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One-Region Core Model Seismic Test and Analysis for HTGR Core

Takeshi IKUSHIMA and Toshiaki HONMA™
Division of Power Reactor Projects, JAERI

( Received October 24 ,1980 )

For the asismic design of a high temperature gas-cooled reactor (HTGR)
with block-type fuel, it is necessary to predict the motion and force of
core columns and blocks. To reveal column vibration characteristics in thre-
dimensional space and impact response, column yibration tests were carried
out with a scale model of a one-region section (seven columns) of the HTGR
core.

The results are as follows:

(1) the column has a soft spring characteristic based on blocks due to
rocking motion,

(2) the column hasrwhir]ing phenomena,

(3) the compression spring force simulating the gas pressure has the
effect of raising the column resonace frequency, and

(4) the vibration behavior of the stacked block column and impact resp-
once of the surrounding columns show agreement between experiment and analy-
sis.

KEYWORDS: Seismic Response, Seismic Test, Vibration Test, Nonlinear Vibration
Impact Response, Aseismic Design, Softening Characteristic, Hardening Charct-

eristic HTGR Core, HTGR Core Seismic, Block Type Fuel HTGR
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Table 3.1 Similarity laws of the model

Physical Similarity laws under
Dimension . Similarity Laws the condition of
Quantities ~Ep . Pp
—=1, —=]1, A=2
En Pm '
Length 2 C =-]; '3 -l 2
ng m R'm‘ % % m 5%
Displacement X c X ?-1'- -1. X
P n m=y % *n=7 " %p
/-P Ep 1
- —2  — R e § .
Velocity v cm/s o3/ 5, E, vp Vm =" Vp
Acceleration a cm/s? d =)--2 —EE . _
1 /Ep P 1
Time t s tpy=—[/—+—+ t tm=—- t
T MWE, pp PR 7P
: 1 Ey 1
Force F kg Fm—?’-'f;‘ va Fm-Z' Fp
Fre £ 1/ PR b BN PR
requency s o= oo . E; -El =21,
! 2 _En
Stress o kg/cm Om -E-l;- - Op O = Op,
Spring _1 Em_ 21
constant k kg/cm km— A Ep “kp ky 3 kp
Mass m k s2/cm =L -Ap—m . =1,
g T e, T | ™Y
suffix m: model , p: prototype , ~A: scale factor
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Table 3.2 Mechanical properties of graphite

used on vibration test

Item

Value

Material
Young's modulus
Compression strength

Apparent specific weight

ASI-F-500 ( SIGRI )

8.67 x 10% kg/cm?
510 kg/cm?
1.74 g/am’

Table 3.3 Detectors and

measuring positions

Item Detector Detector position Number

Block No.7,9,11,13

Block deflection Eddy current type (Horizontal) 10
Block No.7 (Vertical)

Impact acceleration Plezoelectric type Block No.4,6,8,10,12,13 12

Frame acceleration Strain guage type Frame 3

Shaking table

acceleration Strain guage type Table 1
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U 8/@5 ) £3paoteq

Frequency ( Hz )

Performance of shaking table

3.6

ig.

F
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b} Horizontal view

(a) Vertical view

Photo.3.3 Experimental apparatus
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4. A B B B, &

4.1 XHFAEHER

XEHEHRORBEREE Figd 1 CRT, CORBEEAMEBEFAE PTANEELEBER T R
LZd0OTHY, RERBHEE 2 4H , RIEROGELERIN3I 0ETD %, BHRRE
X 1Hz~15Hz2 T ), XFROXBIERBCEELEAZNIOLHUK TR S,

4.2 2S5 LOBREER

LT HLBEBDOT vy 75 R-ABAEO 2 5 sOWELEMMME Fig.4. 2 TR,
MEEMHEBL, O—A, CoBOERFTRDAL, O—AMTHR, 25240078, 7Tl
TEMOELC, T 7 sl BRCERTHERTD D, ARTTEAMARELLBOT, 25 45
O1EMTO%ZMAEKD, A-BMTREBHIC25 22—FORBCERT L 8RB LE
BTdY, 25 aDBRHELOFREEHT LIRE~OBTEBR CAERELEARTH A,
> T, A-BRIOMEENHBOFMA T — 42 BLL LD TE ADoKk, #C T, HICC—
BNEBEAI R CHEEMMBEBRLOE LAY, BARDHE, BCARTTEH LA, L
2T, BoABOFMAT —228HL L3 TEAD 5%k, B>CHTH, =5 201 BHFK
AVEE, 27 sl BHCEELLABERTH S,

CNLOMBEBEMBBLCETNT, 27 aQBFREFRERETRD T, LABD Fig.4 2 CRL
Tnd, CORPLALRAELIT, 25207727 ) v 7EHABHALLTH S,



Normalized multiplication factor of acceleration (-)
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Frame
/

