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Research on Seismic Qualification
of
Nuclear Piping and Equipment Interacted System
(Report-2, Vibration Test on Cynlindrical Tank with A Spring-Mass System)
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Abstract

Piping systems are necessarily connected to the side wall of a tank for
chemical and nuclear power plants. In the aseismic design of the plants, how-
ever, it is common way to neglect the effects of such piping systems, because of
its small mass ratio to the tank. In order to clarify these effects on the responses
of tanks, shaking table tests have been conducted. A thin cylindrical tank with
a spring-mass system prepared as a model for a simple piping system.

In this shaking table test, it becomes evident that vibration of tank and
spring-mass system interacts each other. The change of tank water height
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influences the behavior of a spring-mass. The natural frequeny differences with
water height changes have heen verified by computer eigen value analyses.
Furthermore, damage patterns around the juncture are observed.

~ Key words: Vibration Test, Cylindrical Shell, Aseismic Design

3 ]

FHED TRRETROTHTS I VB SHOoMBEOFMECETAHR] 0—2s LTk
(MnEERYETL2 v ORBER LB | CHT340TH5. BRETROEEDT /A
TLIHEBRNELET 284, ASETORRREDEELCERCRLIBE 0, ot
&, EF Ih - BERRLALL, BRILTARYEY, BESHoBNEHOREY BNE L UE
BERLY TR BEROEFTRET BRI «cRIFEbhE, Liliib, £FEBROFE
HHR EERLBHIEVcEBE2RELSY, EVOBBEECELESEATOA I LR ZIH
fe, Efe, COEBHEYLLCHMER - BERRYFETLER (Afs v o) OBICEOHEST
Biswt oL i,

F~T—F | mEER MHE =, RS

= xR
1. T L:ab‘;: ................................................................................................... 3
2. BHEEIRERERAE  ceererereererereie oo e e 3
21 FBRHP BEE oo O SO 3
2.9 ERAME L BEBE H — R crreereerenei e e 3
03 BREROEDEELE F BB cooererrer e 4
3. EERTTEEZS L IFEHE]  ervveerrerr e 5
A, SEERFEE L BT  coreroriorieie et ettt 6
41 BEATIEACIT L 5 TR D BRI +vvreererererioreesianiintesie s ire s e b b s 6
42 BEEH, Wh BEFEF TOERBRNEREDLE oo 6
43 (T BEREEEDBEEIIT DU T e 8
44 BEZREDBER S TEEERIT DU T cororerrrmrrosiertene i ee s sreseie s 10
5. IEVESARER  ereerereeistiei s 10
51 Mk« BERYET2HAAERE (AHREHE) OFERX e 10
52 EER LD B L INEED orernreineriie et e 12
B, FEZE  crecreerrererrsneninrinerieriete e e a e r e e e e e s s e e a et e T e g e s 13
BB e e L ed ek sa ettt 14
BT creeeriee e e e e s 14



BEETRISTRUESEoR BETM T 2 FE — Xlids

1L Rursic

B KB FEEH v 2 — R FEMLFR 2 EBCH ) HFHREHED B E
LT BSREREIFTLICEAHOMBEOHECH TR, ¥ERL T3, A
IR 6 FE T KBON, BBCHTIERCOWTHET S, REORRICOL:
T, BIETECHE IR T, OD)ifl, 1989)

BEBOXHE, BB LRTLOBANEN, BEMNCENERYELR Y, EBEMCHES
FH8BERHES - LHE, BEMANECSOFENMEALEY, S0ohBEC2ES
Bz 354 AAAA Y PRI T, —B7 5V + PRERBORBEEDNE TN
L5 hEER, BREBTEUTVE,

LDld, AFRTCRAFHOBRE»LRAIRENSBL L, IRHALIVEESRERATS
HRME E O ME O LEBKRE & SR TATRERYT S, MEREAodoEXZRR (B
AR LA, REBREROIEELILEBFEOLERE, 4EBLYEMLLLIOTHED
THREOHHZOBER I URH, BESEZ—B77 v CAZ0 JISHBEE LTS,

T, EHMEIT 1988 E7T » ¥ 2% <L PVP Conference TREL L LD NE LD
THH, (i, 1988)

