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A PROPOSAL AND CONSIDERATION OF ASEISMIC
METHOD FOR NUCLEAR POWER STATION

by Takuji KOBORI and Ryoichiro MINAI

Synopsis

An aseismic method for a British type nuclear power station proposed by one
of the authors was reported in the previous paper. The authors have believed that
it would be very difficult to design earthquake resistant reactors of this type with
complete safety, without this aseismic method whieh transmits the action of a
destructive earthquake motion as little as possible. In this paper, the theoretical
investigation on this method is still more developed and the following proposal for
installation of various types of nuclear power stations is written. That is to say,
the nuclear power station is to be located in rock of a peninsula. Major advantages
to be gained by this reactor installation may be listed as follows.

1) The nuclear reactor located in rock is invulnerable to earthquake shocks
and is not subject to disturbing surface phenomena such as typhoons, floods, etc.

2) The reactor can bz located in a comparatively densely populated area.

3) Effective containment in case of an accident can be obtained in rock excava-
tion.
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BERTUEC T B (2.3.1) ~ (2.3.6) 2D,

o=['6ce, ;O a2, =900,

— Fa(s) .3
UH—————sﬂmn+scn+mH +¢o (2+3-10)

TRINADA, (2.3.9) ¥AWT F (L9 ¥BEHELT G¢ 59, G 0 )XAVTRETH
EbTES,

§ 2.4 REMICHITZI—BE
R ET2—RBL GE (:s5), F({:s) OBRTBREET He01E, RO X 5E T 5%,

r ==ftec, G OWFQ DL, g=r—10
(2+4-1)

m=(Pao e e

L, ¢Cr, FE)CTFE 1), Fas)cFalr), G, ts)cglé i) .
2T f(eit), Fale), LM(sPma+sca+er) 1 (B RD LR E01 L, ERMEIZ 2600 2R
Btz irei@Ets,

r)=1i i THB . 87,
g6 Lo =lim o L_‘a G(§, ¢ ; s)e*eds,

=SRAG(, ; et*}—3] § GC&, §; s)e*ds (2+4+2)
v b (1

ei2l, {8} 3G L s) ok, RIG, C; s)et ) 1% s, BT 58E,
{5} 1% G(& L) DRURE, c» IXEDEXELYM
DR DOEET, HIE D d1, o O argnment THEUSMEMN 2, FBRETHB k,lli—?slb G(&,p:5p) # 0o

B0 dy, ¢ O—FAMEEER, MITHAEETCHB LERETIER LS. 2T 2.4.2)0EIRITHED
Bo B, 1% ¢, b DHEIYEE analytic iz LB 4(s) DBER—FKL, {s,} Vb 5EHFEFITH
B,
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ESHEINC, s, B de(s) O—~NMOFRDOBEXRT 50
i) 4e(s,)=0, 4'(s,)#0
RAGE, L; e }="R(&, T ),
R(&,T5s) 1k G, §5 ) DEE,
R(, £ 5,)=1(s,)¢0,2(E), (0

_ C(sv) e
T = O T3 D VO T (S) e

- Woldsy) _ Walds, Sv) = ddy(s)
o(sn) le(sbx: s Wilds s’ 4e!(sy) ds

sy’
¢ ¢ [ (&) (€

5= $O ¢® | ‘sal ' Q)
Wilgy) Wilg) s, €8 | Wilgy) Waldn)

(2.4.4) 12 {s} RAETHVDPBEFEBTH S0 10 1o £6), al8), 14(§), 1:(8) BRETHS

b {sv}r {Sl’uc} EhEh (s, §), (Sl’ucr a'uc) 7‘&6#%7&&%%{?0 #eoTC viz—fa s Lfgih(ffl
[N

(2+4-4)

