Int. J. Highw. Eng. Vol. 19 No. 3 : 83-90 JUNE 2017
https://doi.org/10.7855/IJHE.2017.19.3.083

E2AA ojgata 7Nk Al U=} £4
Analysis of Road Snow-removal Infrastructure using Road Snow-removal
Historical Data

dZl=  Kim,Jin Guk M3y - SIRANMT|EHTY T2HTA HAL (E-mail : jingukkim@kict.re kr)
d& 8 Kim, Seoung Bum AMUSID HAEEAESZSHE W4 - DAX K} (B-mail : kimsb@gnu.ac.kr)
& E e Yang Choong Heon F3d - stV |e07E T2 TA ALY - wEy|adEtistuniste usER ¥
|ITSEStat M =Ml w4 (E-mail : chyang@kict.re.kr)
ABSTRACT

PURPOSES : In this study, systematic road snow-removal capabilities were estimated based on previous historical data for road-snow-
removal works. The final results can be used to aid decision-making strategies for cost-effective snow-removal works by regional offices.

METHODS : First, road snow-removal historical data from the road snow-removal management system (RSMS), operated by the Ministry
of Land, Infrastructure and Transport, were employed to determine specific characteristics of the snow-removal capabilities by region. The
actual owned amount and actual used amount of infrastructure were analyzed for the past three years. Second, the regional offices were
classified using K-means clustering into groups “close” to one another. Actual used snow-removal infrastructure was determined from the
number of snow-removal working days. Finally, the correlation between the de-icing materials used and infrastructure was analyzed.
Significant differences were found among the amounts of used infrastructure depending on snowfall intensity for each regional office during
the past three years.

RESULTS : The results showed that the amount of snow-removal infrastructure used for low heavy-snowfall intensity did not appear to depend
on the amount of heavy snowfall, and therefore, high variation is observed in each area.

CONCLUSIONS : This implies that the final analysis results will be useful when making decisions on snow-removal works.
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Fig. 1 Flow Chart for K-means Clustering
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Table 1. Snow-removal Works Data Collected from
Regional Office
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i" point to points in a different cluster
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Average of silhouette value

Median of silhouette value
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(a) Average Silhouette Value  (b) Median Silhouette Value

Fig. 2 Silhouette Value for a Given Number of Clusters
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Table 2. Snow—removal Works Data Collected from Regional Office in 15~16 Year Winter Season

De-icing materials (ton) i
. Used Used 9 Number of Maximum Number of
Regional } depth of
Areas office equipments| workers ~ |snow-removal Show cover heavy—
(year) (person) Total | Usage | Remain | orking days cm) snowfall days
A 959 864 1,823 5,103 5,929 26 14.7 5
Metropolitan
B 697 882 1,579 3,364 6,739 17 5.8 0
C 612 1,256 1,868 8,372 3,659 36 4.2 0
GangWon D 1,050 1,223 2,273 8,688 6,623 28 19.5 1
E 1,328 1,685 3,013 5,677 1,231 37 NaN 0
| 620 746 1,366 9,254 3,626 19 14.4 5
G 728 1,121 1,849 4582 870 28 8.1 2
ChungCheong
= 572 930 1,502 5,795 838 27 NaN 0
H 600 515 1,115 5,706 2,331 26 5.1 8
J 560 628 1,188 7,010 1,497 16 20 3
L 917 707 1,624 6,060 1,554 18 58 6
HoNam
K 629 1,031 1,660 8,151 880 22 NaN 0
M 281 376 657 2,885 1,023 19 0.3 0
P 326 258 584 2,533 1,548 20 NaN 1
0 180 136 316 1,057 972 9 102* 13
YoungNam N 167 189 356 1,623 1,765 18 8.6
Q 57 120 177 769 586 15 0.3
R 0 0 0 0 772 0 NaN 0

88 International Journal of Highway Engineering - Vol.19 No.3



o
ot
N

= Jol| Hsf A
= a3 s Sl A
B A=Y moh Hol AT AdAl AR
J o @A 19 9ol = L
HFAE AEA AR

fo & ux
R P

o

9 Fig, 49 (d2FE Y4 159~20¢ o siEsh=
FEDYAFEALS] EAANS HH gfHom 2
J O

o, [ ]2 Fig 409 A, D, G, F, HE Yepdict,

olfgt H|H| A E AT o2 elsly] flsf 244
At A Ee(AEA, FA/E, AL A
ko] AT A (Correlation Analysis)2 435}
Table 33} Zro] A A4=(Correlation Coefficient)E
et i

Table 3. Correlation Coefficient between Fig. 4(d)
and Fig. A(f)

