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Collision Fragility Analysis of Offshore Bridge by Ship
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Abstract : Collision fragility analysis of offshore bridge by ship was performed. Collision velocity and angle were
chosen as random variables then collision of 18,000DWT and 30,000DWT ships with bridge was analyzed.
Displacement response surface of bridge by ship collision was estimated by varying ship velocity from 2 m/s to 7 m/s.
Using the result of reliability analysis, fragility curves of collision was established and risk of offshore bridge to
collision velocity as median and log-standard deviation was presented.
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Table 2. Geometry of the ships I N, 1) N(0, 15)
DWT Length Width Depth  Fully Draft v NG, 1) N(O, 15)
18,000 161 m 23.6 m 125 m 9.6 m \Y% N6, 1) N(O, 15)
30,000 185 m 27.5 m 16.0 m 11.0 m VI N@, 1) N(O, 15)
Table 3. Material property of the models
Material property Offshore bridge Designed ship Girder Cable
Elastic modulus (kgf/m?) 2.92E+9 2.1E+10 2.1E+10 2.0E+10
Density (kgf/m®) 2500 7850 9813 8635
Poisson’s ratio 0.17 0.3 0.3 0.3
AN AN

(a) 18,000DWT

(b) 30,000DWT

Fig. 2. FEM model of offshore bridge with ships.
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NODAL SOLUTION

STEP=1

SUB =104
TIME=.772496
Ux (AVG)
RSYS=0

DMX =1.097
SMX =.368459
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NODAL SOLUTION

STEP=1
SUB =52
TIME .38248

RSstO

DMX =.334304
SMN =-.04789
SMX =.33127

(AVG)

=

-.04789 036368 120626 204883
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-.005761 .078497 162754 247012 .33127

(a) 18,000DWT

(b) 30,000DWT

Fig. 3. Max displacement - CASE 1.
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Fig. 4. Dynamic response of bridge (collision velocity: 2 m/s).
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Table 5. Sensitivity of random variables

CASE Collis?on 18,000DWT 30,000DWT
velocity a, Qg a, g
I 2 m/s -9.999675E-1 8.062123E-3 -9.987044E-1 -5.088809E-2
I 3 m/s -9.998684E-1 -1.622425E-2 -9.999995E-1 -1.024746E-3
I 4 m/s -9.999997E-1 -8.323226E-4 -9.999992E-1 1.278682E-3
v 5 m/s -9.999998E-1 -6.541420E-4 -9.999400E-1 -1.095346E-2
\% 6 m/s -9.999996E-1 -9.457213E-4 -9.998524E-1 1.718288E-2
VI 7 m/s -9.999998E-1 -6.418032E-4 -4.656039E-1 8.849932E-1
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Fig. 6. Fragility curve of offshore bridge.
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Table 6. Results of reliability analysis

CASE Collision 18,000DWT 30,000DWT

velocity Yij Py B Pr

I 2 m/s 2.7030  0.0034  2.1190  0.0171
I 3 m/s 1.7040  0.0442  1.1170  0.1320
I 4 m/s 0.7010 02415  0.1170  0.4534
v 5 m/s -0.2983  0.6173  -0.8828  0.8113
A% 6 m/s -1.2983  0.9029 -1.8829  0.9701
VI 7 m/s -2.2985 09892  -2.4928  0.9937




Table 7. Median and Log-standard deviation of fragility curve

Designed ships Median Log-standard deviation
18,000DWT 4.6504 m/s 0.2108 m/s
30,000DWT 4.0585 m/s 0.2417 m/s
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