2. BREAERG
21 XBRE® - -BE
EEARDMATOATVWAEBRIHBEO L 3 RSB NV LBE, BBOLEIBE
DHELLRNIL, BUBELIENL LEbhD, EFRMSomIRNYZT2HA,
BELEROBBENMALLCL - CHBYEILLE 2003, AFRIZOX 5 LEE
EErBZOBMNLECRETHEOFHELYEMNLLTWE, ZoBORMBEKSWTIL, =
RETVCOhOBRN E KRB HIE (M. Shiraki, et., 1976) 3 Fhbh T 2T 52,
THEREEZE 200 REALTHY, BEFLER - BERLALLAERRENT AL
Ny, Zolhed, EFRA TR - BEERYFT2AROSBRPERY T,
FRELTREAOFRAK S v 7 2 Hv o (LI, MEERESEHS), 1, Th BER
AETHAMEGHEORNMINEY RL, ERER A LE:, sbnith  BEERES
RoORBE - V2R 5BHER LT -7,

2.2 EBRFMG:EBI—2

AEBRTZIH ERROMER, ROHE, BUELEFNLE4: LIBEROLSEE
ENTL, RREHOBRERIVENRLUTOEI LS,

Th - BERROESE

WARCKDEREY R TS (Eidh &, BESFRCEPERELYE TS (#Fuan]

— 3 —



BBy 5 —FREE 87 S 1000%3 A

DIBETOWTHRHN LA, [Hilk] OoXciBEsy Edh ERAGCHEILCEEH

Roffroh, [HAFEh) ORCREYAEBTELSLSRELATVE, EHEIR [EX
) DERT, EHE 2 Mfifi¥nl oERTH5,
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Fidta] BehHs,
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Table I Test Case
Attached System Water
Test Case Spring Mass Pasition Level Remarks
1 0 none none 0%
2 40 none none 40%
3 80 none none 80%
4| P3-3.2-0 B-3.2 mm 0.86 kg PAT 3 0%
5| P3-3.2-80 B-3.2mm 0.86 kg PAT 3 809%
6| P3-4.5-0 B-4.5mm none PAT 3 0%
7 | P3-4,5-80 B-4.5 mm none PAT 3 80%
8| P3-12-80 B-12 mm 1.48 kg PAT 3 80% Free Vibration
8| P2-K 3.5-0 L-7 kg/mm 258 .5 kg PAT 2 0%
10 | P2-K 3.5-80 L-7 kg/mm 258 .5 kg PAT 2 80%
11 | PL-K 3.5-0 L-7 kg/mm 258.5 kg PAT 1 0%
12 | P1-K 3.5-80 | L-7 kg/mm 258.5 kg PAT 1 80%
13| P1-K 16-0-80 | L-35 kg/mm 77 kg PAT 1 80%
14 | P1-K 16-7-80 | L-32 kg/mm | 331.1 kg PAT 1 80% Damage and Failure
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(1) ARHEASE

MEEAASROAMRIE X 1.5mm, BI1300mm OAF v v ARy Sk, RHAHCEE
LTREIATV-5, EFERX2425mm THS, B2 3000mm TH5, EHZES 6mm,
EfR 2558 mm o@E CHAEY 15 ¢y # 4 HoA L TIRESRMAHCEEELTVA, £
FicEMNn], LBEFRCE 9mm, 1§50 mm DHEH ) v/ AGE I REIRYED TV B,
MBIz TEidi] BAEA2 7 (00 CE X 790 mm & 1500 mm Of28), [#ifidl
BATEES 1 #F7 (90 ¢E X 750 mm &) 5, HWEMAERER 140mm, ES 20mm O
HETHY, 2AFECI OVFARRCRMAOh T3, ERACEEERICELLELL
hAEHRFUECLERCH L SUEESH D, ERO—OREFTHTLEUERYRTLIO
P55, HEROBIEREZENECLTIYEBE :Aked, LmACESETCORE
NBIERL 2O SEMSL»LRTEROBTAY, HERRERE 07— 180 o#s Nk
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wiEt, FHEORBRIT 4 S A LF—F L a— LTIy, 7Y v 200Hz, 64 F » v
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LEEZbNDA, ARARE#H =4, BNFHL TV,
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FEEER-Tv5, K mEFEHAS AR OREBEMERICHTEA2 b ATHDd, N
EEAA AR AR EAME LT PAT 2 25 RO O EICH 2, COABROBEALR
HE =1 ORPEIHEC L AEEA T8I Hz, K 80%T33Hz5h, RBHAT
He—rdMEFAEEoREVE—F (EHn=9ERTE) BTV 25D EE L2
hi, M8ERARs, ASouBTil, ¥k BEEROCEEIRLRW,

ok Mg oEBTTIR  EERCEI MEETR A AIZDAR2 b AL ETHD,
LROZETHLBER -HEROEHELEHL T35, BRENEKOBE I ORENN
BHERGRED, KU THEBRFOBEI TR - BEERCELTD2D025, ¥
i BEEROEENBVER Y — 2 P1-K16-0-80 TEREHOLEH,NHL -,

