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Concrete used as barrier material for the disposal of low-level
radioactive wastes is expected to serve a long time. Thus the quality of
concrete needs be enhanced to assure long term serviceability under
adverse environments. In this study, high-temperature curing of concrete
mixes was employed as a means of improving the quality of barrier
concrete.

Continuing previous studies on steel fiber concrete used in the 2
different mixes, namely mix C for container body and mix M for sealing,
specimens were prepared according to ASTM C1556 and determined for
their chloride diffusion coefficient at extended periods. Concrete

specimens cured at different temperatures, including (1)23°C, (2)80°C
for 3 days, and (3)80°C for 4 days, were tested and the results evaluated

for improvements in long term quality. In addition, the homogeneity of
fiber distribution in the mix were measured by image analysis and
statistical results were analyzed.

The results show that concrete specimens cured at elevated
temperature exhibit higher compressive strength, lower porosity, lower
drying shrinkage, and higher surface resistivity than those cured at room
temperature. This indicates that high temperature curing improves the
quality of concrete effectively. It is also noted from past year’s finding that
concrete specimens subjected to high temperature curing followed by

oven-drying at 200°C showed excess porosity which is judged to be

detrimental to long term performance. Hence this curing process will no

longer be considered for future study.
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RiCEARS S FIS AR RS G A AR Y o b
M RITHger AL ORle A Ed AR R 4 KR
& @ F PPl jeiga s o
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0
-100
e
_zm _"_,———'—"‘ »
e
-300 =
E =
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§ 400 i
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%_ -500 :
: iEren
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g
S W/B=0.20
§, ~700 —m—3 Days
& —~0—T7 Days
@ -B00 —A— 14 Days
s 28 Days
900
-1000
-1100

00 05 10 15 20 25 30
Fiber Content (%)

B 287 Fadiaz EL AR EMGE(E £% 5 20006)
AR AR fe R F RS IV ERIEE
Safiuddin et al.(2005)#-:2 48+ & ¢ 10X5cm | * = &5 % >
0L k& e (CWS) o 5 ASTM C642 = 2 B o P 45 {03 3
MRER e Ak (21°C) 7 42iE 48 | PF - 2. k4R {o(BWS) >
7k ASTM C642 = i B §o P 4 froh Bl g 0 F B9 ¥
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JpE s L E 19 | REEFR LR EFER 3. B Z A
(VAS) » £ ASTM C1202 # 2 » #3288 E 2 5 E? P 1
B4 Z ImmHg ™ MBI ZFFHR2HEEI 2R
PR > der ZARERE 2 - ) BF > L BRFEMIRE R 1842 /)
s T ER o B ES 4B 2.9 977 0 WE F o N ERE

LIEBFRAE A SA R

TR NRG #AARG e
DX AR RS RET LR RERFENI R R AN E T s

‘f‘-"ﬁ’l\‘@’r_ﬁzij\ f‘—"&?%ﬁ‘:}ﬁ*rsm.]i;}""’?/@;}ikbl?é"gﬁ iJ“E“)\

O 7 days M 28 days

Permeable porosity (%)
b

CWS BWS VAS

Saturation technigue

B 2.9 7 &> ;8 2 3L 4 5 (Safiuddin et al.,2005)
& B o~ s
(= B FHETHBH
FRRRE P FE Sl 2 B o 4T
FEHE QT AR -  BH R & HBER T
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ROTASBREE S
L& Fhic iR iR kALK
ERBEZ IR G om L ARG Y T BT S0 S 8
558 F L mrogdelk BB R AT AR end i A ¥ FIR S
A A eraldez R4 GRAT B FIE R A e R B B R
WACE A1 Ton g i BEcg 44 HACE BB
# > 1987)

A
&
4y
>
=t
H\
f*ﬂ
J
N

2. 3 F)E it fHH L %,‘F,%’p‘_ii’](/};"ﬂ; e

ﬁ’!%\i;ﬁﬁmf%?m @%J LL-—» \'E’J’J,f.})a‘_—&-—’: AN #\éﬁﬂfr
R 2 hk 6 (Young et al., 2002) °

3. B HLATIE S BATE R X L7 L 4 (van der Waals’
force) - & d v+ FlAp At B frdp S+ A4S o/ TR F]
fiE T AES AT R Y R E A R E R A R
w R B R S F) B R 4 T ApE v A 45 % (Youngetal.,
2002) <

