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Durable of Concrete in Snowfall and Cold Regions
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ABSTRACT

In order to traffic safety during winter season, snowfall and cold area has been spread the
deicing chemicals, and the spraying amount is increasing every year. Use of deicing chemicals has
been and will continue to be a major part of highway snow and ice control methods.
Chloride-containing chemicals such as calcium chloride or rock salt are main deicers for the road.
Extensive use of chloride deicers is, however, the source of substantial cost penalties due to their
corrosive action and acceleration to deterioration concrete structures.

Deterioration due to de-icer salt occurs in practice in concrete pavement, dike, barrier and
similar structure. This paper reports the results of effect of de-icer salt on durability of concrete
structure in winter. To protect concrete structure from damage by de-icer salt in winter, the
exposure test was performed using three methods such as increase in design strength upto
35MPa application of granulated blast furnace slag powder, and concrete sealer. Of these, the
method of increase in design strength upto 35MPa showed better durability for deterioration by

de-icer salt.

LA 2

448999 $47) BEAAE A8 ALA I} dPoz oToiX: Yu, ATFE o
F7hsta e dAcd dtFez AgHE AdAE 4825 (CaCh), BHHEEFNaCHT 22 4
SEA7 FHRR, Ao d¥ FERdoz F2Y 45ANE JorVE AR, $s B4
o A EHez ALse] FH 247 ¥y T ZAYE W] FHE FHR Yeu ARY
A7 H3, A28 98 MEA7IE #0538 B4R A WETL kol AMARE 22
QWAL A 4A, NFY Bast ok

ZA M BEdle ZSER TEE F, ALAY X F) B2 AF9 ZIAYE HFFRE(Te]
3, LIS T2, B 2ol AdAS A HEde T EAA AdAY 9% 83
3 gE &40 o] FAHo], oo wa PAEA I Mot AESuA, YFEH HHEY
Fe 5 aEEE FA~ZFER Y WFFEE did 200132 20043717 dZ3AE L
F3 ALA7E 2AYE WTFAC viA e 9FE FESAH

a2

- @slY . HRE2TA 2RSS HoldRY - BEuA
- Helgl - H#RTRIAl T2OSIed O 7 - BsAl

2005 & sh&utEs) =27 221



2. Mdxol 23t WM M5t LXE HE AEH AS
21 oA 44

AdAG % WFH A% BAE AL Felo
shul, wAAA ALA Galo] @ sl A 3
@zrafi AR zAo Aen A B4l S50, T ¢

Z& R0l wast.
EETIANE oI B YL JILO AN BAYE Dol T 14 Le 0

v £
4
hass
rlr
oL
9
o
N
oo T
o
i,
K
[
ik
30
£

.IX?L AN

stk AAVIEAE AgzAA A"9E 35MPa o] AHW/C 0.459]3hH)<
AEA 2 ACI Bz =& Auste AASIE.

W74 24 1
T8 &
QUARE #gzEd | @nEsda &% @4FA B5A £
Aste EHRMTFA
23 wioHsE TAREE | saaaste saans |- weAETE SRaza | -
ha | T To [-3°]
AAZE 35MPa o]4} 21MPa 21MPa 21MPa
W/C(%) <45 50 35 35
ek 5~7% 5~7% 5~7% 5~7%
234z Arb - SATTIEY 2 0% AT BFARE -

22. NYPAF

A A3 3712) ¢to 2 FEFNEER YF~AEL 4142 FAFALY 34 EFANFIHA B
A4, AP, gHadAd)o] dis] tolas EF FZEL WAL AFATE AASIE. APAF
S AAS TR AN E 172~180kme TR NGAF IF L 2 T Y Z ¢ro e
85~200m AEFoem, A= 2001d 69~10¥80 HAsgy. 2aE gHAHL =HEHoly
(Commander3, SP-250) Auje} &gt 7ANoz2 HAASHY. AAREE 43

3G 17T Wiy
AL 289 g=7AEE= ‘%? 43MPa(41 ~47MPa), €2 #EZ H713 ZA$ HT 26MPa(23~

29MPa), WA =¥ % A$ HTF 26MPa(24~28MPa)A =& UERL

ANGAF T FA71E 38 A F FH2AE AAdGch 4 AGAT 44 728 AAe] BH
ot do] ¢ ol@ AAE Wl EW Iyl AASETh £ dEHelgn 4F4HE 24
Wste) @t NYAET AAN BelW I Y, FHH 2B 2AsAd

o W7Y 24 A2 AeR FAH rAS Tl A Gy 242%E G 7]
FAof el AFE FRe $271 18 ARE ANM ojr] AdA] 9% EA 2AY Wyl

222 W+




i

Wo
N

vebdd wral, W7 BAYAE HEFd Fhd doME 1d AHAAFAME g do
agtort, 2d AFJAYAMEE n2dda EFY B9 YA =2 B¢ gF e
oA FEH AA" FAo] BAAT. 2y v YL e g AAMHA &4
H(spot) BHE v TRAHlL ZAulstA A AR FE9 £4L olHEn I
ok, &40 ANFRHE dAZRT AZdErh. 23 1S 2o AHE FF SAHZEAARE VB