Sy

£, 0 D=2 RE, L $)+e>TR(E, T 5,0}

=z>;cR{es"’}R{R<e, Cis)}-He® MRS, § 5 5,0
2L,
R{R(E, L ; s,)}=R{I(s)}CR{$, () }R{$,* (D)} —H, () H{g,* (DO}
—KI(s,)}R{$, ()M, (O} + H g (O HRp, (DN,
HR(&, §; s)}=R{I(s,)}R{4,*(E)H{p,2(O}+Hp, (O IR{S, (DY)
+HI(s,)}CR{g, (O R{$ (O} —H, () H g, (D}, (2+4+5)

ZZik R, I 3%EF, B¥%ERT,
LicioT g(6,07) XL E Lt bR,
RIZ sy B 4e(s) D (y+1) RLOTH LB EEXWMITES o

i) 4,0(s,)=0, j=0~n, 4, T2)(s,)%0

ny .
86, ¢ s)=3 o T P {s—s et o} )

. n
+e3y2'2y 7J n,+1

2 =i (=50 GG, ¢ s)}(gf’*j)]

ny .
=2;jz_o—@%)—u—.!-[R{esyT}R{(s_sy)ﬂu+1G(5, ¢ s)}ﬁfy"])

—He> H{(s—3)™ 166,61 7). (2+4+6)

Lz T (2.4.1) RRALT D), i) WTFhoBA b REEMcEsT5%ED convolution type D—
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BEFRDOI B, 2T s AFE4 (n+]) MOFARDIE, FERCITH 4 o OEYER, o s, 2
R F(6,8) © (m+D) froBixbif, e oml ORE ST, H#EL 2 L0 HRRCESTE 30
THHEEX (n+mt1) HORBRARCD b, L LR OHBROFECEEN b5 LBbh30
T, ZOMBEXS bR Tn: bhiudinbisyv,

DX 3 LT—RREM BT 5 poly-linear ROERAF T2 —BFENR L(P)=0 OHME=F
d1 g2 DNRHMEIRB L E, (2.4.1), (2.4.3)~(2.4.5) ¥/ (2.4.1), (2.3.6), (2.4.6) AT,
EREAERREE L LTRDBZENTE S,  FL; 1), falr) RBHPEEOEREERATH 5, 2
ReBST 5EEEER LB bh GBI 5@2 R T5 L9 KXot bR,

$ 2.5 [E#HE REABE%D Modified Orthogonality

BAMET {3 2 4o(s,)=0 & X b, ThicnitTsEAERET {4°] 1 (2.4.4) THETFETEHRS
h, FhEREEOFENERIALY, TR ohbr oI bRrEEYML 50
1) ERE FESEEE s, 5 RRATRIRBZENERCET B,

sy,§y=—é.(%):ti/ '?4'—711‘(_2_)’ , (2:5-1)

REL: D= 1 ai®lp b+ ref @@ gt + calp, () 0,

4= (la(®)lg, e+ malg,O1>0,

G= [ g®lppat+ealp(O1>0.

D=D2—4AG (2-5-2)
TEHRTHIEREOHEIIRD L 3K/t %,
D#0 (BFEOFHE) R(s,,5,)<0
D<o LEHERERME---BERBEECE

D=0 AXxEHE —----BEEREEEE
D>0 AEEEE —----BEERIMEGE
D=0 FEBEEL) R(s,,5,)=0

D<o StEMEERAE - JRRR R E

Z ik D/A, G/A, ZEEEECEERERER L TCHAAERER CLOoKR X SOFFLERES] v &%
— R TTEECH Do & 2T » 1%, EDEK G/A O/PIVIERKER LD S,

ii) EH&BKD Modified Orthogonality, #&-27 2 —%— s, ®# (2.3.5) CRINBI5K, HRE
RROEREZHCESLES, R. V. Churchill,”? W. F. Bauerl® 7z 62T Modified Orthogonality
*#<,

(9, ¢°)=(s—sD P, ¢1°3=0, (25-3)
Ge9£1={ a(E)pe g rde + mape@);(0)

1

e @ gy et o du(@p0p £t g0 £().

