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Two-Dimensional Vertical Model Seismic
Test and Analysis for HTGR Core

Takeshi IKUSHIMA™ and Toshiaki HONMA*

Division of Power Reactor Projects,
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun
Ibaraki-ken

(Received, August 6, 1982)

Abstracts

The resistance against earthquakes of high-temperature gas cooled reactor (HTGR) core with
block-type fuels is not fully ascertained yet. Seismic studies must be made if such a reactor plant is to
be installed in areas with frequent earthquakes.

In the paper the test results of seismic behavior of a half-scale two-dimensional vertical slice
core model and analysis are presented. The following results were obtained:

(1) With soft spring support of the fixed side reflector structure, the relative column displace-
ment is larger than that for hand support but the impact reaction force is smaller.

(2) In the case of hard spring support the dowel force is smaller than for soft support.

(3) The relative column displacement is larger in the core center than at the periphery. The
impact acceleration (force) in the center is smaller than at the periphery.

(4) The relative column displacement and impact reaction force are smaller with the gas
pressure simulation spring than without.

(5) With decreasing gap width between the top blocks of columns, the relative column dis-
placement and impact reaction force decrease.

(6) The column damping ratio was estimated as 4~10 % of critical.

(7) The maximum impact reaction force for random waves such as seismic was below 60 %
that for a sinusoidal wave.

(8) Vibration behavior and impact response are in good agreement between test and analysis.

Keywords: Seismic Test, Seismic Response, Vibration Test, HTGR Core, Block Type Fuel, Aseismic
Design, Impact Response, Seismic Analysis, Nonlinear Vibration, Hardening Character-
isistic. Two-dimensional Vertical Model.

+ Present, Division of Nuclear Safety Evaluation
* Takasago Technical Institute, Mitsubishi Heavy Industries Co., Ltd.
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Fig. 2. 2 Core model for vertical two-dimension.
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Fig. 2. 3 Experimental apparatus of two-dimensional vertical core model.
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3. MBREE L KBRAR

1 HREE

3.1.1 #Aue

BIECEVWTRR L& Sic, EBOWLOMER
DX, BARRICE > TRIISALHET o5 4
ZEALTCTPRIT S C LA EAIL LT, WMERRITES
SRUAH, MREEC &5 HERSBEE» 56, A
AEFIH L CEBOFLOISERSTE Flld 2L 4T
EDEDICETE L. COFEICERS &9, REfEm
i3, EBEOFLEDHUAIC D THMETLC ST L
7o, TDRHRD & HICHUAIE R,

A BRARTY (LI T A8 - 0F.59) 13 Buckingham O 7 & 1

ICE S AR REDSHE R & EBR O (DIF 2 & FE3)
ETHELOLE L HBRL S Table 3.1 i HIBIAIE L TR
LTOBESeRkDoNG, SfHEEMAEI L T5E, £
S U EEL 21TV THE & KK & TIROBAR AR AT o

lp Zp

(3.1)

LIZT, BRNEmE p3ENFTNIRE L EA R, MR
CEBICHERT 2 BB R — g, Y /R E,
EEEFELOMADS

3.2)

Table 3.1 Similarity laws of the model

Similarity laws under

Physical Dimension Similarity Laws the condition of
Quantities ﬂ e 1 1o
En " om 27
Length /! cm /m~% Ly /m:_é. A
1
Displacement X cm Xm :}-x, Xm é— Xp
Velocity v cm/s Om — L 2” , V= L.vp
om  Ep J2
. 2 Py En
Acceleration a cm/s Am=2 o 737' o U —
. E
Time t s fm=— E_ppl t = L. t)
m  Op ﬁ
Em
F k& .. _1
Force g 75 Fy Fom T F
er En
F 1/s - Lr L0, )
requency f o1y S M/pm E, fo S =2 fy
Stress o kg/em? —%”_ ap Om=0,
P
. En
Spring constant k  kg/cm - —%. —,; “k, Bom :%-Ie »
1 Om 1
Mass m kgs?/ecm s 1
2oy Tim Ty
suffix m: model, P: prototype, A: scale factor
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L13E, JaysDuyF Y o g ¥R EE KT
T ESNEFEE, BREEETRAET LI LETEN
WS, TEELLE

p

=1 (3.3)
U
TH 5. & -C Table 3.1 DHUEE QLA
2, En
' = A . o 3.4
¢7 PRRY » (3.4)

THED, COXBROLHCEEXBETIENTES.
Oy 1 Am E,

- . . (3.5)
6, A a, E,

#£ (3.2) &% (8.3) XK (3.5) i fRAT UL, EIEHE
o 1 (3.6)
om 2

L1z, vwE, RE1) OJHFREK A =2 S9iud, BE
iz 3.6 5
P _ L
Oum 2
10, MEIOMEHNI ERD 2 5082 L5 BEEA
SHEARNE RN, UL L, BRIOERM A ERE
[ US43 LG DEBLLEY. £-T, C
D& S HEEIE, BEEICIINERA WD fuuT, AR
OVEN I FEENERDO 2 fFIKiis L 5IKTkT 5. T
DEHITLT, A Table 3.1 IKRT & 5 LRI

BbTTENTED,

MRS S G L S, T ONEEIC oL HER
U O EROINE A HEE T Bicid, EROEAIIBR
DEME 2T L, BRI LT, EERY 26,
Ik Afs, REBE 1 A2 sk, —F, Eiic
i 5 MR il L CHEBA RS 2 a3, Tl
D ASME B ORI 1 /4 2 51 LIBFHUSis S0,

@3.7)

3.1.2 HERE
1 R 7T oy s
FLRBT 0w 7 3% BIEEN 2 LR D5

Dowel pin '5"\\
(diometer 22 5#)5 2 _7
Lead cylinder
\:\’: ’’’’’ %
E |L J,‘—'l’rﬁ Graphite block
R /
Block\ : : ! : :| ;
HIBHEAN S
| 88
‘| Lo
:5JL”
Py
I
! II—'Z_TF_—‘;;'L‘
%' 2 2) a_a

Dowel socket
(diameter 23 #)

Fig. 3. 1 Graphite block cutaway view.
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WEABEICUTTHET L/ 2RRERAHHTS. 3.1
Ttk Lic & Hic, FERSEREE & KB OIFLREIE
FZOMLAA DY S /-0 Fig. 3.1 & 3.2 XU Fig.
3.3 T O IPLBE 7 ey 7 OhRiT B DO M fE
A3 DA, HBEFITEE L. Lo THLBRE T oy
P OEREEBOBEERDOH L /4iciss, FORBT
o 7 OREcEHEE, EREMEASHBENENRT oy 2
ORI E S B fodic, EROBEIERICK LTHE
FCHMAEZ SRS ENTEML. L L, Fig. 3.1
g & S IR S K E BN & D i EERER
AFE Lz, PLEMT oo 2 ORKE, RAEX R
150 mm, EX 285 mm (3AMPRI S LHE FROS
D3 214 mm) , BEIL 191 ke (143ke) , MlEEH
120924 kg-s®-cm (0302 kg-s’*-cm) TH5.

FREL 7oy 70 FRETHICEENENS Y =
EvEdo oy FE3ETOROTONTHS.
F 2 v ViE Fig. 3.2 I RT LI F — VRIS
NADOT, Flba 7 shOFELESR T oy 7 dKEEL
AWETAD, 0y F v SEHREIBORECHS.
03 7 & FEROELERS 7 0y 7 13550 SR B & 13

hﬂ§ ce
% e Dowel pin
~E 120°
j - Qe
23
(o]
©
Graphite Lead
block #87 | 823
\\\\ Dowel pin
agh:
©
o
%30 _
#875 o |=
o 2 92
Q| |s87 ~
I\ g N
4865
| ®
#60 7 AeY o =
, o

s87 | le23

Fig. 3. 2 Graphite block.
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Liexfe7 0y EORMR LD Y » vevicks T,
IKERBLEIHED, oo+ v 7V EIIHFADORECHS,
T ene i, EROFELOBBEZO LD ESAN
I > DT OMBHIA L 35 & S IC A RD 5.
BRI 3 2 REWM R LT RO bOTHD,
ZOMRYIYE L Table 3.2l RS TS,

Table 3.2 Mechanical properties of graphite
used on vibration test

Item Value
Material ASI-F-500 (SIGRI)
Young’s modulus 8.67 X 10* kg/cm?
Compression strength 510  kg/cm?
Apparent specific weight 1.74  kg/em?®

@ MHLHK7o., 7

5 BEE S A B AR E T 5 { A EE 7 0w 2 @3,
Fig. 3.4 & Fig. 3.5 IR T LHICES LRSS T oy
7&E—EL, BEESET oy 7335 aldlickting
LR D, EEOHLOMHFERMAELZD S
SIMEEROR 25 TH L H, RBEROMGEE 7
Oy 7 DEIFLRNT o,y EE—iCd B, Thi,
27 LDEHSHRIOEHER IAHAFEL kD DB120HT
H5. REOFLOMARERIHAERIE L FARIC S
2T E > THERE N TV 35, REMERO AL EE 7
Uy 7T, 27 L@ HHOERX D HEFL K
BBELDITY Y 2 VEZRTRLO, X-7T, EFoOME
ET 0y s OERBICIIEEILZGINETS.
f5EE 7 o v 713 Fig, 3.4 1T/ 8¢ & i X FfEY
> THRBRICO M onTn s fAHEE 70

Fig. 3. 3 Graphite block (Photograph).

