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Prediction of Corrosion Threshold Reached at Steel Reinforcement Embedded
in Latex Modified Concrete with Mix Proportion Factor
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Abstract

This study were predicted the corrosion threshold

reached at steel reinforcement in latex modified

concrete(LMC) which were applied the agricultural hydraulic concrete structures. Accelerated testing was
accomplished to the evaluate the diffusion coefficient of LMC mix, and the time dependent constants of
diffusion. Also, the average chloride diffusion coefficient was estimated. From the average chloride ion diffusion
coefficient, the time which critical chloride contents at depth of reinforcement steel was estimated. Test results
indicated that the corrosion threshold reached at reinforcement in LMC were effected on the mix proportion
factor including cement contents, latex content, and water-cement ratio. Especially, the average chloride diffusion
coefficient, the corrosion threshold reached at reinforcement in LMC were affected by the all mix proportion

factor.

Keywords : Agricultural hydraulic concrete structures, Corrosion, Critical chloride contents, Diffusion coefficient,

Latex modified concrete.
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Table 1 Physical properties of aggregate

Type of [Maximum size|Density | Absorption| Abrasion M
aggregate (mm) (SSD) (%) (%) '
Corse agg. 13 2.65 0.35 28.45 6.92
Fine agg. - 2.53 0.67 - 2.99

Table 2 Physical properties of Latex

Concentration| Specific Surfgce Par'tlcle Viscosity
@) gravity pH tension size (cps)
(dyne/cm)|  (A)
46.9 1.02 10.55 | 30.565 | 1793 44.33
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Table 3 Mix proportions of LMC

T f mix ?
(W/yc?ig/c—m ng L(i/)c (Sf; )
cement contents) v v v C W S G Latex
33-15-400 % 15 64 887 760 128
33-10-400 10 87 914 783 85
39-10-400 19 10 400 111 881 755 85
39-5-400 5 133 908 778 43
45-5-400 45 5 157 874 749 43
33-15-350 33 15 - 56 942 807 112
39-15-350 15 . 7 913 782 112
39-10-350 % 10 30 97 937 803 74
45-10-350 45 10 118 908 778 74
39-15-300 39 15 66 972 833 96
45-15-300 5 15 300 84 947 812 96
45-10-300 10 101 968 829 64
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Fig. 1 Corrosion model concept in steel reinfor—
cement (Tuutti, 1982)

2L — 2 (p(p-2C) M

A|A, C ARZE 159 @] =EE Faelee]
FHORRE Az xF Wold oA Paol
2 Bug Uehil, p()E ARl B 2age
S431S whget gaol2el SbAdoltt Tuut
o Bl e FANHT I FALYEE &
SolAle] A SAkgT, By gole] Ay Sol
ol S wov], Ak FAAFHE 2aE o
Aol melymer Ealsln) ope Tl FIash
A Sl ofs) ATt IRAANAY] o

1o

Shdlo] tjsie] AuEE ZAE R =Y
= A%kE ol = AT Al s o
gstetar 78l Tuuti®] WtAgh digmds 4
G3to] FAMPIAEE &5kt Crank,  1975).
Azl g d3kE o9 Sl 271 9 AA
Z7lo] Zasiy, dukAor FAYE FLREoA=
A(la, b 283tk

t=0, x>0: C,=C; (1a)

£0, x=0: C,=C, (1b)

AN, C, : BAPE BAS a0l FE, C,
mARE YR gole B, ¢ ARE o4
Aol S, 1 AZHs), x  AALm) ol
Q2:0]2.9] BAPASE AT Slof 1349 Sk
A s A ()9} e,

C(z,t)=C+(C— C) » erfc( a ) 2

2Dy ot

e

52

7A€ (a,t) © ARE ¢, AR xollA9] Havol
T, erfe 1 QAR Adrolnt A(2)of e
AR G40l sEEEE duib¥ozr XEA
Fel2 Yepdoh Tuutti®] 7ol W=2H, F2)7]=
AIHANA Y] daol2 BTt AR, & FAY
Aol =g of ual o] FAJo] 2HyslEct,
apebd], FAATE ¢ = RAYAEES Cor, 2
A9 Zol(HEEANE det T uf, Fhol2EE
C (dt)=cC,¥d 9o Agte] = 4] (3)02 xd
3k 4= QItHTuutti, 1982).

C,=CH(Cy=C)- ”fc(ﬁVT%) Y
e b

0:]7]/\1’ n:erfcfl M ;_gr 6‘]—%7 “T]‘q]?——-_}_
CO_C

i

AR ¢ = A@2F ZTHTuutti, 1982).

“=4un,

7|, Desre 8 SHRHAIFE SJuiehy, & Ao
Ne FEgiHAITE ol8ste] A9 FAIHA
AL ST dSade ZA2EY #HYS}
g AR UYL, d3kE o9 ATt
At el dAgsictal 71g%t Browned] HH
< Hgsto] A5} 22 dntsiE APgE 4 ok

(Browne, 1982; Yunping &, 2004).

