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Chloride Threshold Value for Steel Corrosion considering
Chemical Properties of Concrete
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Abstract

The present study assesses the chloride threshold level for corrosion of steel in concrete by examining the properties of four
different binders used for blended concrete in terms of chloride binding, buffering of cement matrix to a pH fal and the cor-
rosion behaviour. As binders, ordinary Portland cement (OPC), 30% pulverised fuel ash (PFA), 60% ground granulated blast
furnace dag (GGBS) and 10% silica fume (SF) were used in a concrete mix. Testing for chloride binding was carried out using
the water extraction method, the buffering of cement matrix was assessed by measuring the resistance to an artificia acidi-
fication of nitric acid, and the corrosion rate of steel in mortar with chlorides in cast was measured at 28 days using an anodic
polarisation technique. Results show that the chloride binding capacity was much affected by C;A content and physical adsorp-
tion, and its order was 60% GGBS>30% PFA>0OPC>10% SF. The buffering of cement matrix to a pH fall was varied with
binder type and given values of the pH. From the result of corrosion test, it was found that the chloride threshold ranged 1.03,
0.65, 0.45 and 0.98% by weight of cement for OPC, 30% PFA, 60% GGBS and 10% SF respectively, assuming that corrosion
starts at the corrosion rate of 0.1-0.2 pA/c?. The mole ratio of [Cl]:[H*], as a new presentation of the chloride threshold,
indicated the value of 0.008-0.009, irrespective of binder, which would be indicative of the inhibitive characteristic of binder.

Keywords : Chloride threshold level, Chloride binding capacity, Buffering capacity, [Cl7]:[H]
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Table 1. Oxide composition of binders

CaO SO, Al,O3 Fe,0O3 MgO Na,O K50 Mn;O3 TiO3 SO3
OPC 64.7 20.7 4.6 30 1.0 0.13 0.65 - - 3.0
PFA 17 48.7 188 7.7 10 04 19 - 0.9 0.64
GGBS 412 342 11.7 1.43 881 0.29 031 03 0.58 -
SF 0.31 94.9 0.23 0.07 0.04 0.15 0.56 - - 0.17
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Fig. 2 Chloride binding isotherms of OPC, 30% PFA, 60%
GGBS and 10% SF pastes at 200 days
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Fig. 3 The stabilisation of the pH of suspension with time
(Acid concentration = 10 mol/kg)

Table 2. Binding isotherms of OPC, 30% PFA, 60% GGBS and 10% SF at 200 days

) Freundlich isotherm Langmuir isotherm
Binder
k n a b R
OPC 1.7176 21219 0.9031 85575 4.0878 0.9440
30% PFA 1.8677 1.8728 0.9602 6.8786 2.8681 0.9888
60% GGBS 2.3043 15782 0.9374 5.6029 1.5633 0.9571
10% SF 0.9710 1.8360 0.9582 2.3010 1.2566 0.9608
-78- KT AE e



14.00 100

pH Free/Total chloride (%)
12.00
10.00
o
Resistance to pH fall 60§
3
23.3 mol/k; =3
8.00 (23.3 molikg) 50 £
s
= 40 g
&
6.00 =
30 &
20
4.00
10
2.00 0
0.0 5.0 10.0 15.0 20.0
Equivalent concentration (mol/kg)
(a) OPC
14.00 100
PR S & & Juun au St )
12.00 ;
9¢ 80
’ 70
1000 Jo- - ®o oo -
J I 3
1 60 3
! g
! g
8.00 i 50 o
! 5
1 =2
z H 40 &
6.00 i S
' 30
1
10.5 mol/k;
( 3 mo 2) 20
4.00 1
10
2.00 0

14.00

12.00

10.00 =
&
=
=]
=

8.00 s
g

= &

6.00 >

(14.0 mol/kg)
4.00
2.00
0.0 5.0 10.0 15.0 20.0
Equivalent concentration (mol/kg)
(b) 30% PFA
14.00
12.00
/
1000 f - o
,0’0”- g
¥ @1.5molkg) | 0 3
3 X

8.00 ¢ ! 50 g

g
Z 40 &
<

6.00 S

30
20
4.00
10
2.00 0
0.0 5.0 10.0 15.0 20.0

Equivalent concentration (mol/kg)

(d) 10% SF

Fig. 4 A pH fall with acid () vs. Release of bound chloride(4) vs. differential ANC curve for OPC, 30% PFA, 60% GGBS,

