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ABSTRACT

PURPOSES : This study evaluates the reasonableness of the recommended amount of deicing chemicals based on historical data for snow
removal. The result can be used to aid decision-making for the reservation of cost-effective de-icing chemicals.

METHODS : First, the recommended amount of de-icing chemical to use and historical usage data were evaluated to identify specific usage
characteristics for each region. Road maintenance length and snow-removal working days were analyzed over the past five winter seasons.
Next, differences in the recommended amount of chemical to use and actual use were compared using the Kolmogorov-Smirnov test. Last, the
two types of data were analyzed using a chi-square test to verify if the two distributions of variation pattern are statistically significant. We
found that there are significant differences between the data from each region during the past five winter seasons.

RESULTS : The results showed that the equation for calculating the amount of de-icing chemical to use appears to be revised.

CONCLUSIONS : The results imply that the equation for calculating the amount of de-icing chemical to apply as a national standard is very
important when the public agency makes decisions related to snow-removal.

Keywords

De-icing chemicals, Pre-wetted salt spraying, Recommended amount of used equation, Road maintenance length, Snow removal working days

Corresponding Author : Yang, Choong Heon, Researcher Fellow
Highway & Transportation Research Institute, Korea Institute of Civil
Engineering and Building Technology, 283 Goyangdae-ro, Ilsanseo-gu,
Goyang-si, Gyeonggi-do, 10223, Korea

Tel : +82.31.910.0184 Fax : +82.31.910.0746

E-mail : chyang@kict.re.kr

1. M2

1.1, G972 HiE ¥ =5
20019 zof AR HHLE 5% F<

98.2cm, A&l 15.6cmz A 209 B9 7 B

%) AMFS E“E} o]& It F <l sli= 4 (A}

iy, AlEaw)ollar, 2,538 (583A41H) 2] oA 7lo]

International Journal of Highway Engineering

http://www ksre.or.kr/

ISSN 1738-7159 (print)

ISSN 2287-3678 (Online)

Received Mar, 08,2017 Revised May. 22 2017 Accepted Jul, 25,2017

upgshich, A4 S e (s o i 23%, o
A 31H%, FAAA 2472, HBHEE TR,

5192 3,455ha, EAE, FAF 13,4807, 424
3547 2=

_{

%_
olzgov], ssjele of 6ol Yo T
@7712:4), 2007),

A BE E2ge)7| el FAus) HA0E ¢

ror

Z2sts| =27 M19E M4 9



S8 hedo) BoPsale, o] 2
Ao AR BAHE aokslE e 2HEER
T3, 2013).

@ AAHS AT
@ Ao} Qlee)

SAA FA

32w AR ARl AR Y

Rl
® A AAA] Aepo] dist A4 9 Al A
IHA AR S0 u|dE

L B G 715500 Gt $ol A
AR E2ARY Y BaYS
o AR Bl B 2AATE B AN 20024
ERALYPSYRYE Aol Fo dgont
507 AMRY 223 SRAYSE, A4S A
A B A a7 Sol 4l 714
gt e ERA AR oAz B vFo
s FAR AL, AL, ALY B 5L
sterahdli @A 9giet
webd] Beto] BRd ARFESL FAHOE Feisto
chapgt WEE5S 20124 AEA AR o2 5
NEANE S8 Az A o EFEL AaLH
w2 AXstel @ 2go] ojelgol U, ol A
g9, &4 o
2 % G ANt
B0 4898 ol etk 2 2000
9 ol A7 ATAA 2 AN
Gl 1502 Aol Sl wEd] old] s
A7t ololalA £3lch ERALYRG YAl
A "rzs:] 0/\4xﬂ M—iak A]—X—]éj]‘,,]‘ /\Ourlé_]’ Ak TEOI: A]—Z%/}l
£ IS AASD Gt AT A4 ge =
BT E3Aed AEoLD S S
Wpaol uh e 4vg Aol sl BostAL Sk,
AMA B T 2L ALAL A H5% 2
T 2 5 AULT FFAEAAL U F8
Stef. AR AAA AEFE 744 e Ao 75
Sxol} meel|e] AN o) AR
Ve wRegel S, DiAs A4S At
5 we RHAA AN G v1A 5 9)
of a7k Qlgiek. ket A aPlA A4t