CtZCO[l*erf(T\/gj)] )

oi71d, D, ' Bt Hole FHATE ofuleith
T3 ATRAIAAPZE IS8 Ssliale 232
ES| ¥ AsHEsS 7Hgstolof gttt vl= SHRP
(Strategic highway research program) HEILA{o]|A]
= H3E =52 Qe &S ERote 2
ASFEHFS AAIBIL thWeyers, 1992, 1993).
SHRP HILAoA AAGH &4 %o 3 d3ls
S ZH7F Table 4 9 59F 2t} Table 591 Ue}
W 3 g3k o gk ARgste] 2wl st
2 7A

FaEe = A0d A6s, 08



By -

o

vl
2

W - 4ES

Table 4 Chloride content categories with salt usage

Chloride content ategories Salt usage
Low < 1.4 Ton/lane-km/yr
Moderate 1.4 ~ 2.9 Ton/lane-km/yr
High 2.9 ~ 5.8 Ton/lane-km/yr
Severe > 5.8 Ton/lane—km/yr

Table 5 Corrosion environment

Chloride content categories Chloride content(kg/m’)
Low 0< C <24 Mean: 1.8
Moderate 24< C 0 < 4.7 Mean : 3.5
High 47< C 0 < 5.9; Mean : 5.3
Severe 59< C <89 Mean: 74
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Table 6 Coefficient of diffusion of LMC with mix
proportion factor

Coefficient of diffusions (x10-12m*/sec)
Type of mix Curing age (days)
7 14 28 91
33-15-400 6.29 3.97 3.26 1.43
33-10-400 6.99 4.06 3.51 1.99
39-10-400 8.51 5.60 5.15 3.45
39-5-400 7.45 5.61 5.12 3.44
45-5-400 11.03 8.20 7.26 5.30
33-15-350 8.91 5.88 5.05 4.30
39-15-350 9.83 6.93 5.65 4.41
39-10-350 9.54 7.21 6.14 4.53
45-10-350 10.50 9.11 717 5.73
39-15-300 9.99 8.08 6.29 4.96
45-15-300 10.97 9.71 8.02 6.76
45-10-300 13.86 10.02 8.17 7.24

Table 7 Time—dependent constants of diffusion with mix type

Type of mix Unit cement . . . R-square Time-dependent Averég,ie diff@
(wie - LS/0) contengts Function of regression analysis ® constants coefflclept, D,
(kg/m’) (m) (cm?/yr)
33-15 y=18.96xz 050 0.824 0.50 0.13
33-10 y=17.38xz 04 0.917 0.44 0.17
39-10 400 y=16.24xz~ 3 0.924 0.31 0.40
39-5 y=13.11xz 02 0.870 0.26 0.51
45-5 y=18.98 x g~ 0% 0.927 0.26 0.74
33-15 y=15.28xgz 028 0.966 0.28 0.48
39-15 450 y=18.13xz 030 0.978 0.30 0.52
39-10 y=16.78xz" "7 0.932 0.27 0.62
45-10 y=17.23xz 02 0.866 0.22 0.99
39-15 y=17.50 <z~ 0% 0.927 0.26 0.73
45-15 300 y=16.20xz 018 0.900 0.18 1.28
45-10 y=22.89 <z 0% 0.997 0.25 0.83
o4 s eE =g ADd A6, A8
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Table 8 Corrosion threshold reached at reinfor—
cement with surface chloride ion content

Corrosion threshold reached at reinforcement (year)
Type of mix Content of surface chloride ion (kg/m’)
1.8 3.5 5.3 74
33-15-400 129.7 58.6 42.4 34.4
33-10-400 99.0 44.8 32.4 26.3
39-10-400 42.1 19.0 13.8 11.2
39-5-400 33.0 14.9 10.8 8.8
45-5-400 22.8 10.3 75 6.1
33-15-350 35.1 15.9 115 9.3
39-15-350 32.4 14.6 10.6 8.6
39-10-350 27.2 12.3 8.9 7.2
45-10-350 17.0 14.1 101 8.1
39-15-300 23.1 104 7.6 6.1
45-15-300 13.2 5.90 4.3 3.5
45-10-300 20.3 9.20 6.6 5.4
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Table 9 Repair threshold time by the chloride ion diffusion

Repair threshold time (year)
Type of mix Average coeffic{ier;t of diffusion t=bcm, C 0=3.51<g/m3
(x10-12m'/sec) Corrosion threshold reached at | Spalling threshold reached at . .
reinforcement concrete Repair threshold time
33-15-400 0.40 58.6 62.1
33-10-400 0.52 44.8 48.2
39-10-400 1.28 19 22.5
39-5-400 1.16 14.9 184
45-5-400 2.35 10.3 13.8
33-15-350 1.54 159 35 , 194
(when end of functional service
33-15-350 165 146 life is 12%, time to spalling) 181
39-10-350 1.97 12.3 15.8
45-10-350 3.14 14.1 17.6
39-15-300 2.31 104 13.9
45-15-300 4.04 5.9 9.4
45-10-300 2.62 9.2 12.7
AerE HpAZle S7Bhe Ao yehtal gl A Bt d@eHE ol IMHASE AME An
o ey ek sYAeR e vAe A 0.40~4.04m’/sec®] e HoIFEQh,
o] offe} vhel AIES, Z-AlEY] € elEls 3. LMColN EwisiEee] 2 Aanaian
7H7E B o s ogke vl Qlok wepA LMC 7= BHgsFERTo] 1.8kg/m'olAs oF 13.24
£ FotREe A8d Af SHE S 45 ~129.79, 3.5kg/m’, 5.3kg/m’ ¥ 7.4kg/m’ol|xE=
WEsles ARt FAGS wE wEste] 2 A4 5,909 ~58.64, 4.39~42.44, 3.5W~34.4
ok o] Aasich, dog mugsiEso) 2730 ue 7asigon
gt o] wheh B3taom ks Wgkth
V. Q9 9l A= 4. LMCE] yj&77e] wg FAAMANAZE w5
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E Ao B ek e Pzl gEla A W, 8564~ 84.34 9 23.78W ~ 234202 e}
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