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Abstract

In this study, the authors have conducted a large vibration test of vesssel-
piping system and investigated the dynamic behavior of coupled system of vessel,
piping and internal liquid. The vibration test was conducted in two phases, one
was dynamic response test and the other was dynamic failure test by high level
excitation. The test results have shown the pipe effect on vessel dynamic
response and typical failure modes of vessel support system. The liquid
dynamic behaviors in piping system have clearly appeared especially in high level
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excitations and affected on the piping seismic response, And further, the signifi-
cant effects of closed or opened condition of vessel liquid to piping response have
been found.

" Key words : Vibration test, Pipe, Vessel
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BLsf (R o, 1988, 1990 /N[5, 1989) TRER - RERTOERLE, E¥LHAE0HE
RHRICE T ST 2 RBER K I OVRITKERC OV THRE L, RROKRF TR, B
EHLCRAENBEBTAETHC L3k, RERCOBENDD VIR ERYE
FTroLpELLRSE, TORCOWT, REOCEITE TR, BENERC oV TREER
MBEALBER ) ANBOAFELXLERETLY, BEOBFTRETOBEI-RICERE
T3, T, FECo0TH, (BIEEARGBE) &b & Dead mass (B EME
B) ELTHR-TVHOTHNERSRIZER I, LiL, HERFTOBE, SHEREY
(B EHE  HERASOHBNECHMEET) L VAEERE LD, ShbDHIE>
WTHAFEEB LI LT BENS S,
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ABREOHHMECENE, RITFLIURELHFI-KR 77 v LEFD JISEHRCLLZ DT
B5, ¥, REBTREFERREOTA L ET 75+ 7hEHEERCG-RT L0, &
NIEDWTRHRERYERETLTETH A,
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Table 1 Performance of Shaking Table of NRCDP, Tsukuba

Shaking Table 15 m>15m, 170 ton

Driving System Electro-Hydraulic System

Actuators 360 ton (90 ton X 4)

Max. Model Weight 500 ton

Max. Amplitude +220 mm

Max. Velocity 75 cm/sec

Max, Acceleration 2 G (Table only)

Frequency Range 0~-50Hz

Shaking Wave Sinusoidal, Random, Earthquake
22 EEae
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T, TOBBREIOBITHS,
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ALTEBECEE L, BETHEIER2.3m, H23.6m, AE66mm THH, EHEE
REREELCEETES L 5 RIER L LTS,

LOBRBEW L TESEEN DO LERO ., A (EHBIUFE) ¥RE L, BEIL
EHE A FTH, AL) BIUECRE (B, £, XA) #BEL, 2RHOEFARIERLE,
BHEAREVETSYEL, BENEESOo=FLTHN, ERET BREROESHEY
BoOUAERETESL, WThoBREY, FEAEE . AL MRE7 v e — 7 b — A1D70
P2 1EOEETHD, PMTRE 1 CRITEBELIREE (s FLALVS Y ) RE
L, EFEIVKF1HEG~DELZyHE LA, FAYSHBIEEA B L3 3.6mTHa,
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Table 2 An QOutline of Test Mode}
. Quter . Nozzle Height Total
Material Diameter Thickness {from vesse] bottom) Length
Vessel Carbon 2.3m 6 mm 1.4 m (Nozzle A) 3.6m
and Steel 2.4 m (Nozzie B)
Skirt (85 41) 1.5m (Height>
Pipe A Carbon 6B 5 mm 1.4m 29 m
Steel (165.2 mm)
(3GP)
Pipe B Carbon 6B 5 mm 2.4m 18 m
Steel (165.2 mm)
(SGP)

23 o Al
HREIEE, KE, & FEUXZEL2o0TTak, £F 250 AREUTOED T

H5,

BEE O MEEBS EH6S FUERA

EEA MEELUTS ENA4A EBL4A

EEB MEELITA FH3Is TR
InhDsh, AEETHRETAIERRARE I (EE A, B), M4 (&FH), 5/ A
HE#E) mTm Ll T2 NBRF v AF 2L a—F ¥R, 200Hz/ch.TH 7 U v
it ¥, BRTIENBEEBEEOMHAITE 2kHe/ch. TIRE LA,

24 RBHE
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Table 3 List of Dynamic Test Conditions and Excitations

Excitation Liguid Level in Vessel** :

Waves 0% | 50% | 80% |100%] pr* Note
plmputse O O [O JO@|OO0)] Displacement step shaking
p |Random ) 0121212 |0 | 0-40Hs Band limitted
o |ELCENTRO  1Q 1910 O8O |1940 NS component
i | Barthg. E1 OO0 OO0 | C® | OC | Simulated floor response
g |Bathe B2 T [ 1O (O[O0 Twice timescale of E1 -
¢ |SinSweep | Lol Q.22 Hz 500sec
p | Sin (resonance) | O 4.6,7.92, 13.8 Hz
o[ O i 10,15 e T
: o T e T 3.84,6.0,7.1 ’
oo A | O | | |1.57sec (pp2cm, 20cm)
S|y o | Js7ss,60
N I O |3.3,3.4,6.259.6,17.0, 16.7

Note: pr* = 100% water filled and pressurized (500 kPa)

® = Closing of air vent valve at the top of vessel
= Water level in pipings are shown in Table 6

KELE AT A 5 8 UCIREEN, EE, ENSEYHAILL, COoFRTERL KL
EELCADEEXRSCLEN T LD URLE, BFOIRUESERETLL, FEL TV
L, BHEBEEERTRETIHRTERERS I UVERBHBICERRYEE L, BEY
FEHEARB T, RENEBRTCESATRY, IHFTOEN & LoRSSNSROMBIE
CE2ZLDHEYIMETL L2 BN E L, BERESNBEEFRIEFHTOHEEE -V, &

T4 EHBICEFERY A F ORI el 2 AR
Table 4 List of Failure Test Conditions and Excitations

e Liquid Level**
%{Cltatlon in Vessel Note

aves 80% |100%] pr*
F | Earthg. E2 | 25V Pipe Support Failure Test
? {Including ordinary and no support)
111 With vessel
D AU
€ | Earthq. E2 3% | Vessel Failure Test Excitation Level
;I; =100%, 150%, 200%
: With pipings

Note: pr* = 100% water filled and pressurized (500 kPa) in vessel and pipings
1 number of test piece of defective support elements
2) number of excitations for vessel with pipings
** = Water level in pipings are shown in Table 6
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ERIETHTLZORERTER, UToFECMEERY TR,

