Exact Solution
(Continued)
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(b) Numerical Results, N=2%(=256), +v=8/T, T=16
Figure 2.2.5 Numerical Results of Krings & Waller's Method
Test Function : f(t)=exp(-0.2t)sin(t)

Numerical Result, ———-- : Exact Solution
3
2 ¢
-
- 1 1
S’
G
1 et '

4] 2 4 6
t
Figure 2.2.6 Numerical Results of Krings & Waller's Method
0 (4n-0.55t£4n+0.5)
Test Function : f(t)={l (4n+0. 58tS4n+1. 5, 4n+2. 55t£4n+3. 5)
2 (4n+1.55t84n+2.5)

(n=0,1,2,...)
Numerical Results, N=27(=512), v=5/T, T=7
: Numerical Result, —————: Exact Solution
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f(r+inde)

Inverse Fast

Fourier Transforn

F[f(r+inda)] |

exp(rkdt) F Y[ (y+inda)]/T

f(kdt)

Figure 2.2.7 Argorithm of Krings and Waller's Method

F7'[f] : Inverse Fourier Transformed Function f(s)
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f(t)

(a) Exact Solution

Ty

(b) Inverse Fourier Transfornm
Ti: Adequate Period

Aliasing Distortion

\ 4
Z AN £ AN L /

I Ts

(¢) Inverse Fourier Transform
T2: Too short Period (Appearance of Aliasing Distortion)

Figure.2,2.8 Aliasing Distortion in Inverse Fourier Transafornm
t: Time
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t > TKrings-Waller® HFEIZBWT NI A—Fy &H TV U TENDBEY 4 %
R IV EEBROBENEDLNS, WHEOEANLHBICHTOHEITORKRL
VKD EDBRNRNTA—ZDEREENBFOLND.,

a.1) Yy DERI/THLI0/TOBBENBEETH S, —BHICIHTHLE/TREDR
EARGLEECHEAERESBONS., v OEINNIVE S REETS 5
bl THENEUD, Ly OEFNAECE SHFHEFTEENERT
%,

a.2) YU TV U ITENs#EMIENIEHE XM LTS, BICKEEEZEEIIBT LM
ErmEd s,

FTABOLNERECLHNTAIREAHET IO EFROEIREELHORIEL Y,

b.1) WERME (BREIFEDE EOHRME) VEYLFHETROLATOENE D> 7,
ROLNTWEWVWEGRy DEE2ARELTS.

b.2) WEZFCHEZLZHIFEULLRGLTVINEI 0, LEDQLZVEHEET
HDUIHEHPH UL L2 OBE THEFRE2PVETS. & VENDHE

PRELT S,
2.3 HMHFOHF
2.3.1 HEHEHER
STS 2HTHROEHR(2.1.2DICEENDIEHUREerp(2) R ROEDITHEET 5,
: exp(ri)
exp(z)2Eec(z,71)8—— (2.3.1)

2cosh(ri-z)
RECIDEHRUEMTHAERANELOND.
-1t

i (2.3.2)
2 n=—ez-{7,+i{n-0.5)7}

exp(71)
ECC(Z,71)=>

IITis/ -1TH D,
R(2.3.2) xR LAOIERATHIERRNE XD,
1

7+iM_
f(t):——j f(s)Ecc(st,r1)ds (2.3.3)
2ri Yr-iw
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o
Figure 2.3.1 Integral
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RECIADODHEEMSEROD LDICFig. 2.3 I RINDIBEPERELAVDIE 0 &
T 5, |
4B R=R1tR2+Rs+Ra
Ry @ [-i@—-T+iQ (Re[s]:const.)
Rz : T+iQ—=0+iQ (Im[s]:const.)
Rz : Q+iQ—-0-i0 (Relsl:const.)
Ra : Q-i@—T-i (Im[s]:const.)
72U
sy
ET 5.
REIDOESRBESER 1B >TITDOIDI3E0DEL. TORQEEBEKRIZTS
ZEidYEkDLN B,
MOBRIUCHBIBED LKA DESILERDIN S,

[17aN
HA

Q

I1=I+Iz+13+12‘ (2.3.4)
REENSN &
1 _ ] i

[1=— f(s)Eecc(st,71)ds, I=—— 1 f(s)Ecc(st,71)ds

2xi YRl 281 YR ’

-1 3 ~1 o
[g=— f(s)Eec(st,T1)ds, Ig=—r f(s)Ecc(st,71)ds

2%i YR2 271 Y R3

IITEMNORFExIRABBMRESTTHS.
ZITRQCIHDDENThDOEPIZONWT, ThTIIMT 3,
ETHPIIIDOTCERS., BKE ()2 Re[sI>TIEBVTERTH B &4k L.

R(2.3.2)DBEE(st, 7D {71+i(0-0.8)} /L CRINDERBOBWERF D & H

L, BHEHIZIVKRDLIILLRE, ZNEEQo0ETS,

exp(r1) = _{71+i(n-0.5)7
I= ! Z (_1)n+lif(,_ln_—.)
2t n=-e t
exp(y1) .= (7 +i(n—0.5)x
B Z(ﬂ)“lm[f(—l———————)} (2.3.5)
t n=1 t

ERHD 122 B PERT DI LIV KRR ER D,
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i ea_f7+il dry
Iz=-.§nf ( ) Ecc(T+iQ,Tl)“— (2.3.6)
25 vr

t t
L7=do>T
1 ¢ r+idl
tYr t
A,
EFRIZBWT
exp(71)
|Eee (7410, 71) |z ——— (2.3.8)
2cosh(r-11) ~
EhBDT
_( 1+if
M2= max f( )l (2.3.9)
rsy=n t 3