®10 3 TdEh oFBTER - BERCEDCMEEARSOARZ P LHTH B,
(Bl RRER FHIFEROBELTh BEEFROREPEHLTVWA, KL 80%DH
&, BEREBHOBENKE, ERY — 2 Pl-45-80 Tz A7 F Atk bilia s BEEROE
BE¥Rons0REETHA.

K11, 1203880 NEx] Bodh - EERIUGE PAT 1, PAT 2 & -mEE A
ROA=Z b BThHD, ak, FRI11EHRY - A PL-K35 oy, ER121ZERY —
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A P-KIS ORERTT., ThoROX 5 nERMTR - BEERRAESMEETR T
RBEEFORBIZEASEBL TV, LaL, THidk] Bowdhk  HEESRRAEL
EOBHRAED AR v A ETHEIR B idh  BEROBEHOEEAL LD, kL
 EB oy~ & PI-K16-0-80 TiXBEREZ BLEIZ R S hins,

EXR Yy - ATERENEYT, §B0odh - EERRAERCY VW TORAFHED
GRBHAL, R4~ 152 [Eidha] ZA0oER» — A P1-K3.5-0 O & EREIHE <
DEFHWTH S, +2 COSHFTE, ARSIN RaxFET. ABS(CMAX) 5502 C0S
RO EORATHD, ABS(SMAX) L2502 SIN Ro0ENEORKTHD, E
FEEREYEBAIEETEH - D TH D, FAULEBETHARAI2H 501, MEN
EERIEY 5 GAL, 10GAL, 30GAL ¢ F2 CFHBIL 2 dTrs, 16~ 1813 MEE
) K 80%DER Yy — 2 PI-K35-80 0884 TA D, FximBNEERIE: 20 GAL, 30
GAL, 40GAL TH»5, K 19~ 21 2 [drifiddal Afr 80%0EE > — 2 P3-45-80 DES
FRTHES, hbHRT, BRESHFERTHRECRTAAAES n s n=1 BADTEDS
Boz- FORATw308 805, R BEEROCEENEMTHEHN T, i [H
Wh OBE, RNEMITRESEAT - Fitk-Tuw 5,

COEZRENESS, [Bidhl ok - BEEFIEBNCRBE, BELRETLMIE

R [Edhk RSk ERAETES RS r REEYR
Table 2 Estimated Frequencies and dampings of a Spring-Mass System (Linear Spring)

PATZ2-K35 PAT1-K3.5 PAT1-K16-0
WATER LEVEL 0% 80% 0% 809% WATER L. 80%
NATURAL NATURAL
FREQUENCY 2.028Hz | 2,1446 Hz | 2,2258 Hz | 2.4558 Hz FPROQ. 7.723Hz
DAMPING 4.77% 12.3% 13.3% 17.8% DAMPING 4.943%
S

;3 Mafdh] BfEdh - ERERECEEEDY c BEEX
Table 3 Estimated Frequencies and dampings of a Spring-Mass System

PAT3-4.5 PAT3-3.2 PAT3-12
WATER LEVEL 0% 80% 0% 80% 0% 80%
NATURAL
FREQUENCY 10,722 Hz | 12.635Hz | 5.441Hz | 5.698Hz | 7.885Hz | 9.328Hz
DAMPING 0.455% 2.262% 1.238% 0.855% 0.492% 6.514%
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BUHEYEL V3045005, B2k EERLESSOERLTSY, 10GALEE
OMBRMEETHD L, T+ BERLEEALEH»T, 20GAL, 30GAL, 40 GAL :miE
MEEAMINTS L EEEEMLERL, W0 EHELS, 0L 5EREBMETREALEE
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® 23 2EB -2 P1-K35icBv-7, %BH (EL-CENTRO N-S81940) THRL-BE
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KEREOHEEYTT I LBH 5,