1) IR Stk DFRTE
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3 EERBER

31 BB&0SHE

311 EFREBM
FABO—KREERENT, BEATHI.THz, BE¥BRIVESCTHS.5Hz Tho
Link, BAMETH L bDERETEb-T, th, EFERRGGOEFIREH L, B
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T, ik, RPOEERERKE, vy 2 RCLZEHEBLIVNERRLSAHETH
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REARSEEORBESRIENEOCREEC I - TRED, COLdRELSEDE
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Table 5 Vessel 1 st Resonance Frequencies for Each Water Level (Hz)

Vessel (1st)

Water Level (in shaking direction) Note
in Vessel - : : :
Without pipe With pipe

0% C(empty) 14.8 13.8 |
50% 10.6 10.15 i
80% 7.1 7.1 |
100% 5.3 5.53 Opened air vent valve at

the top of vessel
100% 6.3
pressurized (6.9 (perpendicular direction)

6 RELEHLIEF-RELEED Hz, 8B &G L2ET)
Table 6 Pipe 1 st Resonance Frequencies for Each Water Level of Vessel (Hz)

Water Level Pipe A Pipe B
in Vessel (1st) (1st) Note
0% (Empty) (Empty) (Empty>
4.6 7.92
50% {85%) (Empty> { )=Water level in each pipe
4.02 8.03
80% (100%) (100%>
3.84 6.0
100% (100%) {100%> Opened air vent valve at the
3.7 5.53 top of vessel
1009 3.3~3.4* 6.25** *A little unstable
Pressurized **Very near the resonance of
the vessel
Liquid pressure Resonance of liquid column
9.6 17

BREDEBIL L ~TEFRL 708, R 1100~1200m/s BEDETS » -,

RAOMERBEHEYET A BLELUVEIYBSETON —FSFEEHETO 1 KEIEE
BHEEL, ChrbENEEEY YR TS, BT A T 1160m/s, B Tix1224m/
CRGOMERNEAEE & BERE LT VA LWL D,

32 BEBOREED I RUES, EXOES
HERCENE : BRENY
FRURETOBRBRROLCEEERYE (7 #F aBiik, REBLMEEYADE LLFFT
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BITICIB) RS DL 5THD, XEEBHIES OELEFE-RL V5, IBEERLM
‘A, v & ABORKE, LAeTF— 2 BOSEECEAET S DROMEIRIERFE N
BRICIAERBER: B DA, 0B KL TEESNELS, % KEB L PNECHEIAMEI
DEV BV S ERAEHRT B, MENIC L BRATAEECRTL S L ERORS K
EETADHIDEOERLIRE- T35,

B9 AP LURO% KT & TORBEHREFFTEELTT, BARKE (Harmonic
number) N=2 L EDL @b+ —-tz2 — FROSEOERTILREN RN THE, ¥, N=
1o —ae— FCLEAA 1 RUAIHEATHSD, ©—ax— VI RORMEIRFEES
MY DEMNSD, “hiL, HETRESA - THOEEH 7 vy, BERAAL M
EERREZBIE LT WD R TH B,

322 KuFfr/RXCEMR

B 10 kA fr &EHOBRXIGEE RBEMEE, AENEERS I UER/ A THE) ¥
T, BBRNEE, JALKBTEINEEEL E20BE, 0% KETE L ERVEELT
L, BREHBTREAIGEE L~ TV3, COXKNTORBEREDRY, ANBEORER
WA EHT 5o THs, ELCENTRO BANOBSNEESHIHBEEL E20%E
AT HEVA, 100% KA THEMBIEEVCEE LD, ¥, B0/ ABHEB TR/
A AOLFFOEE (G69, GTL MR TEEALEYTRLTVS, ThhLERD
WHER o F v 70 XADIEAEKELBEY 5 22 Ehbnd, BT AOCESE
AoYHERE (K licabhb k5 hEmi B E T mgAmARORELHA) A1
LO¥BELLLTLES0EBbhb, BEBO/ ALOFRNEL, FHICORTE
DMBEFHARIE, BEEIEROBFICERLTWAZ L0%bnd, ik, 10%KRET,
BERE (ERFTROEBIHEEAYHEC LSS LBHNECBETREEMEES LU/
AABEETFOENS LS, BEETORERPHOZL/FE L LD LB,

323 FROWEIETHRR

ABCRB LT C=7HEOLDD A 7RHZITHY (R1D, BEMNESE TR IRY
BAEEL, E80%LToRETRoAPBRLTERLTWA, 10%KUDESE, ZoFfF
DHACEHEYHATIERY T, (Z0B4, K1 OMESLLORABHIIERS
Lich —2A%RBRIHERTHICBLTV3), EF~OEER oW TiBIzB~5E, B
HEE~CER L L TR W% RETHEEOBECEBOAEB TRESALII, Tibb,
BERADAR w v FRID, BRBLEEAS A - ARBUTES EKABBRERLY, -
AMIZHE LIKOKE, w— AfArLOARE, ZRLEBTOREERED A7V ALL-
TEBLETOREE (WERAKECSELV) MEED, hboB+h— 2 (—RIZTE
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BRKBCHEYT2ES YA LR, R0t 20 IRF (BEAE, BBEATHI U
B)ETT, HTHTHa4, BRLNELAERLREL T3,

 Ior3RBEE, BRHELATVLALSRAR y vV /L AAFREBSICEML
BED -DLABILNTED, BRBEGRAROL AT Y b TRH 4 BEOHKREE
THH, BHFE LERBC o, BEHICL ~TROBHLEEAT v ARELS &
COBRTHREDLERDO -DTHA S,

324 BHRI-NTI2ETFOEN

BROBHEBH (-2 - V1R e+ 5BBIRSCTEATVS3, Thie®l
LcbDoAE 13 () T3, BROKENLEVWEBER, BEEYESTLLES0—0ER
BRHEVETTEZ Edbrs, BABTR IHz2BEQETHAD, ThixAHEILL LS
DHBLEFC S CAREYE L LB D, M, KENHEL B EETEENEL
eh, 0% KL CEIBCREEROBECEFRHHVAPCAE LAEANALRS,

