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Abstract

This project mainly investigates the structure integrity of High Integrated
Container (HIC) by using Acoustic Emission (AE) technology to explore the
probability of micro crack initiation under the in situ environmental
temperature changes.The results show the lower the water-binder ratio (w/b),
the higher the compressive strength, the lower the length change, the higher the
electrical resistance, the lower the chloride penetration and the higher the
quality and durability of harden concrete specimen. AE can detect the signal of
HIC under ambient temperature. At 60°C temperature, the higher the w/b the
earlier the AE signal occurrence, the worse the quality and the earlier the
plastic shrinkage crack happening. The higher the paste volume the later the AE
signal occurrence. Under high ambient temperature, AE signal occurrence time
will be delayed and it indicates the autogenous shrinkage and drying shrinkage
cracks is liable happened. With the same mixture, with the higher the ambient
temperature, the earlier the AE signal occurrence, the earlier the crack
occurrence. By the aids of fluorescence detection technique it indicates the
various concrete quality under environmental temperature change the image of
crack pattern can be viewed. From this study it shows AE technology can be
used to detect the crack initiation time simultaneously of fresh concrete during
hydration. In the future, AE can be used for real-time crack detection in order
to provide the designer sufficient information of quality and durability of
concrete structure to ensure the concrete barrier long-term safety for the storage

of low and intermediate level radioactive waste.

Keywords: High-Integrated Container (HIC), Acoustic Emission (AE), Micro

Cracks, Ambient Temperature, Real-Time Crack Detection
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OWIC= 0.25,; T=10°C © WIC=0.25; T=20°C
0,20 7 eW/C=025; T=30°C @ W/C=0.25; T= 40°C
[ @WIC=025,; T=50"C < W/C=0.30; T=10°C * *o
i I @WIC=030; T=20°C < W/C=0.30; T= 30°C ‘
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- E : OWIC= 0,35 ; T=10°"C OW/C=0.35; T= 20°C
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: Degree of hydration (%)
0,00 - - } } : ; : : |
] 20 40 &0
B 2-8 Ca(OH), -k it 42. & 278 & 2. B 4[33]
10 - Age (hours)}—— < Final Vicat sefting time: 10 TAgethours)——— ¢ Final Vicat setting time
g+ L Alnitial Vicat satting time 8 f ] & Initial Vicat setting time
: W Ca(OH)” precipitation } | m Ca(OH)* precipitation
B e threshaold F *5*"_""“{“ T threshold
4 Fiy 5 g — 4 & N -
E A &
2 2+
: . i g 4 F]
0 . . - —Temperature (°C) 0 + : : : —Temperature (°C})
0 10 20 30 0 50 60 0 10 20 30 40 50 60
a)WiC=0.25 b) WIC = 0.30
10 ':”Age {hoursq—————— < Final Vicat setting time 10 -E-Age (hourgy————— ¢ Final Vicat setting time
B 3 e o et L M Initial Vicat setting time B ;5__ __E__ & Initial Vicat setting time
6 & B Ca(OH)? precipitation 6 i i B Ca{OH)? precipitation
E = threshold 3 g threshold
4 - i % 44 i
2% . § 2} R
E ] I
0+ T T — Temperature (°C) 0+ T T T — Temperature (°C)
0 10 20 30 40 50 60 0 10 20 30 40 50 60
c) W/C =0.35 d) W/C =0.40

B 2-9 Ca(OH), -k i* 42 #2 8 & 2_ B} %[33]
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E O 40°C
1 -E ® 50°C
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li] 3 B 9 12 15 18 21 24
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#2 AE sensor