AA A A Aol ofsl = AdA A d=2

o]

IR

_\proixﬁ

O

%

T A oA RS HESIL AA| ALA] AHFI Lot
RhE Aol 7F WHAYsH=A] A%ttt o] & Felf - AfAl
& metsto] AX =S Ft,
1.2, A2 LI H Wy

2 A m2AEARE el AAE Al
A AT mﬂ*ﬁ‘zi—‘:‘rﬂ =EE A AEg 2
FEz A AA ALA AP%E*OH e vl 3
stk 015 9all "11~'129 §-7) A|E5E '15~'16
g 587 A2 A AA ALA AT AR
S FAste] 7124 B4l ARgstelTt. AdA A=
T A o] B AR EAT FYEE L7 AEA
AEY, ARE 5& 1Lst =ad oA A2
fkm B AVAA HEFE ouigit), ol 13] HxF 7]
olng Aoy mrudy 9 Add ES
stofel o= Qe AdAYErE FHeR ek
t} olefgt EAAIE 7o R AHA] Aask A4
of ot 9 AExFS =EsHct

upR|abo 2 A A A A A o) =
7¥sl7] $lall Al AldA] A Azt AA| AR v
WA tigh Aol Bast
Eefah AR AR Bl 1S 2
o= F 7HA HlES 1A 7S ARSIt A A
A A AR AR £ R ] Zold
HAEEARS B8] Y84l K-S(Kolmogorov
o] Agsirtal wekstgiet, w3t AlAA
HEEALS 7INEe R AP Aof 93t Aapyt BA Ko R
AARFAE H7Hd dort Sk webs BESAR A

| Data Collection |

|

Analysis of de-icing chemicals usage
standards

!

Analysis of actual de-icing chemicals
usage by regions

|

Calculation of recommended
de-icing chemicals usage by regions
(Road snow-removal manual)

!

Evaluation of appropriateness for
calculation using statistical analysis

A 4
Comparison and Verification

Fig. 1 Methodology

10 International Journal of Highway Engineering - Vol.19 No.4



gt |hak@g Az FAHS
3 FHOIAIR(C) AHS AEsteln £ Ao A
St Fig. 13} 2t

2. =sinEt
S)41.2(2010)& Fro|A1E AR} t-AAS E3) 7
AN ETEA A NH A} 30 EFu)eL KA 6}9&
O

= 7}01111—;% AL At A3t Aakd ghol 26,

2 Ueht §o4 5%004 g g AA A fﬂr%
P Zpol7h glrk= AF7Hd(mull hypothesis)
< 717k AC R Yttt webs i Aat fE &
o] ZauElo] FAH SR Zpo|7} Yt AES ©ES

2
2o

FAIY 47H A EE 2
Pﬂ HafH]g TS A5 9
B3] 918 LA TlolAF A,

stk o] T ZtolAlE A=
B} 984 =2 nEAITE &

oo oyof HlOH HYRE &

roh
b
PR
o
o
)
rr
-{m

b
=
OHﬂ

f

o o ox

o ﬁ r‘lE r_o.

tlo
X Ho
o oBL

O ox ox
Ho
o kI 0
9 oZ: ‘{)’

N2 gE b AN o
o ol

4> e IE oY, M

et 2y

Mo > & X
30,
o
rir
i
il
o
HT
e
glr‘
8
o

ol
e
(S
(@]
=
<2}
rlo
Sh
Ho
o
r =
)
4>
o
Y
)
o
Y
U el

= of

By

lo le
>
52
lo
i

ki lo P rE o HE oX
_O|L
o
ry
IS
o
(@]
x
rlo
N
rh
2
jans)
olN
i)
>
°
rlo
El
off
>
(=
>
U

