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0 HSHRBEIC L D 2027 U — FRES LR
1. [ZL®IZ
1. 1 WEOER

A Ok lcB T 5ar 7 U — MEEWIT, LAY T OBREIC L > TEEREL
LAEEMENR D D, R IRICB T a7 U — MEEWIL, & A ST BRZHBF]
MWIRNT2 D EDORFELRALT I &Rl A HE & 72D, a7 U — MEEYIE—
O, TAREEDICFIH SN TS, %< OHLBISRICBIT 2 5 WSS
SNTWDN, R IR FA OmiREEEE (~90°C) LIS BREREEI TR 2 Fn &8

1L+ TiEew,

— . RLLURT IO, TTEREFELRIALTWDIFERHLHDD, AARIC
uv@m%%ﬁzfﬂmﬁé*&#&ﬁéhfwéwZ%wfi\@%%%%6Mﬁ#
ROz 7 ) — ~ORYEFRHEORKIED 1X10%0/cn® (>0. IMeV) ZEX 5 H D
BIFEL TV D,

#F 1.1 EERPARE 60 FEREE DO a7 ) — hofE+ &

Type Name of plant Location Fast neutron | Gamma-ray dose
(n/cm®) (Gy)

BWR Fukushima 1st -1 Outside of reactor | 3.0 x 10%  *1 < 2.0 x108
Fukushima 1st -2 pressure vessel. 3.0 x 1018 "1 < 2.0 x108
Shimane 1 3.0 x1018 "1 8.0 x 107
Tsuruga 1 1.1 x 1017 *2 < 2.0 x108
Fukushima 1st —5 Reactor pressure | 2.8 x 1014 1 2.3 x 104
Hamaoka 1 vessel — pedestal | 5.7 x 1013 *1 1.6 x 104
Hamaoka 2 structure. 1.9 x 1018 " 5.3 x 104
Fukushima Ist -3 1.6 x109 "1 2.2 x 105

PWR Mihama -2 Internal surface | 6.2x 1019 *3 1.8 x 108
Tkata -1 of the first | 6.0x 1019 *3 2.8 x 108
Genkai —1 biological 4.8x 1019 "3 2.8 x 108
Mihama -3 shielding wall. 4.7x 1019  *3 2.5 x 108
Takahama -1 4.5%x 1019 73 2.3 x 108
Takahama -2 4.5%x 1019 73 2.4 x 108
Mihama -1 3.6x 1019 *3 1.5 x 108

0 0 BERF, %1 0 > 0.1 MeV, *2 :> 1.0 MeV, %3 : > 0.11 MeV.

B 1 1Ic, BT TR (BVR) R OMFEARER R (PWR) 12451) 5 R FAFHE R
DT & HOHROR B K E 2 7 ) — L ORHIR G 27T

" 1. Maruyama, K. Haba, 0. Sato, S. Ishikawa, 0. Kontani, M. Takizawa, A numerical
model for concrete strength change under neutron and gamma-ray irradiation,
Journal of Advanced Concrete Technology, 14 (2016) 144-162.
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= |1 ]l “ i uz = EE
B D [j _:l ) 5 [IITh_I ’_/V
L LElEDS | e
,l #48m | I #45m . = %
BWR MARK-I BWR MARK-II PWR 3loop PWR PCCV (4loop)
BWRIZ$ (42 SFl st &R 2R 4 PWRIZg5 (% STt 5 &R iz
(BFHNETvoLY) (BFHNETv oL

11 TSR D RN R & OEA R SR

B M) o s o s b BRI R b o A~ =27 L% (LUF,
[INES v~ ==a7/v] &W9H,) Tk, BEHBERFIC L2207V —FoBbA =X
LZHONWT a7 J— b ~OftEF T o~ L D207 U — FRE(R
TDORAT=ZXLZOWNTIILT LS BARRIZ 2> TV, 72770, e IREO T v
VIR 2 Z T TWEIXRAT A E RO NTEY, 27 U — MK
AT T, BRI OUEINRREICE D ar 7 U — s O IR < ArEerEs
Hb, ] EREINTREY, MERKTE2EAESEDARELEOH DJFRIN & LT, I
IZEDO0VEINIe EE 2T T D,

