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How can 
we be sure 
it’s safe?! 

Don’t worry! 
I measured the 
accelerations. 
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1. Introduction 

The grounding of MV Benita. June 17 2016. Mahebourg, Mauritius 
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2. Literature study 

2. Literature study 

The grounding of the Princess May. August 5, 1910. Sentinel Island, Alaska. 
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𝐹 ∙ 𝑉 =  �̇�𝑝 + �̇�𝑓 = 𝐹𝑃 ∙ 𝑉 + ∫ 𝑝𝜇𝑉𝑟𝑒𝑙
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3. Accelerations of the grounding experiment 

3. Accelerations of the 

grounding experiment 

The grounding of Pasha Bulker. June 8, 2007. Newcastle, New South Wales, Australia. 
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θ

𝜃

�̈�𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 = �̈�𝑚 + 𝑔 sin 𝜃

�̈�𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 = �̈�𝑚 + 𝑔(1 − cos 𝜃)
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𝐸 =  ∫ 𝑀�̈� 𝑑𝑥 

with, 𝑑𝑥 =  {∫ �̈� 𝑑𝑡
𝑡

0

} 𝑑𝑡

 

𝐸 =  ∫ 𝐹𝑥 𝑑𝑥 
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4. Damage calculation model 

4. Damage calculation model 

The grounding of the Transocean Winner. August 8, 2016. The Hebrides, Scotland. 
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4. Damage calculation model 

 

Model input: 

Grounding force 

Location of impact 

Initial velocity 

Model output: 

Accelerations 

Damage path 



4. Damage calculation model 

 

(𝑋𝑠, 𝑌𝑠) = ((𝑥, 𝑦) = (0,0)) ψ

𝜓

ψ

𝜓

ψ

𝜇

𝛿

𝐹𝐺



4. Damage calculation model 

 

[

Mxx 0 0
0 Myy Ayψ

0 Aψy Izz

] {
ü
v̈
ψ̈

} = {

Fx

Fy

Mz

}

ground

+ {

Myy(v̇ψ̇ + xgyψ̇2)

−Mxxu̇ψ̇

(Mxx − Myy)u̇v̇ + xgyMyyu̇ψ̇

}

𝐴𝑦𝜓 = 𝐴𝜓𝑦 = 𝑥𝑔𝑦𝑀𝑦𝑦 = ∫ 𝑥 (𝑚(𝑥) + 𝜇𝑦(𝑥))
𝐿

𝑑𝑥 

𝑀𝑥𝑥 = 𝑀 +  𝐴𝑥𝑥 = ∫ (𝑚(𝑥) + 𝜇𝑥(𝑥))
𝐿

𝑑𝑥 = 1.05 ∙ 𝑀

𝑀𝑦𝑦 = 𝑀 + 𝐴𝑦𝑦 = ∫ (𝑚(𝑥) + 𝜇𝑦(𝑥))
𝐿

𝑑𝑥 = 1.4 ∙ 𝑀 

𝐼𝑧𝑧 = 𝐼𝑧 + 𝐴𝜓𝜓 =  ∫ 𝑥2 (𝑚(𝑥) + 𝜇𝑦(𝑥))
𝐿

𝑑𝑥
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𝐴𝑦𝜓 𝐴𝜓𝑦
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4. Damage calculation model 

{

𝐹𝑥

𝐹𝑦

𝑀𝑧

}

𝑔𝑟𝑜𝑢𝑛𝑑

= {

𝐹𝐺,𝑋 cos 𝜓 + 𝐹𝐺,𝑌 sin 𝜓

−𝐹𝐺,𝑋 sin 𝜓 + 𝐹𝐺,𝑌 cos 𝜓

𝐹𝐺,𝑋𝑌𝑠 + 𝐹𝐺,𝑌𝑋𝑠

}

𝑉𝑟𝑒𝑙,𝑋 =  −(𝑋�̇� + 𝑌𝑆�̇�)

𝑉𝑟𝑒𝑙,𝑦 =  −(𝑌�̇� + 𝑋𝑆�̇�)

𝑉𝑟𝑒𝑙 =  √𝑉𝑟𝑒𝑙,𝑋
2 + 𝑉𝑟𝑒𝑙,𝑌

2

𝐹𝐺,𝑋 = 𝐹𝐺

𝑉𝑟𝑒𝑙,𝑋

𝑉𝑟𝑒𝑙

𝐹𝐺,𝑌 = 𝐹𝐺

𝑉𝑟𝑒𝑙,𝑌

𝑉𝑟𝑒𝑙

{

Ẍs

Ÿs

ψ̈s

} = [
cos ψ − sin ψ 0
sin ψ − cos ψ 0

0 0 1

] [
ü
v̈
ψ̈

] + [
−sin ψ −cos ψ 0
cos ψ − sin ψ 0

0 0 1

] [
u̇ψ̇

v̇ψ̇
0

]