ABREE & ABRNE 7

v 7 DEEIE LREEMOT — 4 50T 528 ke (i
TIEE 7 0w 713 390 ke), BIEEEVEE 205 ke s -
em( 16 kg-s*>-cm) TH 5. Q5B 7 a v 7 OMEHT
FULBRKEL 7 0 7 [0 Table 3.2 i 4% L7 B P4 2
MTHY, MHEE 7oy 2RO SNt 7 — 43
L UNGQE TR

8 kg7 ows

FEEOFLTE, 25 40 FIC I HEITE O M
DAV 74270y VBT SNTNSE, AERRR
T, BEHAOABMIC LT, SO 7oy 2 EE D
FAROMED 370w 743 5 4 FigicEBEEYT 5. F
g7 0y (3 Fig. 3.6 & Fig. 3.7 iCR &SI ALH
LR EE—T, 0 E TR ) #48E Lizidhah
37 LTHINT B 0DIERAENTE, Zoho
ROfT AT 3 BEL L

37 afEF e 7, FHBDETANTC2 mm &9 A,
Lt 7 oy 7EF vy TORBERHNLI0 EHF v o
73 Fig. 3.81C/RTLHIC 05 BT 2mm ICELEET
RERT B, D, LT oy 2 DN RS 150
RO 1515 mm O 2RO LDAPEST L. 7o,
Iy DESE, 3o athRa s L0 To Ly |
OHERLAHFRUO 25 ,dbDLD &R0, @il
DT LD PRI Oy 7OGSRTROSOLD HEL
5. El7a 7 OmEid 285 mmUEED DI 214 mm),
HRII 154 kg(102kg) TH BN, L7 oy 7icnz
EAZEBI RO D HOE L P 4855 S AL RN
7oy LAEOFERELS. |l PG 175 kg -2
em( 0602 kg-s®.cm) TH 5.

@ PLXfE7o.y s
HEOFLOFLEHFERI TH 2 7 200 1 SEEHL
CEIC OB 7o vy 7 TTETVWBOT, THE 2K
TTHDRBTII 353 7 LB T1 O 7oy 2 %
BELTOXEO. L L, SREBREAL Biicd 57200,
b3 7 A 125 & ORIAFE 2 7 £ 2 5% &bt 12
149Da7 6z 1 MOZRTa .y 2ick - THET 5.
X¥F7 oy 710% Fig, 3.9 TR LD ICHBIO W Fic B
AR D 1, SBRIEEO TR | D4R 5 R A
AMEBB Lo -5 ~T Y v LICEBSNRS. Y
7oy 7O IR0 M S B RN AL B
oy 7 &iE U Table 3.2 1CR LA E TR RITH B .
XFT 0y 7 O EARE 7oy 2 Ll Uk S il
X FHEEC & - GRARIBEO S HHICHD 13 5 h
5. Z¥¢7o .y v OERIZIBITke Thb.
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(a) Standard block
Fig. 3. 4 Side support block.

(b)

Short

length block

Fig. 3. 5 Side support block (Photograph).
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Fig.3. 6 Tap block. Fig. 3. 7 Top block (Photograph).
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Fig. 3. 8 Two different top gap configuration.
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3.1.3 REHERAE

1)

REBRIBEO T ERMINEHRTH 5 LML, Fig.3.10
& Fig. .M IR & D it MBMEYTHD, T
nosiREA LIt A Sha, mfilo e AlG
EE 7oy 2 05WO g oh, ZoRiina 7 LHEL
Band., XEFRE, WRABOREEEM 1 ~ 10 Hz
HWT, HIFRORHABERICEELRITITL
EIRFTHICRIBHEEORE - T 5. RBEKREAOER
Tk B EA ML T 5 ok, REEKREICECHRE
HEx, ToOLICRRBRIEBAHET 5.

@ QIHEE 7o v 7 XEEEY

EBOF LR, BEERGHAERIT, FOMERESEY)
Lk >TaFTRUMc DT o T 5. LR
EHPORMEZE L IC & DR 0IRB v IC RIS 4 AR O
pieT B, RBERTE, QFEE 7o v 2 2Rk
HEOLFHEICED 1 X HBEEM O REREH, 1,
90 3 EMICABEETE L2 d 5. MEET
oy 7 ZEEE % Fig. 3.12 1T/ T,

Fig. 3. 12{a) 0 E ¥ 2y ic /R 4 & Hic, XFHEDO
B 14 mm OIFREOH RO R A hRICEHE5 T
itk -T, XEAMEAERICT S, XERItAficd 3
iid, Fig. 3.12(a)0TFEnicRd o, FEEEY
DOERZ 14 mm OEFRBEONMIOZE 25 AM~BE 4
5. IZHBIMEA 99 4 5iTid, Fig. 3.12(blic k3L Hic,
EHR 4mm ORXREBOREICERT mm O 8
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L, NS 2AKDIEREICE -T2 Bidha@Ea L, fl
HEE 7 a v 7 OERMMNSVIBAIE, BER7Tmmd
BREOADHKEFEELY, EUXSoICENT 5 E 2
BHOBER 4 mm OIFREMMEH L TMZFFEES,
ik, MIHEE 7oy 7 OXBRGIERIRBICHD
fHonkOFAy =ik > THESNS.

() ARIEHEREHIR

FEEEOF LTI, BN ZIELD EHh S THGE
NADT, BFREOEGZRKICE, Fulba 70k FEic
BOWTEAENSEL, 35 L3 EHLSFTANRLANG
oNnd. REERITE, CONRTEHEABRTSD
¢ Fig. 3. 13I1TR &I 5 LRI T A vEHEL,
T4 Y OEEICHLITRICE ST, 25 LkKERNIEE
2 5. EBOFLOENES 05 kg/cm? ERUE L, KB
WRIOD 2 5 LI NZ A TEMAE B> TRD S &,
1365 kg 12785, MY LR RERIT 13.79 kg /
cm £95.

(@) kW7o 7SR
EBEOFLTIE, 254 FEOLY 7427809 203
1 SRR T FIHAL T, F -tk » THWICHEKREI N T
WA, EE2RITPOERTIR, 3FIHEMTI 7 L%5M
R ANENHY, TNAREET A/c9HIT Fig.3.14 i
EORABT S, COMARIE D 7 LHOKEEN% )
Feoh, oy F v SEBHEITEALGRELLEVLD
I 5 HICEVRIC K > TERFT 5.
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e ——— 500 .

'Roller bearing

Fig. 3. 9 Support block.
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I7%8IEL TS 7oy sicHEIESE, 7oy 706
PRI 15m T, HEFTOEREH 13 ~ 200 cm/s 1T
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Fig. 3.16 Performance of shaking table.