Fo, BRI T a7 U — MEEY ORESMETENIL, HEESBR A% 60 FRE R
DS F EO FRIEN =2 7V — FREICHEE 25 K 5L~ (FTRROBX
) ZHEZ TWLINENEFHMEL TEHBY , P RO <O T, BLELE
X TCWRITIITHETH S LM L TV 5,

PR RRE 0 1X10% n/cem®
H o< RRE © 2X10Y° rad (2X10° Gy)

Z OfEIX, Hilsdorf @il 3 ED b D & I TV D, Hilsdorf @iz
T, FETFIZONT, 207 U — FOEEN 1X10Yn/cen’ 282 5 LBEIELT 5 Z
ERER SN TS, . Hr<wfIcon T, IO I REX AN LTI T
%o L L, Hilsdorf FsCIZolH & TV D o ik A2 A L7253, BOKIFICHW S

SO JR A 0 22 R HAE R SR AL BN AR A~ =27y a7 U — b ORE(R T K O
SVEVKT (BB MiE0mERT), H21.4.3
Hilsdorf, H. K., et al., “The Effects of Nuclear Radiation on the Mechanical Properties

of Concrete,” ACI SP-55, 1978
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LTWa L0, RERSM (RESE A NOfE R E) NERARD ORI,
1. 2 12 Hilsdorf #i SCOFEF TERAKIF & Ba7e 2 S5 E D78 FRITASFEME MR & HELE
ENDESICONTHRMETRT,

Bohitr =R EF FEEGL
@ Alexander @ Elleuch O Batten
A Price A Houben & Schaaf A Dubrovskii
fcu/fcuo @ Stoces
1,4
1,2
1,0
R
i o8
& TILEF AV
§E N ~
a 00 or 150~200°C
04 = 1A
hiE TR EE&E KHS2 ~A
1.0x10%° n/cm? 7
M e
0% 2 5 10° 2 5 10%° 2 5 107 2
hi4FEEE (n/cm?)

(a) HPE7-MRES B & F R TR L oD BA AR

: Alexander } EfEaE
Sommers

fcu/fcuo A Gray 5|5REE

1,2 R

10 . — .'A\‘
w0 & B
i | e
pea 0,6 JKehi2iE NS
’E ) IRIR N .\\
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= 04

Reference Dose
0,2 2.0x 1010
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HUTRESTE (rad)
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1.2 SRR EEE a7 U — N OBERELORR®
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F 1.2 eI CBIT 5 Hilsdorf 1251 H S 72 5BRICBI 3 2 8KIF & D
X a0
Property Cement Specimen Irradiation Conditions
Author . Temperature Neutron Energy Level &
Measured Type Size (mm) (deg ©) Fluence (n/cm2)
m | Compress Thermal Neutron
Alexander . OPC 51x51x51 20 to 100 0.29%10% to 2.3x10%
Batten 2 Compress OPC 51x51x203 | Not Available SNS;;]I)% mation
31 | Compress Liquid $15x15 No Information
Dubrovskii . glass cylinder 20010550 15 5,107 10 2.4x10%
[4] Compress | Aluminous Fast Neutron
Elleuch . cement | 22X%5XS0 e 2.6x10% to 11.1x10%
[5] Compress Fast Neutron
Houben OPC 8x8x70 150 to 200 3.0x10% to 8x10%
. . Thermal Neutron
I6]
Price Bending OPC 51x51x203 50 0.5x10% to 7x10%9
7] $50x70 Fast Neutron
Stoces Comp. OPC eylinder <80 4 210

OPC : Ordinary Portland cement

JREHEHNT 8K (Rv b T B A FRMEN 60°CRRE) & #7225 &0t
H AT RBRSE M & B0 FITERIEMER S HERE S DS
IREMEHNT - BRI Ml BT TRV S HER SN D ES

[1] Alexander, S. C., "Effects of Irradiation on Concrete, Final Results", Atomic Energy Research Establishment, Harwell, 34 pp.,

1963.

[2] Batten, A. W. Ch.,

pp., 1960.

"Effect of Irradiation on the Strength of Concrete", Atomic Energy Research Establishment, Harwell, 13

[3] Dubrovskii, V. B.; Ibragimov, Sh. Sh.; Ladygin, A. Ya. and Pergamenshckik, B. K., “The Effect of Neutron Irradiation on
Certain Properties of Refractory Concretes", Atomnaya Energiya 21 , pp.108-112, 1966.
[4] Elleuch, M. R.; Dubois, F. and Rappenau, J.,
Neutron Irradiation”, FourthUnited Nations International Conference on the Peaceful Uses of Atomic Energy, 7 pp., 1971.