BEDRREMMCEIUATOL > IHETES, Thbb, BRCETIEEOHERX
FILCTHMEEDR A UARS RS ohs, BERAENLRVES, (BBBE0EE
RBPEDRSCRVOT) EFERCIIEEDEN BB IAFBROHE, ThbbEsE
DAMEZR L 0 3) K& Hbh, EFRBELET IS, FEROKEIE2HLE (2hi
IZEEIFRLDTRRCOT) REFOHEBHRIER T EE LS, ETORSHRIT
TOEERLIOTREEMICL V ERERRL D L EXD, BHOKE ($0BE 80%) T2
EBRC L AEREN L BIMENS » v 24 LTBEOEBSEHENB LA EH LT
WEERIZ IR D,

(13 (8) T 80% A COBBEFEBRILEHERCH21LOTRAUETH S, HEE
CLIBRNEYLZDER I3 D) DL >CEFOERYE LTV S, Thbh, BROSBHNL
CEYTRTMEE A4, 5 6 nEFEX), A—-11, 2(LFZ)STRETAED, EBLTE
BERCHEDENRD, LvL, 7 AAEENTC A-7 X)) TREEY ST BEoHm»N
EBECISEYTRLTWS, ¥, A-8(Y) SoMEEAFACLERTERETTRL
BERCLBELENN TR, BEE (B) oNRCILSBEREDESHOMEDE (EHOE
¥EE (B) "o ANBRIBLRTVL 3,

313 ERAREOEN: BROGE~OER
REEREVETOLECRIITEELYL L0, BRKTHELEBESEMELEVES (B
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331 EW A OIGEED

B4 @K NESLVEECREOEFT A DS v H ABMRC L SENLELLRDE
TR GREAMEEY AL L LEEEE ©55, 0L ¥oRBENERIIMESE,
FERUOBE & LI 150 Gal BE, *BBRMOBKIMEE 2 848 Gal 3 X %995 Gal T
BB, EERFETRRANEL LTV A2DRHEEGETERD —REBFRBEIPCERE
EEAFBOBRIZIEZLOTH S,

MEL#ETOEROLERBICIII >0 - 270306034, 3.6 Hz A EYBGEORE
EizE), 6Hz MMERESH-0BYE, ¥4 9-10 Hz 0 3nioRa®, 13 Hz (4 7i2E
EOBRE—~F (ETHREX E) 0B IEL0rELLRE,

TRICHL, FEEETRLEN I, BEOLENEEL3.6He fhiTto e —7 LSt
RIMERETOY - 7 REH LR - T 5, CThRIFEERETR, ENOEENEAEC X
ZHREZTOEETS L LSRN RBEYRTADH EBbhd, ik, ool
BJCLDENCEOEY — 2 (H2, MERMETR0kPs, FERETIKkPaEBETH -1,

—7, B AOREERIRRATR IS DL 5 EEHELYRLE, MELKGTIIENDIE
EHB L RENETINECLEOE -7 342 bh3, HEDPEIIES &L MEEDEEN
RETHE—2 EFIE LRV - 2 Babhd, ik, BI5CHLT3REERBOY -7 E
BeThoBE L3 550Gl BETH -1z,

MELHELFERETODIDL I RLEDERIIIMBEL AAVE D LI VEABCLERD
nh MI6RInl3LBE0NEFNTHE. AEOEENEEOL — 7 {ECZHEHEN
e, BRELLEEEODRENE SRR EbhE, CORECHESEETO
ENREEHOERS @ido 3.6 Hz £4:35) 12, MGSE0RBRIEES L 520 TiRRk,
BEDICECHBEL TELTVWEEDTH B,

PlEkoF—giwd &3, BROREARGEOESH VW TEELTL5,

7, ALEDBORECH - THFEOEHOR VW CI W UTOI Y RERNSS, T
bh, HEAEFHUTHEIA TV ERELSHBCELLA = 2 A F - REBHDEAT
B =Ar¥ - (EREEPR) 22 VREN=2A4F ~ (C2BR) ot (BN TE
CHbid (BEDCIHVEETARS YR, MBRNE02E L LT ORE (A28
ST D) =Rk — L ENEOEGEICE > IR FORB =&AL+ -0bich, SOBE,
AROFREERER I CANEOBEOD, ENEDERC I AREORBIIEE L/ E L,
RoT, MEDETDIoALF LG LALBIAERNICI S 0T, ZhWER s 21—
FREN=FAF-OHBTHEBRTVA, Thbh, R~ ENDEEIFED Dead
mass & LTOBEBTRIZHIET S0 TH2, MU ibhiBE oMY BEEOR
HE-FRECIDHDEDOLELRLEHY GloRPET) Rbhicbo s 415,

—F5, ADBLIVEEROEHIZT - T3, EAROCEEIC L A}IBHTE GiRo 9-10

— 10 —
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Hz WEZBCEUBEYE 2 TWD) X Bbhd, COBEENGELLTRBE S RS
ok, (MEOREHEERICHIGT 28042 E 500 2L LTREETOEEEHO=3 1
FowHETaboThs, BEAWGEY Dead mass & LT FA{bT 50, $HBVEEE
'&Lfﬁbﬂﬁm&m5%ﬁmimm&hm¢®$ﬁ®vfh%ﬁ§&?5#&m5:aa
BELTVA, HEENELZSCARIE OB BbhTwa Y 51, Linfi~iciidgko
ZO0EBRHEELTEL, WTRMEIELRADI ML, ADRBIUVREEOBEICERT T
5,
FIHEARTHESRTORVBRRE A WHREND S, LERLEF 25245 L
ENEOCHERLILERET Tuofayvy, Fio, HED Dead mass & L TOHEENL AbRAL,
ERr s 2 ROICERRECRbR, EEMEECLER S ZToBE»Ebh T3,
LHREEARGOE I 0BHTHY, TORBIARERTONBORELETHD.
ERTRDL DR = A F-FE S 2 ERTELZON, FANERHTI) Ehsa¥ -
DR ED S DZHEXTTHEEE, MEEALTWEVES, B~OFEILEIETL &
0, LVhBBLERFARKICIV-E, MEIATVAERTLADVALRE L, BEESLLER
BEVBEREROCEENEC L, CORET, BE~DANPKE D LHERCF &
T4 (B REL, BEO=2AF—D - MEZDF+ €7 4 DRETHEIBBEERES +
ETADHBICLLRSED L AOKBBRERD, OOV TRET~OVEL
EHTISHTHHABTERY EIFED,

ok, E16 DR THESES I UEELHTORBAENMEEIL TN 652Gal ¥
LU6BGal THB, FLIOROBRRRTOMEFABEANEERXFhFh 3028Gal &
L2307 Gal TH Y, MEKGETOBBOEFRENANFEORMEICE CBIEENKE
TeoaTunb,