Restoring force F(x) kg

— [ .
Excitation Shaking table
1] 20 30

N
O

V]
o

O

o

Frequency (Hz)

Fig. 4.1 Resonance curves of test rig (X-direction)

-Equivalent spring cunstant calculated by
o .
K(x)=F(xVx ]
. : Forcing and
o Measured pomf measuring —% No 8
A e Calculated point position '
(o} AN o
(o] \\
Lo \ . -
\ Restoring force F (x)
. \ ///(hneasured results ) 4
\\ N
o e
B e @
D
o L
o)

Deflection x mm
Fig. 4.2 Column restoring force

100

50

Equivalent spring constant K (x) kg/cm
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5.1 EXKEMSIKER
TTLDEME Ty JCBMT ONAMBERY» O HBEL TR, 2 7 8 OFASEH

T Fig 5.1 CRF, CORMHPLHALLZL O, MEMEEOHMICE > T, (EEBHHIE
FTFD, Wb@ By 7 RT )y I EELBEET LT ENDD B,

30

Sweep-up test
Block No. 8
25 1~ 100 Gal
75

50

20 —

E
s -
=
2
-
(9]
[
o
S 10 {— -
5
8
A
\,
5 - f aN ™
0
BN
X/ A
- g
0 S S SR NN NN NN SUE R S
0 S- 10
Excitation frequency ( Hz )
Fig, 5.1 Column deflection characteristic

(2) Ftimfe
I LOERMUILEBBS, D, HEFRERDLE Table 5.1 0L 50D, ThhLRER
ERORI L > TROHT, ARICFT,



rTT,
h : BEHR
Q :ILEF/R

BOb, 37 sORMURBRERIMNI~4ETHY, FUREBEHFORBERIT 7 5 20LLEI
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RoTHML, 25 20%FM6~16mmCENTH13~17T%Td5,

Table 5.1 Column vibration characteristics
Input acceleration | Response amplitude | Resonance frequency | Damping factor
(Gal) (=) (Hz) (%)
50 4.0 4 13
75 3.3 3 15
100 3.0 2.5 17

5.2 EXHEERR

5.2.1 EMIEEEH

(1 w=sh=e—1V

T7 LO0RBE- FO 1% Fig5.2ICRT. Chid 25 2M*¥ v v 7 2mm, ZRMEE
100Gal OBEOMEBERBBOENCL D25 aOBKEMERLAIDTS 5, MEED
BOENBECE, RO 5 2 ALO 2 7 2 LBEL TV, MEBEEHHRO ERICHE - TH
RassORBEMEML, DWCEBL2 > 2 LBRTH, ILCEBHELG LAT L L, EE
DEWMCETLT, DWCEBEL 2 RbD, PR 5 2HBBLO = 7 2 LBEL ANBE,
7L FWD 2/ 3RO, 13872y 270 F268~10K0OMT1 BFRATO®E K
THRBT S, —H, BRTHHBE, PRI 520 THIV2/3EMAZHE L TEHAO
By 2HAAI S CRY MR- VERSB,

2 =7 20HKNMED

Figh.3&£ b, 4327 2 YFMAMER(7ry 20a 9y *» 70X EAHBKAK S0 » 20K
AORLAELLOAMERE) OPEO T a , 2 LOOKERNE DV ABENMEEBHKC & ICRL
Tnbd, Bid, MREZKE 1 ¥4 2 MO 70y 2 PLOBBEBERL TWA, Fig.5h 4(C
FOTNEREBHIFENES, BRE LV EBIRKE(REL ThEWN, NREHRO AR
2T, WNEIDHAKESAZD, 7.5Hz CENATERKOBEBNE Y BRBREL TWE, T OENE
HIZONT, MRFEICENNEEFAE 30°FAOEMLEMBF R EBERFROEAGH %
Fig 557", COMHLLHEL2AZL I, MEFH(YHEH) OFMLOLY— 20 T7Hz T
Hoh, RECMBEFBAOLELULNMETLTHOMBLFREEASA(XER) OFMLE—2
HT7T5Hz THbLbN, OBV HAREL TWERFHLHL, ILCNBRESHEL LRT AL,
MEFmELUETh EEAFAOIREEMIBETL T 5, Table 5.2/ AMIC LA LH
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LUBTTHEBBEMRLFMAINCRLTnE, ThhbBOh%L 9C, Fig.55D&HEK
METHIO0T, YHAMETE THz , XFEAMBETAE7.5Hz T Y, HBAE D EBEED
BRHLZBTERBEOLLENMBEREE TRIKELZENB Y ARET L ENHL,

