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Abstract - Bridges across waterways act as interference factors, that reduce the navigable water area from the perspective of navigation
satety. 1o analyze the safety navigational width of ships navigating bridges across waterways, the optimal traflic distribution based on
AIS data was investigated, and ships were classified according to size through k-means clustering. As a result of the goodness-of-fit
analysis of the clustered data, the lognormal distribution was found to be close to the optimal distribution or Incheon Bridge and Busan
Harbor Bridge. Also, the normal distributions or Mokpo Bridge and Machang Bridge were analyzed. Based on the lognormal and normal
distribution, the analysis results assumed that the safe passage range of the vessel was 95% of the confidence interval, As a result,
regarding the Incheon Bridge, the difierence between the normal distribution and the lognormal distribution was the largest, at 64m to
95m. The minimum difierence was 10m, which was revealed or Machang Bridge. Accordingly, regarding Incheon Bridge, it was analyzed
that it is more appropriate to present a satety width of traflic by assuming a lognormal distribution, rather than suggesting a satety
navigation width by assuming a normal distribution. Regarding other bridges, it was analyzed that similar results could be obtained using
any of the two distributions, because of the similarity in width between the normal and lognormal distributions. Based on the above results,
it 1s judged that If a safe navigational range is presented, it will contribute to the sate operation of ships as well as the prevention ol
accidents.
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Fig. 2 Geographical locations of the target bridges

2.2 Hlol& MAz|

AT e did wwke] 47 58 Fdete At
o tﬂd AIS HlolEl & FHste] wE54S £ AlIS
o8& &8 Fvte] wEEALS B 3L gAY
o] dute] 35S ZAleta HolEE 3w sE 7|24 <
Aot} o5 F3l Mute] o]&at= IR P A|AFo HiX
7 kel MR dFgFS dSE 7 o] wEHe A
7t A Fagk 7xAsr At deold A e dolE
E daEFol A83tr] Aol EAlol At dE2 Wilsle
@70l th(Lee et al, 2020). ¥ Aol AA dolE] Al
Ao Fad Wes BFsn JUuA A54E AASGY
A (grounding)ol HHHoz HAojstE W4 Length
Overall?} Breadthe} 722 Aule] F98 X ol dia] A3k
EE o] 01 BE dlolH & AAIYTH(ESR AHA]). Table 1
2 diojE AAYE Bl BFE diolE EZRIESY 5 e
et



Table 1 Result of missing values treatment
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. Collected | Missing Target

Bridge Data values values
Incheon Bridge 982 22 960
Busan harbor Bridge 840 24 816
Mokpo Bridge 410 0 410
Machang Bridge 302 0 302
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Table 2 Ship size according to marine traffic engineering
Classification
S Length Standard
TOSS ..
i overall(m) Deviation
Size Tonnage(GT)
Small 071,000 48 +20
Medium 1,000710,000 104 +20
Large 10,000~ 240 +50
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Table 3 The number of ships used during data collection

. Number of ships
Bridge Status (Over 1,000 GT)
. Arrival 517
Incheon Bridge Departure 143
Busan harbor Arrival 409
Bridge Departure 407
. Arrival 207
Mokpo Bridge Departure 203
. Arrival 151
Machang Bridge Departure 151
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Table 4 Results appropriate number of k value

Bridges appropriate k value
Incheon Bridge 3
Busan harbor Bridge 3
Mokpo Bridge 2
Machang Bridge 2
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Table 5 Results of k—-means clustering the passing vessels of the target bridge

Classification Cluster 1 Cluster 2 Cluster 3
Gross Tonnage Count Gross Tonnage Count Gross Tonnage Count

Incheon Arrival 1,000720,000 369 20,000752,000 120 52,0007166,000 28

Bridge Departure 1,000720,000 308 20,000752,000 106 52,0007166,000 29

Busan harbor Arrival 1,000715,000 293 15,000758,000 111 116,0007166,000 5

Bridge Departure 1,000715,000 292 15,000758,000 110 116,0007166,000 5
Mokpo Bridge Arrival 1,000:12,000 129 12,000:30,000 80
Departure 1,000712,000 124 12,000730,000 79
Machang Arrival 1,000727,000 129 27,000775,000 22
Bridge Departure 1,000727,000 129 27,000775,000 22

Table 6 Goodness—of-fit statistics defined by Stephens(D’Agostino and Stephens, 1986)

Statistics test General formula

Computational formula

max (DT, D7) with

KS sup|F,(z) — F(z)| =T !
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o xr)— x 2 n
AD wf I - LS i Dlos(R (- £ )

1 < 2i—1
12n nzl(Fi 2n
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(Akaike, H., 1974) , Bayesian Information Criterion
(BIC)(Schwarz, G., 1978) & o2] # X X% F vlo|H ol st&
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Fig. 3 Cullen and Frey graph in each target bridge according to K-means clustering.
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Fig. 4 Traffic distribution of target bridge
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Table 9 Results of kolmogorov-smirnov test for traffic distributions
Cluster 1 Cluster 2 Cluster 3
o Normal Lognormal Normal Lognormal Normal Lognormal
Classification
KS-test KS-test KS-test KS-test KS-test KS-test
(p—value) (p-value) (p—value) (p-value) (p—value) (p—value)
Incheon Arrival 0.0029 0.1611 0.1153 0.5439 0.9335 1.0000
Departure 0.0001 0.0852 0.0431 0.3549 0.4087 0.7957
Busan Arrival 0.0543 0.6027 0.3867 0.6048
harbor Departure 0.1521 0.9387 0.5807 0.4016
Mokbo Arrival 0.6904 0.1841 0.8308 0.7826
D Departure 0.4784 0.1914 0.2793 0.4621
Machan Arrival 0.2789 0.6463 0.9562 0.7979
& Departure 0.7580 0.2691 0.4861 0.2907
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Fig. 5 Safety navigation width of target bridges according to traffic distribution

Table 10 Safety Navigation Width for traffic distributions
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