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Table 1 Chemical and physical properties
Chemical composition (%) Density
CaO Sio, ALO, SO, Fe,0, (g/cm?)
OPC 64.1 20.5 5.2 2.1 3.0 3.16
CA, 24.0 0.6 67.7 0.01 7.1 2.96
Ex 70.6 1.0 7.2 18.5 0.8 3.10
Table 2 Specified mix design of concrete
N W/B s/a Air Unit weight (kg/m®)
o (%) (%) (%) W C CA, Ex S G
N 309 — — 864 965
BB 310 — — 859 959
55 48 4.5+1.5 170
NC 289 20 —
864 964
NCE 267 20 22

Test equipment for unsteadys-tate
electrophoresis test
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Table 3 Fresh properties

AD AE Slump Air

Bx%) | (Bx%) (cm) (%)

N 0.5 0.003 10.5 5.1
BB 0.4 0.006 13.5 4.3
NC 0.5 0.003 13.5 4.4
NCE 0.5 0.003 16.0 4.5
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Fig. 3 Expansion ratio (NCE)
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Fig. 4 Chloride ion penetration depth
(Submergence in salt water)
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Fig. 5 Chloride ion penetration depth
(Unsteady-state electrophoresis)

SEO BRI Z & O A 4 VRERE S = v CEHl
TLFETH D720, —MEICIZILE L FELOm ) %
EEL7RBGEE SNTWwD, CA, 1L
WA o REELT DA DAL EET D20, KkE
B W TIIIEEE B IKE BRI CEHi«2 2 & & L
720 Fig 5 \CIFEHIREOBELIKE BRI BT % @ ER
ML A 4V BERSOREZRT, HELVIE
LA+ > ORERESIZ, HkRE 5L R N,
NC. NCE. BB OJHT/N& { %2> THB Y NEFNIZZRIL
v, —HCREME 8 AL MER TR ATIKL
Wit. CA, #BLA L7z NC BX O NCE 0 & ki
BU2EAA A+ EBRSH BB LFEBEETHLD
W26F Ly EEFE BRI TS 2R ERERSIREL
%0 AT ORBREZEEINKE R LEANRD SN
7oo ZAUX CA, ZIRAM E LTHW 227 =D
Yitr. BREEE) TR B TIEEEN LA 2
YOREHT B 2 LT RENT IR LA A4 v 0iRE
WREL DO EZOND, TV 7 ) — MEHER)
2B VT, R3]S & o TEILFARE A R
DIFIREANDEI S EATREN T S,

Dae:kl'kZ‘De [3]
72751 D, BAKEIBERC & 2 FEAEEIRKA &

B L 72 AN OIRHUR L (cm®/ A7)
D, TRIKEHERIC X 2 FRNILHAREL

(cm?/4F.)

by s BEALHD A 4 VIEE O ) SRS R
¥

ky D 3RAL A 4 ¥ OBEEACBHRIZ b 5
¥

Z T, BRI kyky (X TV 2) = MNE O ZERR
B, A4 o8 LTS, BEbHSRB L OWAEGE
NICE ) REEZ T8 THH, N BB IZBILT

XE R EAIKE RN X D156 N ERh IR S . A
Moarzy— e LEDEESBEEICREE S
R DA% B N7z BN T OILEREE e L T L 72
by ky OHEEMENSERE L TORENT WD, Rkl
BTk, CA, DM B Z # 58 L CIE2E & B 5 KED
SRER TSI % 47 o 72 72 0 2 F BERIKBEN SR & [7—
LEFAGWb OO, CAy ZRM Lz Y7 — M
BWT, HARIRELF U GREAR 2B & § 53¢
XL ERLWE ) L L AR ERER A & TR DL
BEERTHERERoTWD, 2OZEL) CA, DX
9 7% B EAL AT B RN BV TR BEAE O IR AT 2
VLA LIER G ZIME OB . BRIKEIC XL S
PRAEFF O Z U PARRE DS U TH B T L ATRIE S N7z,
(3) ILBIFRELIC X B Mg

AFRERIZ BT BIEKIZ A SR B L O I E RIS
BRI L DSOS NTIRAL A 4 v OREZE & T,
AR IE Wk & A A BREN ) & L 7 sk % £
i L7356 O3 1 4 VBB 2 iR e LTk
O, MEOMABREEIL 72, 2B, REABRIZBIT 51K
ZEEHEBRTIE, BRA L DI A 4 v DRBFERSH
INE Do, KRICBWTCIRBEEOED % 5%
12, Fick o @Fl 2 m M L 22X 4N CRSMIZER
52 EE LT