.3 NDIFRKOEDICR D,

Maexp(71) dry iMaexp(r1)
21| 12 < ‘Ym = (2.3.10)
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L BCERDES IR D,
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Ms Q eXP(Tl)
2z|13|<:——.f dg (2.3.13)
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FITQRERKIZITDLE
lim T(s)=0 | (2.3.14)

s b (2.3.10)8 L U(2.8. 1N VM B E UMl FhThEL LD, B!
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toTHUEDHER2EEDD R HELND,
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- = TlfTable 2.2. iz a B Krings-Wallerd H D BMEHHH & AR S HEH

_39_



f(1)=H(t-1)

(a) v1=2, N=75

f(t)=H(t-1)

(b) v 1=4, N=20
Figure 2.3.2 Numerical Results of Hosono's Method

Test Function : f(t)=H(t-1)
. Numerical Result, -=--- . Exact Solution

(Continued)
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f(t)=H(t=1)
Ul

i 5 1 15 2
' t

(c) v1=4, N=75
Figure 2.3.2 Numerical Results of Hosono's Method
Test Function : f(t)=H(t-1) v
: Numerical Result, ~——--- : Exact Solution
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Table 2.3.1

Numerical Results of Hosono's Method

Test Function f(t)=H(t-1)
Numerical Results
t Exact Results
N=10, v 1=2 N=10, v =4 N=10, v 1=6 N=20, v 14 H=T75, v 1=4

0.00 | 0.0000000D+00

0.05 | 0.0000000D+400 0.4171986D-17 0.1804223D-34 0.0000000D+00 0.1804246D-34 0.18042460-34
0.10{ 0.0000000D+00 | -0.2024107D-08 | -0. 4246876D~17 -0.87515940-26 -0, 4246930D-17 | -0.4246930D-17
0.15 | 0.00000000+00 | -0.5827833D-05 -0.3525373D-10 | -0, 2026405D-15 -0.37837270-10 | -0, 3753963D-10
0.20 | 0.0000000D+00 0.1508184D-03 0.49016060-07 0.15312480-10 0.5345415D-07 0.5559182D-07
0.25 | 0.00000000+00 0.3294332D-03 0.11249600-06 0.3773015D-10 0.1124974D-06 0.11249740D-06
0.30 ] 0.0000000D+00 0.17841810-03 | ~0. 1236941D-05 | -0, 1194462D-07 0.26196400-06 | -0.75005050-08
0.35 | 0.0000000D+00 | -0. 1979235D-01 | -0. 3823342D-03 -0.7347200D-05 | -0.32430020-03 | ~0.3313913D-03
0.40 | 0.0000000D+00 | -0.1812324D-01 | -0.3423609D-03 ~0.6495026D-05 | 0. 3329222D-03 -0,3348815D-03
0.45 | 0.0000000D+00 { -0.1798687D-01 -0.3353856D0-03 | -0.6144466D-05 -0.3353698D-03 | -0. 3353478D-03
0.50 | 0.00000000+00 | -0. 1798644D-01 -0.3353459D-03 | -0.6140762D-05 -0.3353501D-03 | ~0.3353501D-03
0.55 | 0.0000000D+00 | -0. 1798673D-01 ~0.3354005D-03 | -0.6151005D-05 | -0.3353785D-03 -0.3353479D-03
0.60 | 0.0000000D+00 | -0.1784771D-01 -0.3256162D0-03 | -0, 3695259D-05 -0.3403716D-03 | -0.3347873D-03
0.65 | 0.00000000+00 [ ~0. 1831828D-01 -0.4485497D-03 | ~0.4439690D~04 { -0. 3969468D-03 -0.3338148D-03
0.70 | 0.0000000D+00 | ~0.1875019D-01 -0.57683820-03 | -0.7922731D-04 -0.8164603D-03 | -0.3782054D-03
0.75 1 0.0000000D+00 | -0.8741296D-02 0.36872680-02 0.1944044D-02 | -0.78080370-03 0,22358690-04
0.80 | 0.0000000D+00 | -0. 1965326D-01 ~0.21952060-02 | -0.1543777D-02 0247908080-02 0.7713287D-03
0.85 | 0.0000000D+00 | ~0.6069210D-01 -0.2904184D-01 | -0.1913470D-01 -0.1152137D-01 [ -0.12763390-02
0.90 | 0.0000000D+00 | ~0. 3564266D-01 -0.91525650-02 | -0.3364668D-02 0.2108548D~01 0.6812175D-02
0.95 | 0.00000000400 0. 1466008D+00 0.1471720D+00 0.1308660D+00 | -0.5824523D-01 0.13611750~-01
1.00 | 0.5000000D+400 0.4495833D0+00 0.43556210+00 0.4056140D+00 0.4749995D+00 0.4939851D400
1.05 | 0.1000000D+0! 0.75548320+00 0.7562867D+00 0.74213270+00 0.1082119D+01 0.1012492D+01
1. 10| 0.1000000D+01 0.9702904D+00 0.1002291D+01 0.10240370+01 0.1012185D+01 0.8988820D+00
1.15 | 0.10000000+01 0.1063379D+01 0.1125144D+01 0.11764270+01 0. 93663570400 0.10082650+01
1.20 ] 0.1000000D+01 0.10799820+0! 0.1138882D+01 0.11842090D+01 0, 10358550401 0.9870536D+00
1.25} 0.10000000+0} 0.1045490D401 0.1088882D+01 0.1121705D+01 0.1031409D+01 0.99285760400
I.Sb 0.10000000+01 0.1001225D+01 0.1020769D+01 0.1016861D+01 0.9666598D0+00 0.99947540+00
1.35 | 0.10000000+01 0.9667183D+00 0.96452750+00 0.9251717D+00 0.9730647D+00 0. 1000508D+01
1.40 | 0.1000000D+01 0.8480896D+00 0. 93250830400 0.8701246D+00 0.1018226D+01 0.89778670100
1.45 | 0.1000000D+01 0.9436048D+00 0.9244547D+00 0.85566090+00 0.1028385D+01 0.9938636D+00
1.50 | 0.1000000D+01 0.9485078D+00 0.93384030+00 0.8736301D+00 0.1002276D+01 0.9943918D+00
1.55 | 0. 10000000401 0.95796820+00 0.9526908D+00 0.9111966D1+00 0. 97940500400 0.10019600+01
1.60 | 0.10000000+01 0. 96836430100 0.97426340+00 0.95596690+00 0. 98068310400 0.10036960+01
1.65 | 0.1000000D+01 0.9775226D+00 0.99401410+00 0.9985666D+00 0.9874324D+00 0.99578340+00
1.70 | 0.10000000+01 Q. 98446630400 0.10095430+01 0.1033301D+01 0, 10119540401 0.1000501D+01
1.75 | 0.10000000+01 0.9890240D+00 0.102000920+01 0. 10577160401 0.10149330+01 0.1001104D101
1.80 | 0.10000000+0Q1 0.9914741D:00 0.1025947D+01 0.1071709D+01 0.1008102D+01 0, 99730070400
1.85 1 0.10000000+01 0.99228420+00 0.1027839D101 0.1076607D+01 0.99831590+00 0.1002160D+01
1.90 § 0.1000000D+Q! 0,9919189D+00 0.1027081D+01 0.1074411D+01 0.9914476D+00 0.99736630+00
1.95 O.lbOOOOODiOX 0.99090460+00 0.1024347D+01 0.1067257D+01 0.9897731D+00 0.1001604D401
2.00 | 0.10000000+01 0.9894952D+00 0.10205630+01 0.1057037D401 0.99242720+00 0.9982676D+00
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Figure 2.3.3 Numerical Results of Hosono's Method
Test Function : f(t)=sin(xt)
: Numerical Result, ----- : Exact Solution
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DEAURZEEIIDCTHEOAEICL )V RES 77 AEEBRERSL. KEHEDN
SA—ANBELU v i 2B IIEL ST THMEHE 1TV, AEFEDHREBELIUETOR
WHFBEHBEIZIODWTEET S,