332 KN B OTEEW
EEBOBEIEENZEBRAKTHE, HN1TRR Y4 LRALMECBEOES BimE
TOENLEBRRTSHL, 6 Hz A ED Y — 2713 (fifF» Dead mass & LTHREIBESD) B
EBO 1 REHEE (BRHECRERE L hITVv) KL - TH U DTS, 1THz fHE
DY -7 IREBEOEEREICI VAL T V240 THS, BBEBOBEIE (NESLE4T
) RBEEOLENREL, EFELIEBOERRECEH S TETIENRELFIT
hELRSTVE, ok, WEERORAKBEINESRYE, FELELLT0KP2BETSS
2, BRERARIT ERIELTE - BT w5,

65, X 18 RE® BOFRBOMBESHMOMEELELILELL OTHE, MES
HoBE, RECENICENBEEFCET 2 17 Hz 30 CEE O MIRE & HEOILET b M
TOHRERICEXYEL TV B I Ldihh s, #ELECBEIL, EEBO 1K (H5V 5%



B RMEfe f —FREHR 85 1990%3A

#7 ERARSOHRBICEEE
Table 7 Liquid Behaviors in Piping Subjected to Seismic Excitation

Condition to occur
Liquid SR T Effect
Behavi iquid Condition L
ehaviar Frequency Range and Excitation Level Piping Response
Mass-type | Far away from liguid Pressurized Inertia force in vibration
Response | rescnance frequency (low level) direction
Non-pressurized
(low level} (Dead mass effect)
Wave-type | Near Pressurized Dynamic coupling
Response | liquid resonance (low-high level)
Non-pressurized Liquid forces by pressure
(fairly low level) difference in pipes
Negative | Any Pressurized Impulsive acceleration
Pressure (High level)
Non-pressurized Dispersion of energy
(low-high level}

DEERGEEFELTVE) KIUVEFEBD2kT—F (8.4 Hz #:7) OENEBL T
L, LO2WE - FOEETREIESZENRAM 802 (BE B A6 100%) oBad BB bh
Txh, E¥BHGSOKEEBREETHS, Livl, CoRTRECERIACKGEOES
RRSrALhE, “OEEBORAOL 51, BENRECELENETLE L2 ED—
SR, BEOHFE TR, ZEOHACREEEEIZETZ LV I8TH D,

ok, BEEMORAEEEINESHETITGal, EFERETIMGal h-Txh, JE
ERUETEROLENIREL R-TVWEZ LOBEYF T3,
H1IIRERCLPANVSAHABVBEOEEERTH A, AR 16 THRLEIHED
BORE B ONAEHTHS, OB, BN, MEEL LCHEREDH A o bE
{Teo T, B, BEEHEICEVCARLLEDbMD, COFEEOBRHRELTIE, 3F
E&#Ti, B1Bwabht 8. 4He 0 EEAERANE EL1RK oBMicgR Lk
HRECIEEXE L &, —F, MELGTRREDEERET RN, ANBOERFH
WHz T d, ITHzAEDEACERBLALBRLRVGC L, FEEH#DE 512 8.4
Hz IR ERREALEURVRDTHS, ok, BHEOMEFAEREIIED X 5 i
ERGOEHKEVD, BEB~DANBELSKE L/ ZAHTO (REAFRE) HA ik
BIXINESH T 834 Gal FFESLET 1008 Gal TH 5,

BlE, AR TALICEENREOEH LMY I LHALESDLHiD,

34 ERRoLECNT s RERE, BROES
341 KR BERISEM

LI TRARRELMET ~# x KEBICHELTAE, £S5, 6Ll d ks
Lo TEBRRUVEFROBFRBHVELLOTHBRIC I ZEE L YREHTS, BL,
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BRAMNBULTIETARSYLULE AR KEOULLETRESTA BLdi
LO0BERRRE 2 T 5, R-TEBKESIUL ETCRES A XBRER—&#, ThE
BBk 80% LA ECER% BRRIZIZE—D&ETH D,

R 20 BR BRI K Sz £ B E L B0 (10 & Fl— &4 o X B RAGAE R
BLAbDOTHE, ANRNBAEDOBEL LR IMEOBERE L FA—TH5,

EEADENRBEFEIRET - VORI THREADT, KIEEICL 58, BBl
MELHELMOEGE LOZRVHBCRELR TV, 20 1&RE— Pl 3BEEVEMEE
KRG ESOEARE I E - {EFLTVWEVOT, COERIFBE R~
SIEEENOHABCEAOhEEN =2 ¥ -2 HE T2 288 (BEANESRE) st
THRELTLESBE FEMEES OB VLI ELTVE30EEL RS,

BUE A OIEE KM 0, 0% OB S TEBRGITECIEE L - T0BY, OoBEI{E—
FOEBELERIDS BT ALI-TELEL TS, REBOMEELRABE TSI,
BRAMS0%LTF (B BIREK) T 1 KEEREEAADO ERIES IR L e fEs
KEL{ T 5,

EAEETE, EEADP -9, 10 BEMLD CRERANECHBELENAE{ T
VAR, MTIEREEOBREO Y — 7 ENE KT WS, ChARYNRO IS, &
Fiz@sER 2 (MFROLERF OdThS,

342 BBELXT7H2HMAODR

FHFMESGTREE A OEMTERBEZBIC X E MBI EhAlen, RICME LV 100%
KA gH EE) TORERLEET A,

CRETOF -2 (BHNEREDREYRE) BRAF=T7HEALHEK L &4 TD
HAMETH -7, LUTFTR, 2oAL7 0Bl AIEE0ERLERAT 2,

EBRERY 2D L, 0N FOMMEHREBRORBICIBEASTOEEL 5 ek
fetn (€ 21(a), (b)), EEEDOEECE» R BELZEELE L, RIEELLOREFA
DRGVEEHOZELTHDY, 2@ TTRITHE, AL THOBELIHOBED 2 &
BEORBLRZ T, (i, MELAHEE, BoBetnIbr ig8EoBMEEr
%), ¥, AR X nEETAOCYA - rZRACLE LERSELRT WS,