{

Ẍs

Ÿs

ψ̈s

} = {

ü cos ψ − v̈ sin ψ − ψ̇(u̇ sin ψ + v̇ cos ψ)

ü sin ψ − v̈ cos ψ − ψ̇(−u̇ cos ψ + v̇ sin ψ)

ψ̈

}

 



4. Damage calculation model 
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Izz

kzz
2 M kzz = 0.25L



4. Damage calculation model 

Mxxü = Fx,ground

Fx,ground =  FG,X cos ψ + FG,Y sin ψ = FG

𝐹𝐺

u̇ =  u̇0 + üt = 0 m/s   →     t =
−u0̇

ü
=

−u0̇

FG

Mxx

=
−2

−1.83
= 1.09 s

u =  u̇0t +
1

2
üt2 = u0̇t +

1

2

FG

Mxx

t2 = 2 ∙ 1.09 −
1

2
∙ 1.83 ∙ 1.092 = 1.091 m

𝑀𝑦𝑦�̈� = 𝐹𝑦,𝑔𝑟𝑜𝑢𝑛𝑑

𝐹𝑦,𝑔𝑟𝑜𝑢𝑛𝑑 = −𝐹𝐺,𝑋 𝑠𝑖𝑛 𝜓 + 𝐹𝐺,𝑌 𝑐𝑜𝑠 𝜓 = 𝐹𝐺

Izzψ̈ = Mz,ground



4. Damage calculation model 

ψ̇ =  ψ̇0 + ψ̈t = 0  →    t =
−ψ0

ψ̈
=

−ψ0

Mz,ground

Izz

=
−0.05

−0.0226
= 2.21 s

ψ =
1

2
(ψ̇0 − ψ̇)t =

1

2
(0.05 − 0)2.21
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4. Damage calculation model 
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𝑥𝑔𝑦 𝜓𝑡𝑒𝑟𝑚 𝛿 𝑥𝑔𝑦 = −𝑥𝑔𝑦,0 𝜓𝑡𝑒𝑟𝑚 𝛿

𝑥𝑔𝑦 𝛿 𝜓𝑡𝑒𝑟𝑚
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Δ
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 𝑥𝑟
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𝐸𝑘𝑖𝑛,𝑖𝑛𝑖𝑡 𝑑𝑠

𝐹𝐺 =
𝐸𝑘𝑖𝑛,𝑖𝑛𝑖𝑡

𝑑𝑠

=

1
2

𝑀𝑥𝑥𝑣0
2

𝑑𝑠

𝐸𝑘𝑖𝑛,𝑖𝑛𝑖𝑡
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𝛿𝑚𝑎𝑥 𝜓𝑡𝑒𝑟𝑚 𝜓𝑡𝑒𝑟𝑚
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𝐹𝐺

𝑣0
𝐸𝑘𝑖𝑛,𝑖𝑛𝑖𝑡

𝐹𝐺

Δ𝑋𝑆 𝐸𝑡𝑒𝑟𝑚

𝐸𝑘𝑖𝑛,𝑖𝑛𝑖𝑡
𝛿𝑚𝑎𝑥

𝛿𝑚𝑎𝑥 𝜓𝑡𝑒𝑟𝑚 𝜓𝑡𝑒𝑟𝑚
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4. Damage calculation model 

𝜇 Δ𝑋𝑆  
𝐸𝑡𝑒𝑟𝑚

𝐸𝑘𝑖𝑛,𝑖𝑛𝑖𝑡
𝛿𝑚𝑎𝑥  𝜓𝑡𝑒𝑟𝑚
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𝑋𝑠

ΔXS
Eterm

Ekin,init
δmax ψterm
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ΔXS
Eterm

Ekin,init
δmax ψterm
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𝑋𝑠

ΔXS
Eterm

Ekin,init
δmax ψterm
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𝐵𝑗𝑘 = [

𝐵11 0 0
0 𝐵22 𝐵26

0 𝐵62 𝐵66

] , 𝐵26 = 𝐵62
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5. Calculation of rock contact path 

5. Calculation of rock contact path 

The grounding of the Maersk Connector. When grounding is part of the job. 



