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EFFECT OF I;RAY IRRADIATION ON THE PROPERTIES OF CONCRETE

Susumu MURAOKA Yoshinobu NURASE , Kiyotsugu YAMADA* Hisashi YAMADA*
Toshio ONDA", Masahiro FUKUSHIMA®, Hiroyuki TACHIBANA', Akiichi MITOMO®
Masamitsu WASHINO , Shigeru YAMAGATA, Shingo TASHIRO, Haruto NAKANURA
and Kunio ARAKI

Division okanvironmental Safety Research,
Tokai Research Establishment, JAERI
(Received January 13, 1983)

In order to obtain the fundamental data of concretes which
are used in the construction of storange facilities of HIW, the
effect of ¥-ray irradiation on the properties of concretes was
evaluated.

After curing in water for about 4 weeks, concretes were
stored under three different condition; 1) heating with X—:ay
irradiation, 2) heating without J-ray irradiation, and 3}
controlled at 20°C,Relative Humidty of 90%; for 300, 600, and
1200 hours. Then,concretes were tested about the changes of
weight, compressive strength, modulus of elasticity, Poisson's
ratio, dimension and carbonation depth. Heating temperature were
100, 160 and 190°c.

Consequently, it was concluded that the effect of y-ray
irradiation within the range of 1.0 x 107R on the properties
of concrete was uncertain, and that the effect of heating was

more distinguished than }J-ray irradiation effect.

Keywords; Concrete, Storage Facility, High-level Waste,
Y-ray Irradiation, Compressive Strength, Elasticity,

Poisson's Ratio, Carbonation

+ Division of Development,Takasaki Radiation Chemistry Research Establishment,
JAERI

*  Sumitomo Cement Co., Ltd.
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Table 1 Chemical composition and physical properties

of normal portland cement

(1) Chemical composition, %

Loss on ignition 0.6
Insoluble residur .1
Silica (Si0,) 22.2
Alumina (Al203) .9
Iron oxide (Fe;03) .8
Lime (Ca0) 64.3
Magnesia (Mg0) 1.4
Sulphuric anhydride (SOj3) .0
TOTAL 99.2
f2) Physical properfies
Specific gravity 3.15
Fineness, specific surface area 5
by permiability test, ecm’/g 3260
Compressive strength, kgf/cm®
3 days | 152
7 days 246
28 days 414
Time of Vicat test, h-min.
initial set 2-29
final set 3-40
Table 2 Nature of coarse aggregate
Specific gfavity 2.65
Water absorption 0.48%
Fineness modulus 6.65
Weight per unit volume 1550kg/m°
Aggregate content per unit volume 58.8%
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Table 3 Nature of fine aggregate

Specific gravity 2.60

Water absorption 2.80%

Amount of material passing - 1.89%
standard sieve 74Hm

Fineness meodulus 2.71 _

Weight per unit volume 1610kg/m

Aggregate content per unit volume 63.7%

Tabhle 4 Sieve analysis of coarse aggregate

Standard sieve Amount of material Total amcount of material
remaining in each remaining in each sieve
(mm) sieve

(g) (%) {(g) (%)

20 0 O Q 0

15 1091 22 1091 22

10 2241 45 3332 67

5 1552 31 4884 Qg

2.5 116 2 5000 100

Table 5 Sieve analysis of fine aggregate

Standard sieve Amount of material Total amount of material
remaining in each réemaining in each sieve
(mm) sieve :

(g) (%) (g) (%)
10 0] 0 0] 0
5 7.5 2 7.5 2
2.5 43.4 8 50.9 10
1.2 59.3 12 110.2 22
0.6 154.6 31 26438 53
0.3 168.C 34 432 .8 87
0.15 52.2 icC 485.0 97
saucer 15.0 3 500.0 100
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Svs - ORAR, RAREYLS, BETEEENESE JAS S5, BB v )— P TH
( BFIBA4ERERR ), 5. 15 5 TEBAHav2 Y —1+] OIEEHEIC, KEA Y FHbE% 2T
v710eme L, RLEOICEIDEAERE L., BB, COFEAE, HEBSEYS, ETS
HEFRABH DY) - LR @ OEREHGHE LTV 5,
HLBOIC L CHELEZIY Y ) — FOES% Table 6 KR T,

