JAERI-M
85-054

YR EbHERE SUBR TR I X 2 AR

1985%F4H

N IEER - i OBE

H & FE ¥ Hh & %«
Japan Atomic Energy Research Institute



1y

JAERI-M bt — 12, HARBL M ERPTEBCATIL Tw o fRHsE e,
AFORIG bR, HART TR AT R HERR (T39I LRMICH TR EA
LBy, A, SRS IR AR T LS R e v 2 — (T319-1 1

HT, mElL o
Bt aTHNET,

VLB I ER A AT RIS T AR THEII S AR S D

JAERI-M reporis are issued irreguiarly
fncuiries about avalability of the reports should be addressed Lo Information Division, Departrment

of Technical Information, Japan Atoruc Energy Rescarch Institute, Tokai-mure, Naka-gun,

Tharaki-ken 319-11, Japan.

@ Japan Atomic Energv Rescarch Institule, 1983

o S AT SIS I i
£l il H 37 5 1 B 24



JAERI ~M85 —-054

FRBHEERBR I L ZERAR

HARFAWAFRBHARFSETFER
I Es - F BE]

(198584 H 2 a3%H)

AR PR E L SR L VHTREOBERREOHMARICE - T, FLARMSE
OHENOENLREHAR, Bic, HHBOFREBEYOESHLEE Vo v 7HOHED
EFMCE>THEN L, $72. EHRALBLICERLHHNOR BT OERBREREERRE
HMAERARER LB, BRTLL, TOER RoLH>UTERESB

(1) FlLoEgBoWRNOELERIET, HHRYoORRLAL,

(2] RHBCOEEREHKE AKPTTEBR A 010, BREMUH 01974 27,



JAERI-M 85-054

Inclining Test for the Bottom-core Structure of VHTR

Masatoshi FUTAKAWA and Kenji KIKUCHI
Department of High Temperature Engineering

Tokai Research Establishment, JAERI

(Received April 2, 1983)

The change of acting forces on the core restrainers is studied by
inclining a small- scale bottom—core structure model of VHTR The forces
produced by the 1nc11nat10n of the model 51mu1ate the horizontal seismic
static forces. The behavior of the bottom-core structure was also
analysed by using a simplified sliding-block model. The estimated
apparent friction coefficients of both graphite against itself and graphite
against steel are compared with the results obtained by means of a
friction coefficient measuring apparatus and discussed.

The conclusions derived are as follows:

(1) The change of acting forces on the core restrainers die not

reduce to zero after the inclining test.

(2) The apparent friction coefficients were estimated to be 0.10

for graphite against itself and 0.19 for graphite against steel

at the atmospheric environment.

Keywords: VHTR, Bottom-core, Core Restrainer, Seismic Force, Friction
Coefficient, Gas-cooled Reactor, Graphite, Friction

Coefficient Measuring Test.
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DENABEERT. REFDAFG~NOEBARFLE LicE ik, TROWHEBESZITZ IO
EALiE ~130~ 170N, LEBOZ{iE-410~510NTH -7z,

FLRREDOEILBOEMARREOBEME, BAEBLOBEE Fig. 9K R"T. LEROAR
BEG, 2N EL 20 CTREZTERNCENT2HE2R05, BLIE 3L,
1v~2W®ﬁ@%%wfﬂ&@b@mvmﬁﬁﬁﬁwi5ﬁ Yol ERELONP -1, FE
OBFEBEL, EEAL 15°~20°c kLI FT s hMEaHeENL TV, 72,
BERAEZCKELTONOEBATRAZOBMRBZOE 2 TEIRL L -,

B, WHEAOFEOHEN 6.4 x10°, 7.8 x10°, 9.8 xXI0°ND & Zic b, AREHEOZT
EHDOEALIR 32 XIP NOBE L BT EKREERERL I,

42 EBEFHEIEEBRER

BHELTOMEHRE Fig- 103 d,. NEEAMAALBOEOERE &DOB{IC2OTHR
LTW3, MEM#HEGXI0P~26x10°Pat b Tid HAEMARBZFIBET—FET
HO. BEEMEK0.27T 45, £ (DREHZVHMRY 130 BMAADicKE L 2B
BAEMGOE{ERLTE0, BAGEBORHE( GBS L~ T,

