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A Study on the Estimation of Corrosion Protection Performance of Concrete

Containing Ground Granulated Blast-Furnace Slag for Massive Coastal Structures
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Abstract

This paper investigates the corrosion inhibition and the reduction of hydration heat properties of Ground Granulated Blast-Furnace Slag (GGBFS)
added concrete. Since the massive civil structure is vulnerable to the thermal crack by hydration, adiabatic temperature rising tests were performed
for water-binder ratios from 43.2% to 47.3%, while replacing 15% to 50% of cement with GGBFS of equal weight. Then, the corrosion protection
performance was evaluated using cylindrical specimens embedded with steel reinforcement according to the combination of 3 W/B ratios and 2 levels
of chloride ion quantity. The corrosion area of the embedded steel bars was determined using the high pressure steam curing method specified in
KS F 2561.

The test results showed that the replacement of GGBFS was effective in reducing the hydration heat. The corrosion area of the embedded steel
bars decreased as the replacement of GGBFS increased. However, the corrosion area of the steel bar was proportional to the autoclave cycle and the
chloride ion quantity. Among the tested specimens, compressive strength, reduction of hydration heat, and corrosion inhibition performance were
excellent when 50% of cement was replaced with GGBFS of equal weight.

7l 9 = 32gda, £, BYLELSAY, daol AL, AN

Keywords : ground granulated blast-furnace slag, hydration heat, adiabatic temperature rising test, chloride ion diffusivity,

corrosion protection performance

LA 2 A 5o B4l o) AFFEES L hARG FA) A

4] o]ge] z:} Y, EsARe MY EA 9 £1

oA FREY AxAatst M Bz Argm e o= Lo ARHA AEIAE AA Fo €A
glon, olajs FZES ANAINLE WIFSHE Y B 45 ¥ AL AX3 U4

2 Aol BT PEY A7/ APHT Aoh123)

serge] =29 A2 ?’:aalﬁ F2EY WTHL ¥u *,/ FQRE
A2, A5AS $EE ARATY] A% Ptoze a9 19 a v A A 78
Uhebdl uhsh o] chokgt Ewjol Al AE3ET gled, /
o] N TEZALEL YA AFFoZM WFHSES - o A E A7t
AN 77 st ZFeNE A FHE FadE BAY .
Ay @ }Eo] He F2E AYsT Uk —>

ACI 318 F24)ol e At 2 dajBAste] =28 F a- R EE
2Eo diste EAWEN 45% oM, £ HAVEYE . SETS
350kgf/cm2 o]4ke] A o datd FHFT glon, F B W
W 2aHE RZAYASNE WTFAL Teistd ZEYA
AEE AHes BHANESY Hee AT et EFAES 2 1. S Holo] W DAl

AHEEA S Aol ulst] EYAVEAEZ A4 H

AN AEFS] ghael] w0t 319 Azt PrFE F a#y, @RelAE FAASEY 3 Ae P 444
ol g FAERE 17k HAAE Aggo2M IR
TR Vel T, A7 Ao A& o2 FLHT Qe Aol

% (-’ll‘)tﬂ'?‘ﬂ)é 7]%%?-’-‘1\-, ‘T‘%J‘d‘?"ﬂ h-R 0:1 O}A'\.:_ o iuol Z Al A o] o) 7-§-H o
e oo AR 2 AFANE AP A4 Al de Alwate

87



A Study on the Estimation of Corrosion Protection Performance of Concrete Containing Ground

Granulated Blast-Furnace Slag for Massive Coastal Structures - 2002

npeto g st BEAYAN 24F, 2LHa A¥E 2"%‘—°ﬂ
g2 2 5ge HALE gERE R Aol HAAS
grlstg o, 289 A%S BHE3E g At -‘=’rxﬂ
QS 28 39 AREYL ARG =23, A
9] WAASYILZA KS F 25616 £8 &3 HITHAA
gozA TAFA, n2Lda A8E, LEFHH Ao
2 uE 84 F/dsiEd, A E4F ol o A
Aue vaPEFe N, gy NG TAYEY o)
ua HY7r2E H44E FEHAH