COREDERDOHFETRYEM L L OAF 23 TH 5, RELMEE (AIX) BL0ER
FRIMEE (A6X) R/ r - ATREALA—THE I 20brd, Zhesl, BE AN
BE, BURSIVEDDILE IR -EBARL T, MOoBSCEED 1ke— vl
BECHLATVW2PBOBER AR THREL TV b3, ENORER
AEROEBBRECI VAL TR DEABRLE, HOBEOHIARIB AT 5,
EEE A BONERLES 7L DHBErZEvE U050, Z0Be, 4EH—
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FoOREDLESRAEACE b RPBELEL - TV 5,

IoALTOBBIC L ABRBENKES AR Y SR ABRIZED THhTrTh D,
AFBESROEELS 25 LELNABEREARE LT TE LT A% — i@
FRBBESHEVD BCHDEELOND, foTHENERE, EEBIZL b RAOME
Thzbhlz 2 F - D@BIBERESTREL, FBEFETPE Ea D IELT
WALRDEHEEIRD,

343 EBRM

MEORBIZ L hEOEE (REOREESD CIIHEER L) B EbSebIIBEPELT
BLERELLND, LORDEECBRMIETIMEY T FANK 24(a), (b) (K
2 80% &t ds X OMESLE) THE, ZORLLMEOEVELILI Y RXEEEZETFTO
EEBYETDH Liibhb,

feds, REARIUVEENEEORAMBERBLALAL AL, T, E¥BFRTX2, 3
DETEHEVOERYEULLBECHD, —H, EFAOEMLUATLMER, BN, 7va—
HWILDOBRKE ) PHRLZRYE U, BREAYRILEBRONGTENEL TV 2,
FARREELTCHEED L 5 KR L - THEREOFENET LI LB ELLRDH,
LORYBRITLIEDCAMEERMHLERC 2 b e A LERRIALHETH S,

BIE T~ B8 EHA 0N - BEFFCIZEEOCERE, Tl ED&E
HElw IbERI NP -ikav0T, Ar70MAREREY WEOEBEZNML O
EoEHYLbLlibotELILNRS,

344 ARy IREBETOER cEXORE

B0 K TOBBHOKD AR » o v X HIRTEFL 0.63 Hz (1.575sec) TH T, D
EEM TR LA L FONEYR 25 10r T, BESOMEENIERE20cm TH5, B
DIEERKOBECHEMIATELTVWALOTH LA, RERTI00 Gal 28T\ 5, /
AAOEFEUEETIL, A4 A0 ETFTRE (G69, GTL) THEMK EVHIFE (L TFCHER
W) EELTWE, ZHIBBO (AR v v A &R vy + v X2k 330T, &
BOLETFEE (AI5Z, Al3Z) w 3R LEMBEbLATV-5,
PANGIBTORKELEEL, /A ARz yr v/ 0BERT0EERHbA, 2~3kPa
(KB LT20~30cm) &HaTvdh, JAALBRAR vV /DRI BEBATCSLH
EENE< 0em BETH S, 17, BEROENIT > &K E< 10~30kPa & /x-> T
B, COKBSIRZAR v IRl B8 D8 EERT VB, 3EA FEEAKOBEE
Bl THELTW330THS, Thibdh, BREEMUOTEEAKE (FrEH e
ol FERBO) MINEEAEEL, thicl ABAKELEREEP kPa)=al/200 (BBE
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Pz A

B=K o MEMEEEEGa, L BEEHEE m) "EHRIOERCETS, ol
2 OFAME L AR—HTE, LAKEWREI0L 3 REAYENEC L 28K EIHEAK
ECRDIOREBRBEORGE L 25, i, BTONEE, FEOLREIR B0 51
B &) B D REVEELTRL TS, ZhREFCEATSHE TS GOt
BELABROoBKELEON) LtEEROMAMLREZEHELYEDLLT LS,

35 WML~UMERIC & B ICEER

BADL S, AR IS EBHhHEEN, e Y ROFENEE L LTHRA, FinEE
EECHEROL I ERYE L, RBECE-TIOHBLVAS2 A i>E2 ADE
DHEBRIDIIRBEN I VEREBEbhD b, BETHLELADI VL 2hoR
FRELL, ChHORERIVEDHELYRMO E LD EUTOLI S THS,

DInEER I CENEECET HEHE
VDEFNERTORE
DABRESE~OHRIC L 2 HE
DEBEE~OBREHE

IHEORBRAMERETE, ENEENHLIBEAE (R ETRAFCALEZV-OT,
ABVAADRECBECIDL S RBENME LR, MELAVBEDORNEHOBELEL
BEHADVAAEVCBETLIOL 3 RAESBYEL T3, R EAD VA% L
Toole & EDINEEROE|L (BEAOCENT I UINEELE, BRAM VY THEEE 2
MEDOBE) TR L,

LEEEO DTz, K26 DIEERHBCALRABYTHS, 2) BFEDO v ~=—
Vi BB LEbR, ANBLUVEREvSANEL AL ERETE, E2 AOBTESRR
iz 80%DBE (K 26), AF L~ 0BLT TR QY AN THEEEINEE 1G) BEEF L)
SR EA LR, 0%LLETEETAD, KELCV - TRBS Y — 7 INEE 0.5G ¢

F8 BrArGENOETARGNERE: rOoME
Table 8 The Effect of Liquid in Negative Pressure Range of Response Due To
High Level Response of Piping (* | Observed in the other experiment)

Phenomena Effect on Piping Seismic Response Note
1. Repeated High Damage of pipe internal sensor Observed*
Pressure Pulse or
valve fittings Observed
2. Repeated High Damge of pipe outer sensor Observed
Acceleration Shock or
valve fittings Observed*
3. Non-linear Response | Generation of shock seund Observed
and Vibration damping due to the dispersion of | Estimated
Cavitation Collapse pressure wave energy
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BRETREDERTH-T, TOLEENLEBEDOY—7E(RAECILAEEER) 12 400kPa
LETH 1, EMELSETIEE VS ABVBELRIO0RSEYELRE, LiL, &
ODRFIMGD =7 EFRA R L OBELZT B LBbh, A - TR EDORTEEN
RELBENB -,
JEowTRERb, BCETHICIY AT -S v i (FHELERCRO b
DERLSD) OABHBEXE UL, CoBETRR1KkE— ¥ (3.8Hz) HEBT LSBT
Y, TORBAARACREYELCZRLL0LIE IOV, BRI AMEER
FHEBEOEBRNC L5350 :Bbh3, 42, WETRE L > CEBHELINESECEM
REDFELENAE L, HEBREGFTHEENMETLTIVWEZ ETHLH, FELHFTRIAD
LICEERBRCAYRTLER=FAF¥-F v £7 + OBEPLEN N AL LDBTH
Bihnsd, HEShTHERE EETAHER 0L RRRTOBRRSAELILAEL
BEL0EELZLNRE, LEL, MEROCI>CAE: - VOREYTTIHRECRKE
EEFPTVEIRAELTEZABRILTUSEETLILMORY, ik, 0l 5RE
FHAECHE LELh2EBUEEL 28R/ ArBETEEL TS,
PLEoSdBRLEE~OBBRCSTCERETLLREOBY TH S,

