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A Study on Safe Vessel Traffic Speeds
Based On a Ship Collision Energy Analysis at Incheon Bridge
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Abstract : Incheon Bridge is 13.38 km long with an 800 m span, connecting Incheon International Airport and Songdo International City, Per hour 73.8
vessels navigate this space. The purpose of this study was to suggest a safe passing speed based on the displacement of a vessel based on the safety
criteria of Incheon Bridge's anti-collision fence, which was designed during its initial construction. As AASHTO LRFD suggested, vessel collision energy,
vessel collision velocity, and the hydrodynamic mass coefficient were considered to derive a safe vessel traffic speed. Incheon Bridge's anti-collision fence
was designed so that 100,000 DWT vessels can navigate at a speed of 10 knot. This research suggests a safe speed for vessel traffic through a
comparative analysis of an experimental ship's (300,000 DWT) speed and cargo conditions, regulation speed has been calculated according to the
collision energy under each set of conditions. Additionally, safe traffic vessel's safe speed was analyzed with reference to tidal levels. Results from the
experimental ship showed that a vessel of maximum 150,000 DWT is able to pass Incheon Bridge at a maximum of 7 knots with an above average water

level, and is able to pass the bridge with a maximum of 8 knots under ballast conditions.
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Fig. 2. Design Incheon Bridge Collision Velocity Distribution.
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Table 2. Collision Velocity to Two-way passing
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Table 4. Considering the Hydrodynamic Mass Coefficient of

Bridge Current Transit Collision .
Izg‘? Distance Velocity Velocity Velocity Amended Displacement
(m) (m's) (m/s) (m/s) Cargo DWT  Displ ¢ C Amended
3.09(6knot)  2.847 condition 1splacement MH - Displacement
3.60(7knot 3.304
3366 200 07 (7knot) Full cargo 300,000 343,178 1.25 428,973
4.12(8knot) 3.771 Half Cargo 159,524 202,702 1.05 253,378
4.63(9knot) 4.229 Ballast Cond. 98,393 141,571 1.05 148,650
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Fig. 3. Variation of Collision Energy depending on the Vessel

transit Velocity and Cargo conditions.
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Table 6. Variation of Displacement on the Cargo condition &

Amended Displacement on the Hydrodynamic Mass

Coefficient
DWT Displacement  Cy Dgpr)lll:ged;int co?la(;ri%i(z)n
110,000 165,242 1.25 206,552 36.0%
120,000 174,607 1.25 218,259 40.0%
130,000 183,972 1.25 229,965 43.3%
140,000 193,337 1.25 241,671 46.7%
150,000 202,702 1.25 253,378 50.0%
160,000 212,067 1.25 265,084 53.3%
170,000 221,432 1.25 276,790 56.6%
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Fig. 4. Variation of Collision Energy depending on the Vessel

transit Velocity and Cargo conditions.
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Table 7. Variation of Hydrodynamic Mass Coefficient on the Tide

. Under
DWT Cfrzi‘;n SD};E’E 0.5D H(Ii)w Keel Oy
Clearance
110,000 36.0% 102 5.1 24.4 14.2 1.05
120,000 40.0% 108 54 24.4 13.6 1.05
130,000 433% 114 57 24.4 13.0 1.05
140,000 46.7% 120 6.0 24.4 124 1.05
150,000 50.0% 125 6.3 24.4 11.9 1.05
160,000 53.3% 132 6.6 24.4 11.2 1.05
170,000 56.6% 13.8 6.9 24.4 10.6 1.05
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Table 8. Variation of Displacement on the Cargo condition &

Amended Displacement on the Hydrodynamic Mass

Coefticient
DWT  Displacement Ciy B ondtion
110,000 165,242 1.05 173,504 36.0%
120,000 174,607 1.05 183,337 40.0%
130,000 183,972 1.05 193,170 43.3%
140,000 193,337 1.05 203,004 46.7%
150,000 202,702 1.05 212,837 50.0%
160,000 212,067 1.05 222,670 53.3%
170,000 221,432 1.05 232,504 56.6%
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Fig. 5. Variation of Collision Energy depending on the Vessel