#1 AE sensor #3 AE sensor
(X1, Y1, Z1) (X2, Y2, 22) (X3, Y3, Z3)
O\'
Y
: AF sensor
ST (X4, ¥4, Z4)
transient eiastic siress wave _
AEevent (X, Y, z) s
- #5 AFE sensor
#n AE sensor S~ (Xs, Vs, 75)
(Xans Yoo ™0
Z )
y #7 AEsensor Y
(X7, ¥7, 77) O
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(X6, Yo Z6)
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2 % B 4 100kHz ~ 1200kHz 2 3U85 » #efic] 3R % 1t jodt
Z i (binary)2 FHAE Y o R FARFENFET AL B

o

223

%

Rt dz 3 BB AR s A B K pu 4 R F 0 Aok
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340 BREAERIEFTE- FF /P S0 L RBTFERPN T
¥ ok LN NTES/ A TE X ERER L 125080 % B
Bee Bt T oo B KT MR P ol B I i (trigger channel) £ F
Yo 3+ 2 100umV AT BFEHEE > aod Z R BRLE > PR G F 2z
WRAREE > F2Rlien vz o a - LfEE 0 BRAS BRYE
Bl l oz P o S AET 2 T ERITBZTRME S|
WALGE F T APk -

A3 F 1% LabVIEW i Sidk ibficim st engdde #4 iy > 5 d
PCINI-6115 FAIEE~ /i o + o 2 jc il B E & @ f§ 8 st 25 >
B S SR T e Se L ANR N o E R
FEITEE R PR [44] c B &I R B R A AT
(1)NI-6115 R ¥4 (4 analog inputs) resolution : 12 bit maximun

sampling rate : 10 MS/s_ minimun sampling rate : 10 kS/s
(2) Fo 1 BcpFEP~ ¢ % J1* RISI bus cables #-#75 FHLEE o +
T B > i D) PFE PR (timing) e 3t B (signals) IF % (synchroni zation)

R o

SRR A R
Rt MR GRS RTRLPE R B R AR 37 45 0 RS 4

BRGEETS BRI KB E TR TR AL RS
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R-AE BRI B P AR S LG o Uk RBIRITH B
FREAER RIFLAG %< Bo0d AP FBEAHI T 1o
VIHEE AR BT A 4 2 Bela Al 0 @ BEr B Y BT 0 T pE AR T 2B
B EE BRI TE R R BB LREKP > B K -Type fE » 3%
WY L2k Y EEREFRERE TR RS R RT Y

PE ool RS REE AR F AR IR R
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£3-LRGED MG kS 2 Bk

HHEBEE | B LA oA
SERFORR | v E Rk ASTMC188
g ASTM C127
& CNS 488
ASTM 128
L S féa'ﬁﬁ
o ks & CNS 487
ASTM C29
L7 - E /ig_?‘ .
o %; = & CNS 1163
2 CNS 1166
BB R ASTM C143
e
B R CNS 14220
:r::h?ﬁ—
Riv B R p
FUR % B R ASTM C39
R A E RN
R A H RS CNS 14603
VoK iR - BB e ~ fmeokleioo R 2R 2
(AC) : (CNS487 ~ CNS488)
44 T1e3% | AASHTO T259
Mt et A | A& A% ASTM C597
e v
F T RER CNS 14795
% ASTM C1202
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F3-2R A P REREAE(-)
FHRERBRA

kit EGE%

R PIE A R
(FRPEA FR-BHREHE A2 Bl HEA)

200 SEHUR E 5 4 MTS 100 = 51 PR % 30/R 5548

£ R @R AT RS R

R RPIRCE
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A3-3R LT EHR KA (Z)

® R Y R RLE T

R AR RT R

& o iR iR (FLpLsr)

B |

B SHIMAKYU'S PURE CHENC

EXTRA PURE KEAGENT
v Potassium Sulfate
¥
wmnyns M
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#3-4RE I BT REERRE(2)

AE g & F

Ll

A5 S9225

A5, NI-6115
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BB BA Y ORI R IR A 5 95%
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£3-6 R CHFORE BT BALCEERE PP

E R ACEED i
CNS6I | i # | ASTM CG78 (TypeF) | ASTM C6118 (TypeC)