(2+5+4)
(s2—s2)+0 BT,
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(¢e,9£1=0. (2+5+5)

(25+5-) CEH XN D Modified Orthogonality ¥, BEENFLETHE, M i, i WwThicBEL
THIERB LD, BREBET FO, 0.°)=(F ¢, 2EHT 52 L1 TEY, #oTHANBERRHR
BEFRERCTRETER Vo ZOBEOBERML—BREO VIENE)» S8 b h %0 T/ normalized
eigenfunction system X¥BEOFHAK &L ZITRD X Hic¥MiT B,

(or)= a2+ map, O+ (1o de(Oporde+10 | d(O)hrat

+eug, 2 (020 (2-5+6)

b

[nﬂbtc’ 7l¢’.’°] =5H (2'5'7)
12 X 2T normalized system *EHT 5,
Lo CEREOERBET {40, mHRATRDOLNS,

{03 ={0,7C0%, 9,3 HY. (2+5+8)
— R (2+5-8) 7 HAHIC normalized eigen-function system BEEICZEET - L3 TE 3,

§ 2.6 BERELHRDLAVWEESOR

HRARORNCIL T, LiIFEEONHEE, THESOMENREIMEL 52, §i%EiX high pass
filter OTYREZT 1B B XHBHRLET 5, EfiBoFER, HENEMOFEMCI - TTIERLM
CHh, BEIRINRELTBALE S, RoTHERAEGEIXD LABFEY B8 LR CHET~
ELELOIhD, ZDX 5k & (2-3-5) 1%, KRLHKBo

L)=(L{e® L} —wa@®)p=F, .

(2-6-1)
d¢
- _‘dql' ~ _8‘(0) d—$|o B
W= | G ||=0 P gy Wm0

2.5 OELENDL, CORDOEREIEVIMERTH H , HET 5 EREFBRIIEERTH S, sT=—0?
TEBETHE 2 KBELTRECEAEE TS, = 28 (5 §)~(uy, —in,) ORIEHRYL LEABRED
PN D 20 (E)=0ngu(§) TH B, ¥71- modified orthogonality iXHE L /x5,

Cabondh 3= CE) e s+ mpr (O ip () =3, (2+6-2)

BE 47(5)#0 PRILT B, =D: & Green BIROEBUYL, BEHPAK%Y Green BEEBBEIZRTL
(2:6°2) #ERTIE, ROXO5CD,

n‘/’y(f)ngl’u(C) . (2-6+3)

R s)= 95

LD T (244°5) bRALZE D,
g8 D= ;ﬂgﬂsinwyr. (2+6+4)
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(2:6°1) KRBT BHEFREE FOBERITKD X 3 RDLIS,
F(&, 9)=F(&, s)—a(&){sm(&)+n(&)}—a(§){sMg+Nn}
+.F Fra(s)sa(&)

s’mg+cp

(2-6-5)

Fr(s)=Fg(s)+mgn{sM g+Ng},

L F(§,s)=a(§)F(s),  Fn(s)=—mnF (s),
F(s)C(a%/ae)Q/H=1(c),
CORLC 8 (f(ewsing E2c)
—a(@) ({(-2)+ W} MO+ E-n(D))

(26-6)

—a(C)-——[M cos/ fa r+~/ N, sm~/— r]
Fu(e)y=—maf(@+ma{ {( L) + O} Mn+ E-na)

o, {(8/87)4(1)} iX convolution DHFEOEE~DEEFT Q) X £0BEED =0 TR} 58
W&#4%7T, E T convolution OBTEEFTCH 5,
(2+6-6) XAV CHREMCKIT 5L, KO 58BT3,

r=-228 (O sinase « FCOML, -
v @y [)

7=7—T7o» (26-7) ,
1 e =
P=To s [sm\/ ;‘; = * fa(c) )
ERTE (246-2) HOLBHRINHBRABET
(F(&), np(§)]= oa(f)F(e)n¢v(f)d5+mEF(O)n¢v(0) (2+6+8)