Kie, BCERRBETADLEELCERERREBEERLE?, JCTT, ZhbhbE
BrrABAL ¢k BEERCEERES:, Eidhl, fFfdnl o@r—2&d, #Eh
Tikdhd2, LETL, BEEREWTIRSAAL EERIS DS, [Shrfilial © P3
-320FRy — AT, Eh e HEROEEMN &L odh, BEEEEREERASL TS,

43 Wh WERBRMTEORBRIEGC>WT

MEiTH] DThBET R+ 7 RS s A Vv REDHRIA STV, 2O
B, FE1I3O LBl Eciin . EERYETEL, AFtvinklL, ERFREEEA
EL, Thhb THER] 0FROERFEYRDL L xFALL, R4XTOERTHS,

x4 [Hilh) BaBsUik
Table 4 Linear Spring Characteristic Tests

NOMINAL SPRING TEST MASS MEASURE FREQ. ESTIMATED SPRING
7 kg/mm 331.1kg 2.174 Hz 6.32 kg/mm
32 kg/mm 33l.1kg 4,130 Hz 22.75 kg/mm

LRy - API-K35-0 oIk - EERERERESH 2.2Hz L cOEROEER 258.5ke,

BEGHABROBTEIRER 6.32Hz 20, Bkl HEREHIRE, H24 025 H
Flz oMo T LT, PATI COBBRBER ke ¥FHELT4A5 & 25 kg/mm 7z
D, KEZ 8B T2 4HZ ETB L keanBELSRGELT Kua ¥ B T2 & 93kg/mm &7x
L, 2D Keon, kwat DIEAH, FUiki« BREBIMNE PAT 1 #8572 P1-K16-0-80 DE§
AR - BEREHRSE LY EH TS5 L, 7.86Hz 2 ih, #HEOLHEE LALEDZE
—3+3, T Pl-KI-T-80 0ERy — A>T HEH TR E38Hz L b a2 b i
HTE#8L TV 2R 3.6 Hz L izid—#HT5, $h - BEERIMFEPAT 2 2BV KR
¥ — A P2-K35-0 Tiidh » EEARERESHHL2.0Hz TH 505 PAT 2 TOFRBRTIL
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R ket 4.2kg/mm £7%%, o [Eilh] OKE%DRR TR - BERESES
Bi2215HzTH 9, Kyae!t 13.8kg/mm L EHXh 3,

X 25 (XA EWREY 7 75 o NASTRAN TPAT 1, PAT 212 80 kg OB ATHE
RMAE FOERBEBOEHTHS, thrbith - BEEFRRAEPATI 0R®iTh
Keon =64 kg/mm, ¥4« BERIE PAT 2 DRHEER keon =38 kg/mm B HRE, Th
COERIERICEBLRIEL ORI AR, TARRAEBER IV ELBRR
DT B LD EEL BRD,

T ) BEOBERBIEYHETS L P3-32 038R T6.0Hz, P3-45 01T 14.8
Hz, P3-12 0T 27.1Hz T4 5, thbidh  HEROBEERBEIBZB IO 135
o2 litkh, RIDIGETH-TWE, ChIFBEAMEAEEGIRELTERLT
WARHTHE, Zo THFh] ok BEFRYIAECTEET — 2 v b LB
TOERREEHELI LI 5 -BEReFaAtl, BfEYHRLBEEE AT
TEINTVWRELT, EBRLHOEEL IR BERESEBNY L i oREEE I
REYEHLTASE, P3-1200KD0y — AT/ 2X105 kgemm, KA 80% T#7 3X 105 kg»
mm, P3-4.5 DZERTIR1.5X105 KEZ80%T3.5X105kgmm, P3-3.2DZEATI1.9X
105 kg*mm, K2 80X THERITI.5%105kg-mm tEEINE, —oBNEETROMEILE
KU TRBRERLMETHAENELELORS, HA»GRT, FULELEL RS,

x5 PEIERE—R
Table 5 Damage Test Outline

AXIAL SPR. DOMINANT
LOAD (STRETCH) FREQUENCY

EXCIT INPUT | INPUT AMP.