20.08
4.32
3.02
27.42
63.73

MgO L 6. 3.15
SO; P 3. 2.85
f-CaO -
TiO, 0.26
Na,O 0.32
K,0 0.60
V,0s5 0.05
gt 3 Max : 3.0 0.51
[y %57 Max : 0.75 0.08
CsS - 49
CsS - 21
CA - 7.9
C,AF - 9.4
@i (em?/g) | Min: 2800 | 3310 | Min: 2800
L - 3.15 -
#= 5% (Vicat) 4 :37
PR (A ) 45 (wW/C

2% (Vicat)
(A F))
#1325 &
# (%)
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£3-7 CEL AR E A E s E RS

3k T 5 Bl (um) L35 5 (um)
% 0.32~162 22.73

Y% % (6000) 0.32~45 7.02
A 0.32~26 1.51

%3-8 d2 ~ ol A A

Fmp

1L £ (SSD)
v £ (0D)
ok 5 (%)
B % /% (mm)
‘m B i (FM)
]2 #200 # 2 g 7 E (%)

£3-9 fo ol A 15 4 %

o ¥+ w4
CNS 1240 CNS 1240
& ABHF A [EHE A (%) & ABHE A | EaE A (%
(%) (%)
100 100 95~100 99.08

90~100 99.69 80~100 68.79

40~70 65.82 50~85 46.81
25~60 32.76

10~30 20.13
2~10 10.55




£3-11 RR3 ptE RS - T4 (kg/md)

Ly W/B | W/C Pkl s e M RER A A -k SP
ED2405 024 | 0.42 765.4 958.8 321.3 80.3 1362 | 266 | 1355 | 3.27
ED3205 0.6 765.4 958.8 265.2 66.3 1362 | 26.6 | 158.2 | 1.98
ED3225 0.32 | 0.54 711.0 890.8 333.2 83.3 1266 | 247 | 1817 | 1.36
ED3250 0.51 653.1 818.1 405.8 101.4 1163 | 22.7 | 2068 | 1.10
ED4005 0.79 765.4 958.8 221.5 55.4 1362 | 26.6 | 1759 | 1.54
EA4050 e 0.8 682.0 907.0 250.0 125.0 125.0 0.0 200.0 | 0.68
ED5605 0.56 1.3 765.4 958.8 157.8 39.4 1362 | 26.6 | 2017 | 0.68

B

ED: 17§ < ¥ 5% % fie vt j2 (HFDMDA)[5]% 3+ 5
EA: 1 ACI fie bt 2 2% 2t H = kg/m’
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o2 4 1
ARME RR

v

R P
X 1k

v

BRMEE

v v

v v

v

€%
s

% K % R

HUR 38 B

xmE | |BETK
FE = 8] 2|

KAt #k
= A

v

MR EER

B NH

Bl 3-2 % - A AR

P B
XA Wk

v

BRGEE

2

v

B 5t Hoag IR
R M AR

KAt = Al

4

ik

v

BIBRG A

v

R & R A7
BEnH

B 3-3 % = WA AR
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45
40
35 S —
N SR B R
&30 -
N—r
N
25 .
= TN
720 -
= -
Lis A/
10 ))\ T
s fl wi%,l E‘I‘H{Iﬁ i
0
0 1 2 3 4 5 6 7 8
“HE(ED)
Bl 3-4 R 583 E £ 8 Hh %
AMBNALENT Constant Tempesture Tims
TE.%F {iemperati e kept arsund 5070 to B6°C; Masx. 70°C)
100 — Hzatng ue Time 4n to 8h Cufoling Time
— = &
- = =
| wamiting Time
S0 an
m =
20—
. TIME {HR)
o 1T T L T T1 ! I 1T T ! 1
L 0 5
Mot GEMERAL STEAM CURIMNG CYCLE

* Temperature measurement can be discontinued and cover
can be removed as soon as the temperature difference
inside and cutside of the steam coveris less than 10F C.