=l
Jlm
ox.
o
moox
olN
ofs
Ol
N
4o
o

U
U
1o
r{m
=l
1
oZ:
mlo
n}i
ol\
ol
ol
2 =
= oo
o
i

A}z o) AFALAL R 9} %EA}E 5
Edjg solf 3rnd
Wste] watgE wEA
FaYS =Esih
H(2012)= dlolA AFHAZIE o] &-ste] A
59 A3t AHFAE Aske], e AR &
SA21e] B 0|27 AL AN, Ho) S 3
A (Maximum Likelihood Estimate: MLE)& ©]-&
sto] AAE BP9 AT =& AP
AS3t7] Yol K-S A4S =3yt
Tim J(2005)= 7tolAlE A ol&sto] Agol
e ERO WFE WS

i

m-{o
o
o
1o
ikt
T
=]
ot
>
]
H

(Average Daily Traffic)& ZAstt. 443
ADT 400t o|Ad uf T7ju]| 8o 718 22 Ao =2 1}
ERt T

Ankit(2016)2 BLT(Bus Lost Time)% =%k
(Observed value)t 7|H ¢k (Expected value)S 714 1L
K-S A3} 7kl Al A< $all BLTO 23k BRT 4
T A% G Bkl

le
N

[e)

FrheTHE RS =asy

PREH A 43} 2 A7) DAz g A7
gou, ERuE Hop] X WiEe] foRE S4o
et A% % WS 918 K-S 24T olAlE 44
2 o] g3k Gl F- 2o ke EATE & 4 9k,
uebd £ QAL A FARGE el =
2ALAREY AN AN G AUA dmey
g4 o) AR AE Hbskch

3. Hddn HEsE 24

3.1 Hamel 58

o2 AR SBHOR £ Holt §4A
FAYAAE oJulgict. AMAY FREE 9

AA, vl A A AMA] Astordob)

E( A), F714HA(CMO) So] Atk dAf F=2
S5 e F3tEA AdAlE d3E(CaCly), &
(Ncc), FoA ALA(de SR +am)E =
Rom zkzko] EAJLS Table 13} 2ot dAskds
TR F540) Aste] 7] §4 B3 Holut
==l ﬂg }3o] 9}?401*1 o 2 AR

]OH 171

ool 4
=) E7P ‘—Elxl
&




BIE 7HA L Q= - A dskE AAEAQL S|
A7F Sk, shA|RE, 7)E A A 2o~30%7} Z
AYE F2E9 FAA o] AAutE 714 o] dsbdg
vlsf| 2.4 A& va7] o] ARg-Eo] Ax3t A4
ojth(xE4, 2017).

2 AA

O

Table 1. Characteristics of De—icing Chemicals

Table 2. Spraying Method of De—icing Chemicals

Division CaCl. NaCl Pre—-wetted salt
Melting Within Within Immediatel
effect 5 min 20 min Y
Freezing | _grgc | 2110 -54C
point
Weakness | Corrosion | Corrosion | Minimizing corrosion
Continuity Short Long Long

Division Solid Liquid Pre—wetted salt
Continuity Good Bad Good
Melting Bad Good Not good
speed
Spraying
distribution | 29 Good Good
Scattering Bad Good Good
Storage Negded Needed .SO“d Needed solid
moisture protection ; o
method e protection facilities
proof facilities
Storage area| Indoor | Storage tank Indoor

Source:Road snow-removal manual, Ministry of Land,
Infrastructure and Transport, 2016

abAl

ASA SR A TR AT, o) A £G4
A A 7H) Ale] ik 3] ALEAS 3 Ao
ue] 13 ANAES xSt B2l o] ol ALt
WS gAe] 18] AT ur o Aol
3 7)g0] £ A9 2o 9l £ o|7] flsfe]
TR §HAE BHEoE AusE e 4 Aol
MAS TS A9 el ko st wigoR
AW PAT 4 gk AT Yot dotas E
L AFE UEOR AT, 237 otRaS 4
oA ALERIE A g e 1A x| Hla| w2
of AmY FS ulato] AshA ghom, A o]
LS ALEHE G AUk, etk 2 Az A
WE A7to] 2258, wwo] RO I3 Eojofe]
whahel S oRshAlRIch 3 712 HAE Al Aol
A2 Szt oM, 71ee] —5T uw A
W B3} oulsiet,