36 B ERE
3.6.1 EXXHHEARR

LOERE, BEOLTRT BEFAOCFELEH, RlomErHEKAFEe » FrArvS
VP RATX)) WBEMES 2B, chAIXADE Y - TEELES 2R omEN
EDE S EEbBhEERB DA o, ANBHBEE2AFE, BEAY -/ NEE
Q0B AL <AL G TH o, E2REIRERTERBERFVERLTV5D
T, MEACHTAEENAET VW EER Lo THD, T, KEEHR80% L, =
DML T, BBE E2 CxT 5 ABOMBTILENNEL, XEH, L AT g
DRLUIEIC L 2HEAEFIIhd b0 EE L,

TRHT 2K (BRI OERELPEST 254 DEBARBYTV, BETERD
DEFERLLE, RILEFO—ELXTT, ANV~ LEELTWIERI, FUZEBEET
BHESPRLIBEOBEYYLLIHTHD, EHFEOERICL>TIE, FEROBS,
WHRETOEN, BEAEZLLET T Lldnh-t, Thid, FHIKRERLEISE
AEACEEEMEELIALFOr — AT 4mmEBEDC -ELLEELRLTV5, Livl,
2,307 —ATREHBRTEEFEIAE LY, RAEXEEZROBES IR LDNE
YEHELOBEORERKEYEA T30S 5, B, MEENBICENTHBIIKE
W —2ARBBDR, HHEOBE /LI e Y ROMEE - ARAFELTWELHTHD,

WE RO EECIGENS T H{FVIRCDIRANE (BrcrofEH) w2, 0 He (EHEL
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FHOBEOREEOCEFERE U TFToRaN@ A LeTh Tttt Ebnd,

362 BRUMBICEER
CORBI, LEBENEACRRA -+ EEHTOEREFHLE, » AAFoBELELA
7o Tl b D ThD, BERIBEBRE2 AH W, AR EERICE TR

#9 EEIRTERERY A
B AT RI%, £ Alr i REE
A D HBEE?

Table § List of Pipe Support Failure Test
Test Condition : 80% vesse! water level, upper vent valve opened
Excitation: E 2 wave

Test Position : RA7 Direction : X (shaking)
Normal T Fragile support* No Note
Ne. Support | 9.8 | 8.8 | 7.1 | 6.2 | 5.0 | support
_____ 0 Lo F [ BeeMse
,,,,, T e T o e
_____ 2. } O | Withsleeverr
3 pay “
""" N N I PN
””” S R Y B R B S
_____ IO SO SO BT O R B 3 <
7 O "
S T A A R ol T PR
O S N R = T
10 O Withwasher
S T A s Y A A A A P
2 O Ot 2 O o 2,
0 < I O B ol B - Without, weeber. ........
S0 SO OO SO = 0 S O o With waoher ..
15 ) #
O O I A A o2 O I I S
17 | ol T v 60%
20 O O I A O bl % ]
w [ T el v20%
J e A Y B S A v 80% |
Lo e 6%
Ll O %
LB e %
o0 | T + Release RAT(XD

O Guillotine break, & Striking after break, @ Not break (Plastic deformation’

* Diameter of fragile section (mm)

*** To prevent bending of fragile part

** To prevent buckling of fragile section

**** Excitation level (100% in other cases)
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L (REEIEE T 1 G) % 100% & LT 100% — 1509 — 200% © 3 B D 0% 15
ot BEOMBETRES Y -7 MEFEHN2G TH-, T, RBREFELBKINE
(5kg/em®) & Lie, 1509188 % T B C B R ERER STnh o7 hl, 200% IR X -
Bl DB ERERAE L, MERTEOEFBRNNE 2T L5 ThHY, RAELER,
R EE T h ot

FHOEBRAREOCRBIVTH L, EBEELIFA» - +OBEFIBSLIRLER

LAEREMIE U adoT, i, BEABCIARLBERE o, / AAE
%10 RETARUARR TECE BAMW
Table 10 Main Response (Maximum Value) in Support Failure Test
Test | Pipe-A Support Nozzle-A Nozzle-A
displacement | force acceleration axial strain Note
- F—1 (RA7) Al5Z G69
No. (mm) (kN> (Gal) (10-86>
0 43 27 10836 122 A15Z: pulse

"""" 1w ) s | esar | w7
"""" 2 " R R T 7T 1277
"""" s [ e wer | 12
"""" s | a ] s eess | ous |
"""" 5 | a0 | 20 sz | ous |
"""" 6 | a7 e T ss | e T
"""" A Y ¢ 17 R Rt
"""" 8 | s | 1 3929112}
"""" o | w6 | weor | o T
""" o | s T T e e
""" n T T e T e | e T
""" 12 | s s | e T
ST 53 | B 13023 | 97 | A’i’é”z’fﬁﬁié&”j

RV 52 | 25 | 81 | % |
T o no 083 | oe1 |
""" 6 | 8 | 14 | 6605 | 75 |80%Ilevel
""" 17| s ] e e | s (e
""" T R - R " A T R 1
""" 8 | a4 | 18 | s | 20 0%
""" 20 | s« | u 7 ser | s
""" a0 | e T T T e T s e
""" 2 | s T Tan ] a Tae
""" 23 | e | s s U 0 T
""" 20 | a0 = semn | e
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TREBDF v * v 7S L ALK ETHEBTOENAE CEUATETERERMLL T
B0 rBbit, COMEORE, BEATERELELVEEICSS = AOQESEE L
L7z,