4. B+ Fla it d m A2 BER G G 280w

Ry ALt TR S DY EREEE

o3

T @B G ARAI KA L TR L L T o
F RIS E B e A B A4S BB A BB Ao 2.10 47T
(Zibara et al., 2000) °
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Concrete

Wet face in = . .m_| Dry face
: ae kL -
contact with -"::h-"-'-,,__ exposed to
water - > RH<100%
Water Water
absorption Vapour
diffusion

B 2.10 R 582 s riT

(Z )& 3+ g a ik

O FHA A S B R

7 % B](Zibara et al., 2000)

CHE & TS S o

il

'\

.E.__E}-J} vt ﬁjl’L /l:’ljﬁ;:gg:(’ F‘:‘I;‘L_Er/vb/}{
RGP
R AR AT AL D

al., 2003) > # #3848 (2.2)5 7

R m@ﬁ% 54 ?,
PRERESARRESIER L E - T
~ 18 ¥ PhFT2 - (Stanish et

J=-p g 2)
He Jrggpruad

D: & &+ Hicihik

C:s 3+ kR

X P FRRACTE B R
fi* v ¢ (2.3) %57
Gttt @3

Fy:y?»diaff
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Fz:z3wH o f4 Tl EF
BT ED Hle o d N22)E50Q2.3)F EFNQRY):

ac d’c = 9%c = 9%c
= (ﬁJ’WJ’ﬁ) (2.4)

FHCAE - B e 0 T ENQRS)
—=D — (2.5)
RQAHT L FE D TR R A RS 0 2 2N
e RS Bl SELNTE R T f i
ASTM C1556 3% 1 3 su % = B H w24 35 5 58(2.6) ¢
C(x,t) =Cs — (Cs — C;) - erf ;)
4-D,-t (2.6)
HY Clx,t) F R XxEEFRFtT g g3 kR H (%)
Cs: %o & 83 kR > H1(%) -
C; : Aok 33 ER > ¥ (%) -
x  FE o Hix(m) o
D, : ALHFEic > H = 5 (ms)
erf © 3 #13iF 4 Sdk
(Z)% & & 35 Cs
Sherman (1996)#% 1775 4v G4~ B4 2 oK e 2 R GR 2
Hig g+ » i 4 ik o B FH IV R HRT @
Fo@g AR MRS FHE B REL > A Gk F oA
BRI R 5B a3 kR O AoR) 2.11 Aor o
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B 5K

¢ (Sherman, 1996)
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M &5 (2015)Life-365 #2554 & 1% 5% - =l §
B BIRGEE P IREIRAT  Th & A AT TR R R RS
m > 7Y e R R R EHRA B ) B R P S SRR
%ﬁﬁ?i?%?1EWO%&1ﬂ’ﬁ»ﬁ%$i’ﬁ?ﬁ
FHABFER cF AT BRABRA PSS LAY
T EIMGFAIFRABAER R X FH T
B0 SR EZ(2015)572% %o

Life-365 #25% ¢ > S 454 A A T2 1 2 B S dicde &
24 47 FHBE FEAGAERS R BFRS FIRY H
(78~ 840 28 % 2 AT il Dog PR 13 m(*LHI 2 1 5 0.20
- 0.60)

% 2.4 #2.;% Life-365 %#cik T ) & s e % Hc

Life-365 #2.;% % #c
= S R T
E B (mm) 75-2500
B
AApy | FEAAA 30-75
(mm)
9%, 3T 0.25~0.60
- B4 5 8(%) | 0.00~50.00
e =
Hi sl | BT 7 £(%) | 0.00~70.00
A B((%) | 0.00~15.00
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B 5t

#2358 Life-365 11 % B & 4 éng 5 BB 2 (75 Bcdh b
B 4G AT ERECon AH NI E A B A B
T A5 GERMAEK B AG AT 2L
Bt g h ot R e T S

Fldor 4o F 4+ ER BT HFRL 11T 302 o

225 EMEVERT S EEF 2B Ao £ TR B4
Build-up rate Maximum (%) Time to
(%/year) max (year)
Marine tidal zone instantaneous 0.8 1
Marine spray zone 0.10 1.0 10
Within 800 m of the ocean 0.04 0.6 15
Within 1.5 km of the ocean 0.02 0.6 30

I AR Life-365 crlicdp B¢ > 532 ¢ Florida % 7

R B EF RS Ak % LT IR RIT 0 Aok 2.6 pom 0 gt
B oREEA K 800 o % poag s o ERIAS EFRF L 15 E
(F % 2t

Y
e
~

B Ao s S EREN K BEOPFERF LT E o

%26 5% Floridae® 2 ® 398 (E=:°C)