A . A
4 || Wire % Arm
Adjust || ' %0
bolt \ ! O™
Frame s ;
I ——1 N\ L
Anguiar / Wire | | EJ <
displacement 4 | P . ¢
visual Graphite , . Guide .
indicator block ~ plate Release solenoid
~ — \ Graphite block
I’( :}]M I \
oa Y *
S S L L T
I &~ Eddy current
H i displacement detector

Fig. 3.17  Graphite block pendulum collision test rig.
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3.1.6 JEERE

AEEBED 70w 254 ¥ 2 5 A3 Fig. 3.18 IT/RE
nTwa, Rk 2 REHE R, D S DFL
" T oy s LNHEE T oy 7 DM, FLEHRT
v 7 OFERMNEE, HHFEE 7 ey 7 OXFEAKRU S
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B @%0T Table 3.3 iCRd ki, A5t 24 fH, HoE
Eit24 @, QIHEE 7 0y o XN AUNEROTHY —
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9z MROTEMD T A4 - 9 4 RO IRES
DANMEZEREROMEE: 1 HTH 5.
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Test facility and data acquisition diagram.
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#RESET, O35 - VA RONG DTy 2
ZWIRD 70y 2iTxt LTKEICBET A TS L5
Ev) vy —ck->THL, ZOLEORELVTAHE
PoRDE, COREHMBELFERLT, BKBHRBOEBOD
FO92nErET T2y bOUOTABLLY Y
WEETY LYy ORABREST S,
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3.1.7 F—5u1

Fig. 3.18 IC/R LIc K D ICHITE 7— & (3R H 35h & BEIE
HERALT, PRy 7 2ED, F—sRE~NTF
— V3-SR E-THRT - 7Ticicigkansg., BIEF
= DILEMIF RV LI —Fiek->THiILBIN 5.
IEEERANEEHA Y077 7iIck > ThELBISNS.
MEEERNDETEo— 27 4 Ly 5ERH LT, 800
Hz U LOSEBRBEN L/ A X EAHELTHY b5,
RERBRIICIE, A v oxa—-7ick -7, BHSOM
IR EEMROFOERN T 0w 7 ODEMEE=S T
5, RvlLa—FLtBHEA 0TS IS hE T —
g3, HHW->TEETS,

Table 3.3 Detectors and measurement position

Measurement Position
item Detector Block number (i, j), i means column Number
number and j row number.

Relative displacement| Differemtial (1, D,CL 3),(1,5),(1, (1, 9),(1,11),( 1,13),

between block and transformer (5, ND(CS5,9)

support frame type displace- | ( 6, 1),( 6, 3),( 6, 5),( 6, 7),( 6, 9),( 6,11), ( 6,13), 24
ment detector | (12, 1), (12, 3),(12, 5),(12, 7),(12, 9),(12,11), (12,13),

support block

Impact acceleration | Piezoelectric (1,3),(1,5,(1, 7,(1, 9, 1,11),( 1,13),

of block type accelero- (5 5),CS 7,05, 9,(5,11),( 5,13), 24
meter (6,3),06,5),06, 7),(6, 9),( 6,11), ( 6,13)

(12, 1), (12, 3),(12, 5),(12, 7),(12, 9),(12,11), (12,13)

Reacticn force due

to impact between

graphite block and strain gauge All side blocks and support block 28

side block

Reaction force of

dowel pin and Strain gauge ( 7,12),(12,10) 8

socket

Input acceleration Strain gauge
type accelero- | Shaking table 1
meter
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Column Nos.

Top block Tie plate
/ Row Nos.
/
\\ /
N2 3 4 5 6 7 8 91 12 .
SRR o Restraint
-t 5L Ay arfod, ey —Rr-15| Structure
HH e B
-2k B-1 L R-16
DOWG‘\ -;—_:Hw..._H_M 8-3, , [+H
- 31 D-2 A-8[D-11 —£ R-17
. -ﬁ—+—++ +—HH +—HH—+ _’_’_f HH
sy H—+
Graphite R-asd L fedd e — R-18
block - Ay H‘MJ +H
(1,7 pRese= L A e —R-19
. “ H—. T 7 +‘.'_ LI H‘ M| A
Reflector | r-e& . L L » —{R-20
block | ™~ - 2-r+""+—+7=-"5"++"“
R- 713 _ o-q A b » — R-21
H—-H-' HHL Lt
R- 8 | 1 goo | Oupport
mrv“H%hﬁn frame
R- 9 : D-s 1.3 e A"‘ ?"l‘ —4 i 34 : R 23
-’_F++_‘ T T T 4_'_ T H T
R-10 (1 4 R-24
T:;"H- T sl H L HHaes
R-1 1 1 3::_‘ Ll D‘.‘ls 44 34 D-z 3 E R_25
Support H—' T T PH- T ++ T
-12 2 R-26
platg "' C I T o O e N
ROHGI’ \R_13 —] D-7 o8 0-21 1 R-27
bearing _ A s S e
e Ro14 N — R-28
O] Q) Q Q (@]
~— —— Excitation Aes

A-1~A-24 " Accelerometer Shaking fable

D-1~D-24 " Displacement detector

R-1~R-28 : Reflector reaction force detector
P3, P4,P7,P8 . Dowel pin reaction force gauge
B1, B2,B5,B6 - Dowel socket reaction force gauge

Fig. 3.19 Instrument locations.
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Table 3.4 Test instrumentation list

Detector, amplifier

Measurement item Manufacturer Model No. Range Number
or recorder
Relative displace- Defferential trans- +50 mm
ment between block former type displace- Shinko Tsushin IDS-4T 24
and support frame ment detector 0~ 1 kHz
Amplifier Shinko Tsushin DS-6001F 0~ 2kHz 24
Impact acceleration Piezoelectric type Briiel & Kjaer 4344 1~10,000G
of block accelerometer 4~10 kHz 24
Charge amplifier ENDEVCO 21214 Q1730006 5,
5~10 kHz
Reaction force due  Strain gauge Tokyo Sotsuki FEL-1-1L
to impact between 28
graphite block and Dynamic strainmeter Kyowa Dengyo DMP-6E 0~10000Hz 28
side block
Reaction force of Strain gauge Tokyo Sotsuki FEL-2-1L 8
dowel pin and so-
cket Dynamic strainmeter Kyowa Dengyo DMP-6E 0~ 1000Hz 8
Strain gauge type . . .
accelerometer Shinko Tsushin UG 2G 0~2G 2
Input acceleration
Dynamic strainmeter Kyowa Dengyo DMP-6E 0~1000Hz 2
Data recorder Kyowa Dengyo RTP-160A6 DC~10 kHz 2
Data recorder TEAC R200 DC~10 kHz 1
Data recording
Electric-magnetic . .
oscillograph Sanei Sotsuki SL-33 !
Pen recorder Watanabe Sotsuki  WTR-281H 0~80 Hz 4

_~"Universal joint

_ 450

(Tt Balance
o
©
Q
o
/
/
// p——
/
Graphite block Universal joint
.\ -
\ #22

|
|
|
1
1
|
|
|
i
1
i

V
'
'
'
I
|
g ——
i
1
(

(4
L2}

1

(285)

Differential transformer type
dispiacement detector

Fig. 3.20 Displacement detector.

333

_k§.;_’ |

| 46

_. 100
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—
1

I

B S k+

Strain gauge for reaction
force measurement

150 2 [

|

=
=

AT
1// 7\// ==
Graphite block

Side block i
Support bar~

~

,_

Support column

Accelerometer

Bolt and nut

@0
91 ° > [@0lo
©o
O

L SR SN A o A
' l Side biock Support bar Support column

four point
(bending spring)

Section A-A

Fig. 3.21 Accelerometer location in Fig. 3.22 Method of impact reaction force measurement.
graphite block.

Strain gauge

Strain gauge

Dowel pins 1
(diameter  / />
22.5¢) _
Lead
l ’ cylinder
7 daleiny ‘r
t.‘ 4

| Graphite
/('V / block

285

———— . ——— — ——

;'

Strain 4=t
gauge \:::’—Jljl
| [
\\ | ;:3:& L
Dowel sockets =
{diameter
23 ¢)

Strain gauge

Fig. 3.23 Instrumented graphite block for dowel force
measurement.
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3.2 HEAR

AR, KRR, BEOKIEHAR, HEiEBEORME
ABR7S & O IREYARRAIC KT 5 HBRATRE, KEPE L
DORBHIERE MR T % kB KRN O IRBH R % 0 A B AR
ROREOHBEE W2 XBRERED, SHRESN 5.

3.2.1 HRBRARE

1) KRR
RFAORFEABEELEH LT, EEHHIESM &N
SOFLERT 0y VI K ARFESBRRY, ERWLES
MEELOFLERT 0y it L RBABEZ0EFN
EHd 5. HREROEEL 13 ~ 200 cm/s IKELEET
RERHY L EMEREZRDT, Ch o2 HEHEEOMK
TRET 5.

@) RAFRIREZEBOKIE

RYHABRICB O TRAEE T 0 v 7 OXHER % RIE

PForce
Bar I &~ |
R ‘l i e—
BGr I N ‘2 l
5 ¥
-
[L132 220 | 132 ]
DIV 82 \
) (3) (4)
(a) Soft support
p
v |
2 T{__‘ﬁ‘
f il
135 220 135
8§ 820
(3) (4)

{b) Intermediate support

P
- i
g
{H' |
| |
142 62205 142
0% 2

(c) Hard support

3. HBRRELABNE 21

T 5700, MHXHEEMTREORE LM (55
VWEHELOSA) RIEMEEERT 3. RBRBTI
G7ey siembdBmEICL->THELZ THERA I
107° 82— S OBRMICTHET B ETH L5 0, 1
BHERMRIEMBROERICB VT, RERBRA 58 7
ABPLETHS. UL, TOLIBABREEHRST 2
BB OT, BONCTIE LT, BE & EMH
HEOTHREMBEERT S, 2L, RHARD
BizBoh20TABLOAAEE T 0 » 7 OXERS
=RD5B.