WEHEDERE LTRINDE /7 7 I3+ SHBISORCIHALLALS
WTEHEIREZHDTH S,

FAM() : A7y THEEROS O, MFOAEEHACTREICOVWTON,
S OETHHBER T/, ZDEERFED/NT A —&%(11=2,N=10). (1174,§=20),
BYU(11=4,8=T5) & UTEE €T >~ HEHEOREL ThTNFig 2.3.2(a)
b (I RT. UFD/5 78V TEES & CRBEMTDHEI L HEB S
CEMEEDT. 250810 DWT EEN LI HE% Table 2.3. LHIRT .

CPEADEE T (DRI BVWTRERE > T WD, 777 AERREINTH
b % BB L BT R TR B DTS

£(t)={f(t+0)+f(t-0)}/2 (2.3.17)

ToEHI(DOFEFBRIBELICROLATOHE 'C*&;tt=06:§:‘b\'t‘ 1Z10.
SOBENEBELNT VD, w?ﬂ@ﬁﬁﬁ%t%%&@?éﬁ% B WT RIS
EFLTWBZ &ADND

R5A— Ry 1 OBEELEELFBERELET DL AT A—F 10EPNTER,
SRS EE CHARAREOREAETFLTVAILNDRD, 2710
rEAkELESE, BEWETREVEELNE LN, BRI TR vy 1 DN

WS IV EILINEENETLTVWSZ &ADND,

FANRSA— Ay 124 LEEUNOEAMMS EAGEOMBRLIY NI A—IN
DEEBEMT A ONERICKRTHEMND D Z & BbPD,

CEEAL() EREBEABEHEON KL LAEABEILOVTEADL, I0L EEAPA
5%—&@@%(nﬂmﬂw5;0%hwwﬂwabtt%@%%%ﬁgzamwﬁx
T TRT, WEFROEMBIZB VTS FA%EBRCTHREPHTREERFLMET
ROHLENTWVWLEZ ENHND, STRIEK U TCHEBEEZEIIBVTATIA—Z v 1BRE
WEEERENBETNREONS, 77 Z7IZERLUTORVH, LT A—INOD
{E’Ey’c%<Tntiﬂ%ﬂﬁﬁa’é#‘-c:iﬂ\f%‘ﬁiiﬁmih\%ﬁ;&%ﬁézé::bf’C‘%Z)n Vi O
DB ECE, NEEEBINOUIAE L RD., IOk EHONSIREE
YIDENKENHRNHENOLVEREMNBF LD I EADbRoE,
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Numerical Results of Hosono' s Method

Test Function : f(t)=exp(-0.5t)

exp(-0.2t)sin(1)

f(1)

Figure 2.3.5
Test Fu

v 1=4, N=10
Numerical Result,  ----- : Exact Solution
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Numerical Results of Hosono's Method

nction : f(t)=exp(-0.2t)sin(t)
v 1=4, N=10
Numerical Result, —--—--- : Exact Solution
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Figure 2.3.6