, 1 2 3 4 5 6 7 8 9 10 11 12 T
¥ % )

A ] ] ] A A A A ] A ]

ok 19.5 20.0 21.8 24.1 262 27.8 289 287 275 257 233 205245
Miami of

. 19.6 203 22.1 24.0 259 274 281 282 277 257 23.1
Florida

b=

20.6 | 244

VR A (RRIFRR)E I B A PIEEGE
& 5 0.05%wt.conc.)z PFERF 5 18 * E L 3 * UL b4 SR
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B3 FTEREOEFEF T LN Life-365 Tk 2 PRIFE T

(Service Life) > 4- 2.14 -

o¢
)
»

End of service life

Damage

O, diffusion,
resistivity

C7, CO, penetration

e ——————

» Time
Propagation period, 7,

oy
P g

Initiation perviod, 7,

&

o

Bl 2.14 PRI%E "G 4o FE B it A TR B 1)

L - PRARE U G 5
()3 % % - & dicdy
Annetal. (2009)% Song et al.(2008)& Pl:&48 & 35 k& 32
o RFREIRERSOE S PEG R REERET T
BR D kR 26 4o® 2.15 2 B 2160 EARLEF F I R
A pEAr F HE R e A @ P MBS
CHER =P SIE R
S N I i

‘Kﬁsﬂlﬁjm , *ll'b , l{—"—

Life-365 #2.5% % & * 548 & k& cHE P
AT B A AT ERE o
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o= - Surfoce chloride
E’ LI Y | in modelling
i
o e,
S ”
=g o~ \\\
o 2 \ .
: ~
5 N -
fj Surfoee chlonde™
=1 L} =
o= | measured
L
() . . . . ' . . . . ' .
0 - 10

Depth (mm)

B 2. 15 F % E A3 G 2 kR 2o+ & (Ann et al., 2009)

Suctace ohdoride fred for model

. ) - ‘ Draration

. oo

Lhng oo (=
»
»

Dapth (i)

HOO dayns
Clonuenirmtion of €1 AN Nac

Bl 2.16 F s &l s 2. )k & 35 v* #(Song et al., 2008)

(S Hpdrascde iz = 50
%% AASHTO T259 #7147 2

PR RN g T

A BT RR G

BB

R
=

FiB 4o F 33 kR (Cs)

2 A 8(D)E o PR ET B S AR B AT 1% B (Dyyp , apparent
diffusion coefficient) » %+ /& % % :F 4 2. 2L PF B (tor , total time) >

e 217 B APERE S (REFFHRIERER ) ARBFICREE R
& 2 ES: g s SR e R S gl (A
effective time) » ¥ § »xPF [ (te) 40 ¥ 2 FH AT 2 B 5 BRPF 34T

% e o
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Effective time Total time

\.__
< » T A 4.
Chioride Exposure Period
Curing Period
0 10 20 30 40 <0 &0
Time (Days)

Bl 2.17 & pFRF & 42 2 & Bl(Nokken et al., 2006)

Stanish et al.(2003)AR %5 4% 7% #c(Dapp) B3 38 % 5 — 4 T
FEREmEBITGRE FDH L ARFITRI Dy E F 0 R
- B R PFT 2w o (27)c B P Dt bt 2 m 2

FHIE A KRR FASRAEET 47 5528 717 2
(2.8)%7 38 (2. 9)m:}&$; F 1B G sepE et B 2 3 L 58(2.10)
fttz Dref(
Dypp= —fttlz " (2.7)
Dyt~ 0,1
reflref (1m)(ip-17) 0,
Dapp: 11’1 (t2) (2.8)
Dreftreft 1 m=1
tre
Dapp:Dref( gi ) (29)
_ _ 1/m
el m#0, 1
ter= tz-tlz 1 (2.10)
ty m=
In )
Dyt = %3 PR tref 2. #3428 i@
m : pFRFF] S
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ot kBELE S ER

tegr - F PEPF

F27% Life-365 i (7PRF+A oG Fo Bk 1 & 5 360 X 1
730 % G- BRERL AR 28 A A1E ER 1 BRERTL (30 1)
PFET A E Dy e EPFFR F]F m3tE = 'ﬁB*F”ﬁg?m#%f(
Ti#icE o Life-365 ¢ F & AR BIBRK 25 & SR R0
for 2 & R 4 25 E BRI R A RS P
PR PBACREE A L o ¥ 5 DS #&)idkciE o

D()=Des( fet (2.11)