LORIEMEEF 5700 DHER ki3 Fig. 3.24 1R
TEHi, XFERMESE, D, mozhEFhicE UTFig.
.24 o(a),(b), ()DL SICHEY Y v 5Lk - TS
ZENT, TOLEDENESA YA — DItk -T1/
100 mm B THIEFET L &L bic, OFaF— Vitk-
TUOTHEBLRET S, WHIZ 0 ~ 600 kg iKbtz-T,
EALEOTHBERE LT, REMEEIERT 3.

P Force
Bql_‘l\ f

N
Dial gauge

Fig. 3.24 Method for side support spring constant measurement.
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(8) RBRIEEIRE) AR

SERTE BRUFSE TR KA RBINY = —-TY v
v LT, HRBIEROEBOMA REEE KDL, B,
IIRRERIC & - TR0 I MBS BN, ke —
NRONEEIGEERERD S, MBI 5 ~ 40
Hz CHRIMNME L 50 ~ 500 Gal &9 5.

@) PREERRE

ik, TERUEERRTR2HOFLBE T o 7,
BEBE Ty, XEToy s RO LT Ay ZiITD
WTERT D,

3.2.2 iRENER

EERBIC S A TERE NS A - RROIEETH
%.
(i} 235D tiryay7DF+y7E% 05 & 2mm
D2 BRUCELEES.
(i) AEE 7 e v 2 OXFERIME R, b, 55038
i Ebs e 5.

35 4 ETHAXENEEEI QOO NI H5
CIZERD AL O 2 R IC A b s Y 5.
Faioi o R ErEM 4 A AE T Table 3.5 DX
HiILHBRBE 1008 T8 MEHOBMEHALED,
7 NFNOEEILMIC K U CIERBICESER & = s
ERBRAE T 5.

1) ERBEERR

REhE O IRNLEE XIZMIREA A —E i LT, ik
A 1 ~10Hz OFB TR =77 v 7024 -7

(i
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7 v SETERBICERBA Ed 5. £ LT, AR
KRS/, IR (XIIREAD , IREE %
A= E LT, B, BRINEE, XX, FY
= WA B, AABRIEAA IEAK i TR L 724K
HED O, ARG A ELESET, ForBHEBRR
ERAEIC LT, $HLDEMREAERD S,

@) MR E R
EBEOFEMIER T HBROBEPRKE S 2 #ET
BT EANEETHEL, HIBETHINIMERD R
~7 P VEBARD B EDTE, TOHEBAEA/NN-T
X 5 &9 ICHERE BEFEY, CThoOMRRICK S
FLDIEEEE, O IEREEHERIC XS EZE2HTH
5. COHMOIZSHIT, ROIBED S v ¥ 2tk 3
INEHERE T 5.

(i) E1 Centro 1940 NS HiZE

(i) &9 1964 EW HiR#E (JEHF PR =— 11964 4F 2
H 5 BB

1 ~10Hz DR~RY7 bW AEETLERTA 7
4 X

5 3D D Bl EN H LR BE - TR %
1/ 2N L b0 ERTE. cho 3 EDREFEE
IGER 7 b vk Fig. 3,25~ 3.27iC/57.

(i}

3.2.3 HBRERE
RENHERE, RSP 7 oy s ROWLEE 7
oy 7 OBHEIREZ B~ 5.

Table 3.5 Test scope

Test model condition Peak acceleration (Gal)
Test No. | Top block | Side block Gap pressure | Sinusoidal Random Note
gap (mm) support simulating 1~10 Hz (*2)
stiffness spring *1)
1 With 100
Hard 250
2 500 (*1)
0.5 Sinusoidal sweep
test condition;
3 Intermediate Without 50 sweeping time
100 is 17 minute
250 from 1 to 10 Hz.
4 Soft 100
300 *2)
5 With 500 Random waves are:
Hard (1) El Centro 1940NS
6 50 (2) Genken PR Hall
100 (3) White noise
2.0 2(5)0
7 Intermediate Without
8 Soft
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(G)

Acc .

(Gal)

Absolute - Acc.

3. HBREE LARNE

0.2

T T T T T T T T
0.0 ‘WWWWWWWW——‘
- 02 L L . | ) ! . 1 L L ]
0 4 8 i2 16 20 249 28
Time (sec)
(a) Input wave
280 i T i PrrrrT T ! |l T T 1 T T
i El Centro wave |
Input Acc. = 100 gal
2401 Damping H.=5% & 10 % & 30 % ]
200} .
{60 h
{20} ]
80 .
4071 _
O | | I . L 1 ) I . 1 1 I
2 2 3456789 -1 2 3456789 0 2 3 456789 _i
10 10 10 {0
Period (sec)
(b) Response spectrum
Fig. 3.25 Input wave and response spectrum (El Centro 1940 NS wave).
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(G)

Acc.

(Gal)

Absolute - Acc.

BH RIS ERIC & B iR 7 2 RO RRER L BT

Time (sec)
(a) Input wave
500 1 1 T 1 T T T T T 7T 17177 T T T T vV 117
Genken PR hall wave
Input Acc. = 100 gal i
400} Damping H.=5% & 10 % & 30 %,
300t .
200r |
100 1
O L L | | | | S ] | L1 Ll
-2 2 3456789 -4 2 3456782 0 2 3 456789
10 10 10 10'

(b)

Period

(sec)

Response spectrum

Fig. 3.26 Input wave and response spectrum (Genken PR wave).
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—~ 0.1 T T T T i T T T T T T
® !
0.0 v A qir L b ! l\ ] \” ]
g i
<_01 1 . L 2 L . I . L L 1 L 1 i 1 L L L I "
0 4 8 12 16 20 24 28 32 36 40 44
Time (sec)
(a) Input wave
500 T r 1 T 1 rrrr T AR B S B e T LN S Bt S
White noise wave
Input Acc. = 100 gal
% 400t Damping H.=5% & 10 % & 30 % |
] !
d 300_ 7
o
< N
]
QL 200} ]
32
3
Neo!
< 400} 1
O L L [ Il | I S A L i VI S

-2 -
10 2 3 456789104 2 3 45678940

Period (sec)

(o} 1
2 34 56789{0

(b) Response spectrum

Fig. 3.27 Input wave and response spectrum (White noise wave).
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4.1 EZHHER
4.1.1 RESE
1) RRIRE

2D T o, 7 OEmEICKLMEBREE, FNEFLO
Tu.y 7 OEEROEE 0 & ve BLUOBREBEDER i
Lo G BEROAUTE-TRDOLNS.

vi— v}
e = —

4.1y

V1 — V2

2T, e 3IREEHTHE. 2lDOTa v IDOIB 1
BRELLTWAD L0 =0Tdbs. KERBRIENT
oy 7 OhRICEONEERD HF cHIEERMED
OLHIEEREMELOLD 2EHIKONT, ThENIT-
fo. RBAOEBIMLEEMN ZOLDTI9.1ke,
HMEEGRELOLDTE.Tkg THS.
MIPARMNxSHMEEBELO Y70y JICOWT, Z
NFENOR G BHEEAF ORI E LT Fig. 4.11TR
. @hoWorli K EERN EORHT oy
2 OREFERIT 0.3~05TH, HIEEERELOLOD
1204~0.7ThH5. HIEHEMLO 7oy 7ICHELT
MIEHBMNE 7oy 7 HAERBIEY. i, BEE
Bff& 7oy 70HRCENT, BT oy s Lznm
D T S -8 & O CREESAMEN S
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=

EiLEBbDEEZOLNS,

PRI RIZTHEEE OB, Fig. 4.1 0058
Stk e, ARBOHMTE, BLALRDATH
AN

FNARKOERMR T oy 7 ORBEREORE T — 5 O
PO LXERET -7 DI 5D EDEREHF B0,
BZ40mm ORHEORK 2 WAFEH L TRAEGREK
Wi, BERROROKEFRREIER T o v 7iItkb6D
I bEL, 20MHEIZ0.7T~0.85ThH-71. 7oy 7D
BRETR, HROBHROFLHD 1 SEMTEALT, 7
oy 7 OESHOERTEHR(ZEHE) L TITE, RE#
FORRGBEBELDT S EEbic, BRERXOMEEICK
S TREBEPRELE-TLAbDEELOLNS.