C/Cy=1—erf(X/2/Dt) 4]
X=4/Djt +k
7272, C 3Rt A A VIRERSICBIT AR
1WA 7 2R (%)
Co:ar 7)) — bREDELWA A >~
R (%)
X HEAtW A o vig&E%E S (mm)
D : AR E (m*/s)
D, RN oI E R L (m?/s)
rREEMER(H)
ko FEBRAREL

F 72, IFEFESIKERBEOKE DS, BE 24 B
M T OEBYE X OFE % H T NT BUILD 4921V 0
TRBGHZ LI ER L,

_0.0239(237+7)L

@37+ T)LX,
Dnssm - (U_ 2>t ] [5]

[Xd—0.0238 i)

72721\ D, * TEEAREL (X107 2m?%/s)
U HINFERE (V)
T i (C)
L AR & (mm)
X, AW A 4 BB S (mm)
¢ BRI (hr)

173



Cement Science and Concrete Technology, Vol.73

2E-11

B Submergence in salt water

OUnsteady-state electrophoresis

1.5E-11 B

1E-11

5E-12 - J
04 IJT II
BB NC

T
N NCE

Diffusion coefficient (m?.’s)

Fig. 6 Diffusion coefficient

Fig. 6 \ZHikigt 2 REb L OEEEBRRBRBRT
B NIRRT . RIEER TS, FEERE
SOKBRERT1E 5 ML A BRI 2 28 X BRI T
Brg 2 LT & ) BRI IR R I L2 2 AL N
T0.60.BBTO0.31 L% 0. INLICOVTIFTY 1) —
NMEMTRGETEE L LURSNARE bk, L I3IZF
BEECTH DI EDPHR SN, —F. CA, AL
NC T3 0.36. NCE Tix 0.21 &%, BB &A% L
NS VR E 2o 720 REFERDS b CA, 2R
ML7za >y 2y — MoBWCBR L RE) &+ 2 ek
2555 NIRRT 2 R L T RENT OIERE % 3K
B HWEIE. MRS A DR ISR O B E AT
FThHDHEVR D, LB PEBEMOBEIH2-> T
BSEALD BBD AT . MZEMECMILES A, ik
ERRR EDA 2 OBBICEST 5 KT 0 BEE T
BT 5 EDVWEEEZ L, S5 IEEEEEOFH 8
L 72585 Ak E R S 15 5 LB FERILEIR L. &
SIKBIRT 2 DO AT LI BE D B O 22l 0 2
b7 EOWMGE & AT - 72 1T, RENT OIEEUR I E kD %
72 O 7 Fh R ARAERBRETI O Z LIS oW TR
HEFT)TFETH Do

4. F&H
a7 ) — MR 52 & THALW A F >~ 215

BT 28D 2 53 2 R REEILA CA, &, #

KA A 7 > ORBERER L 7% 0 155 O UFIILORIR

WRRE ST AR L 2 B Lza vy 2 ) — MIcB

J 5. WA OBREFEBOVTHEEEZ T 72,

HROFEOZTIIRT,

(1) aryz)—roOmEREIZBEWT, CA, ZRAIL
7B ORI, SR OBA & L TS
ThbIENPMHERESNT. Foo BIELRBIRFEOH
PN THILIE, CA, LIRM OB X 5 A5
FEAND L 2

(2) HEAREEHBRIZB VT, CA, BL U CA, LR
e w R LZEA T LA+ > DR B S
AL A 2 b &L RS L A o

174

3)

(4)

(5)

(6)