Drer © 5% F‘Eﬁé"’ trer 2= P AT 2 BB

Dy @ £ TRt 2 HicalcE

m . pF R

()R FF 4k > 50

Nokken et al. (2006)#-7 2% #icdy 2 &P (% £ 28 = +i%72
FUHQBREFE)EARFI R T Y UEHEALER © RH
i F o S B2 A (AR FF o me) 0 Rt i
B R (2.10)05 o & B 2 BRIR F R 0 MK § e
g2 i ity WS R AR ) st fF A g W I - B R
Fl+ mo B EF TEXEmo £ B EeE AT
FRERFS > L A HERAER REMOAEF m 4
HFRE TR 2R R RS & Ok AR R
FEAEZ L o a tERFFS m 5 xR F]F () 2 4P
RO i hlic: 5 /R o

FRFF m 5 HIc GBS F PR en i 5 5
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LR g Uaic2 £ R

\\\?{r

i FRFF]F m g‘j“r,"jwcm
TR HPNERZ 2RI A F o BIRTE KX FHF ~ B
RS e R Y HAHER RS R E >
Bk A R ARAR C TE PO HER B RO ek 2.7
Mangat etal. (1994)#~2 & 4 R > BRFL P %o
HAKP L 058 1 280 F R ORE (7 2 &
SRR R TR E BT R
L W R SR el STORNRE: - Bl I SR BT § EK 'S

vk 2
s RSE m;‘g ;_?\ o

E’“%ﬂ?ﬁ%@ﬂi’?ﬁmﬁ

Stanish et al. (2003)3% 3+ /K3 v 2 0.50 » #3222 3 5 &

FoRAZR S EFTOIOX 180 % N1 E X2 4 EFRE% 0 RRRE R
4§§’E?Eﬂ$ﬁ%@ﬂ4’%m¢ﬂ{@ B A
PERF F]F A% X o

Nokken et al. (2006)%% -k *# v 5 030 #:F4%:2 1.0
mol/L &% f“4p KAz " » Ze @ 52 28 % 90 % ~ 140 = ~
1#2 3F > BRAAFZED TUHBEBEE > AV HFER
T o fE A 2T NG R BT 0 B RSk YR
P B AP TG om0 ® O RAT BT N i SO e 0 AX R

pE T HR S T A AR B FF m i

227X & 8+ » R RRI PR FF V0P F

% i evt poF P ¥]% m
OPC 0.53
25% 4 A B & 1.34
Mangat et al. (1994) 60% % 7 o B e 13
15%%# # B~ & 1.13

36



OPC 0.32

Stanish et al. (2003) | 25%-¢ % s *c 0.66
56% 4 A /fj‘ 4r 0.79
4%F A B~ & 0.88
4%F7 A B~ ik
i 0.96
Nokken et al. (2006) | 25%%g F #» B~ i
8%F 7 B~ 14
1.19

25%%g T = B

()% o & -+ > 3
Chalee et al. (2009)#4—/’]‘ v ViR MR ET RE RS
BB EFI ENg P RPFKR S HLA G FRIEFRET
gt FRNQIADNE G F T ey Ve gk FERF R
PR AR g R TR B Ry s

Cs=oaln(t) +y (2.12)
He vag~y i HESE 1 RBFR -
Lo N2 4R B Life-365 %%

B R QOISE R Tk L EE H - 2R F
iR 22 LRI EE > iR ¥ 22 A (Standard Error
of Estimate > % & # SEE) %7 & 3+ & = 3% &7 Life-365 % % 2 34
(BRATARR) » MAEL B 42 5 &7 Life-365 %% 2 v» & B > 3-8 2
i 5 379(2.13) » SEE 4% ] & 77 J* 2 TER| B2 E HARem £ o

FRENEHRES O BREIERI G 2 EARR A B[R
ARV RFER S 025-0500 2 W A7 > dok gt 0.4
FEB A WA0 ;5 4% 53K RA 55mm-63mm > 2 D & T o 4ok 5
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WEA 55 mm RS H & D550 K S AAIEE R E IR > AT
Bk B2 387 Life-365 & % U 4 o 2 W40DS5 5 6] > o £ 2.8

wrEH Y F EE G £ Life-365 4258 2 o

Gost = |20 (2.13)

% 2.8 FEERIG 3 E LR

%% SEE (%) PP

= 0.0469 10 - 60 mm F? & B ** Life-365 % %
A B 0.0138 A 1 TR B ¥ REAT Life-365 %% %
H -2 0.0690 5-60 mm P & 3 *t Life-365 % %