COLOSICHEAE D BBV RET HAEHBE, YHFA(ABST oy ?Oﬁﬁlﬁ])VCDuﬁb, »
D, XFA(RATe y 20FFHR) D=5 aQRBEHH TCMELABETD S,

CORNAY BHORALL TROBLELObND, KA Ry 208 XAET Huay >
YI/RBTH, RBOAEXRETEBALVI T v y 2O0MBAT v TABBNEF TS
o LoTAEIRET DRy 27 RBE, LVKRT o T2A0BNLEXAET D o *
7 BE~BTLLOLELTHRAEY BRET B, £0hilk, YHAMETE, XHAMEOS
BLOIEAE Y BREL B,

) AEBEED

MBMEE V<2 HBEMBERBEBEVEBNBEE, AR MEE V< AHRE MBEBHEIE
WREONTN LR ENTHBBREDNLAONS, Figb.6RfEOBEO1HATHY, m
REBHH65Hz L 9.5 Hz LT, ThEN1./2¢1,/3 OABRBEEDH LB INZ,
CNOLOBRE NS v *2 77 4 2L > TN Lk, TORKRE Fig.5.7 &£ 5.8 CRT,
IhHbd EROSBRAKREREVEIDONE, COABBREBHORERLL T, Yoy 2k
THOBRBOARAYYE, =5 A LBMOXy v 7TOENHIBRECLLIOLEEL LN LA,
ROIKEABREIBRBCLBIOTHA Y,

4) =5 A0 EH

Fig. 9@ Mg v ~ v OFLC L 53 5 s OFEMICEBHEERL TWDE, AR@IIEM—F
m&%#T®Eﬁ%&&%L139,m%%@wﬁmmﬁafn5A®Eﬁﬁ@#%&ﬁ%m
THRBE, TALLILEVBRBEABTLTVWAZ LEDHA, Thd7e vy 20r v 3 2
B (7ry 7 L THEEZEL)IRLAIOTHY, a5a@3 /7 b 27 v 7HOEEE
R ER->-ThWhrdLEELLNS,

FE b IEE —~EMREGETO2 7 aOFMERTH S, MENEEOCOHMCHE -T2 5
AOFMNRELSHMCEAT LR, TE2OLBRTEEHSALATLC LML,

IhbOMREF LT Table 5.3 [TRT,

(5) MIRBBEHO LA BTROLAMASHE

MEESHBOLARE (21 ~T7 o 78R ) LBRTRER(X1—72v v EB )T A 5
s OEMICEHHEE Figh.1 0 CRT,. ARQEEMN—EMBEOBEOLEMERLERLADOD
THY, 25 2RBOSEALEVRBBE, X4 —77 9 7BETERA—T X9 B L0}
B R->TNBL EHHE, AEOEMEE—EMEOBEOELBRERLZSDOTHD,
I 4 EBOSHEABRTERBELE, 21 -7 79y 7TBRTRR I -7 4o vBLIVIE{ AT
NWHZ LD DB, ZOLOR 5 DK @YY 7 b 27 ) v 78 CEEAL T, Figb.111K
ATLOR a5 sORMIEEBUCEAHRBACLLBEREARE LN D,

6 ¥+ 7 BOESE

¥y 7ROBAACEL B3 7 s OFEMIGEHET Fig.5.1 2ICFT, ¥4 » 7EBOEKE (%
LI > TRNABBHERCENT, BLOI5 2 LOBEIRLELAR D, BET HEHK
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BBV B b, ¥v vy 7TBOENLLC L HEMOY LY BRBEE L CBETHREE % Table 5. 4
CRTe Thtrhb, ¥y vy 7RWOMMIHE->T, BTERBELRETTHZ LHHDL, ZOREA
CERLTR, 3TE12520RBRROBEFS PCrntH#BL TN 5,

(1) HARENEEBEILROESR .

AAENERBEINOFRICL S 27 2OFMICEHE T Fig.5.1 3CTRT, ANR@EEA
—EMBREFGHETOEMNELEETRL TS, I XRENEERBTLREBRMNTA =5 241d, BhEL
OIOCHBL T, 27 2+OXRMNEBOVL LY RBEHALREL TW5E, EROIEINEE—EM
BREGTOXMNERERT, dRBEY 25 2k, TRELOIOCKEBLT, =5 20K ME
BOBRTRBELEAL TWD, TOKRFIL Table 5.5y —% L TRT,

COLOXHAENEBRBINREY 25 4k, Th&EL 25 2CHEBL T, £ LRAEBHH
ERTERBEOBH LI LAL TWAZ LB, 24, HhABEY 25T, ERELOD
ORHBEBL T, REROEMICERBIETLTWS, thid, ThOoEHENHK= 5 2CHL L
NHTEREST, 7oy 2 FTHBEMEORBNLEMT A LLLBIOEELLONS,
@) MmMEFMICLHE