2. 4¥AY 2 4y

2.1 AHAY

B a7 APAYLS F 1o e vie) g,

W/B 47.3%, B2Zd1 XRE 15%2 =W 71FZuge
2 AR, dujAyde St W/B 456%, 432%% 12
)2 ABE 30%, 0% F SeF WEd 4FAE, 9
Aole FAALE Hrisige. 39 HAYLE HrHE
Slote] FALE ASAYL WB 456%, L2&HT A#E
30%2} W/B 432%, L2Lq 1 A 50% 123 7|Eegt
ol W/B 47.3%, L2&H 1 AL 15%<] A3kl Brhaidl=t
wat SAWETL A4sted KS F 2561 ATEAE $AA
(B4 2, £33 E 9 M F4 a1 AlY )6l
A5t AIY ANYAS Aaigon, 9%E AN
(0.6%, 12%), LEZHolH B35 (13, 23 @& 4
wA g Prho} whAA EUF (FEY, 3kg/md)e] BHE F4
HAE AREAE QEZHoln 23 273N Hl3t
Aok £ 2% 22 AT [ AFAYE Jepd
7o}

sy, 2 Age] Algat 232E Wi E 30] Jepd
upe} e} AA7)1E4E 280kgf/cm2e] KS F 40097)2] HF
A4 10%e] A ZHAS 128 Fehgen, gAaA-A
97)1e AL st LERAAL)E 30kgf/om2E v
W 7S 366kef/cm29] widro 2 AR sty

22 NENE
B AYe) A4 Aue] By AU & 49 A

23 &Y % 9y
1) gaol FAAY

diole  HAANYAE 28U FFUAE AR
210X20cme] AF¥ A gAY AFHE ARste] A3}
At gaele HFAAPL Tang & Nilssono] AjQkar 7|3
A AR 9)e Fxsle 03M2 NaOH #44& F52
NaCl $494& &30 3o 30ve) ALE 7Hstd & 9 02
Q9 Ao Al AFet A ¥ 225 8AIZHE<L
2189 ch(2Y 2) g0l FAF Pl 0.INS AgNO3

2 235l HMAEE Yol Ao, FAY AHE
nperoz 4] 1o o8 Piole FAALE A&

88

b="ru £ Al
A7NA , a=tf BIE - o ra- 251
D HAHA$ (m2/sec)
z ool YAt (FheleY AT z=1)
F : slgide] A4 (96,481.04 J/Vmol)
U : %33 &5 Aol Aska (V)
R 71AA4 (8.314 J/Kmol)
T @ £d49 2% (K)
L AEe 4 (m)
Xy 0 Gael29 FFHe] (m)
AR AT
erf - error function
cq @ AALLe 23 WAgE RO Ghole FE
¢y P TIFE AL HhelE ¥E
F 1 MEAS
wi | 2EE92 25
o | ARE TGE [ anele | wdeE [ FAAT
(%) ZE | W% | A5AY | $4NY
413 15 0 @) @) [8)
30 @) 0 o) O
S o o -
30 @) 0O -
432 50 0 O 0 O
¥ 2 EX HIRAANE AH
TR A7
W/B J‘i] %2 ogf}n} g |eEEden 1} 2]
3
(% wHE-gle A7
) %) @ 4 A7V
473 15 06 1 -
456 30 1'2 ) X XY
432 50 ‘ 3kg/m3
¥ 3 2A2|E vt
- S 445 (kg/m3)
W/B |&d 1
- o
@ (A%t g || ZF gz | O
(%) £da Z 7
473 15 175 315 55 821 926
456 30 164 252 108 844 939
: 50 164 180 180 842 934
432 30 164 266 114 818 945
’ 50 164 190 190 816 942
® 4. MRS BoH A
ARE B 314, £F : LEEEYE ANE
N B]F 291, £IE : 475lcm2/g
reed gz E 11,70
2 ¥l 3 256, Y& 252
IH BN RN R =8:2)
Z A4 ¥lZ : 259, HAS : 25mm
ﬁ"é?%‘r*ﬂ &L, 2%z
kA A v F 0 133, £F : olAALFA




Power Source ——

1 ©

Oo

0.3M NaOHl 3% NaCl

b

ho

X Y
1| 1

07 2. H20l2 HMAIEY| BA T

2) ddEx A4A¥ (KS F 5121010

g er ASAFAAE a2 3o] vepdl wie} o B
AFe] ALEg ddes ASAPA L &3 o TS
A Hrle] B2 T Tsle 4] 28 AMgEle 2x0Y
< gristg o

[]

Thermostat

I

Themperature
Recorder(PC)