Fig 1l REMEBEHOEBFBORAEHERERT, HERLI2EREMAOELRZ BE
BRVBLTIRCRESNIHERTH S, 59 xX10°~51 x10°Pad @EQCHATIZ, BER
HEHABHIET—ETHY, BEFREV0I6LL ->THD, REBRK Licd U8k
L oRBLNBA s, '

5. o R OR

BEEEHAEABRL VB O SBEEREAHCTRBIFLALERE Fig. 12KKKT. ¥ # -
AL - FPEEERNAETBRBRUOY R ~P 7L~ b EWR T o, 7O BEERH 4 T3, +
F— b7 — P OEREL (B 2£BL T, 023%HVAE, 7, EERSEEEE T
MOBEBEGZR teid, 027TTH 5,

(DX, BERFERTERETH S vF 2 RUKA T o vy 70T i gap 255 0.5 mmD#
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RTHS, BHRAEMHTIE. EHAOC~PNMRBTE S VOREEBX (Fig. 7) Dlaik
BE, 88~ 10° BliE(b), #10°~13°Midic), #13°~ 17°R13(d), # 17°~20°fidle), (f)
YL, BPBTIR, 20°~8 3°Eidlgl, #3°~ 0°idh), (1) kEYT 3,

(R, gap 2B 0mmDEZDERTH S, LROBFPLWEHTDOENR gap2H0.5mm D15
CELEBETH B, FERIIUETeIREL» ST AHBT E,

i, dBREOEMARTHEONL ERALAFEHOE/LHMR" (Fig. 9)k—H$ 5L
KEEST BERAKOHAEELZHOTRIFLAHERET Fig.- 13kRd, BEEERIZ HH
O =200 xDTE LBOBELHKEADELBOEHFTERLOBH (s (2007,
Zhi(20)") BERBEICELOE LABTHEREM T ETRD, LOMER #cH0.10, 4
PO19ThH -7 (1K, gap2 B0 1lmmOEZOERTHY, RBEEBX (Fig.7) ©
Case QDRI > TELT Z. IIKiZ, gap2 B 0mmOBEOERTH 508, gap?2 DO
LD TERELMHENOEILRIFIEAERSAKL L,

6. af L

KEMEMEE 350 gal CHE T 2BAMHA20° I THRBREZEP S BIL, TIKREL
THHELBMREADENBIT L, TEREbYoRU AL, 2hid, Tit7 o 7B OF
NEOEBSLILDIMERATIFLAERNEL, Toy 7P Toy 7E4# - 7L — MiC
HEUEBERLAPHNOE~TKET oy 7EFNEREREN LD THEEEL LN S,
f-T, MERKE, BARLEBEANZBIAZKIHNELI FERSOBENH ST LTI,
TO oy sRIIBERTZCENELZCNZDOTHIRETEIHENS S,

EEFRAEREN BN BEERHOMS ALY (Us =023 e = 0.27) AAVFE@
WHRETIR, BRXEMH0°DLE0TROMFENOELREIERBEON 11K TH-1DK
HLT, BRI, HOTETHO 2 >HAARDEORNENECNE LY, TRICANTERESEL
DEENPREV, £/, HHABREREC—ET2L0k, BAEAHB 2000 L, TEOFLHE
RAODEALBP RO BHOIOBELEH s (=0.19), 4e¢(=010) T, Th+FnERNED
#1083 037TfETHY, L LEOHMEACEE TS ucELIETFTLTVS, LS5k
BFTEEERELOZREN TRiCEANTLIBRE ENEREO—2&L LT, BERE&—
holofEx (EfF) OEBPEELONS, ARBACHEH IO EERH EICEZ, FLER
FHEIELIEEZCLI3BWREOR T L TEMBEEIATHLS (Fig-14), 0
e, TREERNEOEGORBER. TBRICHXTA BETH2/5#£ CRTHI/5E
EENEFONESAB-THED, LERITRIVEERFE -G EONB~DEE EH) 2
RELBV, FREERFFERCGHPECLEIAETIE, 20BN LFELAEES ML -
TR ERTE B, TDR®, 7oy 7HOBVERANEBEOHDECE A ERL - ABITE
FuhoigoN it RETDERFEETE, FrBAERHEoL TBEBcAVSLhE g DE
A EDERENRKES L LEEZ LN S,

REBUOEHEFHEOHAEDYE (£e=010, #s=019) ZHW BTt b, RBRALE

— 6 —
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RTH5, HAAENETE. EHA C~WSHREREFLvOREEER (Fig- 7) Oladk
BE, #98°~10° fEid(b), % 10°~13°RAidic), #13°~ 17°MIL(d). # 17°~20°RTix(e), (f)
KHEKL, ROBTR, 20°~83° Mg, #3°~0°Mikh), 1l ichaHd 3,