(2)  Phdihs

BEOBROEMIFRIT 2 Mo 7o » 71Kl i S
fo BRI OEREICEL > T, BRAED 2HED 7 0 v
7 DEMERE LT, EMEEARD 5. Fig.4.2 (36
ZLEEF ORI S LT L, MIEERMXER T o
V7 ERIPEEMLER 7oy 70 2EHICOVTRL
T3, MEEEMEERH 7 o v 7 OB 0.6 ~
0.68 msec THh, —4, HEHABELDOEDIF0.65~
0.82msec TH 5. MIEHEBEL 7o 7ICHELTH
FEEAMNE 7o 7 oBMEFRIEEC, chid, BT

1 1 T
. —o— Graphite block
| 1.0r ——x—— Graphite block with attached mass -
c
20.8f -
2
1]
L 0.6
ks]
‘504—
©
=
00 2f .
O
O | 1 L
0 50 100 150 200
Impact velocity (cm/sec)
Fig.4. 1 Coefficient of restitution vs. impact velocity for one-half scale hexagonal

block.
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oy 7 KHEERAOHABIENOMT 2 Lick->T
7oy 7 ORENESL B -idEELONS.

RN R T B RGEE OB, Fig.4.2 4 S B
Ltk Hic, MEBEOHINE & &ichH DI EmbE

AR o7

LGS L S IC, RO &b T E—frE
XL TEMEDSELD, Wb LEE - Lhghisid e
2T ) YRAN=THREL T EDON L, TORIKIE, 4
DO ZFESENTERIEFA 7 POBRAXRILT

DD LT s,

4.1.2 QIETHEERERER

[ REE 7 2 7 RAREEY ORI ARER D 454
XD DEREHDOREER%E Table 4.1 iCRd. &
i3, FREHOFELMERRE KL T, fifE

BoF, FrRICBWT, oM@y, EEHHMEET
BItHEEZOLND, TDERFY v RITKBEERE
RAER TS BRELETHTE S, A TEEEYOEE
ROGMEMD 4 503248 THD, zhFhic
OTETr— VRO ONTEY, 2D OfRfE
—ZL(HBCREMAE-DTA)IBICEIETOEDNSH L.

FEMDOBFRILFig. 4.3~45 1L, 35 TW05, CORD

t.2 T T T
—o— Graphite block
{»C‘)LO- -x-- Graphite block with attached mass
=
20.8f
(1]
0.6
£
G0.4F 4
8
[ ==
Q
©o.2 ]
O 1 ! 1
0 50 100 150 200
Impact velocity (cm/sec)
Fig. 4. 2 Contact time vs. impact velocity for one-half scale hexagonal block.
Table 4.1 Spring constant for side support
i .
Title Spring constant (kg/cm )
Spring  bar Size of spring bar Design |Revised | Test
Hard  |.Side block d=14"mm,2=22¢cm,a=38¢cm | 4.5x103 4153
Support  block d=14°mm, 2=22¢m, a=3.3¢cm | 6.0x103 —
- d=14"mm,£=22cm,a=135cm| 280 295
Intermediate Side block ad 280
Support block d=14"mm,£=22cm,0=12cm | 367 —_
Ist |Side block dy=7%mm,0=22cm, 0= 135cm| 185 206
Soft stage| Support block | ds=7*mm,2=22cm, 0= 1.17m| 243 -
2nd |Side block dy =14%mm, 28em oci32m | 095 | 3773 | 418
stage|Support block  [dp=14"mm, £ 2em.aziilem 13884 | 5185 | —

e

{a) Hard 8 intermediate
spring

(b) Soft spring

"VIIII:“ “VIIIAI'
ihégufﬂumiﬁ
(c) Design  (d) Revised design

and test
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4.1.3 FERIEEER
XEROBBRBHAAET 70, ZRHREESR
FiclEEL, 7 v— v TR T 50~60kg REDAK
BN 2 — A XER O RS E & E AR (A KER
) K O3 8 & fal— A R (AR T R) I Eh 2
FRESYE, zhFhoFROEAREBKERD . XHF
Moy o ey 7 RBRICB S 5 KEV B O IEE MERE O
7—Y 1T ZA~<Y b%EFig. 4.6 ITRT. KbhoHO R
& Hie, RO MR (ENFE) RO & E
mAM(EAAAMOZNFLOLRRBEIZN TN
20 K%V 39.2Hz TH 5.

iR OREEMIZ 1~10H2 TH Y, IFRD1
wEBEHREKIE20Hz ULETH D05, REREMICHL
TXHERRHSERIEEELTH S,

4.2 ZHBEREHEER

RN 7oy, MARE e vy, EHTay s
15 & &SRV N IR AGA A TSR E 2 IRTTIH DR R ER (£
ZREE LI A, INRIERE 50 Gal, MiRIREIE
5~40Hz OEFICB O TEZRIABREITY, T
OIREIFME A RO /2. Fig. 4.7 3 XERER O ILERE G
ZHRERLIcbDOTH B, LMl & EHS
| (A D1 RERREEAD 24.8 H THROE W
RIREHTH S, COERREKICE T 5 XHLOIBE
R ERMELLE, Tabled.2 IRTLIIEFNEFN1.2
ZLE38BTHD. COMRKREBEIZS » £ FHRERIC

Dial gauge No.

(oo

p

600

—— Load increase
---- |oad decrease

400k

(kg)

K, = 857 kg/mm (Mean 804)
750

L oad

200 r

O L Il 1
o 5 10 15 20

Displacement (mm)

Fig. 4. 3 Load-displacement relationship of hard
support spring.

JAERI 1282
Dial gauge No.
600 1,2 3,4
— Load increase
—— Load decrease
~ 400
o
X
Kz =61.2 kg/mm(Mean592)
574 «
:
-1 200
O | | |
0} 5 10 15 20
Displacement (mm)

Fig. 4. 4 Load-displacement relationship of inter-
mediate support spring.

Dial gauge No.
2,34
600 {3
—— Load increase l
---- Load decrease !
~ 400t ;,j
k4 i
= /
'K 2=900kg/mm
g
8 o
|
200}
‘ {6 mm _
| |
! /— Ki =4 47 kg/mm
‘//O'/ 1 i ] 1
(0] 5 10 15 20

Displacement (mm)

Fig. 4. 5 Load-displacement relationship of soft sup-
port spring.
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acceleration

Response

Response acceleration (Gal )

4 HERAiRE
39.2Hz
(In plane) ‘
~Excitation direction
0 200Hz
(Out of plane)
/ Excitation
direction
322Hz (In plane)
% 25 50 75 100
Excitation frequency (Hz)
Fig. 4. 6 Response acceleration of frame in case of tapping test.
248Hz (Qut of plane)
500
Accelerometer

Excitation

direction

250
32.4Hz ( In plane)
{1~ 10Hz)
Test region
Sweep up 50 Gal
0 . — . :
0 25 50 75 100

Excitation frequeney ( Hz)

. Fig. 4. 7 Response acceleration of frame in case of vibration test.

29
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EALRREK L D bhEhIcEL - TS, T,
THPMREIEER T, XEMMNICRLOES T e v 2, il
FEE7e 7, b7 oy r5d, RBRENEEEH
HAATHBY, oD, Il EE7 ey 71K
L BEBLEZOND, TR 2 REF R Fig.
4.7 5 SRS s & S IR 1A) & [d— 5 ) (IR 1))
T32.4Hz TH S, 1 IRE(TIREEE RIS, 55>
THBRILEDBEDED EELL TS,

Fig. 4.7 DM IGEMR > AL X ST, KR
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AERFIPH 1~10Hz ICB D 2 XEHMTEFOICE LR
L2 ERET-ETHD, RYABITHEL G M0IE
EXFRE i TH 5.
KEPEDIGEREEFE L S U723 % Table 4.3
IR . RMOISEEAIL TERATHE & IRV & o AEx
ENTHDH., Ihho, IREABREH1~10Hz KBV
T, REABICHEELGSZLORETERIHYCRIT
HAL EDBDLMA.,

Table 4.2 Resonance characteristic of frame

Vibration Resonace Magnifica Damping
mode frequency -tion ratio
(1st) (Hz)
Excitation
direction
JEPT y 24.8 13.2 3.8

rrrrrrrr’r

Table 4.3 Response displacement and acceleration of frame

Excitation Magnification Response displacement and
frequency acceleration
Input acceleration (Gal)
(Hz) =)
50 100 250 500
1 1.15 1.9 mm 3.8 mm
(57.5 Gal) (115 Gal)
25 1.15 0.3 mm 0.6 mm 1.5 mm 3.0 mm
(57.5 Gal) (115 Gal) (287.5 Gal) (575 Gal)
50 1.15 0.076 mm 0.15 mm 0.38 mm 0.76 mm
(57.5 Gal) (115 Gal) (287.5 Gal) (575 Gal)
10.0 12 0.025 mm 0.051 mm 0.13 mm 0.25 mm
(60 Gal) (120 Gal) (300 Gal) (600 Gal)
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5. #k # H BX

5.1 EZKBICEHHER

5.1.1 ZrisH

(1) B LIRS 2 R AR

Fig.5. 1~ 5.4 (305 SCHsMiMEdsng, & A ES) A48k
HRAECIES OIS EMRIC OV T, IHRREH
2,3,4.5, 8Hz it >W T FNFNrRY. TR, BRIG
B & RN EEE A RER LT 5. Ik
MLV 2 RO 3 Hz TR, &4 70T EIcLE
7oy HEHIE LS EHREBOELTBY, —4,
IMRREEAE 4.5 XU 8 Hz T, 9#HEIREH
HoNb. TOLS AR, HHZEEIE & U
DIFZFICbH LN 5.