0.0 5.0 10.0 15.0 20.0
Equivalent concentration (mol/kg)
(c) 60% GGBS
10% SF

B o]F AMIE Ho|RES] 318Hy A8 e AHE R
4 o 5Ee WSkt

ZF Age] At = 7kl WE pH BA= Fig. 4
AN #le] FFssith, ARAHRIE A FEo| F7h 2
A} FHsk dBgiel pHE BT 98 & % 9

o™, OPC Bl 10% SFe] Ato] F7=A] @2 27] pH
e oF 12652 YEESH, 30% PFA, 60% GGBSS]
pHe= 12502 FYsHl YERTE ol & A5 AR
E 3l 54 ¢aEES 2 AsdE] e AAE
o] A wjFolgkal ho] 7hsdich OPCo| pH 1250 %
115000 Fat H7FFe] S7lel= ekl pH vt
w5~ ZA e olelgt A= pH 7Rl ﬂl‘éﬂ AlRIE
U 3559 pHF =2 APAEES 7RI S-S gt
Aol 20 molkge]l F7HE 2 AFA] HF pHe AF
A S5l Wt qFsiAl veRer, OPC 3 10% SF=
oF pH 1000714 7143813 30% PFA 2 60% GGBSE
pH 4.00 o3k 2HAct.

H 7+ tH?fP AlRIES] 23} pH ¥isteol st 5
7}% L] Fr WSk vE Yepfiglon 4kEst 59
(Acid Neutralisation capacity)o]2tal olsiict. 2+ AgA)

E29% 1A - 2009F 1A

e

o] 23 8L HUizkel 50 molkgS V1o g Sl A
tigke s 3 § Fig. 49 YR pH Astel] g
ARE. FslEo] A3l Abeslsde 54 pHolA At
Al BN o™ Zde] A7 B pH ke ARl
wt t2A Jehdth 2ev pH 1250048 Al &
Algle] Yoz Agdo]l A Yehte 2oz gRix
Aot wEbA olelgt Ayl SR g ER st
Zgo] pH 125126 A= ¢ZAE|=2 FA Yehir] W
o pH 125004 A|RIES] pH ASIE &A|SHH (Birnin-
Yauri and Glasser, 1998), 2] 7WA] A] HZ FHollA &
Aels o= FaET) 7)o 22 ARE B3 pH st
of g AES] XEdo] HFIGE FALE Y HE F
219] 9JgAMdo] S-S 4 4 k. w3l 30% PFA, 60%
GGBS’} pH 11.50 oJ3lllA] F=efX|Al 733k Aghdo]
Ash= Whdoll OPCE pH 11.00004 pH A&} #3FAdo]
S e= SRS 5 At ol pH #3kE JAlske
k=] AfAlel wet dolghs WeEstAl SHske Akt
g 4 Stk Fig. 4= 3 Faolol theh A Faol9]
1:]]9,]_ ;d}\]. l.:1:_4 Jq.yq]E EgH )\]- 7].0]] Eq—% _,’1%4 Oiv/l\_o]
29] 23k vehdt. &, it 559 7P 14 da

—-79-—



100
10 :
-
& X
L )
A
—~ - x o
g 1 A
\0 *
§ -
g P x
£ o1 .
£ %
3 ! + OPC
= 30% PFA
0.01 |/~
/ 4 60% GGBS
-~ 10% SF
0.001
0 0.5 1 1.5 2 2.5 3

Chlorides (%, binder)

Fig. 5 Corrosion rate according to different chloride content
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Table 3. Determination of chloride threshold level derived from a fit equation between the chloride content in cast and corrosion

rate
Binder ChIqrides Corrosion rate Threshqld value Fit equation
(%,binder) (uAlcm?) (%,binder) €
0 0.004
05 0.039
1 0.128
OPC 15 0.266 0.771-1.212 Y = 0.227X - 0.075
2 0.757
25 1.968
3 5.836
0 0.001
05 0.0%
1 0.464
30% PFA 15 1.784 0.506-0.642 Y =0.735X —0.272
2 3.367
25 5.711
3 6.635
0 0.006
05 0.167
1 1.092
60% GGBS 15 2.466 0.292-0.518 Y = 1.086X + 0.006
2 4333
25 7.662
3 14.455
0 0.006
05 0.046
1 0.156
10% SF 15 0.278 0.732-1.165 Y = 0.231X —0.069
2 1.569
25 3.995
3 7.981
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Chloride threshold level (%, binder)

Fig. 6 Affect of chloride binding and buffering to corrosion
risk
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Table 4. Chloride threshold level

) Threshold value (%, binder) Buffering capacity Threshold ratio of [CI7]:[H*]

Binder

Range Mean (mol/kg) Range Mean

OPC 0.771-1.211 0.991 23.30 0.007-0.010 0.009

30% PFA 0.506-0.642 0.574 14.00 0.007-0.009 0.008

60% GGBS 0.292-0.518 0.405 10.50 0.006-0.010 0.008

10% SF 0.732-1.165 0.948 21.50 0.007-0.011 0.009
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