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A Study on the Durability Improvement of Highway-Subsidiary Concrete Structure
Exposed to Deicing Salt and Freeze-Thaw

Byung-Duk Lee', Yoon-Suk Choi”*, Young-Geun Kim®, Jae-Seok Choi’, I-Sun Kim’

Abstract: In the current concrete structure of the highway is still the major problem most of concrete deterioration caused by the freeze-thaw and
deicing salt, which is of issues that are not completely resolved. In particular, a single freezing event does not cause much harm, durability of concrete
under multi-deterioration environment by repeated freeze-thaw and deicing salt is rapidly degraded and reduce its service life. In this study, the exposure
environmental condition according the regional highway points were established. The damage condition and chloride content of the concrete at general
and severe environmental exposure condition were also investigated. In addition, the experimental test of chloride ion permeability, scaling resistant
and freeze-thaw resistance were carried out to improve the durability of the mechanical placing concrete of subsidiary structure. According to the results
of this study, in observation of concrete surface condition, the concrete exposed by severe environmental condition showed broad ranges of damage
with high chloride contents. Meanwhile, the water-binder(W/B) ratio and the less water content, and fly ash concrete than the specified existing mix
proportion is significantly improved the durability. Also, the optimal mix proportion derived for test is satisfied the strength and air contents,
water-binder ratio, and durability criteria of concrete specifications, as well as service life seems greatly improved.
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Fig. 1 Regional snowfall characteristics and application amount of
deicing salt on highway
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Fig. 4 Snowfall characteristics and application amount of deicing
salt according to exposure condition
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Fig. 5 Temperature characteristics according to exposure condition
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Table 1 Concrete mixture proportion
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2.599] A ARESFATE T8 2P E g Al AR E
S| ZE AEZSAI(B D A EAGA) S} AEA(EZH)
2gaAANE AL =3 2 A3, 3717, S
olofA] £ Soll e} =& VA AT EEE Za8
Eo] YA /HA widt 23] ES A3 A7 ol 9
g ZA8 E wi FH1= Table 134 2 Th

71 I
e A7) Y5ked Table 29+ 22 A PS AL
H, ZAYES] FAA AR PHI 5= AP KS F
240501 ofsf AAstith dazol2 FAAES ASTM C
1202(Electrical Indication of Concrete's Ability to Resist Chloride
Ion Penetration)2] BHol mp} 4233513 0., Hha](2=ZA )
A5 A ASTM C 672(Scaling Resistance of Concrete
Surface Exposed to Deicing Chemicls)oll & A3 A3+t

ZAYE F2-53l AJIAIE2 KS F 2456 “F< 52
el tigk ZAE A ATHAR ) ol wet 5
4574831 A8 71(Model: HWS S-7500, 1 0] F: -18 ~4°C,
41 Zholl A 300 Aol 2744 2881 01, 30 Aol F T =
S A A7) (Model LDS V-101) 2 FH X 5ol )3k &
A E9| AT E SASATE AN &AL Fret e

Unit weight (kg/m®)

W.R.A AE agent AEW.R.A  Slump Air

Type of mixture G W/B  Sla

(mm) W C TFA S G (Cx%)  (WRAx%)  (Cx%)  (mm) (%)
NCON 49 48 165 337 - 873 916 - - 04 43 6.2
DCON-N 45 48 150 337 - 860 943 0.5 0.5 - 50 5.6
DCON-N-F 25 45 48 150 270 67 850 931 0.5 7.0 - 50 6.0
DCON-S 40 46 150 386 - 802 953 0.6 0.6 - 52 5.9
DCON-S-F 40 46 150 309 77 791 939 0.4 7.0 - 47 5.7
NCON : current design method of concrete admixture DCON-N : concrete admixture for general environmental exposure
DCON-N-F : fly ash concrete for general environmental exposure DCON-S : concrete admixture for severe environmental exposure
DCON-S-F : fly ash concrete for severe environmental exposure W.R.A : Water Reducing Agent
AE : Air Entraining AE W.R.A : Air Entraining and Water Reducing Agent
Table 2 Experimental variables
Item Contents Test Standards
Compressive strength 28 and 90 day curing concrete KS F 2405
Chloride ion penetration 28 and 90 day curing concrete ASTM C 1202
Scaling resistance 4.0% NaCl Solution, 50 cycle ASTM C 672
Freeze-thaw resistance freshwater and 4.0% NaCl Solution KS F 2456(A method)
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(a) Freezing-thaw Apparatus

(c) Dynamic modulus of elasticity

(d) Chloride ion penetration
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Fig. 8 Charge passed with concrete mixture types

Table 3 Chloride ion penetrability based on charge passed
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