Test Function

g : 2 + 4 + 6
t

Numerical Results of Hosono's Method
0 (4n-0.55t£4n+0.5)
f(t)={1 (4n+0. 55tS4n+1. 5, 4n+2. 55t£4n+3.5)
2 (4n+1.55t54n+2.5)
(n=0,1,2,...)
v 1=6, N=100
: Numerical Result, —w---2: Exact Solution
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HHEAR)  RICHEHEBEEBREHAEONRELIEZEGIIOVWTERS, Tk &
DT A—ZOMER (71=2,N=10). (7154, N=10)B L U (11=6,N=100 & L= HH B %
For, (=4, ¥N=10)DHADERE%Fig. 2.3.4IR T, WTFhOBRLERIIHL T,
ThODERA*RANTI LA EBELBEOHETHELATYS, HEEEIIHLT
AFEEBERATH EEHEAMOBLIT@IICERERLULTAIA-Ly 10EIZELTH
FEBTCRVI ENbno ., |

BHAG(4)  RICEBEEHICHRFULPOLFEBETOIHEBLZERELAZBEEIZIDOVT
RS A—"DEH (71=2,N210), (7154, N=10)B LT (11=6,N=10) & L BEHE L 1T -
oo (7154, N=10) DB A DR £ Fig.2.3.51253 7. 3 20HRLLEHIIH L TIFIE
ABREOHEXEBOLIL, 20 ELHEAMN Q) OEABEOLSEHBIZKETE
HEEOHEIINASA—RA0ERIRETHBEN DI EHOND,

BHEHAG) : AFE2EHLUAEBBEBOMERIIST IR AIOEHER & HE
NHLDTH5bH, KEED/IN T A—F%71=6,N=100& U -BEFEOHREFig.2.3.6
BREMEOHEHRIFTRFLRFETHELON TV LM, U URBEE CRITEERO
BEMNRPREFTLTVS, ZITTIT7TCERILVNIRIIA-Ey 10l KEL
TR ONTR.31B)DEBMOWENEL 2DV NIA-ENDELZRES TIOLLNE
Ko, UNPLINEBEOEER vy 102 KRELS TE2HMNBENILC RS, ZhidH
F2.19)8RRTVE Iy 1DEEARELTHIEIIYVRQIDDHEHELHD
FEROBE NELEL, FERINEZBEEROBE A ETS., Lo T, TEDHL
INOE2HBATCEIHEEEI Ty 10EERELSTHITIVI LIRS,

2.3.3 £%
HMEOFEDBRAOHBE—S0AERHEOBERIEENES I IROLINLI L
ThHd, EEEEHBE LD TRELHEBROFRLBBEL LRI ETHD, ¥
CRAPLUENODH 2 ROIGHITEEIIBHUCHERDARLSZLEELT
DDTREEIZER TH 5 [2.33],

FITCARFHEILI D THBHERTOBONRT A - S0ERFEBIZIOVTEERT .
575 AEEHRILFATMIZILFig. 2.3. 70 & S % BronwichiE® [2.34] £ IEIE N 5 S=
YHoDEEEHOMBEBIZN > THLTHI L IzL VTbha, Thbb, J0O&E
BOREHSEITOT S)DOBICH T2 HEMERD D THREFEOENF LN

3

., ZHAIZHLULTHED A &KIZS=y+ioDEEXEHIIBT2HHIBBELHVD. &
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Figure 2.3.7 Bromwich Integral Contour and Hosono's Integral Countour
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f:?éﬁf%ﬁew(st)@ﬁwiit ULTCZOFHBARIIEBEX*RORQC.IDOEBE A VS,
cprDEERTNEFEHT (OB OHERNICL CHEBBOEUROEO
ANEET D. Fo TR ERTABAAVIBROCIDERALSNOTHIN LMK T
(b y < A—DHAREZHAND I ENTES, o THEDFEIEN(2.3.1)
DEURDOBEECLIVIRBOHEN RIS EEALND, X233 DICBNT 1D
EEAEL THET DB EHBBEKerp(SITETE, HEORVHEHEORKEM
mohsd, L Ly 10EEXRELSTHAEREEEHB L 2OORBOHBENES L
BT hIER bRV,
TEIDFETCRT T AEHENATA— 2 s 2R (2.3.18)TREIND LD
s=(71-0.52) /t+inx/t (i=1,2,...,N) (2.3.18)
PUTHEAIT>TWS, BEtHEAEVES, BRAIA-ZOEZINS LD,
COEOEBOERNDOELERELLBTAERBROERNAIA-ZEZTHESINL
V., o THEIFNREVE EHRBOEBNEKRES TILE DD,
FoTHEDEFRIEINT A= v 1 237V v ITHNO@EYRERICEY FEHR
DEENEDLND, FHEOERNLBEEICH T 2HEHTEOHRIVRDO LD 21
FA—ADEREENELND, ‘

a.1) Y132 AELThITHBEHEORE A LTS, LALNREEZHLZOHD
FHOEBNEZ < L HRENS D, HRHZ v 10HIZ405 6 BENE
YThH, EHENIZBEEICEY %) B LEZRERICELT LS DERR
AH W,

a.2) Bl t A SR B EHMBONENEL 2D, TOLOFEBENEZRELSTD
HENDH D,

EROKBENECEATIHE, SVHELLEETHLEILER1EXRELTD

BENHDL, TITv OBBEEELC, NOMEHEMEESZLIZL)BEROW
HEMBLUZTNER L LW,

2.4 #E

AFEIIBWTHEHRY—Y TEBRAIIER LT84 dKrings-Waller® FEEB L U
?Eﬁﬁﬁ%{%‘ﬂ@(bfﬁiﬁ%%Z’EET6%&1%}0)?}‘&50:Oh\fd)ﬁﬁi}ﬁﬁiv%ﬁ&&%
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A EBRU, COBR, 2O0FEEBHEYIINAT A - ERRTHUERGFLHEE
EETABMEREBIIENTELZENHEOLMII R, TRTADFEDORH
e HHERDEDIICILD,

