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Abstract : This research is the first research on developing the speed limit select model and also it is the result of the research on the importance
of each element and consideration factors when selecting the speed limit. For the consideration factor discrimination and calculation of the
importance, the delphi method and AHP method was used. The delphi survey was processed through third round survey, 5 high consideration
factor(Level 1) and 23 low consideration factor(Level 2) was discriminated. During the process of the third delphi survey, when the CVR cost was in
the range between 0.4~1.0 it was treated as the consideration factor when selecting the speed limit and less than 0.4 cost was eliminated. In the
process of the second delphi survey, 33 consideration factors were discriminated but was reordered into 23 categories through the third survey.
Based on the 23 categories earned through the third delphi analysis, the AHP survey was processed. The result of the AHP survey was that out of
the importance of the 5 high consideration factor(Level 1), the traffic condition was evaluated as the number one factor and the vessel condition,
waterway condition, environment condition, supporting condition and etc. conditions were evaluated following the traffic condition. Out of the 23 low
consideration factor(Level 2) consideration, the visibility was evaluated to be the first important and the performance of the vessel steering, objective
factors within the harbor, amount of traffic and density, distance between the passing vessel, speed of the steering capacity and tidal current were

the following evaluated factors.
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Table 1. Speed limit of harbours in Korea

Speed

Name of port limit(kn) Remarks

Incheon 8
Daesan 10
Pyeongtaek-Dangjin 15, 12, 8 mpsse:‘:ﬁrgzr e:;i;pt
Taean 10
Boryeong 10
Janghang 10
Kunsan 10 No.3 zone : 5
Mokpo 12 High speed ferry : 20
Yeosu 8
Gwangyang 12 Danger cargo ships : 10
Masan 10
Jinhae 10
Okpo 10
Gohyeon 10
Jangseungpo 10
Tongyeong 5
Samcheonpo 10

South port 8
@ North inner port 8 Passe;lgg:oz}slll:) (1)5 over
§ Gamcheon 10

Dadaepo 7

North outer port 7 Ship of over 1,000tons
Pohang 5
Jeju 10
Seogwipo 5

Table 2. Speed limit of major international trade ports

Speed

Name of port limit(kn) Remarks
Bisan Seto, Japan 12
Hong Kong, China 15, 10, 8 in sectors
Johor Strait, Singapore 12, 6 in sectors
Sydney, Australia 15, 8, 4 in sectors
Thames River, UK
Rotterdam, Netherlands 7
Hamburg, Germany 12
Victoria, Canada 7,5 in sectors
Seattle, USA 7,3 in sectors
San Francisco, USA 15
California Coast, USA 10 to protect whales
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Fig. 1. The Questionnaire survey process of Delphi method.
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Table 3. The 3rd round Delphi analysis results

D) - Ag&e 44 98 zelas A -

ellilr%l{cliis Sub elements . Delpgclasg;vsy e Remarks
(Level 1) (Level 2) Average deviation CVR
@ Visibility 3.81 0.43 0.97
Nature @ Height of wave 2.81 1.04 0.43
condition  (3) Current 3.52 0.70 0.91
@ Wind 2.79 0.99 0.43
(® Crash stop distance 3.46 0.72 0.79
® Possible number of ship’s main engine 2.49 0.94 0.01 exclusion
(0 Ship’s draft 3.01 0.87 0.61
Steerageway 3.13 0.84 0.67
Ship’s ©® Maximum speed 2.24 1.17 -0.19 exclusion
condition Ship maneuverability 3.33 0.82 0.85
(D Navigation equipment condition 2.85 1.05 0.31 exclusion
(2 Height of ship wave 2.88 1.20 0.43
(@3 Nationality of seafarer 0.72 0.84 -0.94 exclusion
(9 Qualification of seafarer 2.55 1.04 0.25 exclusion
(® Headway(Dist. between ship to ship) 3.36 0.77 0.79
@® Traffic flow 3.07 0.95 0.55
Traffic :
condition @ Traffic volume or traffic congestion 3.60 0.55 0.94
@ Passing of small boat(fishing boat, leisure boat etc.) 3.16 0.75 0.58
Distance to berthing vessel 3.00 0.91 0.49
€0 Width of route 3.00 0.85 0.49
@) Depth of route 2.90 0.98 0.43
@ Distance between route end to shore 2.40 0.90 -0.04 exclusion
Route @) Bent of route 3.04 0.90 0.52
condition @ Obstruction on the water 2.40 0.81 -0.07 exclusion
@ Existence of marina facility, marine park etc. 3.00 1.02 0.40
@9 Existence of sea bridge, cable etc. 2.19 0.74 -0.37 exclusion
@) Obstruction under the water 3.36 0.71 0.79
@ Possible to using tug 3.00 0.95 0.40
@ Possible to pilot 2.94 0.98 0.43
Others 80 Possible to VTS assistance 3.09 1.02 0.46
6D Vessel operation coast 1.69 1.19 -0.46 exclusion
62 Maine pollution of Nox, CO2 etc. 1.75 1.21 -0.43 exclusion
¢3 Marine accident 2.67 1.20 0.40