ZE25%- BEFRFRO 3 30 )i e i 33 kR
B0%)2 ek S r 2L F - TR L RY - BEFFRE
(30 2 % 60 % )ihd v & 3+ R AR B A B2 FFACBE > K2 F
R TR UL B IS - BRERFIEZ LA 5 Tk
R RN EErY STRNIENE A I S-SR )
BRI IFER kfrde ko gt R4t B kR G AT 6 &
o dh A EFFS A RBERREY L6 3 ERDLES
BACAEE S S PR E X A RBRETRGI R
PERF R B A BRI R EUhi T ER R At R B
fo Aoty o WRIATEUR A I G A o 1Lt EHRRY 0.4 R
E B 55 mm 2k 5o (W40D55)iE 73k & 26 35 8 > & % 4o fF) 2.18>
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4]

0 20 a0 60 80 100
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AERAI SRR AT O BREL o AERER S Y
I ARREEHRE T R R 2 Aot B TR 3 Mt
AP B KB G s TRE E 2

Tty gt H
- R LR NS R TR R FE B R A B O R
Ao AFTF A A oo e b TE Y HALE R 2R A
LASE SN S SR RN R i
()" FRkiF

ki8] ik

o

Li-%’i’rmj\/ﬁ. = ‘«‘}é;‘%

i : AR Ak AP
ié%ﬁ#éf e

Lﬁz—ﬁgﬂﬁﬁ’i%ﬁéﬁﬁ

HiE > B S A dodk 3.1 9
T oo

(=)~

B GEE LS F T RABAES 0 B Y AL -
fho Ay P TR * AL F

Flafith HIB8F i
(SiOy+ALO3 +Fey03) 5 91.07 % » ## & CNS 3036 44 ik
E70%E fod kihs ST TP P L FT R oK
PEEI e Higw o WEETRC R F S Sded 31
AT o
()% *
BE R

R4 R R ABE AT AT A 4 R A S TR TR
- fE e AR P OTR Y R LRI R

A AR b R R )
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eE 0 BV E XS ded 30 47 o
(z)#F %
i@ * Elkem #74 AW A - # A 5 RAZFF & BHP Y
W b R TIREPRIA S d P AT BRI A
PP ind F O AEEA IR R A A BT AT

A wm a4 2R RISy KRR S T LSRR

dE IR B4R R L R B VS S A ded 3
hﬁ_T’r‘ °

L 31 @E& P nic F AL

AR R
i A (%)
LA E kR &% B Bk
Si0, 19.98 54.09 33.34 94.61
ALO; 4.74 28.94 14.36 -
Fe O3 3.00 8.04 0.59 0.54
CaO 63.70 3.28 41.35 0.01
MgO 3.58 1.46 6.18 0.29
SO; 2.29 0.17 0.99 0.12
Na,O 0.28 0.57 0.23 0.14
K>O 0.51 1.54 0.20 0.11
GCsS 59.00 - - -
CaS 12.00 - - -
GA 7.50 - - -
C4AF 9.10 - - -
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(2 )fe ~ fopofd
AR TR e s kRl kR R SR RN AP
A REAT o e B e 4 3.2 997 5 e -
oL £ CNS 1240 5%+ 34 52 Bt 0 4o
3.1 2 B 3.2 977 o

% 3.2 o ~ ol pe W A

AT )
5T 7 LR
EEE mpp "

1L £ (SSD) 2.65 2.64 CNS 488
Bk 2 (%) 0.87 1.01 CNS 488
# = ¢ (kg/m’) 1531 - CNS 1163

=-ia skt —a—=CNS 124053 % F Mk -=-CNS 12407 $2 L R

5 TSN
' \

Bl 3.1 ekl s A i b AR
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Bl 3.2 smpsfdp s & 5 d AR

Rl a 5 8£(%)

(7 )ik Al

A LR P O E R R T
+ o P Bkt 5 13% 1T 5 EIERES chit B
FLo g kA - B E R TE R
(=) & =&

AL ATR Y chit B R ¢ F & A (NaCl) ~ kAR
(HNO3)% 0.01 N 2 0.05 N 2 & ft 42(AgNO3) - # * 2 2 kiR

4ok 3.3 #7om o

FH LA * i A kR
# 1t 4 (NaCl) DELK BT~ BRI R PRSP GERER)

63 Pure Chemicals

)k A fs (HNOs) * (GEE )

(i

¢ ks A

%
4

A 42(AgNO3)
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A
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