Krings-Wallerd FHEREBERATFT—Z DA BIZEN TS, £IOHKREIEER
BIUOYEEHREITHOIENTETHB I ehb,. Bidd CIRBERTICERBENRO
Fo R REALTHEATH L HBEERD., REULSDHEROEREHELT
ZIrUEEBETALENDD., S%. MEX 20V YFUTEREEEND R
DHHFETHHEEBLEIIBCTHEERSNRPLUBEITRECRDIILTHILER
bhd, JhiER(2.2.6),(2.2.M%K(2.2.9), (2.2. 10 THRETIT S Y7272
CELDZHLDTHE., COHKETEZILFERSE. 200y TYVIHTEY
HEODIOCHERRERTTOILENHD EEDNSD,

HMEOFEREED —SOBMIIB T ARENO I VEERRLBLIOLHEHLRFE
THDH, BILBLAYHEBOEEL2LHBELLAEWVWEDIL, RADHREERDD L
SISO HOERTCAERHEBOAE 2 RELTIRAIIRBRHERTFETDH D,
L. (2.3 ITRENIFHOWH L FZDOTH R VEHBETHEDIVEREZED
FEEABATILENDHLEEDRD., AETIEI KU TERulerZ#fiE V7.
H(2.3.15)D LI IFNFROENLEILE., AL HFE0EATSHEITIEShankd
RAMAE[2.351BFELTWE I e Mbh TS, ThREFOFHEROETZL L
WL+ L, RETRESEDLZALNS, $LEREROAELRQ.3DEIRT
ZeT, FUVRHEQDRVEEANELh Z EARHEIND.
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2B, 2-K. pe E, hBLURIETNTNEADKFEER, BKOHE,
MEDOHRBEGRE., WEBSLUTHEFLRT. _
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Fo THRBWIEEMTES 2R LA, &6 I Joukowsky R THONDEHE &L
Db kS SRASONBBOEECTHEE T RATEMNEETS I LB U . Forres
cal ¥ Herrmann[3. AVE M ICIE D bh - R EORFCHABIEATIBYRHE
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WA NTWD, X bicWalker& Phillips[3. 8N BA THiE T hAFE DERED %
wEAEHCBREERETA I LIV ERLL, BEMEREBHIERETROTNS,
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Table 3.1.1 Classification of the Theories
Equation Equation Coupling
Theory References
of Fluid of a Pipe Condition
Skalak(1956)
Forrestal et al. (1965)
Dynamic Continuity Urata(1975)-(1987)
Coupled (Thpge— Dynamic of Velocity Krause et al. (1977)
Theory Diménsional) on Interface | Walker et al.(1977)
Barez et al. (1979)
Tomski et al.(1984)
: ‘Adachi et al. (1987)
Uncoupled Dynamic Suzuki (1975)
Theory (One- Dynamic Neglecting Adachi et al. (1986)
Dimensional) ‘ B
Wave Velocity
Joukowsky's | Dynamic Considered Bergeron(1861)
Theory (One- Static | Static Li(1983)
Dimensional) Deformation
of a Pipe
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Cylindrical Shell

Figure 3.2.1 A Semi~Infinite Circular Pipe Subjected to Waterhammer Waves
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Figure 3.2.2 A Finite Circular Pipe Subjected to Waterhammer Waves
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Figure 3.3.1 History of Liquid Pressure P for the Semi-Infinite Pipe

at x/R=5
(In Joukowsky's theory and uncoupled theory, the figures

denote the results for all r.)
(Continued)
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Figure 3.3.1 History of Liquid Pressure P for the Semi-Infinite Pipe
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(In Joukowsky’'s theory and uncoupled theory, the figures

denote the results for all r.)
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Figure 3.3.2 History of Stress Resultant Nes in the Semi~Infinite Pipe

at x/R=5
(Continued)
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Figure 3.3.4 History of Liquid Pressure P in the Finite Pipe at x/R=b

h/R=0.01, I/R=10
(In Joukowsky's theory and uncoupled theory, the figures

denote the results for all r.)
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Figure 3.3.5 History of Stress Resultant Nes in the Finite Pipe at x/R=5

h/R=0.01, 2/R=10
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Figure 4.2.1 A Circular Cylinder Filled with Liquid and Subjected to
Impulsive Uniform Load
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Figure 4.2.3 Mechanical Model
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Table 4.2.1 Parameters « and B

Pipe Fluid a B
Ethyl Alcohol } 5.07 0. 00390R/h
Glycerin 2.79 | 0.0206R/h
Steel Mercury 3.93 [ 0.112R/h
Benzene 4.95 | 0.00456R/h
Water 3.63 | 0.00963R/
Ethyl Alcohol | 5.00 0.0117R/h
Glycerin 2.75 [ 0.0618R/h
Alumimun | Mercury 3.87 | 0.335R/h
Benzene 4.88 | 0.0137R/h
Water 3.58 | 0.0289R/h
Ethyl alcohol | 3.73 0.00656R/h
Glycerin 2.05 | 0.0347R/h
Copper | Mercury 2.89 1 0.188R/h
Benzene 3.64 | 0.00766R/h
Water 2.67 | 0.0162R/h
30
25
20
15
1.0
051
() 1 1 ) 1 1
10° 107 107 5 110 107