"= insulator

03 3 CHERT ASAIET| AT
QO =K(1— g 2! ) 4] 2
71 QD A MY D ew AL

K 3% 292x 453
ab P EEATEE

3) $AAZ FAAF (KS F 2561)6)

A A A2 AR 1o e wle} o] 278 YA
< HEE7 20mm, 45mme] 25F o2 sld A ztalggon,
A2 3d7tx] 20+3CE FAE F, FAA PP AYsi
A 74702 FHFAE AAEAE ol F AR 2o e
SEZYo|n JPAAE At FHHT FAAEES A
Py on, AT FAHAE AHEWHE 19 40 Yehd ul
o}

ARG HFFEE H4E AT D2 EA
£ 2aFES YT Yl B 7

Total : N = 75,

PR E(%) = 3

O 4 HZ RAHHZ MEYUY

3. 4845 ¢ 1%

3.1 g&Ux

19 5t 4EAE FAAAE e A2 A 28U
W/B 456%, Z2&e 1 50% X3big-g A g 2Eu)glel
AN g% 366kef/em2E  A3slgct. 71Ewigtel WiB
473%, A2LHT 15% AT 22 L&A Ao o
Eul gl B3t @7] WEel AHo] @B FEFA Al
Z7)1AHGAM a2 o] FAH 2 AutsHA vehdI 9le]
AEFAERE Tl Z2EH 30% oA A Zhilol
e Aoz Atlzndd

500

400
e
L L
5 300
N wiB | nzsd1
2 200 b % | APE @
o 15] 30 |50
a1 a3 m | -
100 r 56 O] &
B2 [0 e
0
7 14 28

wy (2

J2 5 Xyo wE AFLT UEHM

3.2 €402 #MMEE

23 62 A3 28U Hiele FAHAS9) F FHA
sk 24AHE Y Aolg. W/B 7t A o), 2
2L (gl FUid uel dhole FH, 2 F
FHAs e 3A4se AgS Mol Qi)

71%wgrel W/B 47.3%, LE2&A L 15% X el A$
2 EalAstek 2400C °] 4, A4 2.77X10-Tem2/secE. b
ot o9 wig-S 5007 1000C, 0.9~ 1.3X10-Tcm2/sec
2 gA ZH5He Hhole AFAFAe AdHLE fu
Roz Jepgd

89



A Study on the Estimation of Corrosion Protection Performance of Concrete Containing Ground

Granulated Blast-Furnace Slag for Massive Coastal Structures - 2002

. 30 3000
m
3 —
‘é Q (] dsole d4AS 2500
o
g O % 33dsxy S
é 2.0 2000 »
o %
< 1500 &
3 ®
<
o 1.0 1000 P
[o]]
=) 500
<
& 0.0 - . = = 0
hErY sl 5 0 50
HYS (%) ; 30 50
W/B (%) 47.3 456 432

12 6. 4012 s+ 9 & ShPsy AN

3.3 Cigi2x d4sAl

dd e ASAYPS WB 456%(L2EH L A HE 30%),
W/B 432%(22 &2 A¥F 50%) wigz 7j&Mge W/B
473%, TE2EHT 15% X Beiel dstq AR
WMge st PR ES W5 o3} S v
A AN EFo] 2 wjge o2 AA3de 2d
72 23AFAE Jehd RAog WB 473% wigs w/B
45.6% g LEASEEE thh Xl § ReolX 2t
TLEE SAR £Fo2 Jehtoew, W/B 432%, L&
150% ABuge LEASEE P Hu2ES} WA FAH
et

E3eES) 2EFYL LEASEEY AL FFE
ol W] i 2EASSEE P FHIALEVF WFE W/B
432%, D2LEWPL 50% Aol gl widd 2%
T4 Aol feld ALes Aado

50
a:152 b : 1806

a 1091, b 1801

al103,b:1819

A B ikl
W/B 41.3%, 2R2&d2 A/ 15%| O
<o
[e]

W/B 456%, 22&d1 A& 0%
LLWE 432% D252, 88 S0%),

0 30 120 150

0 90
A2 (h)

Oy 7. ©d@x dsME dn

34 ST HTAIY
D A7t EL LEFYolB AlojFe) & ¥

29 82 LY e HUAREY § LEEH
olB. Abo|Fol wE AT FAWAHE FAARE dehd A
ojt}, RE uigolA A3}E il LEFH oy WEIp
7} 274845 WY AT YAHAEE Sl A
2 ol gk W/B 47.3%, a2 LWL 15% X 3ol
ANEREF 12%, LEZdHoln 259 A o iy
ulsted 3T TMAE FAmEA o] FbEE ez et £33
AYe £33 AdHsl A WB 432%, 24L& 50% A
g ge] wh A Fol M S48 Aoz JeEidd.