"Behavior of Special Shielding Concretes and of their Constituents under

[5] Houben, J. A, "De Bestraling van Mortelproefstukken",
Communities, Brussel, pp. 170-178, 1969.

[6] Price, B. T.; Horton, C. C. and Spinney, K. T., "Radiation Shielding", International Series of Monograph on Nuclear Energy,
Pergamon Press, New York, London, Paris, pp.276-278, 1957.

[7] Stoces, B., Otopal, P., Juricka, V. and Gabriel, J., "The Effect of Radiation on the Mechanical Properties of Concrete",
Ceskoslovenska Akademie, Translated from the Czech; Oak Ridge National Laboratory, Purchase Order: 34B-83481, Letter
Release No.: T81, STS No.: 10487.

(Radiation of mortar specimens), Commission of the European

EPT%%E@EHL%@ IBWTC XM L205|AMERE LR ERL2ICEDELED
o ZZITRT LD, BAKIFE B LSEMENEENTEY , Hilsdorf &0 RfiFE & Bl
17D B ZEDO LB OB FHIRPUITI S SR D MFDBMETH D EE 2D,

% ZC. Hirsdorf i X & &tea 7 U — b O+ 2R3 2 SCikos 5 %
KIF L [FEE OREREA B CHME T PR B O 5 O ERBR A R A IR LR A2 1. 3 1R,
X 1.3 1T L 912, 1X10%n/cm® Z 8 2 5 Pk IR0 & IR O FME M S iR

0. Kontani, Y. Ichikawa, A. Ishizawa, M. Takizawa, 0. Sato, Irradiation Effects
on Concrete Structures, Infrastructure Systems for Nuclear Energy, John Wiley
& Sons, Ltd2014, pp. 459-473.
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S, mW RS BRI OO LEPEDNBERE S ALz, 7Rds, 2015 RITIE, A—2 Y
v VENIHFZERT OMFIE T — L BIX 1. 4 1R &S5 £ 512, Hilsdorf L2 B STk
EETINESRIC L D237 U — RNREELE & e IR EOBGROABER I TR Y |
[ U< 1X10%n/cn’ Z# 2 5 P HS & SBEOK TR fEM ST 5D,

/\ Alexander Sandstone, Total flux, max. 100 °C, UK

A Alexander Limestone, Total flux, max. 100 °C, UK

V Alexander Magnetite, Total flux, max. 100 °C, UK

W Batten Riversand, n.v.t, max. 50 °C, UK

O Dubrovskii, Riversand, Total flux, max. 50 °C, BR-5, U.S.S.R

B Dubrovskii, Riversand, Total flux, max. 150 °C, BR-5, U.S.S.R

D Dubrovskii, Riversand, Total flux, max. 100 °C, BR-5, U.S.S.R

O Dubrovskii, Riversand, Total flux, max. 200 °C, BR-5, U.S.S.R

O Pederson, Quartz-mortar, Total flux, max. 80 °C, DR2-Risg, Denmark
® Fujiwara, Fast neutron flux, av.56 °C, JIMTR, Japan

CcC CO

Relative compressive strength (f /f )

] o
0.6 o
1 8
0.4 0
0.2
0.0 — —
0.1 1 10

Neutron fluence (x1019n/cm2)