Table 6 Mixing proportion of concrete

Maximum size Range of Range of Water/Cement Sand/Aggregats
of aggregate slump air content ratie ratio
{mm) (cm) (=) (%) {=}

20 10+1 4+3.5 55.0 44 .0

[ Unit Weight kg/o°

Water Cement Fine aggregate Coarse aggregate Vinsol

17% 318 783 1012 0.111

ova ) — FEEREE, BEEAOMERZLE, sHICST TR SN, &y FRRETS %
FEET SRy 7)) — O E% Table 7 12553,

Table 7 Properties of fresh concrete

Mix No. Unit weight Measured Measured Comments
of concrete slump air content
(kg/m ) (cm) (%}

No.l 2288 10.0 4.3 100°C{300,600hr. )
No .2 2291 $.0 4.4 160°C{600,1200hr.)
Ho .3 2297 2.0 4.3 160°C(200hr. ) )
Mo d 2293 2.0 4.2 120 °C{800,1200hr. ]
No .2 z28¢ 9.5 4.0 120°¢C{30Chc .}

2.3 HEEDIER |

B 20°C, HUEE(RHA)WHDHEBEEZCBWVWT, 240MBE&ED EEET 100
COBRBED L Ey— AL, 2HMEDRELE, JIS A 132 [3 V2 U - NEERE
B#EEDED L] -T2 vy ) - bERARAER L /2. #3EE, ¢10cmx20cmdD &
v H - THB,
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2.3 MEER

2.3. 1 RE - BRESEHS X UFEYE
etk E, MBEEICE-T100CY ) —-X, 160°C¥ Y —-X, BLUP190°C¥Y —
TR T B ENTER, TOBADY ) —XREBVT, 77— MIEKDEHIURLTLHD,
QDEETKHEOEMEES i, 7, HBOHIC20°C DRPEE TORR (D) %217 - f.
@ rEHBE - NARE y BEHEZT IEERBIE
(MBEERE V) -XICFRTERE)

@ mEABE.-- r BBRREZT L CSERE

(MERE RS V) —ZCRTRE )
® ThEHE--BE20C, RH WEOEREERE
$7, BAOBETFICE T AFEHRE, 3008/, 60085, XU 1200803 KET
o, tnoikE LT Table 8iITRT,

Table 8 Storage conditions and period of concrete

T vlhorage Storage 100°¢C 160°C 130 °C
Londition Period(h} Series Series Series
L 3 - +
Heated with 300
600 * +* *
F~ray Radiatin
12C0 - .
300 * * *
Heated 600 * * *
1200 - *
. Oo * L 3 . +*
Cured in Air s
+* -* x
2t20°C,R.H.90% 600
1200 * *

LIFie, #BETORBIZDVTETFHEL(BRRBELICT B,

1)y REB& MinEEER

y WA FNE, Photo lRRT &I, rBERECHEBEEZHREL, 577 F2ELT
BEOEEE ZD AL LI BRHAPENFBET TITHE -7, BEOKIHIE, Photo. 21T
IO REBEABVC, BBOBRET 0/ 77 —Ci-TH BREBO 2 Y b —LETED,
EEENE LORAICEBLAa v 7 ) - MEEED R (Fig. 1 KO TR T ) IcAEN £ M

0 ftid T, Photo. 3IART KHILWEETLFICIVEETKEL

_6_
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Photo.l §-ray radiation room
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Photo. 2 Temperature control apparatus Photo. 3 Temperature recorder
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plane figure

( 7 { 8 concrete specimen for
detectig t=mo. (D}

front view D 1 2 3 41 51|6 cnncrete‘spetimenmfﬁii
' testig (No.1ZE)

e e e e e e e

Fig. 1 Location of concrete specimens and stoiage box in the r—ray radiation room

Cfront view . - plane figure

T,

: (]
o/

fan for “
circulating air \\

A i

upper part

i
t
1

29
|| e

lower part

AR ..