(DR, gap2H0mmDEEZDHERTH S, LEROFEOLHENDEIE gap2H0.5mm D
BEFETH LN, TRIFZISCLETEIREMSE{LERGET 5,

wic, RBRAKROHEBRLBRTHEOoNL "HHALMEAOE/LHB (Fig. 9)ic—HT 3L
CHEIN BEHKHOHEGYEZHOTHEITLAERE Fig 13kxT, BEEHERI @
BO0=200- 50 FB FLEOFOLHEADELBOMEBS AAKOBH (Zh; (2007,
Zhi (20)%) HEBRBIBELOELALBLARAERL CETRY, TOMEIT #6750.10. 45
H019TH -7, (IEiF, gap 20 1mmOEEZDERTHD, RELBX (Fig.7) @
Case @DEHICKE » TEALT B, (IIKIF, gap2 B 0mmDESOERTH 2D, gap?2 Dff
LB TRIFLARADEMNZREALER SN,

6. At A

KPR BENERE 350 gaf iCHE T 2B REME 20 THBRAIEME o BiIt, TRRREL
ToHHLMRADERRET L, TREIOEo XL LM, THhEB, Fiz7ow 78HDT
NeOEIELILDIMEHTEFLHEAE, Ty 2MPToy 2 E4E - 7L — PRI
HUBBBIEANPHOS - RET T oy JEFIXBREX SN /LD THIEELI BN B,
fe->T, HERC, RABILEBBEENEEIZKENELFRFOBEMEZT I LTI,
7a .y ﬁafluiz?é{tﬂ'é LEBEAONDIDTTHREETILEND B,

BEEFENERABRH»SBONABEREOHEAALE (us =023, #c = 0.27) #M\ /-
HFHERTRE, BREFAA20°DLED TEOHMENOEIRIEZRBON 1L 1ETHE-120K
LT, LB, WOTHTHOLDEARRLBOREFBEONE, TRIENTERMESE
DERBREV, £/, HHZBRERC-HTELI1c, BREMA20°0 L. FBROHLA
HENOENABPORDBHIDERERZK us (=0.19), #6(=0.10) & FhFhEHFO
$1083 037T5TH0, L tEROMENCEET 2 ueWELLETFTLTWVSE, 2O LHK
BITHEEBRBLOERDBTRIEMANTERECKRES ZNAAFRO—2E LT, BERHE—
REoEE (Ef) DEELEA SN2, FRBRAKKERIhABERE EiTR, FLOER
FaEL2BEZCL 38 RE0RATEL L FREIBEFEINL TS (Fig.14), 0
oy, LREERFAFEOEEO@MMEIZ, TERICHNTA BETH 2754 CRTHI 54
EENFNNECRL-TED, LERRITRIVBEERBE-RTEONB~DEE (&GE) »
RELEV, LREERFECEKHEAMECLEEETNE, TOBhLFELAESEBCMD -
RLERE S, TDO2®, 7o 9 JHOBVERNEBEOHVAEVKE B L2 EmML - ABITE
TP oRONAAEHTOBRERENTR, RBERNKOL THRMIHAVLRL e DE
AEE DERDBRKEL B EELIOND,

R8O OEBEBEHOHEAESEDLE (Uc=010, u4s=019) FHV-BFickh, ZBEL+8E

- —
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Dﬂt“@ﬂ—@ﬁ”éﬁt%A@Hﬁﬁ@%&%%ﬁ?%& Fig. 16D & Hith 3, T74
Hhb, 7nvﬁﬁ®%@u 2 M 3L & [E— @E@ﬁﬁﬁm;étzTU/z»—7%t‘
D, m%ﬁ®£mmﬁMTéc&@mm&%abﬂéo

7. # A

ZENSEVAEBFOFKTHEEZEE L 1,727 25 -~/ PERAICL 2 HIESE
BEHNERTIT-o 7/, 7/, BERHNESABIEHEABRLOIRDONALEREBE T v 7
HOBOETLVTEIT L, Bon/tERRIKOEBOTH 5.