Figure 4.2.4 Non-Dimensional Natural Frequencies

1st. Natural Freguencies

————— ond. Natural Frequencies

———-- for Empty Cylinder

—-— for Liquid Enclosed with Rigid Body
—--— for Liquid Enclosed with Free Surface
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Figure 4.2.5 Mass and Spring Constants for Model S and F
(Continued)
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(c) a=4

Figure 4.2.5 Mass and Spring Constants for Model S and F
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Figure 4.3.1 A Circular Cylindrical Shell Filled with Liquid and Subjected
to Impulsive Partial Uniform Load
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Circular Plate

Flying Object * -

Figure 5.2.2 A Circular Plate Floating on Liquid Collided by a Flying

Object
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Impulsive Response
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Figure 5.2.3 Flow Chart of Analytical Procedure
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Figure 5.3.1 Experimental Equipment

(Continued)
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Figure 5.4.1 Comparison of Deflection Histories between Mindlin's Theory
and Three-Dimensional Elastic Theory at the Center Point of a

Plate
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—--— —--— Mindlin’s Theory (Distributed Load)
_— Three-Dimensional Theory (Concentrated Load)
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Figure 5.4.2 Comparison of Strain Histories between Mindlin's Theory and
Three-Dimensional Elastic Theory at the Center Point of a
Plate
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Three~Dimensional Theory (Concentrated Load)
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Figure 5.4.3 Impact Loads (Theory)
Impactor : Steel Ball
/' H : Dropping Height [m], Rwm: Radius of Steel Ball [m]
: Contact with Water
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(a) Dropping Height H=0.5[m}, Radius of Steel Ball Rm=20{nm]
Figure 5.4.4 Strain Histories
r=0[mm] on Backside, Impator : Steel Ball
Contact with Water (Theory)
Contact with Water (Experiment)
~~~~~~ Empty (Theory)
------- Empty (Experiment)
(Continued)
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(b) Dropping Helight H=0.3[m), Radius of Steel Ball Rw=20[mm]
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(¢c) Dropping Height H=0.5[m], Radius of Steel Ball Rw=15[mm]
Figure 5.4.4 Strain Histories ‘
r=0[mm] on Backside, Impator : Steel Ball
Contact with Water (Theory)
- Contact with Water (Experiment)
—————— Enpty (Theory)
—————— Empty (Experiment)
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(a) Dropping Height H=0.5[m], Radius of Steel Ball Re=20(mm]

x107%4
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4
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(b) Dropping Height H=0.3[m], Radius of Steel Ball Rm=15[mn]
Figure 5.4.5 Strain Histories
r=50[mm] on Backside, Impactor : Steel Ball
Contact with Water (Theory)
Contact with Water (Experiment)
—————— Enmpty (Theory)
~~~~~~ Empty (Experiment)
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Figure 5.4.6 Strain Histories
r=100{mn] on Impact Side, Impactor : Steel Ball
Dropping Height H=0.5(m], Radius of Steel Bar Rgp=20[mm]
Contact with Water (Theory)
Contact with Water (Experiment)
e e Empty (Theory)
“““““““ Empty (Experiment)
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(b) Height of Dropping H=0.5[m]
Figure 5.4.7 [Impact Loads
' e Contact with Water (Theory)
Contact with Water (Experiment)
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Figure 5.4.8 Strain Histories
v Impactor : Steel Bar, Height of Dropping H=0.3[m]
r=0[on) on Backside
Contact with Water (Theory)
Contact with Water (Experiment)
—————— Empty (Theory)
—————— Empty (Experiment)
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Eigure 5.4.9 Strain Histories
Impactor : Steel Bar, Height of Dropping H=0.3[n]
r=50(mm] on Backside
Contact with Water (Theory)
Contact with Water (Experinent)
——— -~ Enpty (Theory)
—m—— Empty (Experiment)
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Figure 5.4.10 Strain Histories
lmpactop : Steel Bar, Height of Dropping H=0. 3[m]
r=100{mm] on Impact Side
Contact with Water (Theory)
Contact with Water (Experiment)
—————— Enpty (Theory)
—————— Empty (Experiment)
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Figure 5.4.11 Strain Histories
Impactor : Steel Bar, Height of Dropping H=0.3[n]

r=100[mm] on Impact Side
Contact with Water (Theory)
Contact with Water (Experiment)
—————— Empty (Theory)
—————— Empty (Experiment)
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Piezoelectric
Ceramics

(a)Single type

(b)Double type

Figure.6.2.1 Principle of Impulsive Pressure Measurement
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Figure.6.3.1 Experimental Equipment for Longitudinal Impact of Two Bars

Strain Piezoelectric \
Gage Ceramics
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: Iwatsu D-401

[Bridge Circuitl

Amplifierl
Transient Memory
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Osilloscope Microcomputer
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Figure.6.3.2 Measurement Systen
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(b) Histories of Output Voltage from Piezoelectric Transducer
Figure 6.3.3 Experimental Results of Longitudinal Impact
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Figure.6.3.4 Relation between Maximum Values of Impulsive Stresses
and OQutput Voltages from piezoelectric ceramics
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Figure.6.4.3
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Figure.6.5.1 QOutput Voltage from Piezoelectric Ceramics
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Figure.6.5.2 Impulsive Pressure Histories
Thickness : Plate A S5[mm], Plate B 5[(mm],
Falling Height of Bar : 300[mm]
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Figure.B.5.3 Impulsive Pressure Histories