Ist 52M6.5 + 5mm 180 kg{ 5.63 mm) 3.6 Hz
2nd S2Me.5 +10 mm 658 kg(20.58 mm) 3.2Hz
3rd S2Me.5 15 mm 732 kg{22.88 mm) 3.1Hz
4 th 52M6.5 20 mm 883 kg(27.59 mm) 3.1Hz
Sth S2M6.5 *+25mm 957 kg(29.91 mm) 2.9Hz
B th S2Me.5 £27 mm 1012 kg{31.61 mm) 2,84z

7th SIN3Hz 10 mm 1230 kg (40,30 mm) —_—

8th SIN3Hz

H+

5 mm 247 kg( 7.72 mm) _ 151 sec.

9 th SIN3Hz

+

5 mm 950 kg (29.69 mm} —_
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TOERSE U,
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6.5DS2OATHRErSTA27e 7 — v AAVAREE JHz 0 EREYB W, NEFE
&AH5CRT,

H 27 X PAT | 0SBl -HATRECERY&MED LimLicboThh, 2EHE
METAECERIET LS5, T2, 29 3EEnECEREEEY, K30,
31 TEEMBRORMEEY TT. QEEONRCIN s HERIME PAT 1 BEHCER
DIAB LFIL, FOEL DBEEHOBER s A2 Y vA— AW NSRS
Ante, ¥, HBr st vy 24 70BENERAD, BT L, ERE BRE0
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~DRGOFA Y2/ VA TERETHD, BH 261X PAT 1 o FroEREDHBRER
REThz, BHUANBEBOCEREFTETHY, KEMIIDA Ly A—BEHLTV3
DHREBHR B,

B 32 EEEHMECHTS Croll DX X 2EEFEYTFT, ThlETCEBCHT5
DTHY, WBEBTA-T, F4v 2y Va4 7OBBERPHATIZ LTS8, FR
BEMNETAmER L THHBERE TR, HEHEEMETEULEREDERLL
T, BREBEBCAESMEEL TV Z L HELLAD,

5. FCEARAT

51 fimiEsm - REFR BT > WRANER (AWAEEFN) orxiEl

FEx- rEAY, il ERFLETHHAARNKECHOBORELKE1 S
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ur @ ?(pfr(z) (cfalt)cos(qd)+sEpa(t) cos(ad+a/2))

Uo

g g(pfu(Z) (c&palt)sin{qd)+spolt) sin(qf+2/2))

u; ; %‘.(pfz(z)(cnpq(t)cos(q5)+s?7pq(t ycos(a8+x/2))

BEBERRDLOTHESD,

r, 0, z=FIFEECYE, AF, &I

Ur, Uo, =T, G-, 2z~ FEDHEBEM

pfe(z), »fo(z), pfz(z)=assumed functions

c&oalt), cEoalth cpalt), s&oa(t), séralt), smpalt)=—MHERE
In(kxr/2h)=FEH~ » L%

q =FASRER
a =FIHBEHOEE
h =¥%f&

d=FEF v+ LK
M]=FRBOERE~t Y » 2 X
Myl=FHESEEOEE~ 1V » 7 &
Mln=1Eh - EEROABUCEE~+ 2 » 7 2
Muln=tEh + BERROEROER~ 1V » 7 &
Myln=tEh « ERFROBMNBEEROER~ 1 V) » 7 2
(Ksl=FH#®ROBE= ) » 7 A

(Kol=HAi L 28BS CRET A8k~ U » 7 2
Kpln=tEh2 + BEEROBBAUCHIE <V » 7 A
Kuln=tZh « BEEROTHOBIE~ LY » 7 2
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{
{

=

Tlhh=h + ERRORAEECHETAER~ LV » 7 2
The=EBEE#H~1 )y 27 2

VI=F#REL~<7 + v
Vel=FAEEBcnTHADEML~2 b

Xin=t¥f2 « EREROEL~N2 b o

Xgln=3ha » HERICHT 2 ANEE~2 b 2
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Table &8 Computed Natural Frequencies