B 3-5 & FE R 41 BN AR B [23]

0 5 10 15 20 25 30 35 40 45 50

Licl 147 | 140 | 133 12.8 12.4 12.0 11.8 | 11.7 11.6 1156 | 114
L
;I‘;éi”‘ 35.0 34.6 342 33.9 33.6 33.2 J2.8 32.5 | 321 31.8 31.4
ffEEER 60.6 59.2 57.8 §56.3 54.9 53.4 52.0 50.6 | 49.2 477 46.3
Mg(NO.),
ﬁ;g“l;l"l 74.9 | 751 752 | 7563 756 | 75.8 | 756 | 765 | 754 | 75.1 4.7
EEEEH
mg:ét 97.6 | 966 | 955 | 944 ©3.2 | 92.0 | 90.7T | 89.3 | 87.9 86.5 | 85.0

2
=5 e 2
i 99.1 984 | 979 | 97.5 97.2 | 969 | 96.6 | 96.4 | 96.2 | 960 | 958
K.30,

i EELAT O IR 2

B 3-6 tefr B B4 $HR B
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AE 2R &
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A B

R
#H B

E B #2558
AE 3%

B 3-7 R84 a7 pF AE 22KV ik B2 XK
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2 BREELS

oA R e A R D ARRIE - R 7R A 0 3 B(AE)

Ptz i AR RGO RRAL ARSI R IH AERPEF R

ko> T AESTIREFT AT TRAEAE 4 2 PSR o

— kv
CERRR AR AL - AR B RORE BB R

F g @ " REATHMEA L PP Z L FPFLoqm R
PRI R AR W St Sk SR S-S ST AR S L
P MELMT Lk dhod WA ] RHRFEIBRBEREDPE
Flpt o ARGk BB R P T

(1) R3S HGRBET PR ALk R R

e SRS RS RS NS SIS RS §
R RS 5 B RS SrL NS EER L PR

T o & 4 o] 4-1(b) & o SRR SR T LS A S kR
v % 0.24+0.32-0.40 22 0.56 pF 5 H ok B w5 49.7°C~479C
432°C% 385C > 2 kit# g8 WprF o w5 129138152 ¢
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14.8 /| P> 2 PR e SR Bk RivpFang g o 5
FoRBLARG > A4 RV RO BRFREY SAAEHRE S 2 RER
B ILPER AS R oo

&J‘ﬁ%};%ﬂ«m’d % 4-14c @ 4-1(c)® K 032057 15 01 >

I

CEWOkEr B E ]\ € 5 & 03 4o @ 3 40 (ED3205 ~ ED3225 -~
ED3250) » % J‘ £ 5 R 5 S0um(ED3250)z. -k it # > HoRibid R

Bl R BB R B IR g ok K 4

ek
3
s
ek
*

EFOERORERHEE TR ER NI AP 7
FItsh R OFE R 2 LRF C HR KA AFFECE )RS
B35 XA FAARRAE A ERALERLE -

d HFDMDA £ ACI f-k %t 0.4 pFevk it # kot o 4od 4-1

foBl 4-1(d)#777 - F3Fppe k34 3-11 ¢ 7 5 4 ACT et 3K 3+ i

-m\L

HFDMDA % 7 30kg/m’ e " & kik &> B8 k4 551720

kg/m® > AR ™ & vk VR R L EET 4 o

Q) XINEBEBEREETREI 2 pRE
d [ 4-2(a)? ED2405 chd 3¢ 7 105 300 R A8 Fk TR
BAHA497CELFImEER OCEET » HiEA A8 | Py 2

360 - EAFI RGP AR A Bk RS S

P H L RE S MR %'@TﬁﬁiEWT*$ﬁ’@

o'ﬂ

P BRBEFFFEERIERAL T REI P IVER B ES

RS BRERF T RBRIPANERS AT REAR M
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FoAB R o T IR DERG O BRARBESFT EER
oo I PP ALFF R H > Lk BARRAR S > g
SR ER R BRRAEREBR S R e P REI DA AGHRER
IFRT o 4 ERTA Fa 0 PTIL ARR S IR R R e
TEBBERAREDFR S d B 4-1(b)f-B 4-2(a) S B P v Fpe st
ED2405 iz g R 1 ¥ Mg > 2REER 5 60CR THmT
i R PRy PEAR LR RRF N I0CHRER L -