E 2 |obzAlRT ojth, ©H& FZhel WA HTA F

o3

W T
leg“—‘;rﬂﬂ

B

B ooz mit mg ox o

NAe HEP FUSo BE JFYs
T d A F2d 4% F 34 A% F | o) e ;e & = oyt 374 A
©#E 4323 | oldgs | oass | ags | TINE WFAE =3I B4 A=
oANE | cluuE Fzxg, 2 EZAN FS
@ 22ean E8| AuuE | ey | guhig | 20 lm F2E @stgel o gl
on same |9y sam)| B8 Aoz vetsth Azt A o
SPYE=ES AP 2 9gg 2y vHE Fho] AL AH
@ $F4 =X ol291e |(tolz Qw | (ola siw| o wWet FaEF IFEIL FHAA o Z
4% 2488 | 98 22| 2 2 IEJSS € 4 YE ud,
SRR | SR | WRE Suaae A8 3, 29 0~
) megg | EREEY a4y w4 leome ¥FASHEL BIst ABA T
= wa (19 A (29 AN | wE $tEA e Re FTL Bo|
olg) &4 | W &4 1 gtk o)x @Ro] ZIIE WEAA
ol L e B X 2o, TRRe) Aol
Q2 24 Sd g3 AR A, F
s Zol7t RAY AL AFBol URR oEaE AL o, o8 2L EFHHQ Lo o
AoZ FUT £ vk wetd Q32 AEAEI Bexe (R guzdMe dseges wd
&7 RoEs FdolMd WREE dnht Be 49 d3tEo] AFUEAY g2z BdstE Ao uwgd
gotn BeEd yFA AU FANE AL AT BE 93E 5B 27t BFA 2E9
A47t A% FEHAA Jeg

a2 20l FA45dol 2FAAE YA WTA S0 vHE TR Ao vl 3L 7
zrol 43 Ho| AT} Awolstz A FAFY W oA AF} Y AoE YvEgg. WTg F
A Az E 2ATE EESG BT Bt FEAGRAY Ao vl 343 Qo o =
3, AT wetME F7hste Aoz e ol BEAARRAN ARt Anst 23, &
a2 &g mE ¥ET wedl o Wi pHYE AsEAY] WEelgtn Azten

9 A5 A2 TSI BASE 5438 oy 2AsA B, Al WA IRl E
243t} o]k Wele Jaoz A3 Aoy FuHsA VU] TEEHY] HRoltt. HFA)
AEZolg s & A, AlF Al @t dAA o AR Ax RFE Y WA, AFH QA
%o RE QE Aoz Ve, AT AFHRYo] o8] AEF L AFolF Frdor & Bast 3l
& Aoz Kt}

ANEAFE 2ge By, AN AMA ATA E2IYE F2EY WTAH FHE S
ARG 3747 dEo] BE advt dE AR vEWD, 2 FoA dAe AR vls) A =
49 35MPa ol4te] ZAYES HEdE Aol 7P wigAF Aoz Jehdd AdA g8 WP
g SR HYE AN FEREDN TLEEQ VATZRER FEIOE, AMAE AAREE 5MPa

ojgon AFFAsE Aol BFstm, 71HTEEL o|v| 21MPaZ TAH 3o, EAYE F W
dtol WFAdg FEee o] HiEaAd Aoz dddn

20058 & shadRy] =84 223



30 30
—— 1ARAT () —— TARAT(SILH)
—— DAFA () , e PRIAT(BICY)
.25 < BRIAT(SICH) M 25 : -« SERRAC(SCH) ]
& . — XA e —— 1 XKA(CHY)
520 . s 520 - XA
W L - 1%!':35(5.:.‘) ) ) —:—?:Eé(@ig
s A3 - 2XHAE (RN [ RE + e DRI (EAN
;g O\ e SAAT (e g - o BXAREEEAD
10 e\ 10
n- Y L
i \\\; F
05 Y 05
0.0 00 : .
0 1 2 3 4 5 0 1 2 3 4 5
EHe2Re] Foi(cm) HEeleaRE golcm)
@ H2eHnz&ea &8
30 40
(8] 35 b U 2 —— xRS ||
) - :
25 - cug- - - 2RdE
520 2N 2
:%2 \ u:‘\_ﬁ %2_5 ‘
;.1.5 A\ =) e 20 r_\_,‘\ -
w \ " >
Wi |l Aes [ \ AN
W+ - "10 BN
w al \ .~
0.5 = 05 —n
- —_— W
0.0 0.0 i . :
0 1 2 3 5 0 1 2 3 4 5
¥HeaRE] golcm) Ee{o28E Zol(em)
@ H3HYFTH =) @ 7|E((|1H8)
g 1 AsYeEe £ 23
70
. BIAAE 4. 8 &
60 . B2RKAT - 1 = =
: BaAkiE TA7) AMA A AYE FHFZ WP WTF
= B e e H4eIT J5REER YA ~2F
Eol 3 ol HAZ=E B¥F2A, €d2 vET F7h #EA
5 : o] 3719 te 2 ANEAFTE st 3d FAH FHRA
00 : A A, AdA g WFEAE} A &t}
", 3 © Aoz YeiEth WA Y dAlt FdA, &
: TS WA EXT A, 2d BHRAIHAAN 47
: ARy "ael Yei, audste 9@ &4l Az
e b I = - -
oo LIS E AFE nodFol, 3RAY 24 357 AR 945
Z7e Yehd Aoz Azt
g2 = watA AdA g W7 FRE s A=
AeAAE gl 44 Brwe Husn, FEES
PR L Lo + 9%
Hags

1 ERIcL 227 ) - 1 EEMOSHEHRERERES  wXE, BE2> 27— T8ipe, 199,
2. M.Pigeon and R.Pleau, Modern Concrete Technology 4, Durability of Concrete in Cold Climate,
Chapter 2, Theories of Frost Action and Deicer Salt Scaling Mechanism, pp.11-30, E'FN SPON,

1995.

224 74



