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Validation of Test Methods for
Chloride Penetration Durability of Alkali Activated Slag
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Recently, studies on alkali activated slag(AAS) binders that do not use cement have been actively conducted. It is known that AAS
concrete is highly resistant to chloride damage based on the test method used for ordinary concrete. However, it is fully not
understood whether the test method used for concrete can be applied to AAS mixtures. Therefore, in this study, we verified the
consistency of NT Build 492 and ASTM C 1202 test methods by applying various experimental variables. According to the experimental
results, the two tests yielded opposite results. Therefore, the chloride durability of AAS mortar can be different depending on the
evaluation method.
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EIAO]  KIATKSSH R of St CiotoR ARIEE AIR 2 HEE & 4 Utk g3 012 AT 232IET} Helf 2o
IRl Y= zia| 2 e (Alkalw Activated Slag, AAS) ZIEIX LELUS W et 0|22 HFL o] 2Jsto 232|E R
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Table 1. Chemical composition of the source material(% by mass)

Density| Chemical composition(%) Blaine
(g/CHl’) Na,O MgO ALO;| Si0, | SO; | CaO |Fe,Os] etc (sz/g)

Binder

Slag | 2.90 |0.44|5.39|12.67|32.74|5.07 |41.93| 0.36 | 1.40 |4,235
OPC | 3.12 [0.27[1.51] 5.39 [20.88 | 1.65 |64.73| 2.38 | 3.19|3,015

Table 2. Mixture proportions of tested mortar

Mix | Source Material | Mai activator |Sub activator 1|Sub activator 2
o s |00 [ M

G2 | Slag 9% Naz(sli(%%l)‘)%

il Ik ot el ey
OPC| OPC 100%
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Fig. 2. Set-up for NT build 492 test

f Potential
(DC)
Rubber sleeve

Anclyte
Anode ___ | Cathode
Specimen — Plastic support

Catholyte ____ |

U2 _[RT [ 2
O7|M, E__L S a=2 ZFEerf (1 o ) . D

HSIZ S (MT/s), R 7IFA(8.314, J/(K - mal)), T
2= G012 HAPL F= TH2{H0] 44+9.648X

10%/(V + mol)), z,= ZEZHO, t= A8 AR co= HAMEOIM

2Ze| 2y s219 Hall Ui+t o MY g Red

Table 3. Test conditions for chloride migration test

Specimen lied Test
Test ID tl?ickness égﬁage duration Remark
50-V-t \ t Standard condition
50-V-2t 50mm \ 2t Double time
50-2V-t 2V t Double voltage
30-V-t 30mm \Y t Thin thickness
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Fig. 4. Test set-up for rapid chloride penetration test
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Table 4. Test conditions for chloride migration test

Mix Flow(mm) Compressive strength(MPa)

ini. | 30m 3d 7d 14d | 21d | 28d 6m

Gl | 170 | 160 2243 |1 24.14 | 29.42 | 29.48 | 32.78

G2 | 180 | 175 29.48 | 35.43 | 37.82 | 46.61 | 49.38

G3 | 175 | 170 3.37 | 8.16 | 35.68 | 40.07 | 43.20

N |||

OPC | 195 | 190 | | 24.32 | 32.65 | 38.18 | 43.36 | 48.53
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Table 5. Measured chloride diffusion coefficients

Test conditions Diffusion coefficients(x10"*m%s)
Gl G2 G3 OPC
50-V-t 0.6 0.5 27.1 7.0
50-V-2t 0.3 0.3 20.3 7.9
50-2V-t 0.6 0.2 12.2 9.3
30-V-t 0.4 04 25.5 8.5

30

25

5-V-t m5-V-2t
20

5-2v-t 3-V-t

15

10

Diffusion coefficient (x10-12)

G1 G2 G3 OoPC
Binder type

Fig. 5. Chloride diffusion coefficient
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Table 6. Test conditions for chloride migration test

Charge passed(coulombs) Chloride ion penetrabillity
4,000 < High
2,000 ~ 4,000 Moderate
1,000 ~ 2,000 Low
100 ~ 1,000 Very Low
< 100 Negligible

L=
ok
10
e
Ton
Ml
=
ro
Ral
0ot
0x
=

=
Q
@)
T
|
e
Tol
=
=
o
HT
in]
= Tl
MUY
B o=
o

4. 2 E

NT BUILD 492 2! ASTM C 1202 ol izt 22| & 22
1 7|8t RFAHE R2Et29| RS0 [HE Hats At
2 2E Magds Goteh 2n28H osa 2

0
UCt.

[u]

X galE
ZES ¢

1) AAS R2Ef29| HelzeliA»= HiEol| met 2 X012
HRACE NaOH2f Na,Si0sE ENSIH 2 AtZst= GiaF G2
HIBR2 01 W2 SAAE LERRICH J2iLt FFH0(7t
KA AT A £F=(0f A
2 HEED Bt Ca(OH).2 AlZot G3 tifg!
7t 0 = A1 EIHERACE

3

2) ROPT A2 51 AAS Hi3lol Hal2 0|2FS Hatye
OPC BHBIEC 48 202 LIESOD], 1 Z3e Algst
Zasilo] ZR0| T2} (12| Liehdrh GIat G2 g
SIs10] 2l SHE UK C3 HIEIS W2 Saiist
¥ Bt