(1) HABELHMIETLERVTEROFLAEEELZTZT0E(ERR LEBOAMT
BibRKEhot, 20, v E - RAFTREIBINL LB AL F LT oy o8
HEIE TONBECEBEZEELBRIPZUILDLEEZELLN S,

2 BR2°FTTHEHELTLOKRECELELS, NOBBER Lo LLEh -1, T
bbb, 7oy 7B BEHEATORBIRETLLLD» -1,

3 WMEJo . /BOBLEFMCLIBINERR, L2 oMt EREN IR CEHEY
T& o,

4) BEFREAMNERARLIVEBSNCEEZHOARNERRE, LROWEHOENBNERE
LOhE0,

6) BiFCHACLEEERE HHRBCLZHRNOENBEL—BT 3L 31ckD 3 &,
s (BHEH)=010, s (EH 8 =019 &40, Ficue PEBREOHIERE L
DIIZD NS 0,

6) =TFAERERcLInG, EREBROELLEBS, 7oy s BEFNOELE WRHOE
L&) PRmMT T EEEL,

AMEEITH YL, ERUHBSLASREZBCACHARTAFER SR LFEE (£

NFBHERVESEBSETFHAE RBEREECHELTET 5.

& &
1 BEBEFAREFR: "LEAMNSESZFAHFEERZOBRR", (1981).
2 HiwES, i OAFEFHELEE Vol 26, No.11, pp- 877~987, (1984 ).
3 HAERFHATER: "2AMNESES A ERFFRZHD, (1981).
4)  Fil#Ei—, fti: JAERI ~M6141, (1975).
(5) HHEHE, fb: JAERI —M6845, (1977).
6 BEERETAFFFR: "Z2HENERFAFGHEHERBRORRK” (19802

(5
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DEL EH—EE SErIBAORKAOELERET S L, Fig 160k55, FU
bbb, Foy /BOBEHR 2MELBLE —-OBBERARLEZERFY VYIL-FTELE
D, BEAPESENT B A0 EEL DR D, |

7. # af

ERNSEY REBRIFOFRTHBELEE LA 1,/075 27 -/ DEBREIC L 2 HERE
BREMEARLEITo . 7/, BERHENEABLEANRABRLIROONICEREEE 70 v 2
HOBDEFATHES L, BontEmBROLEBITH S,

1) RBRFELZEASETCLBROTEOFLOEEBBNSIIAOE(RE, LBOHMT
&;D%k%matocnm.#fubﬁzb?ﬁﬁi%énti%fqujmwﬁﬁ
HExE. ZOHRBEORBABEE LBREZI LD LELI OGNS,

2) BA0°LTTHHSETHOKERELLES, HOB{BR¥YoKAEL L, T
bbb, 7o 7 HBIIOREBIKIET LD -7,

B WETo, /HOBOEFVCLIBTERE. LEZ2oRlEEENCREBERY
T& T,

4) EFEEFRHEAICEBRLIIBONALHETHOABEIERREZ, TROWEHOELMEBNESRHE
Lh/han,

(5) MRAFICHBOAEERKEY HEHNRARCLIZATENOEREC—BI L3R5 &,
v (BH EH)=010, us (BH ) =019&740, Fioue PEBHEROBEE L
DO,

6] EFUBEAERcEINE, EREBROELEBE, Tey /BEFOE(E JAHRACE
L&) HEBMT 3T &Emb,

RIFFRAETHICE LD, BHEUEDHSLEFIRL2BECALOARFATERSE TEE E%

NFBHERVFESEBE L¥AEE RBREERCHEZERT 5.

& & Uk
1) BEAREFAFER: "Z2A0SEFRFEHARBOHEIRT, (1981).
(2) #FHEs), fh: BART ¥ L, Vol. 26, No. 11, pp. 977~ 987, (1984 ).
3 AFREFEFAWEFR: "ZEHNESES A ERFFMBJIHD, (1981).
@) TFHl#i—, fib: JAERI —M6141, (1975).
B) HHEHE, M. JAERI ~M6845, (1877).
) AXRBFEFAFEF: "SHNEEYV 2 FHEMRBROHRRK” (1980).
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EL EH—EE SEABAOREAOELERET S L. Fig 50L3CK b, 4
L, FoL oBOBEE, 2hHLUBLE —OEBEBER DL R F AN —FTE LY
 HMENDEASENT AL EBVEELI SRS, ‘

7. #& i

EAMERY AERFOFRFBELEE LA 1,7275 27 - i/ DEBREIC L 3 EHHE
REEBRET -7, £/, EFEFREAETEBLEMRABL VRO o ERZHE T2 v s
DEDETFVTERIT L, BontERIKRODEBEDTH 3,

