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Table 2.1 List of experimental equipment
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Table 2.2 Properties of seabed soil

Seabed Soil A Seabed Soil B
Location Incheon, Korea Pusan, Korea
Gathered Depth 1.5~2 0.5~1
Specific Gravity 2.7 2.7
Water Content 80.70% 81.44%
Liquidity Index (LI) 2.63 1.80
Sat. Density 1500 kg/ m® 2090kg/ m®
Undgatirzi;hear 0.42kPa 1.14kPa
Clas[iisfli)cétion Silty Clay Sandy Clay

Ao o]gd F A A AR AV]el wep 4z AHE
A E (Silty clay), AH8 HE(Sandy clay) 2 %2 4 9lom, nlujs:
A@7 % (Undrained shear strength) & E9 &4 SAS
el = 7] A BT FEEE 2ol S 7}7t) Figure 2.2 7% Al
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(b) Site B for seabed soil B

Figure 2.2 Overview of site A and B for seabed soil gathering
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Table 2.3 Principle parameter of experimental model (Simple shaped)

Cube Prism Sphere Cylinder

Length [m] 0.08 0.2 - 0.17

Breadth [m] 0.08 0.04 0.08 0.06
Height [m] 0.08 0.08 - -

Aspect Ratio 1.0 5.0 - 2.83

Mass[kg] 0.61 0.82 0.5 0.577

vazifh\f]‘ 0.879 1.413 0.381 0.738

Material Acryl PLA Acryl PVC

EE AN SAW olged] FHE E R3PS FAs] 94
A9 MY weEe Adedn U Adeld fe AT A
Holt HARE, o4, WAY Aue ndugt A9 AF 3

gARE 9 delde] F4 i Ae VIdEE oldsslen,
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(c) Ship C(Tanker)

Figure 2.4 Experimental model (Ship shaped)
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Table 2.4 Principle parameter of experimental model (Ship shaped)

Ship A Ship B Ship C

Type Leisure boat Tug boat Tanker
Length [m] 0.40 0.18 0.28
Breadth [m] 0.12 0.05 0.05
Height [m] 0.06 0.035 0.08
Aspect Ratio 3.33 3.6 5.6
Mass[kg] 1.47 0.388 0.369
vaii?&\lf]‘ 6.828 2.11 1200
Block Coeff. (Cp) 0.47 0.71 0.81

Scale Ratio () - 1/121 1/1143
Material pPC Wood PLA

17
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(a) Stainless wire (b) Urethane tension rope

(¢) Nylon rope

Figure 2.9 Comparison of lifting line
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Figure 3.1 Experimental scene of simple shaped model

Al A o2 vt

>~
2,
iC
i_:,‘
1o
ne,
=

Rxom, olo tfgk /W@ X+ Figure

A el G
vl 7H dAz 82 5 9l

29} 2,

24



FEm A Aol

—_—

=A47F ¢

2.

= A

17 Ado] 595

9|

&,

1S5
=

A7 A ALz ol

=
=

3.

= A

g o)

25 84 Aol

=]
5

[e]

=,

0

Phase 2

Phase 4 I

Phase 1

Phase 3

Figure 3.2 Schematic view of soil breakout process of cube

o
_Zrl
>

T
1

<

e

_=
"o

lorg

—_
o

1

el
<

A&

w2} Figure 3.3 o]

o

o

!

WA W olete (R, /F,)S LER

9]

<l

F2¢
AME Lee(1972) 9

H|(D/B), y &<

A%

A

9]

Lo A

2 ]

%

B

A3 CubeRd 2 Lee(1972)2 A o]

RN

1
-

ol

Lee(1972)2 &A=

j=]
RuN

-

-

file)
o/
i
ol
)

;OU
P

R 2]l

0

)
<
O

Ui

et

2 <

25



Normalized Breakout Force (Fp/Fg)

Normalized Breakout Force (Fp/Fg)

| [l Cube(Present) ]
—— H.J. Lee(1972)

00 01 02 03 04 05 0.6

Embedment _Ratio (D/B ).
(a) Cube

i . Prism(Presenty =T
| —— H.J. Lee(1972) e

“0.0 01 02 03 0.4 05 0.6

Ernbedment.i{atio (D/IB )-
(b) Prism

Continued

26 A & T} ¢



@  Sphere(Present)
—— L] Lee(1972)