ufebd olejd 3A| ALE} g0 HEe] BAY B
S 95 ARERFA L FEDFRAA L 5G4 A
TPAS 22 g, AAAZE B SHehE D 9
L ZAolt, £U4 HERAS Aol Aotzsg
& F7ote] AMA Pem AmsHe WAloldt, HlAk
7 41 2A AMAY B 440] Holx|t gt
24 4-890) TS B AL WAolt) AE 2]
ol QB4 Sgo] 3t Mg ate] 12 ol A
Zrol AN 2Fo] ASHOE Wil AL YA
o,

i)
o2
1>
=2

X

Source:Road snow-removal manual, Ministry of Land,
Infrastructure and Transport, 2016
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Table 3. Manual of Pre—wetted Salt Spraying Method

by IOWA DOT

Salt application rate guidelines

Pre—wetted salt @ 12" side lane (assume 2-hr route)

SHIEES Fahrenheit  |32-30[29-27126-24123-2120-18| 17-15
temperature
Heavy frost, Mist, | oy | 75 | 95 | 120 | 140 | 170
Light snow
lbs of salt to

be applied | D228 Medium | o100 1 120 | 145 | 165 | 200
~|snow 1/2" per hour
per lane mile

Light rain, Heavy

” 100 | 140 | 182 | 250 | 300 | 350
snow 1" per hour

Pre—wetted salt @ 12" wide lane (assume 3-hr route)

SUTIZED Fahrenheit  |32-30[20-27126-24(23-21120-18| 17-15
temperature
Heavy frost, Mist, | 2o | 115 | 145 | 180 | 210 | 255
Light snow
Ibs of salt to

be applied | D248 MedUM 1o 1480 | 220 | 250 | 300

~ Isnow 1/2" per hour
per lane mile

Light rain, Heavy

” 150 | 210 | 275 | 375 | 450 | 525
snow 1" per hour

Source:UPDATE OF THE AASHTO GUIDE FOR SNOW AND ICE
CONTROL, AASHTO, 2008. Dec
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Table 4. Manual of Pre—wetted Salt Spraying Method
by Finland

Road surface and Pre—wetted salt (g/m?)

temperature (C) 0| —21|-4|-61| -8

A little wetting and

. 5 5 5 5 5
partly freezing

All surface wetting and

) 5 10 | 10 | 10 10
freezing

Raised the spraying and

. 10 | 15 | 15 | 15 | 20
freezing
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Table 5. Manual of Pre—wetted Salt Spraying Method

by Swiss
Spraying amount (g/m?)
Spraying method Temperature | Temperature
(0c~-8C) | (-8C~-20T)
Dry salt 7~15 10 ~ 20
Pre—wetted salt 7 ~ 15 10 ~ 20
Fixed auto salt spraying 5~10 5~10
Friction chemicals < 200 < 200
Mixing ratio . .
(NaCl : CaCl) 100 -0 21

o A AREBEL glow, ‘ETH Alofl= 30g/m,
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Table 6. Manual of Pre—wetted Salt Spraying Method

Spraying density (g/m?)

Division HRE Temperature Salt
snowfall NaCl Total

water
Preliminary 0~-5T 10 43 14.3
spraying < -5T 15 6.4 214
0~-5T 10 43 14.3
< 1cm -5~-10C 15 6.4 21.4
<-10C 20 8.6 28.6
0~-5T 15 6.4 21.4
Heavy | 4 aem | —s5~-10C | 20 | 86 | 286

snowfall
< -10C 25 10.7 35.7
0~-5T 20 8.6 28.6
3~5cm -5~-10C 25 10.7 35.7
<-10C 30 12.9 429
0~-5T 25 10.7 35.7
Frozen

-5C 30 12.9 429

Source:Road snow-removal manual, Ministry of Land,
Infrastructure and Transport, 2016
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Table 7. Average Snow Removal Working Days by
Region