1) REFL2EMSETCLBRRUTEROFLEHBENAZT I TOELEE LBOAFHET
&;D%k%motccnm.#f—bﬁzhfﬁﬁiﬁénti%fu#Afuwﬁﬁ
HEEL, TOHBOEBLEE LBSTU LD EELON S,

(2) %jt20"&‘(1"{@5;?48&'(@67}(5@6:%L?‘:&%. NOEAABI Y oL ST, T
bbb, 7oy sEME EARGIORBICETSLLL -7,

B WMETo, /BHOBOETFVCLIBNERIE. L2 »OREEZERENICERIEN
T& i,

4) EFERHAICEABLIBONAEETHOCABEIERREZ, TROWERHOELMBNERE
Lh/han,

B BB EBERE:Y HARRIILIZMENOERBEIC—HITE2L51KD 3 &,
v (EHEH)=010, us (B 78 =019&730, Hroug WEEBREOAEML
DIILD P T,

B EFAEEERcLNE, ERNEBEODRLACES, oy 2EVOEE WERADE
LB HEBMT 32 &EmE,

EKHFEEZITHOCULD, SHRUEDS LEFRZECAIREFOMEFRSEISE &%

HRSERUFASEEE L¥HEE RBERERCHEZET 5,

BEX#E
BERBFHFRER : "EHNEERFZAFEHEERBOHEIKR”, (1981).
HEE), i BART/ESLE, Vol 26, No11, pp. 977~ 987, (1984 ).

B ORFEFAHER "BENEEL R ZRFFMAFIDT, (1981).

)
(5)
6)

Filsti—, fth: JAERI —M6141, (1975).
EEE, i JAERI ~M6845, (1977).
AARBRFHTEFR: “SHWNEEY 2 FEHERROER™. (1980).
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1l Core structure of experimental VHTR
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3

U £; {} main flow

i teak flow
1 Hot plenum block 7 Lower plenum block
2 Fixed reflector 8 Core barrel
3 Key 9 Core restrainer
4 Seal element 10 Support post
5 Hot duct 11 Thermal barrier block

6 Support plate

Fig. 2 Bird's eye view of bottom-core structure model
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Seal etement
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Fig. 3 Three types of fixed reflectors

® upper plenum block @ thermal barrier @ fixed reflector
@ support post ® core barrel ® support plate
@ lower plenum block ® core restrainer @ level meter

Fig. 4 1Inclined bottom-core structure model
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Fig. 5 Measureing apparatus for friction coefficient

fixed reflector support post
hot plenum block

co L]
resirainer

\ lower plenum block
& thermal borrier block

Fig. 6 Simplified sliding-block model
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inclined angle =20 deg.

inclined

direction

' SO0 N
D lower restrainer
<—— upper restrainer

Fig. 8 Differential forces acting on core restrainers

when bottom-core structure model is inclined

5¢
F=3.2x10°N

b
T

T f, (I0°N)
N [

0 5§ 10 15 20
X (deg.)

—-@-—lower restrainer
—O— upper resirainer

Fig. 9 Relationship between sum of cosine-components

of absoclute diffrential core restraint forces

and inclined angle of bottom-core structure model
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Fig.l0 Friction coefficients of a graphite block against
itself
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Fig.ll Friction coefficients of a graphite block against

a steel plate
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(1) | (11)

5r 5
gap2=05mm gaop2= 0mm

I
1
o~

I

T 1; (x10°N)
i

L (x10°N)
1

N
)

-——- lower restrainer
' upper restrainer

Fig.1l2 Analytical results of core restraint forces and

inclined angle
( friction coefficient: graphite/graphite=0.27,
graphite/steel=0.23 )

(1) (1)

[ gap2=01mm gap2=0mm
L ,
=4 =
L 3 =]
x X
w2 ™

6 (deg.)

——-- lower restrainer
upper restrainer

Fig.1l3 Analytical results of core restraint forces and

inclined angle
( friction coefficient: graphite/graphite=0.10,
graphite/steel=0.19 )
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Fig.1l4 Gap between upper and lower fixed reflectors

)
1

)
Lo,

gap2=0lmm

T #; (x10°N)

6 (deg.)

. ==-—-—lower restrainer
upper restrainer

Fig.l5 Hysteresis loop in re-inclining test
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