Thickness : Plate A 10[mn], Plate B 30[mm]
Falling Height of Bar : 300[mm]
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Figure b.2 Equilibrium of Stress Resultants in a Plate

- 171 =~

i



ho2 h2 h/2
Mrr=.f 0rrzdz, M55=‘§ Gegzdz, Mrg=Mgr=.f Orgzdz
-hs2 -h/2 ~h/2

/2 ho2 w2 h2
me=[0zr2)] +j Xrzdz, me=[0gz2] +X Xszdz
“h2 Jns2 —h/2 Jons2

HX(b.2)NE 1 BIUT2REARFADBBERICHETIEHEHFBENTHD, I
CREROBMIFERDAEZNFLT2-ODX(b.2)DEIABLURN(D.I)TRIND
MITERICETAEEFERNDA LT YE D,

B.3 HEFER

EHABTEROA L T2 URNRENBTREALT T, MEFEIZOTHRNZNE
Thi, ThAThOLEMEFEERDIDIZERI NS,
ur=Prz, Us=¥oz, W=W (b. 4)
TITW, 6. BEUOMIEROTRED 2z FEOEMBLIU r FA. 0 FAOWE
DIHEATDH S,
K (b.)EY, FRATNODUOTHEFTIERANTERZLND,

([ a¢r 18$r 6&9 ¢6 ¢r 16‘756
ErrTZ , Ere=12 “""—+_"-—‘) s Eog=2 (—“'+——)
dr rdf dr r r rdd
(b.5)
aw 134
szr=$r+_y 826=¢9+"—_‘
L dr rdf

K. EBH O THEGRICRALAZBIIROG.2)BLUGB.DDLLLESET
FANLSGEIESICRATNIEN A InERICB T IMBAAFERIRDL S IIRD
bhd.

( aw 10W
Qr=£2Gh (¢r+——) ,  Qs=k?Gh (cﬁa+———) ,
ar rdf
B v vids 1oy (104 3% Vo
Mer=D ( +"$r+—'"—') , Mrg=—D (———'*'——‘—_) ’ (b.G)
dr r. raf 2 rdf dr T
ai’r d’r 1a¢8
Mge=D (V—-—-+-—+ )

. dr r rdf
2 TCDWEHRoEITHIEZ ®U.

- 172 -




Eh®
)
12(1-v?)
ThHY, TLT k2B EBAHBIOHEHRTHY . FEHTAEHIZH U CTTinoshenko
DRVERDODBEASLAKRLZEERUTH S,

EHEVEAERLLZCETHENBOHEAZ -DbAAII-KTIILhD

au ) 13W
Bez-—, =mm— (b.7)
ir 1o
NEY D,

L. DEROGB.OICKAThITLagrangeHRIZB T DA FER KD LN B,

324 viW v 2%y 1-v 1 3%W 14%w 1 3w
Mrr:— (—_+_—'+'—"——) ’ Mra=*~D et ——
dr? rir r23f? 2 r?08? rdrdd 23
(b.8)
%W 14W, 1 %W
Mog=-D (U‘—+———-+—-——)
dr? rdr r2962

T TClagrangeBHB CREHTEAHAIQ,, QeNEHINDIZILOLHEAFERE
EaEEY. PESFEXRIVKROLN S,

B.4 ENDFER

ROb.OIRGB.2DNDEIXBLIUR (.32 R/ATHAIEN IndlinBROEMLDFEN

PELNS,
‘D ¥ 2 d9e gl oWy pn3d%),
——{ (1-») (VZ;’J,———————) +(1+u)—} -£?Gh (¢,+-——) =—
2 r? r?g# dr ar! 12 dt?
D Yo 2 0V, IRIXL 10Wy  ph?0%%s
'—“{ (1-v) (Vz'yl’g—‘_'i“— ) +’—'—} -k2Gh (éa‘*"‘—‘) = (b.9)
2 r? 238 r ¢4 rdf! 12 dt?
po9? ph3 37 32w D ph? 32
(Vz———~———) (D Z——————~) Wph—= (1— V24 ——~)
£k2Gat? 12 at? it? k2Gh  124%0t?
IIT ”
. - 13¢s 32 19 @a°
st tm—, [ Pm——— e —
e r r 00 gr? rirc 862

T%éﬂ

- 173 -



HATANZE2ZRLEVCESEIEATANIQ,, Qe HHEARERELTESE
LT enbR(b.3)ERGBG.2)DEIRIZARALQ., QekHELULE., R(

BYERATHERRNEIROLN D,

pDV2— ———| V%§+ph—=p, (b. 10)
12 dt? at?

F(b.10) X V) EEHEHIE % Bk < & LagrangeB R IZ L 2 ERMOEMDFERNVKRAD

( oh 32) 3%

I ickdobh b,
3%y
D72V2w+ph§;;=pz (b. 10)

B.5 HRAZRMHRN

REMLIROXFRHGFRARDIBHTH S,

(MEEHEOE S
au .
W=0, g_zo (b.11)
n |
(DEBEHXFEHERDEE
W=0, Man=0 (b.12)

B)EHEDHE

aMnt
W=0, Va=Qn-— =0 (b 13)
is :

CITVAaBEUMRERAThHEEAMIBITREYVE-AVITHD., H/on,
s tifzf:h%’hi‘}’aﬁi@%fﬁ]%%ﬁﬁﬁﬂa‘:‘iU?‘éﬁ&?‘irﬂ]@@g%ﬁfé’o
HMOBREIZIDOTRANBLIVEDLDALREZE L TRETHIHLEND D,

5% 3

[b.1]Love A.E.H. : A Treatise on the Mathematical Theory of Elasticity (4th

Edition), Dover, (1844),p.27.