5. Calculation of rock contact path 



5. Calculation of rock contact path 

 

Model output: 

Location of impact 

Damage path 

Grounding force 

Model input: 

Accelerations 

Initial velocity 
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5. Calculation of rock contact path 

 

 

𝑉𝑟𝑒𝑙,𝑦

𝑉𝑟𝑒𝑙,𝑥

=
𝐹𝐺,𝑌

𝐹𝐺,𝑋

𝑋𝑆 =

�̇�𝑔𝑙𝑜𝑏 − �̇�𝑔𝑙𝑜𝑏

𝐹𝐺,𝑌

𝐹𝐺,𝑋
− 𝑀𝑧ψ̇

𝐹𝐺,𝑌

𝐹𝐺,𝑋
2

ψ̇ (1 +
𝐹𝐺,𝑌

𝐹𝐺,𝑋

2

)

𝑌𝑆 =
𝑀𝑧 + 𝐹𝐺,𝑌𝑋𝑆

𝐹𝐺,𝑋



5. Calculation of rock contact path 

�̇�𝑔𝑙𝑜𝑏

�̇�𝑔𝑙𝑜𝑏

𝐹𝐺,𝑋

𝐹𝐺,𝑌

ψ̇

𝑥 = (𝐿 − 𝐿𝐶𝐺) − 𝑋𝑆 − 𝑋𝑔𝑙𝑜𝑏 , from FPP 

𝜇 = 𝑌𝑆 − 𝑌𝑔𝑙𝑜𝑏

𝜇

 

μ μ

✗

✓

✓



5. Calculation of rock contact path 
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5. Calculation of rock contact path 
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6. Discussion, conclusions & recommendations 

 

The grounding of MV Rena. October 5, 2011. Tauranga, New Zealand. 
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𝑀𝑦
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𝜇
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 Derivation of Coriolis matrix 

 

𝑀𝑎 = − [

𝑋�̇� 0 0
0 𝑌�̇� 𝑌�̇�

0 𝑌�̇� 𝑁�̇�

] , with 𝑁�̇� = 𝑌�̇�

𝒒 = [𝑢, 𝑣, 𝑟]𝑇 𝐸𝑘

𝐸𝑘 = −
1

2
𝒒𝑻𝑀𝑎𝒒 

= −
1

2
(𝑋�̇�𝑢2 + 𝑌�̇�𝑣2 + 2𝑌�̇�𝑣𝑟 + 𝑁�̇�𝑟2)

𝝎

𝑭 =  −
𝜕

𝜕𝑡
(

𝜕𝐸𝑘

𝜕𝒗
) − 𝝎 ×

𝜕𝐸𝑘

𝜕𝒗
 

𝑸 = −
𝜕

𝜕𝑡
(

𝜕𝐸𝑘

𝜕𝝎
) − 𝝎 ×

𝜕𝐸𝑘

𝜕𝝎
− 𝒗 ×

𝜕𝐸𝑘

𝜕𝒗

𝐸𝑘



 Derivation of Coriolis matrix 

𝑋 = 𝑋�̇��̇� − 𝑌�̇�𝑣𝑟 − 𝑌�̇�𝑟2 

𝑌 =  𝑌�̇��̇� − 𝑌�̇��̇� + 𝑋�̇�𝑢𝑟 

𝑁 = 𝑁�̇� �̇� + 𝑌�̇��̇� − (𝑋�̇� − 𝑌�̇�)𝑢𝑣 − 𝑌�̇�𝑢𝑟

𝑪𝐴(𝒗) = −𝑪𝐴
𝑇(𝒗)

𝑪𝐴(𝒗)𝒗 = [
𝑌�̇�𝑣𝑟 + 𝑌�̇�𝑟2

−𝑋�̇�𝑢𝑟
(𝑋�̇� − 𝑌�̇�)𝑢𝑣 + 𝑌�̇�𝑢𝑟

]
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𝑒−𝑡∙𝜆 𝜆

 

 

 



 Signal identification 

. 

 

 



 Signal identification 



 Signal identification 

 



 Signal identification 

 



 Signal identification 

 

✓ ✓ ✓

✗ ✓ ✓

✓ ✓ ✓ 

✗ ✗/✓ ✓

✓ ✓ ✓ 
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 Calculation model 

5 

6 

7 

𝛿

{

Fx

Fy

Mz

}

ground

{

Fx

Fy

Mz

}

ground

= {

FG,X cos ψ + FG,Y sin ψ

−FG,X sin ψ + FG,Y cos ψ

FG,XYs + FG,YXs

}

Vrel,y

Vrel,x

=
FG,Y

FG,X

Vrel,X =  − (XṠ + YSψ̇)

Vrel,y =  − (YṠ + XSψ̇)

XS =

Ẏglob − Ẋglob

FG,Y

FG,X
− Mzψ̇

FG,Y

FG,X
2

ψ̇ (1 +
FG,Y

FG,X

2

)

YS =
Mz + FG,YXS

FG,X

r = L − LCG − (XS + Xglob) 

μ = YS − Yglob
𝜇



 Calculation model 
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