3) NT Build 492 =& Z1IQ RCPT W7t Zif= MUtE ASFS
29T GITt GBS B TS L SHE uio
SIS O|SASHELS ChA B BYI=IRiCt 1ot Gas)
8o BHblaE Ut paEtERCE B BtelRloL
USHS OILASAELS R S BIHEIRICH 0l AH
of HEAS 72 Blsis ROPT AIBEI AH H3i20]
2 20130 Xjolof Olet 2o RFE 4 Utk

4) AAS DEEt2E 7|E0| Z71 AIEMOR Hatsh Botet
£ 20| 0f2i@ Ho= BekEln|, Byt Wl 02} O
S UEH & /2 O GINEICE 0f2{3t ZES AaS
Hietol SEIQI EEH BRI T2 2Oz of=m, o]
ST =2 A== NT build 492 BHHO|LE RCPT B9
SEM0l et 571 A7t WRE Aoz HEED

SrRMASIXISIE| =27 20194 38 b



Conflict of interest
None,
AR =

= Se ZEuUER UV [eHTARe| AHIXIE(19SCIP-
B103706-05)0i| 2lsh +~3=|AUELT

B

References

ASTM, (2010). Standard Test Method for Electrical Indication of
Concrete’” s Ability to Resist Chloride lon Penetration, ASTM C
120210, ASTM International,

Bae, SH, Park, JI, Lee, KM, Choi, S, (2009). Influence of mineral
admixtures on the diffusion coefficient for chloride lon in
concrete, Journal of the Korean Society of Civil Engineers,
29(4A), 347-353 [in Korean],

Collins, F.G,, Sanjayan, J.G, (1999). Workability and mechanical
properties of alkali activated slag concrete, Cement and Concrete
Research, 29, 455-458,

Hong, KN, Park, JK, Jung, KS, Han, SH, Kim, JH, (2015),
Durability of alkali—activated blast furnace slag concrete :
chloride ions diffusion, Journal of the Korean Society of Safety,
30(4), 120127 [in Korean),

Lee, HJ, Lee, SJ, Bae, SH, Kwon, SO, Lee, KM, Jung, SH.
(2016). Long—term durability estimation of cementless concrete
based on alkali activated slag, Journal of the Korean Recycled
Construction Resources, 4(2), 149-156 [in Korean)].

Kim, KW, Kim BJ, Yang, KH, Song, JK (2012). Strength
development of blended sodium alkali—activated ground granulated
blast—furnace slag(GGBS) mortar, Journal of the Korea Concrete
Institute, 24(2), 137—145,

Kim SS, Lee, JB, Lee, CM, Lee, JH, Eom, SH. (2013), “Study

6 vol. 7, No. 1 (2019)

on the sulfate resistance of concrete using mineral admixture,”
Proceedings of the Korea Concrete Institute, 25(1), 99100 [in
Korean].

Korean Standards Association, (2012), Testing Method for Electrical
Indication of Concrete” s Ability to Resist Chioride lon Penetration
[KS F 2711], Korean Standards Association,

Nordtest, (1999). Concrete, Mortar and Cement Based Repair
Materials: Chloride Migration Coefficient from Non—Steady—State
Migration Experiments, NT BUILD 492, Nordtest,

Song, JK, Yang, KH,, Kim, GW.,, Kim B.J, (2010). Properties of
sodium alkali—activated ground granulated blast—furnace slag
(GGBS) mortars, Journal of Architectural Institute of Korea, 26(6),
61-68,

Song, K., Shin, G.S, Gong, MH,, Song, JK. (2013), Basic research
of self compacting concrete using alkali—activated slag binder,
Journal of the Korea Concrete Institute, 25(6), 657—665,

Thomas, RJ., Ariyachandra, E, Lezama, D, Peethamparan, S
(2018). Comparison of chloride permeability methods of Alkali—
Activated concrete, Construction and Building Materials, 165,
104111

Park, JW., Ann KY. Cho, C.G, (2015). Resistance of alkali—
activated slag concrete to chloride—induced corrosion, Advances
in Materials Science and Engineering, 2015(273101), 7

Wu, Z, Wong, H.S,, Buenfeld, N.R (2017), Transport properties of
concrete after drying—wetting regimes to elucidate the effects of
moisture content, hysteresis and microcracking, Cement and
Concrete Research, 98, 136-154.

Yang, KH, Oh, SJ,, Song, J.K. (2008). Mechanical properties of
alkali—activated slag—based concrete using lightweight aggregates,
Journal of the Korea Concrete Institute, 20(3), 405-412 [in
Korean].

Yang, KH., Sim, JI, Lee, S, Hwang, H.J. (2009), Workability,
compressive strength and fire resistance characteristics of
cementless alkali—activated light vveight mortars, Journal of

Architectural Institute of Korea, 25(8), 151158 [in Korean].



2| 29 S0 Fot Ui+d U MY g Red

orzia| g4 aeiael Fsf LT Tot AR WY R5Y
52 ARIES AB5IX] Bh Uzia| 2 STANS) ZEOl Chet Sim7t 25| OIROIRIL Ik AAS EIlEs
%ol Mo F2 slmo] Egelsof thet A2 XB510) TIskL o0, Hefoll Chet Mol R &2 o=
Ueir It T2it 22lE0] MRSIE AR WS ALS HiEl] SE5PI X5 UK thet HES Helsh Loix
QUR] BICt Rp 2 QIT0IA CIBH AE 42 HR510f NT Build 4929} ASTM C 1202 Al B1i0f et 2ekys
HESIAC, BT T2H T AF WHS AU ANS 55T YL Tzt AS DEER0l S LIRLS
W} Yol M2t O 22 Ul 2E U2 ol

SrRMASIXISIE| =27 20194 3 7