@ ISEEDON

Fig. 5.5 (3075 SCERRIME 5358, # 2 JEH 2T b
OB O EZEINRIC & 250 0ZR, NEE RO
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Fig. 5. 1 Sinusoidal wave response (2 Hz, Max.
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column spring).
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Fig. 5. 3 Sinusoidal wave response (4.5 Hz, Max.
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column spring).
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Fig. 5. 2 Sinusoidal wave response (3 Hz, Max,
acceleration 250 Gal, Hard support, No-
column spring).
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Table 5.1 Maximum relative displacement

Support Hard I Intermediate [ Soft
Column . .
spring With Without
Relative Relative Relative R t Relative
bt Resonant displace- Rosonant displace- Resonant displace- fesonan displace-
etector freql;{en- ment freql;:n- ment freql;;n)— ment req(t;;szr; ment
C
oy pmmy| YHD  ppmmy | YWHD pmmy| Y (p-p mm)
D- 1 4.5 10 45 11 3.5 27 3.0 52
6.0
D- 4 2.0 22 3.0 27 3.5 38 3.0 68
D-10 3.5 17 4.5 12 3.5 27 3.0 53
D-13 4.0 25.5 4.5 30 3.5 34 3.0 64
Sinusoidal wave max. acceleration 250 Gal.
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Fig. 5. 9 Top block relative displacement as a function of side support stiffness and
column spring (Max. acceleration 250 Gal).
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Fig. 5.10 Relative displacement at resonant frequency.
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Fig. 5.11 Effect of top gap width on relative displacement, impact acceleration and

impact reaction force (Hard support, Column spring, Max. acceleration
250 Gal).
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(b) Top gap 2mm

Fig. 5.12 Effect of top gap width on relative displacement, impact acceleration and
impact reaction force (Hard support, No-column spring, Max. acceleration
250 Gal).
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Fig. 5.14 Effect of top gap width on relative displacement, impact acceleration and
impact reaction force (Soft support, No-column spring, Max. acceleration
250 Gal).



40 Pl TR TROBENC & 2 B A A AP Q5 OISR & iR

5.1.2 &HEEHH

1) BRI R

(1) pohiEick s

Fig.5.15 (34 L DR L & hRfEICEBT 570y 7
OB RN EBRMEART. FPLOOMED 5 LicB1) 5
sk R M L O AR S0 A, LRI &
S & TR, MRIMEESEVISSICIREEERR
SRILVAS, NHRINEE O¥EINCHE - T, FLohRA
FEDGEDBOHNRES UHRIMBE LS. 03,
FLhRHED 7o o 7 BERT H50, BRTov 7
M35 AL ICEUCAMETERL, —4, BZoRo
a5 A EAEED 7 LOHETHE, FMETEHERT S
mHEEZOLNBD.

a5 AOEFAAEOFEIMEEE, 25 LOPERME
e Uik Ei AL D Fig.b.b iK% /RT.

(i) AR o &

Fig.5. 16 (3NIRIEE £ Z(L S S & OB IE
BEASME AR, INIRAERE OB IMICGE > THBRILER I
it 5 &L bic, HAMAERTIHRIREES 7T 5.

300} Ae
~ —— A-2
o 2501 —— A-4
=~ —— A-6
[ =
2 200F
2
2
o 150
]
o
t)lOO
(=]
(=8
& 50
0 : -
O 2 4 6 8 (10 12
Excitation frequency (Hz)
300+ — A—12
_ —— A=13
o 250F —— A—15
= —o— A7
c
S 200
2
(]
o {50k
(&}
8
s 100+
[v]
Q.
£
—

0 (Ao
O 2 4 6 10 12
Excitation frequency (Hz)

Fig. 5.16

JAERI 1282

B 5 2B T ABEROERRBE O/ —
K27 v 78 TH S, Fig. 5. 16 (37 SRR o,
72N ESEIT R LSS OERILERERNETH
hs, 4 s Ash, SSRUH R ENEBEHIRED
DBEIC b FEBOBIRERT.

(i) #EBSMIC & HHHE

Fig.5.17 RABRBROEHNRILIEA, TbE,
BARE 7 2 v 7 LRI AR, &, 50 3 IR
L& @B EARAENAFREROBRICL ST 0y
5 OFERMEEREC >V T, FOEADD 5 & OB
FE o 7oy rickd BEERT.

Fig.5.17 » oMo Mk Hic, FHKRRFHKOHE
IEEE 1Y, KRR OEAIKRbRE VT &b
3. i, BIFEE T oy 7 OXERMSETT 5 E
ELES T oy 7 OB RICE BHAEE T 9 v 2 DEN
BAELID, FLEHTo .y 7 LHARE Ty 70
FEGOEILEESEINT 20 5LFL 0605,

(5 T H I A58 0I5 4, MiRIRENEAHS 3.5 He LI L
Kt be 7oy 7EOBEERIRT 5L E5DT, Fig.

300} A
~ —— A-19
© 250} o A=21
c —o— A-23
=
5 200f
°
S 150F
(8]

o
S 100
o
(=8
£
~ 50

O U
O 2 4 6 8 10 12
Excitation frequency (Hz)

ICICICICIrIr 10T 17 1

Impact acceleration as a function of column position (Max. acceleration

250 Gal, Hard support, No-column spring).



JAERI 1282

5.17 DIGEHREBRTTHK-TV S, i3, FLBE
XFBRORELLE-THBD, ORI ETEIERES
ES>TVEMNLTHB,

Table 5.2 i3 X iR IREN HIC B LR T oy 2
OEBMEE L FRIMEE MBS L ITRT. WTh
DRABERZBIC BV THILETI S 2B B 7o
v 7 OFEMEESRE V. Fa 5 L,0hTlR, 25
LHBRMETEREDO 7o v 7, MEEREREE A—4

5 RBHHAR

41

& A- 21 IEBOWTREREERT. FERREIILIN®
BEEEOF GBI EL ~ ThHEMICRIT S, Tt
7 LDRBE-FLBETEHDEEZ NS, FHEN
BESKESLET 0y 7 (A-4, A-20)DFHFERES)
HMAEENOTHIRIREI E HET 5 &, BRID T hhg
MEFED LD &V, Thid, THIRBREFRORKES 3
BEOFLEALD 5 4 LAFFEED 5 2 OMMEEICE B
bOLEEAOND. THbDb, HRMEEDFILRES

% ~—o— {00 Gal
400 t —--x--- 250Gal A:l‘;
i~ na —-=o—— 500 Gal
o il THI
~ I3
S 300 H __ 300
© [ © i
5 ! = )
> ] c
Q k]
8 200 - ,’H I S 200 i A-15
YA \ (9] FARVAL
6 -3 i A-4 g AN
(o] - A \‘ 8
g 100 N LEEE . 100
= A [ O N SO, 3] For Y
V; \ ! g o “\‘_ AY
K= x
Na TR E X T T
0 [ [ %»— | il - 0 L e
0 2 4 6 8 i0 o] 2 4 6 8 10
Excitation frequency (Hz) Excitation frequency (Hz)
Fig. 5.16 Impact acceleration as a function of input acceleration (Hard support, No-
column spring).
Mark | Support umn sprin:
—o— wit
Hard ith
(1000G)| | =7~ A H
j -4~ lIntermediate| Without A-l A
S SHGESSpnEyne H_F
—0— H L O
~ o T T IF T = ] o
© 400 | 400 sttty
[ A-a g EH AT
c : ~ 1 R iyt Mg @
S : © / HE
S 300 & 300 . Emiatigiby ity
5 y 5 Bglipiiyitginjig8
E I = ' A H HH HH H
8 / S /
8 I 2 I - A © S » T » T + W 1)
+~ 200 ® 200 P
Q O
o4 | A-{ o / A A-4
E I "3 -— I A /3
= i 3 T
\ o A\
roor—¢ il € 100727 1A
P 20 — -
s \ L . [ \h
[ [a X X3 %ol d o 7 \Aﬁ
0 [ { s d b fo) [ = ]
0 2 4 6 8 10 o] 2 4 6 8 10
Excitation frequency (Hz) Excitation frequency (Hz)

Fig. 5.17
(Max. acceleration 250 Gal).