EUHCET 5, Tisbb,

F (&, )=a(O)F () B —a(§)F () ~a(sm(&) +n()}

—a<f){sMg+NH}+Mi$fma(f){sMH+Nx}

ERBL, (2:3:8), (2:3°9) HBHKRAXBE %,
=-f'6c&, ¢; DAOF () —a@sm(O +n@ —a(C){sMa+Nahdl

+ ?%_ —muF($)G(,05s)
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r
_ ma(sMg+Na} | Mt Na}GCE, 05 s).
sPmua+rm

Zhk mO)=0, n(0)=0 EHEL-CUERT i,
r=—3248 1, 1,(O)Csin0yef (2))
+;n¢u<e)[{m(C)+MH}; av({)Jcosw,r

+ 353294 Q)+ Va, p(O)sine,z

mpg (o [£m _ Jxm _ [mE g o [Em
+‘/ po [stmH z'*f('r)] MHCOS\/mH T \/xﬂ Ngsm\/mﬂ T,

7=— 5 OO} 11, 4, (0))sin0,e + £33

+v2{n¢’v($) _M[’y(o)}[{m(C) + Mg}, Mby(C)JCOS(DvT
+ 3 O =26y O} (1,,(0) + by wp(Osinose,

== 240 11, (O sinw,m ()

+;n¢u(0) Um(D+Mu}, ap(D)lcosw,r
+329Q) (1,(0) +Nm}, wp(DIsino,s. (2:6-9)

ST, ROBBRETILS,

D=2+7s #(O=m({)+Mg, #()=n({)+Ng (2+6-10)

== 11, 1, (O)sinose * £ ()

v

+ T (OGO, wp(OIcoswsr+ T G (0, (OIsineye  (2:6-10)

Eie f(0)=0, #(D=0, v=0 &Thud,
iz(C)=§n¢’u(5)Erﬁ(C), (8] (2-6-12)

OBEBBHERLE %, (2.6.11) 1% 7 CETAIERIReRE-TENL (2.6.12) »OHANKE
BREBLRBHETH D, L LERLEFELEUHEAR, #ido X 5 CHRNEFECRIB LRV 1
§ 2.4 OFEYEBBATRLRDIE . Oz &L (2.5.4) OFRAMTLHLLEY RIERSHE T
e LREEE bR D,

(2.6.9) Eloix (2.6.11) REEREMOERBI RCRATIEBHCRIEEN S, —7F (2.6.7) &
(2.6.9) RRA%ETHB, (2.6.7) ¥FEEMOXEBEARRATIUE KApBILERILbicv,
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(O O (Dd=1; 126>0

(2-6-13)
gn¢y(o)jza<c>n¢,(c>dc=o.

ozt (2.6.12) TBLRh3 1 DEAMEEHN

1 :Eyuﬂbv(e)[l » (D] =¥n¢v<e )_‘: a(Dnp(Ddl +mE?n¢'x/($)u¢'v(o)
b

A® =T (Of a0 OAL=1, BE) =Tt (Onp (D=0, 126>0

A= (O A(Oup(OAL=0, BO)=Sed(0F=1/mzm  £=0

BRI SV Z L 2T T HoTHROIRBORFEATEIX, AW), BE) ONREORE
FLREITRERD Z EHbinb,
BOPREDOMBCOVTL, SRRAELET 54, #HE modified orthogonality ORILT 25258
D_PEBEROGART, BEROFEREAEERMONNK %L R. V. Churchill? {% (0,1) T, ¥/ W.
F. Bauer!® [3H|0HET (0,1) TEHELTW 3,

§H & H 2

COBRETCRREARTFORBCET AR IERNLMEE LT, YHEACERL, BHFRERR
TR h B & & 3 THEE 2 S0 e Retto R b, brREoBERIEYLEbh s LoREY
frleotze FLTCEBIIIF E LTURBLOMEOE U HVWEHRF 0B/ o, RENSHEIhELLMNE
BB LI, CoZ &, TTRBEMAZUNRTYC EBRXBDOR IS E LTSz~ g —k—n
KRBAREBFORBEX L, VA TOREENRRBLENICLI 5 L T5BHES b o Tk ik
{y SBOBBRBIORELS T hks—BoRELREYEETIERY IS0 TH S,