©

N
Q
O}

storage box controlled concreta sp;gim,n-for
at constant temperature testing (No.1-8)

concrekte specimen for
i-tecting temp. (D)

Fig. 2 Location of concrete specimens in the storage box controlled at constant

itemperature
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Photo.4

Storage box controlled

at constant temperature

Photo.5

Storage backet placed

in the room at 20 ‘C,
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FEmEs R, SHEERACHT I BERERETE AT H—ICT a0, fEEs
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Table 9 Dose rate at the surface of specimen

umbe

I\!]Specir;ezlf Dose Rate (R/h)
D 665 x10°
1 6.99 % 10°
2 708 x 10°
3 7.24%x10°
4 7.03 x 10°
5 6.73 x 10°
6 6.40 x 10°
7 5.26x 10°
8 504 x10°

2.3.3 EFN) I LABBEEBRELEEOEFZ

AppendixC | Liz 50, €FU v itk > CHEE L 2B BREE, 11x10"~44x10°
Rﬁfﬁﬁb,%@%mbtiﬁ%@mﬁ%ﬁﬁﬁﬂ.&ﬁ%%ﬁﬁ?%k7ﬁmqﬁR/m
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£, EF VI E S TEML 2 BEREM O THE L2 BEHRRR, (L1x10°~44x10°
w205 560 B30T 2.0 10°~ 12X 10°R & % D o AEOERE T T 1200 15 1B
HLie 20 r BEHEEEE, BRO0X 10" REETH 5, _

Plokdic, SAORHENEEF) VIR EERET S L, r REHERRCEL
THRFEOAPEEFEL L ->TH A, BHRBCOVWTRS L, AIROEREATLA
—F (1) COWEWATH B, WA, SHORHEHE, RERFCLLIIEEELRLIL
WD HRBR LT 2OBESL G LG,

—J., ®F) Y ITH, BEEAC L TORAFRIATHRLY, REEBGERORDIL
BMEiERo D075 YA, wg —WwOAVMH 7 A BB SR RS 5 8T B R O &
rERIC LS &, BN EEROBENRSREECHINCTHY, SSLERREDHRESFIC
L HREEERECE, BERNOESEERINI0CL U EE SN TS,

IR LDER, Fr=AY—ORME, WEEZOFR, $1RIKF =R -LEy O
TEEERNIAHNERORBLAICEESN, RO ETORIMSFEREZNOEECE
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277, SEOERIEBVTE, KE-FHEFvELTRA, SoBEROELERZTE
B LT, MAEE% 100°C, 160°CHE LT 190°C O3 KERL D, MUADEE b LT LEES
LU

B+ B0 SSRICHETE O BBSHE BRI ER LTV, ThikE v~ VBRS¢ ks g TE D
1edTHbB, UL, TOXIUFHIALE, K2fKILEbN5.
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F-ray radiation

AN

aluminum plate .0! N

eEpoOXy resin 10cm
acdhesive agent

{ 1
stainless 649
steel pall

concrete specimen
{ 10emx20cm)

Fig. 3 Concrete specimen for measuring length changes
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Fig. 4 Weight loss of various concrete
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Fig. 5 Relative compressive strength of various concrete
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Fig. 6 Effect of heating temperature on compressive
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Fig. 7 Relative static modulus of elasticity of various concrete
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Fig. 8 Relative dynamic modulus of elasticity of various concrete
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Fig. 9 Effect of heating temperature on static modulus of elasticity
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Photo. 6 Carbonation depth of various specimens
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Photo.7 Carbonation depth of various specimens
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Fig. A.1 Model of strage facility

Table A.1l Specification of HLLW
1. Demensions of storage facilit 20mx40mx40m
2. Storage capacity of canister 2000 pieces
3. Shape and size of canister P 40cmxL200cm
4. Glass content in a canister 150¢/canister
5. HLLW content 12Qt%
6. Specific gravity of glass P~=2.7
7. f-ray activity 4.5819xlOSCi/canister
8. Total §{-ray activity about 9x10°Ci
9. Burn up 33000MWD/TUO,
10. Period after feprocessing 5 years
11. Qccurrence of HLLW SOOE/TUOZ
12. Occurrence of canister 1 piece/TUQO,




