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Corrosion Characteristics of Steel Reinforcements Induced by
Internal Chlorides in Concrete and Determination of
Chloride Thresholds
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ABSTRACT

The corrosion of steel reinforcements in concrete is of great concern in recent years.
This study is focused on the corrosion behavior of steel bars induced by internal chlorides
in concrete at early ages. The main objective of this study is to determine the chloride
thresholds causing depassivation and active corrosion of steel reinforcement in concrete.
To examine the threshold concentration of chloride ion, the half-cell potential, chemical
composition of expressed pore solutions of concrete and the rate of corrosion area of the
specimens were measured. Major variables include the added amount of chlorides in
concrete, types of binders, and water-to-binder ratios. From the present comprehensive
experimental results, the factors influencing chloride-induced corrosion are investigated,
and the chloride thresholds causing active corrosion of steel bars are proposed. The
present study will enable to specify the realistic chloride limit in concrete which can be
used in the future technical specification.
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Table 1 Test Variables

test variables levels of variables remarks
total chloride addition 0.0%, 0.2%, 0.4%, 0.6%, 0.8%, 0.12%, 0.16%. 2.0% | wt % of binders
types of mixtures L1, NI, HI, NV, NIFA15, NIFA30, NISlag30 see Table 2

Table 2 Details of mixture proportions

types of mixture water/binder ratio types of cement admixture
LI 0.55 type 1 -
NI 0.45 type 1 -
HI 0.35 type 1 -
NV 0.45 type V -
NIFA15 0.45 type I Fly ash 15%
NIFA30 0.45 type | Fly ash 30%
NISlag30 0.45 type [ Slag 30%

Table 3 Chemical composition of binders

Oxide composition Potential compound composition
binders percent by weight percent by weight

Ca0 | Si02 | Al2031Fe203] MgO | KeO [Na20| SOz | LOI | Cs8 CyS CaA | C4AF | Alkali
type I [61.20(22.00(6.20 ( 3.20 | 2.80( 1.10 { 0.10 | 2.00 { 1.40{ 35.7 { 36.2 | 11.0 | 9.7 1.2
type V |62.03[22.1114.20(4.27| 2871072 0.09|2.03|1.70( 5012561 39 {1301} 08
Slag 43.34133.86{14.67( 0.32 { 5.95 | 0.61 | 0.1910.12 | 0.67 - - - - -
Fly ash| 3.89 |59.74123.60! 6.07 [ 0.951 0.96 | 0.49 | 0.40 | 3.90 - - - - -
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Table 4 Mixture proprtions

W/C aAgA E A2 FZA AEZA)]
(kg/m”) {(kg/m?) (kg/m?) (kg/m%) (%, NANEZTFH])

0.55 316 174 749 1034 0.5

0.45 387 174 690 1035 0.5

0.35 497 174 621 1013 0.8
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Chloride Content (%, by wt. of binders)
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Fig. 4 Variation of half-cell potential according to
chioride content (effect of water/binder ratio)
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Table 5 Deduced chloride thresholds

types of Chloride thresholds
mixture Total chlorides, Free chlorides, B ,
percent by wt. of binders percent by wt. of binders (CT)/IOH)
LI 0.78 0.12 0.17
NI 0.93 0.11 0.25
HI 0.89 0.12 0.19
NV 0.45 0.12 0.26
NIFA15 0.90 - 0.11 0.19
NIFA30 0.68 0.07 0.21
NISlag30 0.97 0.13 0.23
a 2 @ 2
i 3
..'T:'s - Hussain et al (lower limit) 5 --o-- Thomas
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Fig. 14 Threshold content of total chiorides according to
C3A content
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o BAglo] AME S|} wglRlo] e YA
#Fog APtz UATHEAYEAIWAM:0.3kg/m’).
a2y, 2 A7A AWE 2§ 9 oA (S
ol R x#z F)o| AHgFol wat A oA
gaol o] Fapaict,

wehy, @8 AP e 2aRE F g 42
£ olHR ANES] 59 T3 AL PS5 e
4 nsled FINE Z9o Ajgio| Lo
el FgAY B 5 ugARY F GBI
2AYE AHP2o|LFL FAlo] FH}E Ao
9 gAY oz BeEd au, 2 a7aw
A AMtE YAEEE YRdLolLd FaE A
olmz Hr} #eH JrsEr)z FYL s
Me fdRdioles ARFL FuHon 2@
F e Wk Buh Be dTE Fa 4utyojo}
& Aoz Algdd}.

(5) & dFelA AFE&A HERYE A A
29 A8 42524 (pore solution express-
ion method) & o&3te] AAHA Hatep 4PF3F
T EQAYE AfdroleFon Az e Y
FHAl &S TN HA MRS, S Ad
E TR OAAREF aejan B 5% 2 F
Zhgel mE gaoleF AVTHE B} FeHe
2 AN £ 8l Aoz AlREH, oA A
TEZY #eldE H8Ih5Y Ao Alrdd.
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ZAHEY] WG o] 29 B EAE wWlS F2F AAE A} 53], Gio)d o5
WA st RS dAAEe] o, dYTRE dde Tte b 42 1 F84o] A1 Yok
mrekA], RS fidhe gaol9 A AdAFS(critical concentration)® ¥3dle RS FA|abAy
AAE S, E3ES 38 dBFE FdFsed o] vie Fa3 BAg & 5 sl

B AdFe 27158 diol2e 53 23 EY FARYEN S nHElo URPio| 29 EYAFE
E s | £4E Fa oy, olF A ERE Facley ¢ FHSLE sln F APAe A2 B
A AL AAZNel e BHEAR] A (half-cell potential) S EA st o] £33 Ao Halue
g BEsdn, daolde 133 A4S fodsy) dd AgA F5, E-AEAvd o2} 7ok WP
< HF2 ddstd AgE FYsigon, 34 EEFEYE £Ysld 7 W Agdiele BE9
OH#x 5 A3&d9 4&8S A1, o8 3 FALdAEEE H9std AAlst

£ d74% ZAYE o RS FUshe dA F dhol&Fe AWES] £5 ¢ A9 gz
4 T WEEgd we gefAle Ao vEon, Wiel dA AfdboleH e MigEAA FAglel o
L Ax A% oz Jesion, B dFdME o ge =&sle AAsldd.

AT dor AZEAYUE F2EY EAdte Wigdiol 2o BAYASEE A + A= F8E
7125 AFetes A0 AAME dFdas gdoz HA 4 AF/T /8 A8 2 Aeg Az,

(=X : 1999, 3. 27)
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