Region 2012 | 2013 | 2014 | 2015 | 2016 |Average

Metropolitan | 50 47 21 21 26 33

Kanwon 48 47 51 39 54 48

Chung cheong| 15 32 21 22 25 23

Honam 23 20 19 24 27 23

Youngnam 14 19 20 21 20 19

TehA, 2 Ao ERAE AT
AlBkaL Q= kg/km/i}i g AA ﬂ‘?ji /:zf
Ei;,}-a] OQXI- x]Oﬂ

Aol A
4 A

Recommended usage = UX L X W @

ol 7] A,
U : De—icing chemicals usage by kg/km/lane
L :The length of national highway maintain
by regions

W : Snow—removal working days by regions

Eq. WEFE ARE A9y A7 94 A}
A AAA AR —F}ﬁ @ﬂ% Table 83} 2
o & Qs ATl 4
SoFH) oF 2 5H & A

Table 8. Results of Calculated De—icing Chemicals Usage by Each Region

) Winter Road maintain| Snhow removal Actual usage (kg) Recommended usage (kg)

Region working days
season length (km) (day) CaCl NaCl CaCl NaCl

2011-2012 1,589 50 1,603,000 5,656,000 1,429,830 8,340,675

2012-2013 1,592 47 4,986,000 14,868,000 1,347,086 7,858,001

Metropolitan 2013-2014 1,567 21 1,972,000 9,791,000 592,402 3,455,676

2014-2015 981 21 1774,000 | 4,022,000 370,931 2,163,767

2015-2016 1,661 26 1,778,000 6,178,000 777,161 4,533,438

2011-2012 1,722 48 4,684,000 24,052,400 1,488,154 8,680,896

2012-2013 1,769 47 3,200,000 28,723,000 1,496,405 8,729,028

Kanwon 2013-2014 1,754 51 2,843,000 25,516,000 1,610,539 9,394,812

2014-2015 1468 39 2,011,000 | 20,416,000 1,030,466 6,011,051

2015-2016 1,796 54 1,454,000 19,422,000 1,745,906 10,184,454

2011-2012 2,501 15 4,612,000 19,948,000 675,216 3,938,760

2012-2013 2,495 32 3,997,000 21,999,000 1,436,832 8,381,520

Chung cheong| 2013-2014 2,567 21 2,258,000 16,737,000 970,288 5,660,015

2014-2015 2,056 22 3,305,000 21,695,000 814,295 4,750,053

2015-2016 2,704 25 3,531,400 21,935,000 1,216,980 7,099,050

2011-2012 3,333 23 6,028,000 15,641,000 1,379,738 8,048,471

2012-2013 3,359 20 3,943,000 15,480,000 1,209,168 7,053,480

Honam 2013-2014 3,503 19 2,494,000 9,930,000 1,198,026 6,988,485

2014-2015 2,300 24 3,736,000 16,694,000 993,643 5,796,252

2015-2016 3,548 27 4,420,000 19,356,000 1,724,474 10,059,431

2011-2012 4199 14 2,496,000 3,526,000 1,058,123 6,172,383

2012-2013 4,250 19 2,892,000 4,469,000 1,453,466 8,478,551

Youngnam 2013-2014 4,246 20 1,684,000 5,462,000 1,528,380 8,915,550

2014-2015 3,325 21 1,657,000 6,027,000 1,256,812 7,331,405

2015-2016 4521 20 1,351,000 4,708,000 1,627,452 9,493,470
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Table 9. Result of Chi-square Test for CaClz

Region (o= O,OS,XZDOF: 3) Xteutated
Metropolitan 9.49 863,849
Gangwon 9.49 888,050
Chungcheong 9.49 9,767,170
Honam 9.49 10,250,417
Youngnam 9.49 2,277,442

Table 10. Result of Chi—square Test for NaCl

Region (=0.05, DOF = 3) Xontewtated
Metropolitan 9.49 12,988,769
Gangwon 9.49 50,176,101
Chungcheong 9.49 53,727,910
Honam 9.49 22,109,247
Youngnam 9.49 12,289,958
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