(b.2]Timoshenko S. and Woinowsky-Kriger S. : Theory of Plates and Shells 2nd

- 174 -

il

2




g
2
=

Edition, McGraw-Hill, (1959), p.79-104.
[b.3]Rayleigh J.W.S. : The Theory of Sound, Vol.1,Dover, (1845}, p. 352-394.

[b.4]Mindlin R.D. : Influence of Rotatory Inertia and Shear on Flexural

Motions of Isotropic, Elastic Plates, Journal of Applied Mechanics,

Vol.18,No.1(1851), p. 31-38.

- 175 -



fEC HERCRTOERTEADEH

C.1 #

hofl

M@ mEiilkoKkirchhoff-Loved R & [c. 1] & BIEN B FEIZETVTWS,
(DB OWEIRE/NHRERICHEL TERTE 2REIAIL,
DBOTRECEEXERBREEHBLEHE ROHTHALEW,
(NEOHRECEE AR REER R DRELELTH D,

(OBOWEF S AR RO H RS I B L CEETESREILATL,

SRLOEEIETOTHE S b 0 — K LI & FIEND Loved M £ I

EhBHDTHE, COEBLUMBLINAERE LTHAZS DI Domel IER(
.21 B B, ERBEMIEOCTHERBELS AL 2 RELERIIBOTRENLS
DIFligged M#A [c. 3]0 5. = h b OF A W& SE L -HHIE— BT
SEEBETIERS, B E bICBUE (D) E B Y B E EACAMERH ESRLE O
GEEE®H L FEIEh, REHZS O Herrnann-NirskyB# (c. 41(c.5]TH 5.
Donnel BB TIREBFERNWHCHRTAZELASE 25, Lo UABEIELS
RBIONEENETT S EAEEI TS [c.6], ThbbHEOHBENER
LEWEREDAOBRTIEEN THE 5., HEOHBNEIROBTELE >
EEOBRWICIEIRMETH S, £/-Herrmann-MirskyEHRIZARINHBEHEHRTR
R EOERE GBS LN TES NI ET RN LHAT S, T2 THE
REEWE < HEVPTOHRSERTH 5Fligge MR 2 ARLCRBATIEOEL
TUFEBVTHBABREEMT 5.

C.2 EHEHERX

Fig.c. [INRa B EHEFER, WELOHAEROMINESR2EZAS, Fig.c. 108
AR (x, 0, 2) N TI3RADPEFBRBKRRTERL LIS,
00xx 00ox 30, - FER)

+ ~0xzt(R-2) +(R-z)Xx=(R-2)p—
dx 44 iz it?

(R-z)

- 176 -

T

el




“‘wummw%ﬁwwﬁu

Figure c.1

Equilibrium of Stresses in a Circular Shell

- 1T -



Jixe 00sg 0664 3%y
+ ~209,+(R-2) +{R-z)Xg=(R-z)p— (c. 1)
dx ad dz at?
adzx adzg aozz 32W
+ +0ge~0zz+(R-2) +(R-z)X,=(R-2)p—
ix 08 dz 3t?

K(c. D)OELE2HBONEHFM 2 IZ-h/2nh6h/2F THTTD.

(R-2)

(R-z)
\

( aNxx 6N6x 62 h./2
R + +RPx=P—j u(R-z)dz
dx df dt2 Y-n,2
8Nx6 ang aZ h/2
R t ~Qe+Rpg=0— v(R-z)dz (c.2)
dx 88 Jt2 <Y -hr2
70« 0Qs | 02 n/2
R——+—+Ngg+Rp,=p— j w(R-z)dz
- dx 0 12 Y -nr2

G TERTNOROEDOFRA BT, N NodBEEHTSHY.
Nxo, NexlZBEHEAMBH., QB LU QAEEATABEAERT. px, DB &
Up.lEx, 0, zFAHA0EMNEROEZVDOHAATHD. TNLEFKRATEERIND
(Fig.c.2B ) . |

§ b2 h/2
Nx:ﬁj Gxx(1-2z/R)dz, Nesﬁj tasdz
-h/2 ~h/2

h/2

h/s2
Nxa=j 6xs(1-2/R)dz, Nax=j‘ Coxdz
—h/2 —h/2

h/2

h/2
Q:(:j dxz(l_Z/R)dZ, Q9=S fa-dz

—-h/2 ~h/2
(c.3)

h/2

h/A2
pxz[(l“Z/R)O’xz] +j‘ (I“Z/R)Xde
# -h/2 ~h/2

h/2

_ h/2
po=[(1-2/R) das ] +j (1-2/R) Yodz
~h/2 —h/2

h/ 2

. h/2
po=[(1-2/R) 020] +j (1-2/R) X.dz
-h/2

-h/2

\

K. DDE1., 2RXDOEHETIZz 2 /U CHEXFHIZH2OL-h/2ETHTT5.

aMxx aMax 62 h/2
+ "RQx"mx=p'——j
dx a6 dt?

R uz(R-z)dz

—h/2

- 178 -

=
-
-




E
=
2
g,
=

Figure c.2 Equilibrium of Stress Resultants in a Circular Shell
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