90

16
B Cl0.6%. 1 Cycle
[1C10.6%. 2 Cycle
3 12 1 Q0CI1.2%. 1 Cycle
z)-ﬂ* ECl1.2%,. 2 Cycie
X 8
al
T
g
4
0 N [ l:i:iz‘
ni-t-T. i}
neg o 50 .

43,
we e 73 456 82

RN -PIELEE L VI ERVIE LIS
LGNS AYA

16
nfey O
12t
2
o
o8t
&
2
ot
4 -
0
22&A1 s ® s
NBE %) 473 4556 32

w/8 (%)

OF 9 WHH X WE PAHNE Zagd

2) A AHgd e 9%

gAA & 5 w2 2 wgte] WA HHERE
2% 9o vebdch WA E AFSgel wpet FAHY S 3
A8he AL Bolx 9low, WA EFE W/B 47.3%
A 7R B3 Aoz Jepdol W, wW/BZE ¥ 1E
L2 APEo ¥ wigtelME WAA Abgo] oE A
= ujujgt Aoz Jehgon, 53] W/B 432%, LE2EH
50% X @uigte] A WAAE EUsiA G A A
HEe 19%2 71ZMe WAAE AT ASEg os
B AN S 2E Aoz HriEdd

4. A&

A FpFREe] A4} AY T2Lda EY 2
e Sod A7 % A4 Fo} Ase S 2.

1) $3de] o FAeA AT PER DI E FFAHE
AN Az WBZE 32 wigel A DA Ee] H3 1
220 B Z2HAIZ] W/B 432%, REEH L 50% A
aude] Hulek 9 LxASEEE G2 vEtd 3}
A etz gle] 31 Azl EAql Ao el

2) A2AA FANYAS PAIREF ¥ LESelL 4
o240 Z7to) st WiBS) MR Mg A g
o Zue YA2Y FARA Az B A2 o
ehdeh. 2, BAAL A S FS WBAA B3 olni,



AR HfT2E H44E g n2sda
£4 232 B WAL Yot dg 97

g2 W/BS & i]%-&-o] 2 “H§’°ﬂ/\‘]~“f B 9
7H A

3) B a7 WeleA MTRE $3L DSy, Fihole
ARAYA ] tha @2, $34dd] g FAAA e fals)
o, oY 3e FAgA FaHQ wig o2 W/B 43.2%,
T2 50% Aol 7t S50 Aoz vebd

#aFH

. DFREEE, BB 7)) - FEREYOHAERELE L &
URIEEM(E) FME, |, st DFRERR, 1997

2. A58 8, TEAREY 9 A F5ie] obd EAEY i
< BAEX #3 APH QF, , dFE2R) EE spgew
#3 =%, Vol 14, No. 2, pp.679~684, 2002, 10

3. 343 8, A7 &Yl ofg FEA EAANE £Y3 Eas
Eo] o]l S Hole B 47, B3 EFY S}
L84 =54, Vol 14, No. 2, pp.299 ~ 304, 2002. 10

4. ACI Building Code 318, TRequirements for Structural Concrete and
Commentary, Part 3 - Construction Requirements, Durability
Requirements; , American Concrete Institute, pp.35~37, 1995

5. gz ESy, 'gzdE EEAUA, 158 sidEa=lE,
A XLFH, pp.187~192, 1999

6. KS F 2561, "aZ 32|24 PyA, £44 2 - FAYE F9
HIY F4 A Ay g, , SFREYS], 1998

7. KS F 4009, fal9AE Z32E,, $FEFY S, 1999

8. BHF, T&==|E9 EXI w4, , 71 £, pp.128~144, 1998

9. L.Tang and L-O.Nilsson, "Rapid Determination of the Chloride
Diffusivity in Concrete by Applying an Electical Field; , ACI
Materials Journal, Jan-Feb, pp.49~53, 1992

10. KS F 5121, (EEAE ANES £39 AY w, , ¢2REY
3, 1997

91