BREWHMESER SN, T, BEHN 8 H
FTIX, B AL N BEZAVEEE LKL
TREBRERSICRKELRERIIFED SN0 o 72,
HkEEEHBICBW T, BROTAPEARFSH
Hea e M IEFFEN ThIUL, CA, &EM ObF
AR BT B W 2 L PR E N2,
ZH &L IR EAKE L E TR A 4 DFE
BEEHE LB LA, CA, # HW-BLA Tt
LA A ¥ OREF B DR 7 2 HAFRD STz,
AU R BB &5 5 R B IR L 7
AF OB 52 LT, BT B A +
CORBEBNWRE L rolzizd L HEEE Nz,
ARIFFEIZBWTHE LN EE &L I 7 B A UKE)
L TR O N DIHUR T F RIS R L7z
PasREL, TEa 7)) — MT0.60. EiFE XY
FBHIYZY—=1+T0.3l THLHDIZK L. CA,
A LT 7 ) — ME0.36. CA, LR %
PEH L2227 —1FTIl20.21 &%, &t 2
MBIV )= MEREDTOME 5572
CA, O LX) BALFEHNZ A & v 2 EELT 5 HHEO
Yt ERAZERE) &3 RTS8 S LN
FREE S L CRENT OIEFURE % R B 412
& AR A b 2 AR e S T i oM
WMz BRI & BIEERFMOZ L PRI OV T H
SESEE L T B 2 L DURIE S LT,

SENH

1)

2)

3)

4)

5)

6)

7)

8)

FERFET A 1 2 A v MM RO e 7ot A
>N HLE . HEB 2005-104828 A% (2005)
R FEE A 1 CaO - 2AL,0; OIEALY A F » DL
HIHIRIR & 2ok, TARYS 32— Ml
¥ —2Z, No. 89, WMMEEZMHLIza> 7)) —
~ OWEZAL & EREET T 7E /N2 B 2% (333 ZEHE %)
e No. 2. pp. 443-448 (2010)

HIEHM AZ 2 © CaO - 2ALO; M L 724 A~ b
LR DIRAL A A+ » EE(LEE), LAY -3y
7 ) — b, No. 64, pp. 428-434 (2010)
HERI AN 1T 2 0 CaO + 2AL,0; & IRA L 72 o
e Bk A v ML O KB K O FR AL A
CEELRES. B AV N - a2 — MR SUE,
No. 65. pp. 427-434 (2011)

PEF I CA RPE AR V23> 7)) — o
W ERGEOBE. 5 70 [t x > MRk es
HHETEE . pp. 250-251 (2016)

BERTE - & 2 v N RIBIEM QKRG & AR ET.
B TR (1999)

A BE BB ICE R LoWka 27— b
DU E R B X V0 0B o kAL R 12
T AMW3E L RC HBA~O @M, F RS0
(2001)

FHEEAALE 2 ¢ SRR B L RS 2 B L7 2



Cement Science and Concrete Technology, Vol.73

> ) — N OMEMEREG, 3> 27 1) — b LEE K 7)) — MBI B A & PEER, 2 X2 b
4. Vol 40, pp. 729-734 (2018) FeAfr4EHL. No. 40, pp. 87-90 (1986)

9) FAHELIZ2  FEE R REESREREL 72 11) NT BUILD 492, “Chloride Migration Coefficient
RO Y7 ) — N OEARERHN, kX b Oy from Non-steady State Migration Experiment”,
7 — M4, Vol. 68, pp. 275-282 (2014) NORDTEST (1999)

10) KIEZZIID RY~v—t AL NELY VRN T Y
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ABSTRACT : Physical properties and salt penetration behavior of concrete with chlorine
immobilization material and expansive additive added were verified. It was confirmed that concrete
to which chlorine immobilization material and expansive additive were added had no influence on
mechanical properties compared with the case of no mixing. And when used in combination with
an expansive additive, the expansion strain was introduced and it was confirmed that there was
no effect on salt resistance if the expansion strain is within the proper range. As the penetration
behavior of chloride ions, it was confirmed that penetration of chloride ions was suppressed by the
addition of a chlorine immobilizing material in the immersion method similar to the natural state,
but the penetration behavior was excessive in the accelerated test using electricity as a driving
force. When converting from the effective diffusion coefficient by electrophoresis to the apparent
diffusion coefficient, the necessity of newly setting the conversion coefficient was indicated in the
material for chemically immobilizing ions such as the chlorine immobilizing material. In this paper,
the relationship between the diffusion coefficient obtained by the apparent diffusion coefficient
and electrophoresis in concrete using chlorine-immobilized material and expansive additive were
examined, and shows the difference in the conversion coefficient as an example.

KEY WORDS : Chloride ion immobilized material, Expansive additive, Chloride ion, Unsteady-state
electrophoresis test, Diffusion coefficient
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