MBI L HEMBEBOYL L VIR LB TRHBMICONWT, 3T Table 5 2 CRL %,
XAEAMETEZYFANRCEEL T, Thb5O0BEBHREIVWIL ERLTWAS,

5.2.2 fHE4GHE

(1) nEIMEE Vv < OEE
EN—EMRRECHTHHEMEEICEMEZ Fig,5.1 4 TR+, TONTRLABENZL
7Ry 70BBLBEMEELORMTH S, A LBELLAZL O, EMEMEE Y 2V TH,
BEHVELZNDPOEHREEIZTTHH, MEBEV VO LRCRE ->T, BENRLELKD, M
BEOEIMICHKE > CTEHRETHEMNT 5, HIBREPHETH S 55Hz LT -2 HZTRT,
2 =7 *¥xy v 7ROESR

Fvy 7ROENC L HEHERILEMEDX Fig,5.1 SCMEMEED 5 2 — 2L L TRAINT
Wi, B0b, ¥y v 7EOBMICHE > THREHLHEML TWAEZ EBHBE, Thid, Fx v
TROMMICHE - T, BEMOTm y 2OFRELHML TWELLEEL LR,

() =y * v RENEO AR

FBLRr e URBARTHEBHCL - Ty I av— 1 THADE, BREOEMEEMT B
LHCFTHELEIC, LRECIELTZOEMBEMCHRER» O BREIREBCBREREER
ETHLENRD D, TOkD, 7uy 72 @H0HERBRET AN, BEEAECHERERNOLEL
CLHEBBMZAEL TS, LoL, LYRAENCE, FLEMRLA 7=y 2MOMEZR
BEMEHEZHAEL T, TOPHELBACERAL TA(LELD L, T2 T, ZEBHRRBRCH
NWTLETHO7 e y 20BERROMEERELOr » + » 7 EBIROEMEBMERD A,
BEMEEH O4 % Table 5.6 IC/RT, CORMLHELL AL SXFTHRER (HREES ~
I5cm/ sec) T 2~4X10 B TH 5, MEEECLZEMBU~OLRL, 7— 20l 5
DEDPRKECHOLLCTHILELTEEDP ok, LAL, BITF— 2 & L TEMBEMOTSH
REZMAT ENTY K,
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FRa S ALBUIS L LEDF y v TEOEFH—OBE, 77 sd—FBEXTHET 5,
Tk, —FOBOMOEL b bR (BET L, Th6DZ ELBRISINR,

() = 5 AEHRIEE S

25 A O MERMEEDHHE % Fig5.1 6 CRT. MAbBOLHAL O, %4 v 78
BAINBRICH, HENEEL > 2 TEIL 2/ 3BHECAELLIEEROAE L % B,
—F, v TEHEKRERBCH-T, 252 TFHhob2/3BMECRAELET HILY
ODRM/ERD, TORKE, 27 +60BREME— FPEALERATD 5,

5.3 SUYLRCERR
Fig.5.1 7/, E1 Centrol, ®71 b/ 4 XFH L Ibaragi B L 52 5 aOEE

MEED 27 aCBO>PHETT, BEECHTIEZBEOREG LA —KLTWS, LL,
BAKERIERBEOBAD 1/ ABELZ>TWNS,
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Fig. 5.2 Vibration mode of column
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%.OHz (No-contact)

4
Limm X \',/ \
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+-Imm

Gap 2mm

Column spring
5.5H; (Impact) Block No.9

-2m
3.0 Hz (No-contact)

\ Max. acc. 100Gal

+imm

4
6.5MHz (Impact) 7.5 Hz(Impact)
2

Excitation

9.0Hz (No-contact)

Fig. 5.3 Locus of block center

5.5H, (Impact) 75H, (Impact)
5 1 3
— ®/‘ “’ . Max. acceleration 300 Gal
..ahn-lmmsv g LN/ Gap 2mm |
Excitation wave Column spring

9.0 Hz (No-impact) Block No.9

e

Excitation

Fig. 5.4 Locus of block center
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Fig. 5.11 Column nonlinear response of a system with softening
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Fig. 5.12 Effect of gap width on column deflection
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Fig. 5.13 Effect of column spring on column defletion



JAERI-M 9199

x{0®
"46 [ 60 . T T T T. T
Displacement const. input
Sweep up 4mm
NO column spring
955 50 A8 N
e oo A Gap=7mm
X764 caopeABL L .
o S |a-and
O <
') a) A-B A-
“ 573} ©30F @» :
-— Q
O o
o o .
Q 5 Excitation
E3s2l o220} -
Q
E
191 10 - -
o+ 0] L
0]

Excitation frequency (Hz)
L ] ] | ] 1 1 J
0 63 253 568

Input acceleration (Gal)

Fig. 5.14 Impact response as a function of excitation level
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