FEZO-ARIRTI VREL W BHBLEHR oW CERICER YR L, BRESFoERE
L2770 5B/ COERBTBEBRAD—RER Lico ZOMBIIBMARIFD X 5 a3 &d
HELWwDT, 4%k, BlEld 5\ T EREENRIRET 5 TFETV 5,

THEOHELILSSFIT tentative IedbDTH B HiKABBITEA Th 5 LN, R/ ERTRIR D
bAHADZ L, TREEULEROFRELR /RIS RV, LA LEhi ¢, BRNER
BB L L2230 THB, BHTERINL L0, TOBTEMISDTERRBEFLNET L4
B, BRFREHTCRET, ERARLThOLE2EETHI0 LB, £ ZiC traditional 7ok
BT b ONSHEEEIh S LRAMKE, —HREVWTWbRARERDOFEYER LBV oL LD,

LZAHTRTE, EABBAFLD L, HRACKTERBRINIERL, ELoRMEEXL5T¥ED
tentative /e HENTIHRIC S WHER DTV 5B, ¥ LTHIRMIR DO RSOV Tid empirical 7emEH
BEROZLTHD1 0, REOEBINARVRY, BC—KORKNRE DR IHEDIDTHA 5, EEMN
HEBEFRETRELED, FBEKEFCONTTATEID:, W EORMMALHEBOERIEZTCESETRIE
LHBHAEEBREREEBINDLTH D,

WBMEL LTWThoARYBSE LT, THEOEEE LT, ¥INBHFEXERL, KRITKE
FALBLORERFLEL B LBANLBRBLYRHELE AL THESL 5, COBE, MBI
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D LANIBOERTAHIRCHEL, F0/ MIBRR LTS ETCRBE4ORFAVRBINEEOFTL2O0RKA
BELEBORBYITLS 2L —20fFEH TRV EE S,

¢ ® X W

1) NEE : a— A x~ o = ARIRTFROMBII oW T (FIRXHRECET 5 —o0RA) » TH
KEHKHETER, F15, BMR2EI2H, pp. 92~105,

2) EFHREMEZAS : TEHRREFHRENORIRE, HERS2%E 9 A : mEKEREFHIRERORE
B, BEM32E9 A BRARRETFOREHRORHRE, MA33FE10H.

3) L. Carlbom, H. von Ublisch : On the Design and Containment of Nuclear Power Stations
Located in Rock, Proc. 2nd United Nations International Conference on the Peaceful Uses
of Atomic Energy, 1958.

4) N. G. Aamodt ; Underground Location of a Nuclear Reactor, Proc.’ 2nd United Nations
International Conference on the Peaceful Uses of Atomic Energy, 1958.

5) C. Beck : Engineering Study on Underground Construction of Nuclear Power Reactors,
AECU-3779, 1958.

6) BB : 2 — A& —h— A HRARBFOMERINTSOWT (), HEREFI#AE, Vol. 1, No. 7,
FRFI344E, pp. 447~455. ’

7) KIRBIA : 2~ &~k — ARABFTF 2D & BREOME, B4, Vol. 29, No. 11, FRI4LELL
A, pp. 2~6.

8) WG - NMEE— - BHE I : BERAETHRAROWHRERC X 5FEHREHOROEN (MR X
LREYOHBIIREIOWE 2) » HEARFF2RUWESE, $605, FBEM33E1058.

9) R. V. Churchill : Expansions in Series of Nonorthogonal Function, Bul. A. M. S. 48, 1942,

10) W. F. Bauer : Modified Strum-Liouville Systems, Quartarly Appl. Math., Vol. XI, 1953.