transit Velocity and Cargo conditions.
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Table 9. Variation of Limitation Velocity on the Tide of L.L.W
& HHW
Amended Collision Energy Limitat.ion
DWT Cargo Displacement (MJ) Velocity
cond. (knot)
LLW HHW| LLW HHW |LLW HHW
110,000 36.0% | 206,552 173,504 | 1,127.40 947.02 | 7.12  7.90
120,000 40.0% | 218,259 183,337 | 1,191.30 1,00069 | 691  7.63
130,000 43.3% |229,965 193,170 | 1,25520 1,05436 | 6.72 740
140,000 46.7% | 241,671 203,004 | 1,319.09 1,108.04 | 6.54  7.20
150,000 50.0% | 253,378 212,837 |1,382.99 L161.71 | 638  7.00
160,000 53.3% | 265,084 222,670 | 1,446.88 121538 | 624  6.84
170,000 56.6% | 276,790 232,504 | 1,510.78 1,269.05| 6.10  6.67
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Table 10. Variation of Hydrodynamic Mass Coefficient on the Tide

Classification Tide 0.5D D.L Clearance Cy
Approx. HHW 244 6.3 9.27 11.9 1.05
HW.OS.T 23.7 6.3 8.62 11.2 1.05
HW.OM.T 22.6 6.3 7.50 10.1 1.05
HW.ON.T 21.5 6.3 6.37 9.0 1.05
M.S.L 19.7 6.3 4.64 7.2 1.05
LW.OST 18.0 6.3 2.90 5.5 1.25
LWOMT 16.9 6.3 1.77 4.4 1.25
LW.ON.T 15.8 6.3 0.65 33 1.25
Approx. LLW  15.1 6.3 0.00 2.6 1.25
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Table 11. Variation of Amended Displacement on the Tide Table 13. Variation of Hydrodynamic Mass Coefficient on the DWT

Classification DWT  Displacement Cjy D;:Sj?:;im DWT Ships 0.5D Tide IIJ(IiT Cy
Draft (m)
Approx. HHW 1.05 212,837 Clearance

HWOST 1.05 212,837 150,000 12.5 6.3 24.4~19.7 11.9~72 1.05
 HWOMT 1.05 212,837 160,000 132 66  244-197 11265 125
HW.ON.T 150,000 1.05 212,837 170,000 13.8 6.9 24.4~19.7 10.6~5.9 1.25
M.S.L (Half 202,702 1.05 212,837 180,000 144 7.2 24.4~19.7 10.0~5.3 1.25
LW.OST cargo) 1.25 253,378 190,000 14.9 7.5 24.4~19.7 9.5~4.8 1.25
LW.OMT 1.25 253,378 200,000 15.5 7.8 24.4~19.7 8.9~4.2 1.25
L.W.ON.T 1.25 253378 210,000 16.1 8.1 24.4~19.7 8.3~3.6 1.25
Approx. LLW 1.25 253,378 220,000 16.7 8.4 24.4~19.7 7.7~3.0 1.25

Table 12. Variation of Limitation Velocity on the Collision Energy Table 14. Variation of Amended Displacement on the DWT

COH%SiOIl Energy Limitation DWT Displacement C Amended
Classification by ship speed (MJ) Velocity P a Displacement
6knot | 7kont 8knot (knot) 150,000 202,702 1.05 212,837
Approx. HLHLW 160,000 212,067 1.25 265,084
HW.0S.T 170,000 221,432 1.25 276,790
HWOMT | 862,57 | 1,161.71 | 1,513.32 7.000 180,000 230797 125 288,496
HWONT 190,000 240,162 1.25 300,203
MSL 200,000 249,527 125 311,909
LWOST 210,000 258,892 125 323,615
LW.OM.T
——————— 1,026.86 | 1,382.99 | 1,801.57 6.385 220,000 268,257 1.25 335,322
LW.ON.T
Approx. LLW

Table 15. Variation of Vessel transit Velocity 7 knot on the

. Maximum DWT
42 AZN HHZAA 2 DWT HE

Incheon Regional Office of Oceans and Fisheriesol| 4] 3LA] 3k Vessel Collision Allowed

. . Allowed Max.
?_]_7:(_4_601—73 ?_]_801- }‘\jt_l_}-%ﬁol—ﬁi_l] Oﬂ _0/]-5‘]_1?_4 ﬂ%%% 16?_]_—% O] transit VelOCIty Displacement amended DWT
- - ~ Velocity (mv/s) Displacement

e MG VLecE AU Fol A M-S 6knot o] 3)
2 Eaan2 FAHe] ook A gabdbte] mzA e} 7knot 3,304 213,257 203,102 150,427
3 3+ % %] 2] Incheon Regional Office of Oceans and Fisheriesl|
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