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An Experimental Study on the Chloride Attack Resistibility of
Alkali-Activated Ternary Blended Cement Concrete
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Abstract

The use of ternary blended cement consisting of Portland cement, granulated blast-furnace slag (GGBFS) and fly
ash has been on the rise to improve marine concrete structure’s resistance to chloride attack. Therefore, this study
attempted to investigate changes in chloride attack resistibility of concrete through NT Build 492-based chloride
migration experiments and test of concrete’s ability to resist chloride ion penetration under ASTM C 1202(KS F 2271)
when 15-2.0% of alkali-sulfate activator (modified alkali sulfate type) was added to the ternary blended cement
mixtures (40% ordinary Portland cement + 40% GGBFS + 20% fly ash). Then, the results found the followings: Even
though the slump for the plain concrete slightly declined depending on the use of the alkali-sulfate activator,
compressive strength from day 2 to day 7 improved by 17-42%. In addition, the coefficient from non-steady-state
migration experiments for the plain concrete measured at day 28 decreased by 36-56% depending on the use of
alkali-sulfate. Furthermore, total charge passed according to the test for electrical indication of concrete’s ability to
resist chloride ion penetration decreased by 33-62% at day 7 and by 31-48% at day 28. As confirmed in previous
studies, reactivity in the GGBFS and fly ash improved because of alkali activation. As a result, concrete strength

increased due to reduced total porosity.

Keywords : ground granulated blast-furace slag(GGBS), fly ash, blended cement, alkali activated cement, chloride attack
resistibility, ability to resist chloride ion penetration, chloride migration coefficient
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3.14g/cm’, T 3,350cm?/g), T2ST I 3% 12
71 oA 2, 89g/cm’, BUE 4,100em’/g), S2fo]
A= 2% SejoloAl(UE 2, 24g/cm’, HUE 3 430cm’/g)
£ ARESIG o, w2 SAIet ZREAl = R4 25mme]
H= A ARARE ARSSIGITE dze] EYd8HAl= Table
49} o) o] Huflo|EA A=E ARSI o, oot 28}
AR AR 1679 EZeplEEiH 135 2=-A

(Polycarboxylate—based superplasticizer)S A&} C}

Table 1. Mix Proportions of experiment

Unit weight (kg/m’)

Soecmen W Sfa - Told pr e s s G A
Binder
360-Plain 1440 1440 720 -
360-AST5 50.0 490 170 360 1422 1422 702 54 831 878 1.0
360-AS2.0 141.6 1416 696 7.2
400-Plain 160.0 160.0 800 -
H0-AST5 43.4 446165 400 1580 156.0 780 60 769 917 1.0
400-AS2.0 1573 1573 77.3 8.0

OPC : Ordinary portland cement

BS : Blast furnace Slag Powder

FA : Fly Ash

AS : Alkali Activator(Modified Alkali Sulfate type)

Table 2. Physical properties of cementitious materials

Compressive Strength Activity Index

Density  Blaine

(MPa) (%)
(g/cm) (cnt/g)
3d 7d 28d 28d 56d
OPC 3.14 3,350 34.8 441 55.6 - -
BS 289 4100 - - - 93 107
FA 224 3430 - - - 94 98
Table 3. Physical properties of aggregate
Density(glem’) 'K}B%Tﬁjss Absorption (%)
Coarse aggregate 2.62 6.84 117
Fine aggregate 254 2.64 1.03
Table 4. Properties of alkali activator
Densi Chemical
Type Appearance (g/cm%/ composition(%)
Ca0 27~34
SiO2 2~6
Modified Light gray Al20s <5
Alkali Sulfate inorganic 2.75+0.05 Fez0s <5
type Powder Nay,O 10~14
K20 <4
SOs 45~55
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Figure 1. Arrangement for the migration set-up
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Figure 3. Electrical block diagram for test to resist chloride
ion penetration
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Table 5. Properties of fresh concrete

Specimen Air(%) Slump (mm)
360—Plain 5.5 205
360—AS1.5 5.8 195
360—AS2.0 6.0 195
400—Plain 5.0 195
400—AS1.5 5.4 190
400—AS2.0 5.7 185

7L 5.5~6,0% RS UEhl e 360—series,
400—series W oe] Auo]EA Z/dstA9] S}l ut
£ ol wisks TRIEA sl swmel A%
360—series”} 195~205mm, 400—series”} 185~195mm
£ UEtislEd, erde] Auo]EA A=5A|9] 2ol wet
5~10mm 50 b 728k HeS Ui,

A=A A= Table 6 ¥ Figure 52 Figure 69])
R AT

Table 6. Result of compressive strength(MPa)

Specimen 2d 3d 7d 28d 56d
360—Plain 5.1 8.5 16.3 31.1 39.2
360—AS1.5 6.7 11.1 21.7 32.3 39.1
360—AS2.0 6.1 10.2 20.2 31.0 37.9
400—Plain 8.0 10.8 20.4 34.9 452
400—-AS1.5 9.7 14.9 27.3 37.2 425
400—-AS2.0 9.4 15.2 29.0 35.3 41.8
50
g
2
Y
£
220 —=—360Plain
£
e | A e &~ 360-A515
8 10
— -8 360-A52.0
o
o 7 14 71 38 35 42 49 56
Day

Figure 5. Compressive strength(unit binder : 360kg/m®)
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Table 7. Result of chloride diffusion coefficient(at 28days)

Chloride penetration depths(mm) Diffusion
Specimen Coefficient
1 2 3 4 5 6 7 Ae (10
%0-Plain 358 366 33.1 318 348 302 387 345 11.672
317 296 351 333 321 372 286 325 )
BO-AST5 219 179 139 150 228 234 156 18.7 6.010
T 223 184 146 148 148 131 208 170 )
BO-AS20 105 217 160 168 149 140 111 150 5115
' 149 143 140 170 175 191 122 156 )
298 319 338 30.1 277 281 305 30.3
400-Plain 8.649
365 306 311 275 300 337 339 31.9
962 143 112 158 129 107 136 126
400-AS1.5 132 113 917 123 172 100 920 11.7 4.010
H00-AS2.0 208 136 876 140 166 237 237 17.3 5516
' 173 229 220 143 7.12 97 151 155 )
12
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5 0
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Figure 7. Chloride diffusion coefficient(at 28days)
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Table 8. Result of ability to resist chloride ion penetration

Charge Passed

Specimen (Coulombs)
7d 28d

360—Plain 4,124 1,529

360—AS1.5 1,720 795

360—AS2.0 1,550 825

400—Plain 2,587 1,284

400—AS1.5 1,728 878

400-AS2.0 1,287 662
5000

H7day

4000 - Sty

“?

;

Charge Passed|Coulombs)

L

Y

S N

360 360~ 360~ 400~ 400- 400~
Plain A515 AS20 Plzin AS15 As20

Figure 9. Ability to resist chloride ion penetration(at 7, 28days)
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