BJ1.3 AW & RIEORHBMEHC L D227 U — MREELL & itk R B O Btk

11

"1, Maruyama, O. Kontani, S. Sawada, 0. Sato, M. Takizawa, G. Igarashi,
Evaluation of irradiation effects on concrete structure — background and
preparation of neutron irradiation test—, ASME Power conference 2013, Boston,
Massachusetts, USA, 29th July-1st Aug. 2013, Power2013-98114.
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200 F =
1375
1.50
T
E 1:25
".;” 1.00
R
a 05
o
>
Z 050
g 9
g 025
o
U S
”2 0.00
E ~ O Heston Sand, Alexander (1963) © Sandstone, Dubrovskii (1966a) A Slag, Alexander (1963)
& -0.25 H o Granite, Alexander (1963) o Serpentine, Dubrovskii (1968) < Ilmenite, Alexander (1963)
A Whinstone, Alexander (1963) < Serpentine, Elleuch (1972) v Gravel, Alexander (1963)
050 H © Firebrick, Alexander (1963) A Serpentine Mix, Rappeneau (1966) & Haydide/Barytes, Blosser (1958)
= v Sand, Batten (1960) v Quartzite, Seeberger (1982) & Misc, Fujiwara (2009)
® Sandstone, Dubrovskii (1966a) o Limestone, Alexander (1963) © Chromite, Dubrovskii (1966b)
-0.75 H @ River Rock, Idei (1990) o Limestone, Seeberger (1982) o Hematite, Dubrovskii (1970)
® Quartz, Pedersen (1971) O Magnetite, Alexander (1963) ¢ Heavy Aggregate, Lyon (1951)
-1.00 H & Gravel/Sand, Stoces (1970) o Barytes, Alexander (1963) A Limonite, Dickeman (1951)
I T Y S Y T YT S T TR A W T T TR S A S T TR R T T TR R A W T T TR A W AT
10" 10" 106 10"7 10" 10" 10* 10% 10%

Neutron Fluence (n/cm?)

1.4 =7 U — RREEE & rhiE - B 5 & oD BER

H o~ MR EH B B LTI, 1. 2 IZHRME TR Sommers & OEREREN A 4 A2
#aikicar 7 ) — FERBEIEEHEORBRTHY | KEBILI LT T DOV DR
WD ENHBMNER>TEY | Hilsdorf s CTII A v v # B4 R & AL ER
EBEZTNRYY,

LU, BATO BZEDOZY ML EORIUZOWTIIRH RSN &, £,
HPE IR BRIE TS (ZR) T v RROEBNED 2L 2B D T~ RO
BIZOWTHEIOROIMFADPMETH DL EB XD, OIS, W v BITITFICH
VRN ENIC LD 2T U — N OKGREEIRD D e, kT B
KO = # R OB BT, N - B BT D BRI AR AT R CTh D & %
bihvd,

W T, BB D a7 ) — b ~DHCEE AR TN BT 2 72 DITIE, BUH
BRETICHD a7 U — MIAET DRES (AT ORI & R~ %8 2 BT
L. 27 U — MERE & BURBR O EAER & MEZEIC B 2 A T = X % Wit
WZT2EN DD,

2 K.G. Field, I. Remec, Y. Le Pape, Radiation effects in concrete for nuclear
power plants - Part I: Quantification of radiation exposure and radiation effects,
Nuclear Engineering and Design, 282 (2015) 126-143.

¥ Sommers, J. F., “Gamma Radiation Damage of Structural Concrete Immersed in
Water,” Health Physics, Pergamon Press, Vol. 16, pp. 503-508, 1969.
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ARFGEIL, ST I OWERERE K O SRR REN ER S D, H o v et o
RN FIch s E e FEE /a7 U — MEEWITR LT, BB L 52
27U — EIZBT 5 A T = X LD & BRERN &0 B 2O Y2 MR T 5 2
ik b, arrZV—RMMEHIATWSEMOREEITEE—E TR, £, &
AV MOREELELELTHD, 2D 7V — FOREEMFHEICE T 572012
X, AR (B A2 b= N B ~OREREEEE B 5N U R TR
BT OE 2 2T 50 ERH D,

ay 7 ) — MEEY ORI E T 2 7201 1E, B ZH O 2 S VEFEAT 2 fE 78
T RHIDICMERT = ORGOHIR T A=A LEH LN LTz ETHREAHER
HRZHD a7V — NN OWNE DA R O ORI 2 T3, I3 2 BiE g
MBI A LETH D,

1. 3 {EEMGRONE

a7 U— NI ok BAC N MEM (). HEM (R KOVEFH LD
s, EA N (~10pm), MIEHM (~2mm), HEH (~15mm) IZRINDH LD
IHEbHEA, MELSEISETHY, EDBITEAY MEKBKIGEL TTE BKFK
JERE A R R—=A M ERER L, BRI OBER OKEZ RI2T, ZOKMIGNIZ XL
S THARS DKL, B am~E pm OMERMZ A L TR, KMpotEE (K
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hiEFEBET=E(n/cm?, E > 0.1MeV)
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