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( -1) Chemical compositions and physical properties of cements

Chemical compositions(%) F’hyéical properties'
Blaie(cr/a)

Type [ | 210 32 | 625 | 302 | 012 | 078 | 21 | 161 315 3,200
Type V| 227 | 41 | 44 | 627 | 251 | 009 | 059 | 18 ] 140 315 3,250

Cements

{E-2) Chemical compositions and physical properties of ground granulated blast-furnace slag

Chemical compositions(%) Physical properties

SiO: | Al:Os | FeO | CaO | MgO | Na:O | KO | SO: | TiO: S Cl | Specific gravity |{Blaine(cm?/g)
33.31 | 14.60 | 0.40 | 4163 | 7.21 | 0.164 | 0.316 | 0.034 | 140 | 082 | 0,006 2.92 1,000
g iR o RERYE 71302 Tt AN AAWE 2579 dstd FUT g AL
dAeH, HFZ 2602 EFYEE FASTE w93 A3 9 BAE s AME il

SEAE WFE 2639 BEEoln, HYAFE 77 25%, 40% L 55%9) IREYIT njBTS X
10mm °]t}, ate] ARS-3FAT

A E £HEE A Y9 2= EA
Ag F4pos she Zeloh siaE woale g olgiSol AETSH S U 2F|FHALR
RHEOBUILD SD-8N $-E34A4 1E AHE AT (E ,,
e AP AL IR&YT MET B3 7L HSE0|2 TN H AIY g
&4 ANAAdHE dyEd ﬁ_i A BT E

4000g/cm?°]},
(AB-1>& ASTM C1202-978) FH4 &3

9—' |_‘i gEo|L B AL a9 LT E Jeid A
olt}, &4k cell 19]+& 0.5mol®] NaCl £948 ¥97

TAEY FEolR AFAYY A¥E 44 FR cel 29T 23 Ca(OH): $4S ARon,

87) 98 Zzte] 2IFE AFAZ ARG om, 60V Q7F AGL e dsiEole £A 3}
of W AR v (E-3) e A AT NEE s 208 golHE Hate o)
ANHMEE 12 REZEACANE 2 53 WA A1 (Coulomb) & AT, (F-4> o Vyehd u}

Lt. b

uol'

ki
XY

el

{E-3) Concrete mix design

e 5/a W Slap acrﬁhzctie Sea sand Crushed Plasticizer
(%) | (%) | () (kg (kg) i e (kg)

Blast furnace

slag rate(%)
| 0% 1.60(1.70)
25% s 047 1.60 (1.20)
40% 1.55 (1.70)
55% 1.55 (1.20)

Note) ( ) :cement type V



Power Supply

Acrylic cell

Cell 2

Sat. CalOH) f
resemvoir /

Cell 1

0.5mol NaCl
resenvoir

#20 copper mesh / #20 copper mesh

Aciylic cell

2BM Pwef%w Curront  Yofage

o gp Wdop
Mo g Beden

L3
o o Poakl @ @

A
kkid

Shunt resistor

(1El-1> Schematic view of diffusion cell and experimental set-up
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RO E 34} &, gatgol2 Fuste ¥
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{FE-4) Chloride ion penetr-ability based
on charge passed (ASTM C1202)

Charge péssed(Coulombs) Chloride ion penetrability

54000 High
| 2000 ~ 4000 Moderate
| 1000~2000 Low
| 100~1000 Very low
B (100 Negligible

48 - AlHIE

HE Eg
= T

98t =, 1 o] FFE

e} YA 7)7ke] s F FAYE
3le] At cell 2 &9 =
Bk cell 29 H3EO|E TEE
HslsiA €k

o AMHO R

_RT 1
ZoFCo 4E A dt

o 71A,
R : 718442(8.31 J/K - mol)

Za: E3E 0|29 A}

F: #&do] A44(9.65 X 10‘C/mol)
Ca: A9 H3tE o] &F % (mol/cm’)
AE: A RH Volt)



Reinforcement

Degree of detericration
{Quantity of reinforcement corrosion)

Potential .
period Progrssing Deterlglated
Start of servce period period
Corrosion
\ W
To 1 T Time

Sewice life =2 To+ Ty

{Z121-2> Progress of chloride-induced deterioration

1 A 8A Zo)(cm)

Vg 4 (em?)

A AEA A4 (cm?

dC/dt : YFE o] =E 3 (mol/l-sec)
Lt R[oHA g
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r = k:&f[Cl'(ag)] ([CI(s) Ju -

{ F-5) Parameters used in calculations

__ Parameter f

pore ratio of concrete € 0.106
Ccr 2
[eres)] ( ) friction of pore water f 1
2(ef[Cl effective absorption s
———( L at(aq”) = V?(Decr[Cl'(ag)]) -t constant K. 1 X 105(m?/mol )
maximum fixed Cl s
in 2 (3) volume [Cl(s) Ju 214(mol/m’)
equilibrium constant Ke 1.64 X 102(m?*/mol)
a[CI(s)] _ .
T in £ (4) sSSP BEAFR NS ARSI &
8 Ao ALE3 AAZALZE A(5)~A(T)H 72
[Cr(aq)] = [Cl(aq)): at s G) o) gsgon, sevlEE (E-5)9 2
[CI'(ag)] = [CI(aq)]: at I (6)
dfcr 4. A& 3 nE
dlcl(ag)] diaq” =0 at s ' (7) ERE R
7t d3tE 0|29 Faty "It
2@ AHR22 F4F 92 239 42
o 4o ARALE BolskAl Wtk A4 F (TF-OE A 28U 15 R 5F AUES
o IFE YUAOE Fiksl FAWAL F4) 3 A48T 2AE 12T AEY ARE o
AT 4 QAT TAYY AT AUE A¥A F 2 FEF WAFE UB Jolg, o 1geEy
s oo BUUSe Teld SUT AL B Z2odl upde AREe) FolaSE AY
Fafof gt} oM, 2 dFdie dR IE F AE FHde F B HIFE FoA L glon,
Aroll tist AedE 7187 ASAM Fick 9] k4] o9} 72 AL 1% R 5F AYMEE AT A
Bk ohvgt A(2)~(4)o] JERd ZAF I FANM MEZ FAR AdE Belw &S & F
1z T3 e
50 50 e
40 aof
30 30¢
T . fa T fa I I3
20% 20
1055 10k
0% ‘ 3 3 : O = e L ;i bt &
10 200 30 40 0 0 10 20 30 40 50 10 20 80 40 50
s 3 Tz
(a) in air (b) splash zone (¢) under seawater

50 « AIHE

T12l-3) Finite element mesh used
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Total charge passed { Coulom bs)

o

g 25 40 55

Bilended blast furnace slag content{%)

(2!-4) Total charge passed of concrete
containing blast furnace slag
content powder
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{Z12!-6) Influence of chloride ion penetration in
concrete containing blast furnace slag
powder (type | cement)
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{J&2I-7> Influence of chloride ion penetration in
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(J&-11) Contour plot of chloride ion
concentration in aqueous phase
of concrete without GGBFS
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{Z12!-12) Contour plot of chloride ion
concentration in aqueous phase
of concrete with GGBFS 55%
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