T
N o<

(P4/94) 2010, 1n0eAIG pazIETLION

>
=]
2

T
==}
[=1

—
~ o
S S

T
vy
[=1

P

T
en
[=]

T
!
=]

Embedment Ratio (D/B)

(c) Sphere

/\  Cylinder(Present)
— H.J. Lee(1972)

1.2

1.1+

0.0

T T E— | — T

e s T S T A B <

- o © ¢ o S o & < =]
3 p

(P4/94) 20101 1n0RAIg pazITEION

Embedment Ratio (D/B)

(d) Cylinder

Figure 3.3 Experimental results of simple shaped model

0.3°1 4
L3k Cube

ok
o}

[}
Chay

4% ma
3}
5

gt

|

AAE ol&HS THA= Zlo] #e

oF 459

=L

—_
o

A 2]

ol &

dach 28y

/g—

M= ¥

W oE

A o=y

=
T

A= o

N
ol

l | e ! e

— T

g
I
T

i L
£y

27



—_
fi%e)

A olgy 4

9]

AB}E o] g3 Lee(1972)9)

;Oﬁ

0

oy

uch]

—

_Zﬂ

0|
K

o

R

o

[¢]

A=

AR HAFI

FERE)

T
T

Figure 3.4

&4 22 Figure 3.1°4]

a3

3419
o] e

= S

]

= 3lth. E3F Figure 3.59]

|

‘_lryl

=S|
=

| Am ol

= 71E

el¥ it} Ship A2} Ship B

o
ﬁo

o], Ship C9

A4 o]k o]

9]

o
hu

RS

28



-~ e T s

(a) Leisure boat

(b) Tug boat

(c) Tanker
Figure 3.4 Experimental scene of ship shaped model
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Example A

Example B

Example C
vti

Figure 3.7 Experimental scene of Cube8, D/B=(0.3 with Seabed soil A
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0
0 10 20 30 # 20 "
Time (s)

Figure 3.8 Time series of Cube8, D/B~(0.3

Table 3.1 Soil breakout force of Cube8, D/B=0.3

Test A Test B Test C
Breakout Force
’ 1.2 1.414 1.
Fy [N] 65 857
. o (] 1
33 ' _:r":i x‘t-.-] =, = E-H . :'I'.



al, slA Ado] 7hg wol FAE Test

5

Col 7% Test A9k Bell Hlal 27} 0.6N, 0.4N 2 AW ojgHo]

A4 A4

HollX =

Py
=

e]

ofe] wz} & =

R

—

el

+

aa

0
o
el

WH
i

ol

J|
fie)

ofo

ol
B

al
_ZTI
o)

To
B

14 A9

3]

3

el )

s
B

A

AT d3E

[eZ]
S

3

A
=

Liu(1969)¢]

ol
=

Figure 3.62] Muga(1968)

)

9

EERE R

o]

A

9]

oA o ® Lee(1972)¢]

9]

Ay o=z

il
o

o7
BH
~ul

e]

™
gl

o
;_ﬂo

B

o

oy
(o

o

N

;OU.
<

o
o

34



4. AFHEN B £
4.1 A9 B89 9

A Fygel wE dFL aelsts] e B ATE e
Lee(1972)¢]  ajA®™ o2y FYxo] FALE FHow
=gstnd stk 48 AAW olge Y A

4
o] 71E sA W olgy FA Al PAAT(C)E Wt FHE 7t

Gedd FEEEY EIAY Aol FAATE E]dste] Al
A= Figure 419 A2 A 2o sfd 2zl A A+
Lee(1972)9 7]1& A F4215 e ™, Figure 4.1%](a)
NA (@7HA e 2 AEES EIAF dHolHE dedg. d4ATE
Age A3 7= fAY olgy FAA v REAY AdE o5

b A

)
o
.
1

S A~
A% = AT

i

T’H %3 = TR
5.0
5 | Cube[Pr.eseut) o
—— Curve Fit(Present)
407 ---- HJ. Lee(1972)

Normalized Breakout Force (Fp/Fg)

.Embedment Ratio (D/B )
(a) Cube

Continued

35 .__;rxﬁ-! _R:JI_ -l_-li .-:.I



Normalized Breakout Force (Fp/Fg) Normalized Breakout Force (Fp/Fg)