Here, 0.4 cost less than of CVR : &, ©, (D, @, @, €, ¢, @, ¢), ¢ items
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Development of Hierarchy
(Factor analysis)
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Table 4. AHP analysis result

Higher elements Total weight

Analysis of Comprehensive Importance

Fig. 2. Analysis process of AHP method.
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Draw of Pair Comparison Matrix NaFure cond'lt.lon 0.20 4 0.0111
. Ship’s condition 0.22 2 0.0054
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Traffic condition 0.25 1 0.0027
@ Route condition 0.21 3 0.0031
Analysis of Relative Importance Others 0.14 5 0.0093
CR=CI/RI Total - -
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Table 5. AHP analysis result
Higher elements Sub elements Weight Rank
(Level 1) (Level 2) (Importance)
Visibility (0.44) 0.085 1
Nature condition Height of wave (0.13) 0.025 21
(0.20) Current (0.26) 0.051 7
Wind (0.17) 0.034 14
Crash stop distance (0.18) 0.040 12
. . Ship’s draft (0.14) 0.030 19
Ship S(OC‘Z";?‘“"“ Steerageway (0.25) 0.055 6
' Ship maneuverability (0.33) 0.073 2
Ship wake (0.10) 0.021 22
Headway or Dist. Between ship to ship (0.23) 0.058 5
. Traffic flow (0.20) 0.050 8
Trafﬁz:oc;)sr;dltlon Traffic volume or traffic congestion (0.27) 0.068 4
' Passing of small boat, fishing boat, leisure boat, etc. (0.16) 0.041 11
Distance to berthing vessel (0.14) 0.034 14
Width of route (0.18) 0.035 13
. Depth of route (0.18) 0.034 14
Routﬁzocgi‘)d‘“o“ Bend of route (0.16) 0.032 18
’ Obstruction on the water (0.13) 0.026 20
Obstruction under the water (0.35) 0.069 3
Possible to using tug (0.32) 0.045 9
Others Possible to pilot (0.32) 0.044 10
(0.14) Possible to VTS assistance (0.24) 0.033 17
Marine accident result (0.12) 0.017 23
Total 1 -
5.4 2 M Feqshstha BRI e, AuaEs, G )
FEHNE, wEE % dx, TN A8, gartes
AE A A neexs 8] 98 duje] Ay, B Fo2 B
3 AHP 719S o] £359t) Eluto] JWM T AHP V)W MR duto] 7| M3} AHP 7|H S o] 8¢ AEdA AE7F b
< 98 A R FelAk VISTAAL gt pre, g Tl P Taskth & AvelA mste] Al it
Aot A s, AFFRFFY Fo2 ARL Qug w4 VIR 28, AHP A8 FeA ATE gon
e olg 23 weld Som FRel TAIAoY A4
Wsto] HE-& 33 AH ST, 33k A Agg O WS ARl daste 54 Y-S AFs AEL
E5) 570 A9 L (Level DO} 237] 819 & (Level 2)7F A BT Aol op Bz 2 Aol A A e ase Ta
) 3z dglo] AEIFAHA CVREEC] 0.4~1.0 WYl L7F QA @bl e A8d F deEAe T AT HA A
low Algse 44 A e esza weegin o4y TE Aol
o 3k& 2 2t ASSAT 22 Asto] Ayapgelyy  F AT AREH A 28 LS A8 o 247}
30w esrh AEEde 33 48e Ba) 34z A4 LEECNF st vAS Adsans 6 dy
RIS A=Y of oozt glom, e Aol AFAE AAskE AT
dlo] 32} BE4S ] 9 237 FES Ao 2 AHP &9 A4 A 34 A8 Aol
HES B AHP AT 7} 84 FLECHEA)
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