CASE Pl-K3.5 P2-K3.5
WATER LEVEL | EMPTY 80% EMPTY 809%

1st 2.32Hz 2.37Hz 2,20 Hz 2.30Hz
2nd 27.44Hz | 11.28Hz | 27.16Hz | 11.30Hz
ird 29.06Hz | 11.47Hz | 28.77Hz | 11.53Hz
4 th 30,26 Hz | 11.94Hz | 30.04Hz | 11.98Hz
5th 33.07Hz | 12.91Hz | 32.58Hz | 12.96Hz
6th 33.32Hz | 13.78Hz | 33.30Hz | 13.80Hz
7th 33.36Hz | 14.35Hz | 37.00Hz | 14.40Hz
8th 41.80Hz | 16.30Hz | 41.29Hz | 16.34Hz
9 th 42.96Hz | 17.18Hz | 42.77Hz | 17.18Hz
10th 48.77Hz | 18.70Hz | 48.73Hz | 18.72Hz
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1) Haroun, M. A. (1980) : Dynamic Analyses of Liquid Storage Tanks, EERL 80-04, California
Institute of Technology.

2) Minowa, C. (1984) : Experimental Studies of Aseismic Properties of Various Type Tanks
8 WCEE Proceeding Vol 6, 945-952.

3) Minowa, C., Ogawa, N. and Chiba, T. (1988 | A Shaking Table Test of Cynlindrical Tank
with A Spring-Mass System, ASME PVP-Vol. 145, 77-82.
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STATIC CIRCUMFERENTIAL STRAIN CAUSED BY WATER HEIGHT (B0%)
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MT10/1987 VESSEL TEST/** ADD-SYS.** PAT1 AXIAL SPR. = 32kg/mom Mass =331kg W.L.80%
INPUT = $2M6-15MM (K=150)  10/23

RECORD FREQUENCY = 200 Hz, PLOT PITCH = 4

DATA FILE= CHUSR¥DRDATAS1

CALIBRATION FILE=  CAL13
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Fig. 28 Time Histories of 3 rd Excitation in Damage Tests (1 ¢h-32 ch)
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MT10/1987 VESSEL TEST/** ADD-5YS.** PAT1 AXIAL §PR, = 32kg/mte Mass =331kg W.L.80%
INPUT =52M6-15SMM (K=150) 10/23

RECORD FREQUENCY= 200 Hz, PLOT PITCH = 4

DATA FILE= CHUSR¥DRDATASL

CALIERATION FILE=  CALI3
mex.
min, pasition
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Fig. 29 Time Histories of 3 rd Excitation in Damage Tests (33 ch-64 ch)
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MT10/1987 VESSEL TEST/** ADD-SYS.** PAT1 AXIAL SPR. =32kg/mm Mass=331kg W.L80%
INPUT =SIN 3Hz 10MM 10/23

RECORD FREQUENCY = 200  Hz, PLOT PITCH - 2

DATA FILE = CHUSR¥DRDATASS

CALIBRATION FILE=  CAL14
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Fig. 30 Time Histories of 7 th Excitation in Damage Tests (I ch-32ch)
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MT10/1987 VESSEL TEST/**ADD-SYS.** PAT1 AXIAL SPR, =32kg/mm Mass=331kg W.L.80%
INFUT=SIN 3Hz 10MM 10/23

RECORD FREQUENCY= 200 Hz, PLOT PITCH= 2

DATAFILE= CHUSRYDRDATARS

CALIBRATION FILE= CAL14
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Fig. 31 Time Histories of 7 th Excitation in Damage Tests (33 ch-64 ch)
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ELASTIC BUCKLING UNDER AXIAL COMPRESSION BY CROLL

kg/mm2 ' ‘\\\\ J=1 1000

1

5

]

1

J=2 1 3=3 A I 2425 !
20 1 \ t=1.5 9

\ E=20000kg/mm
\
5

acce, 1.5G
0% FIRST DAY LEVEL
------- i -~ - - - - -} ----=- - 1|
Q 5 10 15 20 25 30

REDUCED STIFFNESS (ELASTIC BUCKLING STRESS)

NUMBER OF CIRCUMFERENTIAL WAVE i

B 32 ®bERRMEEENE
Fig. 32 Elastic Buckling Load under Axial Conpression
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ANPLYSIS MODEL

I |

Z

SHELL CO,
8

0,4 LIGQUID
co.