LLE, AFRTE, AADOBROVELILL D EROMMLOEB/ BRI hi BB
DRLEI L BRTREDRECKAEMIC L 5 X BEEEDOELRE AL -1,

4. OMICE R

RECEBACEANSCFRAT I RBENELTE T 22002 Ry HEE LNERF
LXDRDEHDLNEHALETSHS, £2REHHAOTFAVIBERE T XM HVA
FErbonds, JCTRREBEOREEEL, BRYE - ATHRI L SHENERLE T
EHVS, LdL, 7 AABTOAFERCRENRGOBHNGE L L ETEAERIERET
L, ¥, RABTCEBAERCONAEME T A+ 2 HV5,

41 SROGERIT

411 BRFRREETHA

EETE, ERETLCRL, EEARELOERYE L LI EHEYTRVFER & HE
T5, FEHFEQHETRSLEOTHEL, F0EBESRALUTOREOTHE, Thbb, B
BRFEM Bl o~ U7 AREHTERTRB S L, il KToRkEHER TR

#11 BTt FLEEn .15 4A—4
Table 11 Analytical Modelling and Calculation Parameters

Structural System Liquid System
Model Form Pipe-A + Pipe-B + Vessel Pipe-A, Pipe-B, independantly
7 Vessel = zero pressure 717)99(15173.}1){7
Model Type Pipe-A, B: Beam and bend elements | Liquid in vessel: lumped mass
Vessel: Beam Liquid in pipe: one dimensional
Base Flange: Spring pressure wave
______________________ (with bolts)____(Rocking) " o
Boundary Structural anchor at ends Vessei = constant pressure
Condition Bijlaard spring at nozzles Pipe = bend and closed ends
__________________________ Fixed or spring at supports | .
Number of 62 (Structural, including liquid 32 (Liquid boundary)
Nodes boundary points) |
Used modes LS morder T,
Liquid division —_ 32
in cm
Pressure Wave —_— 1100 m/sec
Velocity
Time interval of _
calculation 2.9 X 107" sec
Input Wave Measured shaking table acceleration by E 1 wave excitation
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F12 BF=FLoBFES L CLEHECAVGLEERL
Table 12 Eigen Value of Analytical Model and Used Modal Damping
Value for Simulation

Natural frequency of D . 1
" Order of analytical model (Hz) amplfnf value
o
mode Wholly lumped Semi-lumped simulation
mass mass {used)

1 3.67 4.60 0.02

2 6.07 6.35 0.02

3 6.30 6.58 0.02

4 7.11 7.38 0.001

5 7.37 7.83 0.005

6 2.66 9.73 0.05

7 12.01 12.55 0.001

8 15.24 18.30 0.002

9 18.27 19.81 0.002
10 19.73 20.13 0.002
1t 19.78 20.33 ¢.002
12 21.53 22.18 0.002
13 23.56 24.29 ¢.002
14 25.76 27.76 ¢.002
15 26.85 29.94 0.002
16 27.97 30.05 0.002
17 28.53 30.24 0.002
18 32.27 32.59 0.002
19 33.11 34.36 0.002
20 33.64 39.63 0.002
21 36.37 41.38 0.002
22 39.02 42.54 0.002
23 42.04 43.00 0.002
24 42.51 45.27 0.002
25 44.93 46.71 0.002

(Note) Wholly lumped mass: liquid = lumped mass for whole motion of pipe element
(conventional model of liquid)
Semi lumped mass  liquid = lumped mass for pipe lateral motion
= neglected for axial and torsional motion
(a model for coupled response calculation)

S5, ZhooERE, HA) AETOHSLBV TEFHCERTEILDET S, KT
EEOHAREYAVTHABROCEREELYERL, L IORTORGELYEE~ONADE
LTEETS.

FROHETIETRCIT - FA7F ) v A, HACRBERREEYEV-5, ¥ -
AT )y ATIRECHEY (EREEIETERIND) @AM ORENIR L T2 ER
L, S5 hlrewt 3o Bt LTtIAbBH LTV, fatTon®—
EATF I AR CAEEREE: - VREROKERELTEESHER: — VTR, i
EOBTEEEDYER L, WhIESSESoREs - FTHL, LL, ZDET -S4
THU VAL BEEHRERCREETOESAD Y, TNTDOE - V2EZHHEL, HE



BRETAYBHRUVEEROMBEIE T SHE

BNIIESD

DEHAEESOHENEE I NI - T 5, EEMICE, HHETIREDED= —
FERBEWZC, EHCLIREOTEREEILER SR EBoz— Y2 E LD, BiFE
DFEMIEER (NI 198D R LB TH 5.

UTFOEEHERNADEREF 40 > bERANELSOBE YR L L, ¥, BF
IEEEDCTIIER, FELLCRESE GI0kPa) »60EHSEHB LTS,

BRI RS REY L2 T B OLoceFalbliy, HELALEFLOERSRE 1L
DEIVTHE, T, ZOEFAT, BERIUVETNOLEEY Deadmass L Lis gD
BEESHE - VX220 CRL, 1HRIRETA, 2, JRBEFBONER X CNRESHH,
4RIBEEBAEET AT~V ThSE, 5 6ERLAFAEL XV TRLETOENDD,

412 MRITKER: KB OHEE

RN HEROADE (REBEMEE), BBNEE, BT Aoy, nEE HREBD
MEZELECTHREZREYRLL, BBREICIANEOBETHS, RO DERER
RHRRL, BROGEFHVRER LS - Tv55, REBLRM R ENEL, HE
I (= DfEV) EXEMRTE SR ECT 2% EELY (BBROER < - VoL
TRV, FRCRL - s REVEEXE UL EBHA D,
HEACEARIVERTRY (fifE%d Deadmass TE L EFAD) 1 HE— FiT
MIGLAEB Lo TRy, FEHTREFRLFEIZE-FHL T35, Lrl, FEFE
BECLEIATEIELCWE, CORELELTREEH (2 FrAL VLA v ) DEVER
TOEBOERCIZFRBURFEORErFLOND, MEBEEIRCRLAEER LT
BHELEROLEEN I —HL T35, BFCl-TREYE LR, MEECESE, B
EROBADER - FALENTHEY, IhbLBREE— VO -V, BRAES-FL
BCRTREREOERPET LD TH S,