Maximum depth of
SNOW Cover Vs,
used workers and

Maximum depth of
Snow-removal data |snow cover vs. used
deicing chemicals

equipments
15-16 winter season
(Figure 4(d)) 0399 oo
15-16 winter season 0.7080 0.8697

(Figure 4(f))

X, Y Aelo] 4paAe) 4=s
b £AGARIH, JuTAL AR SHe

=<
>~

p

webA, A 100 7Phees A FHY A
7,

A E Ho|B& Table 33} 2ol 787wt &4 A
A Qlzet qpmete] A= FAGETE ALeE A4t
U] AHHA(Fig, 46)E 7MY ZFEAHE7 Y&
52 okst oFo] ATITHA(Fig. 4(d)E 7H I = A

o7 gotEc)
= FAZETL Fe A Go A Elst= A ol

cron Aoz

Ao 187 ERE AT A m2A A
= A

olelulolel g Fuko R K- FAEA % AT
BN o) uYEe A et e AR
AR BT

BAAUE okshd, AR BUYES AT 9)
L FEReRA) A QLo SY%e 42 ol
T AR BAHYT 53] TRBATLE A
ARGl B3 AL of9 2 A0 Uehgeh ol
AN Qe Bl Ao B Ay, ANAE,
ARG Sl o) 2okl S ek A4S
AR, ERF FEBLATLE AY Qlxel £
HAL ol AlHoE He Adea 27 e
s Aol weel et AARE} £ S
AP0 A% ThaZre) ANFEL B HHe AY
Qe Bk AYs) o] FUF WAL 2

1
e
iz
ox
L
ol
o
N
o]
)
X
rO
67
i)
1o
m
o
W o

% 9t
7 7 Suste s AEHoR 7
ol9lol = EH| WEST} 2E A So] HEA

e

>~ ol
o

o

=)

lo

)

12

o2 o) FF FEBNTL
GRS JHon FU e et $A&S) A E

o

=285 =2% - M19% HM3s 89



X mr it e rr
o
>
2,

REFERENCES

Aeran Park, (2009), “A Study on the Traffic Velocity Patterns using
Statistical Modeling", Sungshin Women's University.

Cho, Jun Han, Kim, S., (2009), “A Comparative Study on Statistical
Clustering Methods and Kohonen Self-Organizing Maps for
Highway Characteristic Classification of National Highway”,
Journal of Korean Society of Civil Engineers, Vol. 29, pp.347-
356.

Han, mahn-seob, Oh, H., (2012), “Categorization of Traffic Type
According to Seoul-City Administrative District Using Cluster
Analysis”, International Journal of Highway Engineering, Vol.
14, 133-140.

Huh Myung Heo, (2003), “Multi-variable Analysis for Social
Science”, Free Academy .

J. Flaherty, (1993), “Cluster Analysis of Arizona Automatic Traffic
Recorder Data”, TRB, Transportation Research Record No.
1410, pp.93-99.

KIM, Hyungjoo, CHANG, J., (2012), “Calculation of the Peak-hour

Ratio for Road Traffic Volumes using a Hybrid Clustering
Technique”, Journal of Korean Society of Transportation, Vol.
30, pp.19-30.

Lee, Ki Young, Chang, M., (2005), “Selecting Technique of
Accident Sections using K-mean Method”, International
JOURNAL of HIGHWAY Engineering, Vol. 7, pp.211-219.

Lee, Seong-Keon, Park, A., (2010), “A Study on the Clustering of
Express Way of Seoul using its Traffic Patterns”, Journal of the
Korean Data Anaysis Society, Vol. 12, pp.3295-3304.

Lingras, P., (1995), “Classifying highways : Hierarchical grouping
versus Kohonen neural networks”, Journal of Transportation
Engineering, Vol. 121, No. 4, pp. 364-368.

Ministry of Land, Infrastructure and Transport(MOLIT). (2010). “A
Study on the Stockpile Plan for De-icing Chemicals” .

Park, Changyong, Choi, Y., Moon, J., Yun, W., (2009),
“Classification of Climate Zones in South Korea Considering
both Air Temperature and Rainfall”’, The Korean Geographical
Society, Vol. 44, pp.1-16.

Tessa K. Anderson, (2009), “Kernel density estimation and K-
means clustering to profile road accident hotspots”, Accident
Analysis and Prevention Vol. 41, pp.359-364.

Yang, Choong Heon, Kim, I., (2012), Analysis of Snow Removal
Vulnerability through Relationship between Snow Removal
Works and Weather Forecasts, International Journal of
Highway Engineering, Vol. 14. 141-148.

90  International Journal of Highway Engineering - Vol.19 No.3