] 4-2(b) * BT tAp b e kB T SR F AR AR e B T
AR R 60T FT RS PR R R PEF RMEAS
REHRINFRREY B2 45700 Rk FRAD B¢ ( F TR
BER > HBE 4-1(c)ED3250 chd MR 1 i RS dph SRR A
hAEREERPFT 0 RFMWE S SOum 2 PFGER K F 6 AT
FBRBEER -

Bl 4-2(c)® B % 5+ ACI 22 HFDMDA *73% 3+ sk vt 0.40 72 55 4
B FIRBERATET M R EW GRS F kot (908 %
Flpo RGRA PINE RS AR RXIUA SR BB R AT § 5
FmT BREFLES DERTLT g3 F WM IVERERRERA
B o

Aok 024 P 2 PR BIEARAES > B4R 4-2(d)
AT FRBIE AR G 30CH O BARREY AL E A G RIVERT
F497C AL VN HEEFSVHLERARM R ERE- FH2A IR
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FRmAERS AL PREARD Ld SRR AP E A RE

ETIUER T A AR o

FRORMA LR E N RA NP ¢ BRI N R

AR BB ENREEH TR FE R RS AL S EMER

e

BHAR A FHIERS §EBE B L 0 FErAAG S

R FHEH LR H e

= ARRER

Bl 4-3()tp e RMT £7 ok 2H 4-3d)k% 0322 7 F

Frpr B9 OBA 0 2 AT R RRE R (G0~ 60 90C)

P B RSETRTERE LAY R A

NN

e RBEA S J0TH

T d & 5~10 ) PF SEFTRBUE R 5 60CPF » % pr i iy

£
%35 L BF S Kk RS PR S0% 0 o B 4-3(0)F 5 210k

w024 XD RERTEEFT > & 00CHR ARFREF L 152

ks o 22 60°Ce 165 ~dadprt o X

LR T

SIE T 5 SRBIL 024 3R B i PER W00 4 48 0 T IR R
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ST R

’“&iﬁ

P A A HORLEBGER i A BRI P e
oo Fptap B £ ARR(27] -

ACL K3 e g2 Aok 040 > 7 ¥ AviBREEART
H % PR Y L HFDMDA fie vt #73K 35 2 B3R 3 5524 10% 2 4 0 e
B 4-3(a)(b) ¥ ED4005 &2 EA4050 & = Bl #77F > &4 F] 5 ACI fie vt %
et Bk A . HFDMDA % 30 kg/m® h* 8 5 #70-k i s gl
HFDMDA 2 X3+ % 5 & X DIRBE R 60CH > 3 F chjlig po 5 v

(3 AR AT ‘ﬁ”‘/"F':‘;] 50% -

BRKFORBEEREARF Y CEHRAY BRI RT3 S RA
dRBPER R 0 B 1P SR GEE A A ML s R 2 5 B [27) ¢

FRBARSRALI X 22 ER IR R I ELTIEE =S
R 1 Ae8-¢ I B RREL 2 FR B R SF > Flet B3
FE w1 YRR ARBEIF R AR T RAZ LR T
F o AP LA Rt R RERARR W2 2 RS PUREM R
(R E e e kY R X AME 3728562 91 % pF
EERBRBRBER  REL TR FRICREZI BREOPEE, H
% hod 4-2 977 o

Bl 4-4(a) & KBy 303 e dbdp 2 55 R 8 MY BT AL FE KT AR
FURGGBEARE > 308 28 A pFz 0 AP (B KM 024 2 % B B
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3] 96.4MPa(14000 psi) > @ -k ¥ 5 0.56 2_ 3 & 7~ i 3000 psi 4
Wog RbeF S ed &8 3 22587 7 Faw K5 0.56 i
B 6.6MPa (957 psi)> ¥ Bm iR g3 SR AE T A E > E A pE
SEpebdiEr T ox B RREI AFREANY