Impact acceleration as a function of side support stiffness and column spring
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Table 5.2 Maximum impact acceleration

Support Hard Intermediate Soft
Column
spring With Without
Resonant Impact Resonant Impact | Resonant Impact Resonant Impact
Detector frequency accelera- | frequency accelera- | frequency accelera- frequency accelera-
(Hz) tion (G) (Hz) tion (G) (Hz) tion (G) (Hz) tion (G)
A- 1 4.5 50 2.0 60 4.0 145 3.0 1000
A- 2 3.0 90 4.0 130 4.0 82 3.0 400
A— 4 3.5 115 4.0 155 4.0 170 3.0 400
A- 6 4.0 35 3.0 60 4.0 170 2.5 100
A-12 1.5 70 35 85 4.0 70 1.5~3.5 100
A-13 3.5 50 3.0 70 4.0 35 2.0 150
A-15 4.5 S5 3.0 85 35 55 1.5 150
A-17 4.0 35 2.5 35 4.0 35 1.5 200
A-18 1.5 70 2.0 50 - — - —
A-19 2.5 84 3.5 90 4.0 65 3.0 400
A-21 4.0 130 3.5 110 4.0 130 3.0 300
A-23 4.5 20 3.0 25 4.0 S0 2.5 100
Resonant fre-
quency of dis- 2.0 3.0 3.5 3.0
placement

Sinusoidal wave max. acceleration 250 Gal.



JAERI 1282 5. #EhslER 43

, A-12
A-1

1000} B = -+ ,{POOG- ?;_ mags
__ ‘400 T A=1S T
© i A4 T
c CHT T
S 300 mighigiiyiigipy
5 Epiigiigiigh
b L H
[«
S
o 200 -
°
g / ——x—- A -
E o0 a o— A- 4

v —o— A= 12

’-——-'l< ~ ——te A-15

(o] yy PaY 7ay
Support Hard Hard Inter-  goft
. ) mediate
Column spring  With
Without

Fig. 5.18 Impact acceleration at resonant frequency.

Table 5.3 Contact time

Test condition Contact time (msec) Impact acceleration wave
! 2 3 4 S 1 2 [ 3 ]a s
Max. inpuf acc.100Gal 1087 |15 |1.37 (2142 [15 |54 = AL = L&
Hard support No-column| . N - . - N hE YA A B Mo
spring 12| ~1.87|~1.87 |~25 |~1.75| oo VT
Max. input acc. 250 Gal |25 |10 =
Hard support No- column | ~ .37 —~ e —
spring 1.62|~1.25 TN
Moxdir;%fp gistpNg mm o [175 [125 162 |15 7 ORI B W
ar r - ~ ~ ~ ~ il § i NV
spring 225(~1.62 |~1.87 |~20 N
f;/lotx. inpudfgchO&OG?l .37 {137 |20 (175 (137 [ R Al A LA LA
ntermediate suppor N ~ ~ - -~ A I A B ¥ o %
No - column spring 20 |~1.87 [~25 |~225|~20 "\
Max. input acc. 250Gal |25 |125 |10 .25 Al ]‘ "
Intermediate support | _ N _ N — A A —
No - GoIImA . Spring 15 |~162|~1.25|~1.37 SA s A
Max. input acc. 100Gal |, 3, 187 |o89 (162 |15 Rl Aa | @ ~= LA
aonnepring No-column | .y 75| ~225|~125 |~187 |~20 | — |- ot
sprin - . . i L
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impact reaction force as a function of column position (Max. acceleration
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Fig. 5.21 Impact reaction force as a function of side support stiffness and column
spring (Max. acceleration 250 Gal).
Table 5.4 Maximum impact reaction force
Support Hard Intermediate Soft
Column . .
spring With Without
Resonant Impact | Resonant Impact Resonant  Impact | Resonant  Impact
Detector frequency reaction | frequency reaction frequency reaction | frequency reaction
(Hz) force (kg) (Hz) force (kg) (Hz) force (kg) (Hz) force (kg)
R- 1 3.0 1075 3.0 1075 4.0 600 3.0 660
R- 2 3.0 950 2.0 520 4.0 675 3.0 450
R- 4 3.5 600 3.5 800 4.0 675 3.0 580
R- 6 35 750 3.5 820 4.0 725 3.0 660
R— 9 3.5 500 4.0 300 4.0 350 3.0 375
R-15 3.0 1450 2.5 1250 4.0 660 3.0 1100
R-18 4.0 700 3.0 900 4.0 750 3.0 650
R-20 4.0 500 4.0 700 4.0 625 3.0 700
R-23 4.0 330 4.0 300 4.0 475 3.0 440
Resonant fre-
quency of dis- 2.0 3.0 3.5 3.0
placement
Resonant fre-
quency of im-
pact accelera- 3.5~4.0 3.5~4.0 4.0 3.0
tion

Sinusoidal wave max. acceleration 250 Gal.
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Fig. 5.22

Impact reaction force at resonant frequency.
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Table 5.5 Maximum impact reaction force as a function of input acceleration
Position Left side Right side Resonant
Resonant
Detector R-1 R—6 R-15 R-20 frequency frequency
T .
Input | Resonant Impact | Resonant Impact |Resonant Impact | Resonant Imput | ¢ gisplace- of impact
Sunport Column acc. | frequen- reaction | frequen- reaction | frequen- reaction| frequen- reaction| . on¢ a.ccelera-
PP spring (Gal)| cy (Hz) force | cy (Hz) force | cy(hz) force | cy(Hz) force tion
(kg) (kg) (kg) (kg) (Hz) (Hz)
100 30 660 2.5 80 3.0 930 — 40
With 250 3.0 1075 3.5 750 3.0 1450 4.0 500 2.0 3.5~4.0
500 3.5 1230 4.5 1170 3.5 1500 5.0 920
Hard 100 2.0 620 2.5 170 2.0 850 2.5 160
250 3.0 1070 35 820 2.5 1250 4.0 700 3.0 3.5~4.0
500 5.5 1070 4.5 1220 5.5 1210 4.5 910
50 2.0 85 2.0 60 2.0 235 2.0 60
1‘}“’“““" Without| 100 3.0 230 2.5 180 2.0 280 2.5 235
diate 250 | 40 600 4.0 725 4.0 660 40 625 3.5 4.0
50 1.5 230 1.5 70 1.5 300 1.5 75 [
Soft 100 2.0 370 2.0 270 2.0 510 2.0 270
250 3.0 660 3.0 660 3.0 1100 3.0 700 l 3.0 3.0
Sinusoidal wave.
4 [ 2
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S 1000 v o P7 ] r
quoo 4 AT M HR-
< 7 R % R T s
8 P S “l i R-6 Ighjiningingigt
e 500t B g uiigin iigt
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Q l S Vyi ] SasBnliigingingim=
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Fig. 5.23

Impact reaction force as a function of input acceleration.
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Ak, G50 H, JOBADY Y VRIISERNT KIIPARELLS,

BALDEMETE 5. @) F¥EF v o TIROEE
a5 46 kT o Z7EOF p v TIEH2 mm DEFED Fig.5.29 & 6.30 2 &I NIEHASHAIE L ST, bR

72y DRI Fig.5.30 1I0RT. Thhd  F vy TRERKIOIBS Y = VRABDTPICRE .
B 575k DT, HMIvEAsgs, th, MOIRICS Y = v