42 KEEHE - XRBOLHRRT

BREEREEE (2 A4 KoV TREE»LOE -4 Vv EHERSE, $LTHE (BHA
A— POV TRBBFKEIERCICORKENEEY L hEBHCEES R EDEH
o i

ERLNEILIHE, BECLLEU~DAN (ERHORELLOE—2 v Y, &
BOVHEENEE) ORKBELHEHRDOANDLROBE Z L v LIS (0BAE) 2 &
o, ThERRALAELEBTIAE R LLRS, CoThffEndizznRHEr Ak,
T, ARCEHTIRE»LOME I SVTIL, I BYLRFETR AV NERY X
ELTEEREROBN YT EREEVT 5, ERBCREIE TRt 5 cselk=
FADIEENPLRELAEBEHEORIEE R AELYBCILEND D,
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421 XIS

HEE MSC NASTRAN 2 Ev+fe, o TREFEB /7 ArimownTtoER2TRT. ®
M BERO = F A LERSE RS I UNERGY R L, 2 XABEKCOWTR, EROW
ﬁaﬁﬁﬁa%ﬁm%%%@mm%Lt.%E%%m@%@/x»ﬁﬁmﬁ:va—ﬁﬁ
Lie, 2 v - _aBECHLTE2RBEOENEIREELTRL TS, ¥, / XAnD
HER, BEYiav—va v THREEBFOEEHGEHEL - A v P BLUBOYE
T,

RO BRERBRICEER FAKNESE, EIZHER 150% AN Vv 10k RoOES
BOIEEENG, /AABRIEATLIFELFE CHYE— 2 v ) 2RDLEH1.55X106
Neecm Thotc, ZOEREICRLEGFERZIBOE AV IiHEDHIBETLE, #-
T, EAEZ 1/SCT5 MR OHBEELEETLZENTES, Bt/ Ara—F—iC
BLIVCATOERME (0 1/5, kg/mm?) #RL1A, ZONBTOHEERzvE—L L]
(2.5kg/mm?) THbh, HBEMEEBE—HKLTWS, ks, HERBOANHEIZED -
AV ELADOTELA STV, TOMNBETOER(E 320 PLOTZONEZH50T) id
FAFZAD - AV TR TLESDTI L CRIAGOWEORRIEIZ LR L1,

422 BRIBEIC IR

BHELEAD - OEEHOENCSVTIE, BXRETHBIKEMEE 1GOREFITOW
THRELE:, ERcBFEOzFLLTRT, bk, CoERTIL7ers 74 ISTRAN A
wit, R ZHELISAETRT,

LT, BiiERraBR@nmeERR (EKNESRE, E2HREBE 150% A0 v ~1OhiE)
DHBIGHEHEL R TE, KOEEXSIUVNBEANV AANEREFETRLSD
TEROLHCBRETS, Tihbd, ZOE2ENBCHTIEROEERILGTHD, BHRE
BOBUEIERITRERD 12ETHS, BAREADOT, BRACKIBMALERELL
TEVEELTVE, ¥, FELHY B FELLENIEECHNE TS, FETHV Y
BRI 1.94X105 MPa, A7 v v 0.3 ThDH, HBERTISCHEEIHECERR
WeEERLTVA,

FL3 BERIVAAZ-+DE RESAOCEME - EE
Table 13 Strain of Vessel and Skirt

! Vessel (G-13, G-14) Skirt (G-15, G-16)
7 Membrane Bending Membrane ng_d_i_l}_g_ ______
Calculations 436 10-¢ 551 % 10°¢ Q7 x10°*¢ 824 X 107
Measurements 461 % 10-¢ 1271x10°" 80x10-® 864 X 107°
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5 % &

MEECRBERY S E 2, BRIEEYREEGLLETAYAVTERERYT -2 X

BIERYMOELDBELTOEYTHA,

(L) A GEE) 0B&LERNECBE TEEDLECEERERFALGRY, ~HERD
EECZHTHRERLME L RD 2T, 2bIE, MKFELEGHTLER o= T
ERAOHAKG I - THEFOGECHITVOERYE LY, O, BHEBOLE
TR EAEERPELCuRL, 02 LRIEEORERERY SO RefkOHE
FEOEEY ITLE, Ko TEEHOKIEMALERE L TR B TERV D
EERRFELT D,

(2) ERPREOLCEEBCIEENLOBHIRCHIET 2 3D (Dead mass 2R & 4D,
REREOABLEPREL, EFrEEL5 250 (BWERDR), EARESK
EL -1 BEOEEREO I -OEBHHEN S his, ThooERE, EFRHICIE
BTHRGEH, BERE: L THEROBENIZEY KTt ENEREORME: L URE
2ANF-LER HOHNEEILHREERECT L, TORBRLLTEEOHE
REIRGLEMER 7 A TR LEERFCL 2 FRCHL, pihREVPLE
AELBBEIEERLTWES,

(3) EEARGOBREIC L5 Ebha%E}, MELZVAROKEEGOBTILLEL,
COBEBIUTLCEENEECHBLEL, fhliov=—U vl stEd
NA3BWEXRELL, CoXSREBIEBELoOBRE/ AV FCEEL L.

) BROLBCHTIEGTORENEA SN, COoBBIEBNKEDOLV-BEDOE
BEREHH~OER ATEEDR) . FROEHERHORMESLHBILE~OEE (1
FYREB L VEEILEB~DANYR) 2L LTRbNS,

G} BV FHEILI v ab v a vEERERYHELIER, 2E&FERIUEER &
FHLEDIGHE S WTEBM L —HTAZ LAERIAL, Lrl, BE¥ALL L
REBLHTAEYETIRELE, RBOHEFEHED L IBEORIFVZOWT
RIS OBLETHS,

(6) BHEEEREH (/ A0 BIVEBRLHERR, A AT LTk, ERERE
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Fig. 8 Waveform of E1 (Table 3) and Its Response Spectrum
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(Maximum shaking table acceleration at 100% level=about 1G)
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Fig. 28 Analytical Mode} for Total System
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Fig. 29 Typical Vibration Modes Calculated by Lumped Mass Model of Pipe
and Internal Liquid
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Fig. 30 Typical Measured and Calculated Responses in Time History
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Fig. 31 A Model for Nozzle Stress Analysis and Static Load Condition for Nozzle B
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Fig. 32 Results of Nozzle Stress Analysis in the Load Condition of Fig. 31
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Fig. 33 An Model for Stress Analysis of Vessel-Skirt
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Fig. 34 Stress Distribution and Maximum Value near the Vessel-Skirt
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Photo. 1 General View of Test System
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Photo. 2 A Fragile Rod Element for Pipe Support Failure Test (Case of 9.8 mmd)
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Photo. 3 A Final Deformation of the Lower Flange Plate of Vessel Skirt
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