5 kB 032 FFo ;“F]%’i%'ﬁ S50pum B& 2R G % P 5p B R I\%‘*"’* £ 5um
F A oW 4-40)X b 5 RAAAE 0.434 22 0.34 1 chgher g o Y

SEH R 4o BlE SR ST A D RME B Lt RS

4

Rk B(5 5 140kg/m) @ § FRE 2w B LEFRYH L
AT R RO ESRERE EE YRR SRR RE @
Sum fie bt ekl i SO0um et 4 250 kg/m’ R AR G T LR o
Ao AR RHE SOum B RF R BRI RS R B AR
FI o R F e BRSNS E Fla IR o

L% ACI 22 HFDMDA 5K %3t 0.40 #73% 2+ el 52 3 FUR 55 B
¥ rid ] 4-4(c) ED400S # 5 i & 55 & B3 EA4050- fe 8 H 55 & 3
B A pesE ] ik % ¢ @ T dag 0 d % HFDMDA B § # ACI 3
135 kg/m’ sk kL € - & 18 ED400S 5 #p 55 & % » @ EA4050 F #2 5 <
WL 60 kg/m’) iR s 2 oL as B B 0 F o ALY PR K
Bt beehig R B4F4p 5 ©
r~ LR®PLE

ERBIHBRLE AR ARERE TR RS HS
TitHp o A FRA Tk acd @ AR R Svks
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Bk B AR SRR PR AL RS A AL
CREEES F O S B L E A R P RS S

A F LR EanEsh LR dod 43 27 > d §] 4-5(a)(b) ]

g & AR 040 PR A A ACT RS iR D R Y
15% ez %”F,“—fé_ Yo 4-5(c) #rom 0 B E_F) L AR A E’—f—;f}f\:,ggq:, R
ACT 3 > dfeloffd * &0 50 F 0 Flpt > foka b s ol § ahl

TR e R R e £ A RIET E -

1\

AL AT AR R 2R R - 0 T RRIR D PP 30T

RF B & 7 RBLRES NI B R R A TIAR S R €
B ARRAR S o GREF R OT AR RE S F o A iR

Sl s ol BURGED P oerg b Bld & BT e s
FAR S RIS ARF o - A RUR RS A A g
4000m/sec|27] -
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AT A 4o 4-10 - F] 4-11 0 Bl 20 R R4 s B £ B3 9 10%
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b s @ EDS605 iefe { % it 60%c58 B 0 ST G B KL e
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N
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A5 A3 BHA R B BT T R R KR
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FI o fdp e R L T s SRR 4l s 0 HFDMDA #4733+ iR
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FA-TH G HRE T RS kR

KRR A

#R(C) PR (] P)
ED2405 . 49.7 12.98~14.20
ED3205 47.9 13.80~15.46
ED3225 . 51.6 14.42~15.37
ED3250 57.8 12.52~13.53
ED4005 43.2 15.28~16.72
EA4050 ) 46.3 16.1~17.41

ED5605 . 38.5 14.83~15.49

#4-20 533 ¥ 2 % B

EL kL
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st E (%)
HHE THEE
ED2405 -0.014 | -0.021
ED3205 -0.018 | -0.025
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ED3250 -0.017 | -0.028
ED4005 -0.012 | -0.024
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ED5605 . -0.010 | -0.025
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#4483 L EH AR Lk

A5 Ak (m/sec)

FA T 3= 7= 28 %

ED2405 4514.5 | 4610.1 | 4715.8
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ED3250 4207.7 | 42982 | 4391.6
ED4005 4084.1 | 43155 | 4524.9
EA4050 ’ 3941.6 | 4152.8 | 4427.8
ED5605 . 3576.7 | 3840.9 | 4228.1

24-50%F L2 TIEE

%1 (kQ-cm)
EL iR 3= 7 %
ED2405 10.7 | 26.5
ED3205 6.7 16.3
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EA4050 ) 4.2 6.7
ED5605 . 3.7 7.1
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Water-to-cement ratio(W/C) Water-to-solid ratio(W/S)
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