Table 5.6 Maximum dowel force as a function of input acceleration

Support Intermediate Soft
Input
Resonant| Dowel |Resonant| Dowel | gccelera
Detector |[frequency force |frequency force ~fion
(Hz) | (kg) | (Hz) | (kg) | (GaD)
B-1| 25 |127 | t.5 |180
3.5 30 !
45 65 1
Socket [gToT 25 (127 | 1.5 100 |
35 15| 40 17
4.5 37 |
: P-3[ - - 15 225 50
Pin P-4| - - |15 30
B-5] 1.5 |118 | 1.5 50
2.5 77
13 | 2
Socket rgTET 1.5 87 1 15 130
35 28 | 4.0 70
5.0 43
~ P-7] - = 1.0 12
Pin  |p-8 - 1o 20
B-1] 1.0 211 ] 1.5 70
2.0 | 200
320 | 153 ——————
45 | 110 CHHHH
80 | 117 CHHAA
Socket |g=5[ 1.0 258 | 20 | 200 R
30 | 240 | 3.5 66 L HHHHHHHA
5.0 | 125 H T
8.0 142 AH A HHHHH
P-3] 2.5 g2 | 2.0 65 | 100 A HHHHHHH
. 35 30 P
Pin 7.5 28 82,P4 YBy,P3| L THIHIHITT
P-4| 3.0 50| 2.0 53 CHHAHHTH
8.0 i8 A HHHHHH
B-5] 2.0 | 205 | 2.0 | 135 O
50 182 | 30 33
30 | 140 | 40 | 43 —
7.0 | 120
Socket [B-6| 1.2 140 | 2.0 195
25 | 145 | 45 90
30 | 152
7.0 85
8.0 80
: P-7] 2.5 40 2.0 23
Pin p-g8l 1.5 40 | 20 33
B-1] 1.5 | 262 | 1.5 | 340
56 | 195 25 | 250
Socket -z 25 T 218 1.6 | 280
40 | 270 | 25 | 280
60 | 150
- EA:
Pin P-4] 2.5 95 [1.0 f00 | 250
30 [ 170 | 30 |220
B-5] 2.0 | 270 | 25 | 350
28 1299
Socket tg_gl 25 | 225 | 3.0 |570
40 | 270
7.5 | 120
P-7] 2.0 35| 2.5 60
Pin 30 35
P-8] 2.0 70| 2.5 50
4.0 50

Sinusoidal wave
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Fig. 5.256 Dowel pin force as a function of input acceleration (Intermediate support,
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Fig. 5.26 Dowel socket force as a function of input acceleration (Intermediate support,

No-column spring).
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Fig. 5.27 Dowel pin force as a function of input acceleration (Soft support, No-column
spring).
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Fig. 5.28 Dowel socket force as a function of input acceleration (Soft support, No-

column spring).



Excitation frequency (H,)

Fig. 5.30 Dowel force as a function of side support
stiffness (Top gap 2 mm).
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Fig. 5.29 Dowel force as a function of side support stiffness (Max. acceleration 250
Gal).
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Table 5.7 Damping ratio

JAERI 1282

Intermediate support , No - column spring

Soft support,No-column spring

50Gal, 2.3Hz| 100 Gal , 2.9H I“P“'z‘gs:-'""“ 50Gal, .6Hz | 250Gal, 3Hz
Detector, Szt Detector
Between| Batween|Between| Between| Between|Between Between|Between|Between|Between
st and |2nd and |1st and |2nd and | ist and |2nd and i{st and |2rd and|ist and |2nd and
2nd 3rd wave|2nd 3rd wave2nd 3rd wave 2nd 3rd wave|2nd wovJ 3rd wavg
R-1 0065 0347|0074 |0.146 0.051 | 0.350 R-1/0.054|0.229 |0.058 |0.168
R-21(0110|0.350|0.059 |0239 |0.078 | 0.302 R-2|0.070|0.256 |0.071 | 0.092
R-3|0.10910.292 | — — 10.088 | 0.175 R-3|0.147|0.1750.059 | 0.140
L
R-4|0.161 |0.192 |0.082 | 0.204
R-5/0.120|0.221 {0.082 |0.221
R-1
R- 2 T
Eii R R-6/0.110|0.310 |0071 | 0.248
R- @ BT
Table 6.8 Damping ratio from impact reaction force
Impact Magnification =~ Damping
Input Resonant . ;
Support Column acc frequenc reaction of response ratio
spring G l' qH y force Q h
(Gal).  (Hz) (kg) ) )
100 2.5 80 3.42 0.146
With 250 35 750 12.8 0.039
500 4.5 1170 ‘10.0 0.05
Hard 100 2.5 170 7.27 0.069
250 3.5 820 14.0 0.036
500 45 1220 10.4 0.048
50 2.0 60 5.1 0.098
Intermediate | Without | 100 2.5 180 7.7 0.065
250 4,0 725 12.4 0.040 7
50 1.5 70 6.0 0.083
Soft 100 2.0 270 11.5 0.043
250 3.0 660 11.3 0.044

Detector R—6.
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Fig. 5.31 Seismic wave response (El Centro 1940
NS, Max. acceleration 500 Gal, Hard sup-

port, No-column spring).
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Fig. 5.32 Seismic wave response (Genken PR Hall
1964 EW, Max. acceleration 500 Gal,
Hard support, No-column spring).
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Fig. 5.34 Relative displacement, impact acceleration and impact reaction force dis-
tribution along column (El Centro 1940 NS, Max. acceleration 500 Gal,

Hard support, No-column spring).
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Fig. 5.35 Relative displacement, impact acceleration and impact reaction force dis-
tribution along column (Genken PR Hall 1964 EW, Max. acceleration 500
Gal, Hard support, No-column spring).
f [
Fommm Displacement Forcegsen @os Acceleration
[ [0} (0] (8] D (9] (@] — C 1 (o] (@] [0} [0] O [o] 9
Fig. 5.36 Relative displacement, impact acceleration and impact reaction force dis-
tribution along column (White noise wave, Max. acceleration S00 Gal, Hard
support, No-column spring).
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Fig. 5.37 Relative displacement, impact acceleration and impact reaction force dis-
tribution along column (El Centro 1940 NS, Max. acceleration 500 Gal,
Soft support, No-column spring).
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Force gzx, Zsmm Displacement Force ;7w T35  Acceleration

C —1 L 3

Fig. 5.38 Relative displacement, impact acceleration and impact reaction force dis-
tribution along column {(Gengen PR Hall 1964 EW, Max. acceleration 500
Gal, Soft support, No-column spring).
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Fig. 5.39 Relative displacement, impact acceleration and impact reaction force dis-
tribution along column (White noise wave, Max. acceleration 500 Gal, Soft
support, No-column spring).
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Fig. 5.40 Maximum impact reaction force vs. side support stiffness and/or seismic
wave (Max. acceleration 500 Gal, No-column spring).
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Fig. 6.1(a)  Positions of defect block after test. Fig. 6.1(b) Position of defect block after test.
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BB RIS AINRREZEMHICELLRoN

Table 6.1 Number of defect 5. INOGOPHRIBROLHBHERICE 2D EEZ S
block after test ns. \)ABROMYICHVT, BAIMEE 500 Galick
Number of BIEREMIREEMBL 12720, BRENDBT S 20y
Test series defect block it -7z, (2)7 0y 7 OH\EE, AR DEL,
BRICE->THT IV iE LT, < DELFEHLFK
; 1‘1’ AL, BB .
3 16 FLXFE 7oy 7 OB8IRR NS h - 1.
4 19
5 18
6 8
7 18
8 20

Total 110
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Fig. 7. 1 Impact model and forces acting on a fuel block.
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Fig. 7. 2 Relative displacement, boundary reaction force and dowel pin shear force
along column (Sinusoidal wave 3Hz, max. acceleration 250 Gal).
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Table 7.1 Calculation data

JAERI

Column Side reflector
Symbol | UnIt 1 ) ek Nos, 1~12 Top block column

a cm 5.0 —

b cm 7.25 -

CcE kg - s/cm 7.85

c* kg - s/cm 0.0 —
cP kg - s/cm 5.10 -
cHM kg - s/cm - 1.96X1072
cv kg - s/cm 9.81 —

d cm 5.2 —

h cm 14.25

1 kg - s?/cm 0.924 (0.302) 1.75 (0.62) —
KB kg/cm 1.24X10%
K? kg/cm 1.23X10* -
KM kg/cm - - 8300 (Hard)
Kor kg/cm 98.1 -

KY kg/cm 2.45X10* -

m kg-s2/cm | 0.0195 (0.0146) l0.0157 (0.0104)

ms kg - s?/cm — — 0.054 (0.04)

n - 13 -

5 cm 0.2 | oo0s

5, ,8% cm 0.05
M - 0.2
U - 0.2

( ) shows short length block.

Table 7.2 Spring constant of side support structure

Spring constant

(kg/cm)
Support spring Referector Support

block (per plate

one spring)
Hard 8300 6000
Intermediate 600 740
0<6<1.1 40 40
Soft Displace- [y 1555|800 800
ment (cm) [ 55 s 8300 6000

1282
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