SPRING-MASS

SYSTEM

X33 WiTHEE
Fig. 33 Co-ordinates
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NORMALIZED MODE COMPARISON: FIRST MODE

FULL LINE ; COMPUTED
° J MEASURED

EMPTY

KEY SECTION

measgre }:—}‘G

ection

WATER LEVEL 80%

KEY SECTION

=1

measure— - ———. —paf

section |

B3 THiik] ERABFEE <~ FORIT L ER O R
Fig. 34 Normalized Circumferential Strain Mode Comparisons between Analyses and
Tests (Linear Spring Test)
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NORMALIZED MODE COMPARISON : CIRCUMFERENTIAL WAVE NUMBER 12
FULL LINE ; coMmpPuTED 18,9Hz, - ; MEasuren 17.9H:z WATER LEVEL 80%

K35 MARRE: - FoRFLEROER (BE 1D
Fig. 35 Normalized Circumferential Strain Mode Comparisons between Analyses and
Tests (Wave Number 12)
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NORMALIZED MODE COMPARISON: BENDING SPRING 4.S5mM
+ i MEASURED FULL LINE : COMPUTED

meastured _—L

section BENNING
SPRING

EMPTY

COMPUTED 11.73Hz
MEASURED 10.80Hz

-

measured | .
section BENDING
SPRING

802

COMPUTED 1l.43Ez
MEASURED 11.30Hz

B37 Tghridn] EREAFET: - VO - EROLE
Fig. 37 Normalized Circumferential Strain Mode Comparisons between Analyses and
Tests (Bending Spring Test)
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ER]1 (BHiZh £
Photo 1 Linear Spring Tests

ER?2 [#fFiTh] £8
Photo 2 Bending Spring Tests
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BER3 LkaassAm (PATL, 2)
Photo 3 Inside of Cylindrical vessel before Tests (PAT 1, PAT 2)

BER4 EBaiaEsAm (PAT 3
Photo 4 Inside of Cylindrical Vessel before Tests (PAT 3)
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BHS [Eih| THHEESE-—1<7 ) v 7R EE
Photo 5 Setting of Linear slide Ball Bearings

N [ | [ DETT RS
]

EH6 [EiXfhl L8HE
Photo 6 Moving Mass and Linear Spring

o 0 N —
. P i ;

&~ A

ER7 [EiTh| £&
Photo 7 Linear Spring
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EHE8 3.2mm il
Photo 8 Bending Spring of 3.2 mm Thickness

EHE9 4.5mm [HFiEia]
Photo 9 Bending Spring of 4.5 mm Thickness

EH10 12mm 8T+l
Photo 10 Bending Spring of 12 mm Thickness
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ER1l %£B~”— A P1-K35
Photo 11 Appearance of Linear Spring Test Case P1-K3.5

BER12 #%Er— 2 P2-K35
Photo 12 Appearance of Linear Spring Test Case P2-K3.5

BER 13 [Hiih) B4
Photo 13 Test of Linear Spring Characteristics
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EH 14 EHUYOFHHERMETA - EROMNMR NS VEREIEEERTASL)
Photo 14 Buckling in Initial Test for Measure Preparations (Outside)

EH 15 FRUPOFHERMETA - ERONE ChEVERIEEEBETA -
Photo 15 Buckling in Initial Test for Measure Preparations (Inside)

ER16 #EERTPAT1IOBHEMLROHS K
Photo 16 Splashing Water from Crack of PAT 1 in Damage Test
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EHX17 PAT1&#ONE
Photo 17 Inside of PAT 1 Crack

EH 18 Pin Hole 1 »bEHh 5K
Photo 18 Leaking Water from Pin Hole 1

BER19 Pin Hole 2 »bHiEh b K
Photo 19 Leaking Water from Pin Hole 2
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BH 20 Pin Hole 1 A4
Photo 20 Pin Hole 1 (Qutside)

EE 21 Pin Hole 2 4}
Photo 21 Pin Hole 2 (Outside)

BEHR 22 Pin Hole 1 HE
Photo 22 Pin Hole 1 (Inside)
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EH 23 Pin Hole 2 A
Photo 23 Pin Hole 2 (inside)

ER2 WHE s v V24 7ERONE
Photo 24 Qutside Appearance of Diamond Type Buckling in Foots of Vessel

ER2 ML AvEs Faf YEROMNE
Photo 25 Inside Appearance of Diamond Type Buckling in Foots of Vessel
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ER2 WHEERED PAT1 Al
Photo 26 Appearance around PAT 1 after Damage Test

ER?2 WEEBREOTNHERA L S -0FF
Photo 27 Deformation of Moving Mass Stopper after Damage Test
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