Normalized Breakout Force (Fp/Fg)

1.2
1.1+

. Prism(Present)
—— Curve Fit(Present)
---- H.J. Lee(1972)

0.1 02 03 0.4 05
Embedment Ratio (D/B)
(b) Prism

0.6

1.2
1.1+

@  Sphere(Present)
—— Curve Fit(Present)
———- ILJ. Lee(1972)

01 02 03 0.4 05
Embedment Ratio (D/B)
(c) Sphere

0.6

1.2

1.1+

/\  Cylinder(Present)
—— Curve Fit(Present)
--=- H.J. Lee(1972)

A A

01 02 03 0.4 05
Embedment Ratio (D/B)
(d) Cylinder

Figure 4.1 Application of shape coefficient(Cy)
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Table 4.1-°> A3 Zdle] digt FAATY] =435 depd xolth
g EoA Zolel Fo] FAUS Cube® Sphere FE =
o]
7= Aol glet, sk Z2hxl P4kl F+xE<l Cube= SphereX.T,
Prism< Cylinder®t} & oz =2 PAASFE 71do] =ty

T3 olE T AES I T2 I wE AT 5S4

=
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N

F 10 Prism¥ Cylinder E2o] B3] AA o2 =2 A

Table 4.1 Shape coefficient of simple shaped model

Cube Prism Sphere Cylinder

Shape Coeff. Cg 3.2 0.91 1.15 0.73
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Figure 4.2 Effect of shape coefficient on ship model ,
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Figure 4.3 Examples for sunken posture of ship model
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Table 4.3 Coefficient of determination of experimental results

Cube Cylinder Ship B
Seabed soil A B A B A B
Coeff'Roszet" 0.553 | 0.7275 | 0.3449 | 0.3504 | 0.4225 | 0.5315
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Figure 4.6 Effect of seabed soil
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Table 4.4 Effect of seabed soil on shape coefficient

Cube Cylinder

Ship B

Seabed soil A B A B

Shape Coeff.Cs | 3.20 | 3.84 0.73 0.52 | 0.72 | 0.28

Relative value 1 1.2 1 0.71

0.39
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Figure 4.10 Vane shear test results of Torvane(Exp. Scene)

Table 4.7 Vane shear test results of Torvane

1 min 15 min 3 hours 24 hours
Number of Rev. 0.09 0.11 0.18 0.22
Shear Strength 2.2kPa 2.7kPa 4.4kPa 5.4kPa
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y = 0.381In(x) + 1.78 (4.6)
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B Das(1991)
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Normalized Breakout Force, Rg

0 5 10 15 20 25 30
In situ rest time, tr (hr)

Figure 4.11 Effect of In-situ rest time
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Abstract

Experimental study on soil breakout force of
sunken ships

Sejun Kim
Naval Architecture and Ocean Engineering
The Graduate School

Seoul National University

Ship sinking accidents can lead to various secondary accidents, for
instance, loss of life, marine pollution caused by the leakage of fuel
and other pollutants from the sunken ship, thus emergency rescue
and salvage operations are essential. The salvage operation of a
sunken ship submerged on the seabed can be categorized into several
stages: breakout from the seabed, underwater lifting, surfacing, and
aerial lifting. Among them, predicting the appropriate bottom
breakout force is crucial for safely performing the first stage, the
breakout from the seabed.

The bottom breakout force is one of the main components of the
lifting force, which acts due to the resistance of the seabed when an
object breakout from it. The most widely used method to evaluate
the bottom breakout force is the bottom breakout force estimation
formula proposed by Lee (1972). This bottom breakout force
estimation formula is based on experimental results conducted with
simple shaped structures. However, an examination of its direct

applicability to ships, which have relatively complex three—
Ry
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dimensional shapes, is needed.

In this study, a series of experiments are conducted with the aim of
developing a formula for the bottom breakout force of sunken ships.

First, experiments on the bottom breakout force for various simple —
shaped structures using the seabed soil of South Korea's coastal area
are conducted. Also, the examination of their physical characteristics
and the accuracy of the existing bottom breakout force estimation
formula is conducted.

Second, experiments on the bottom breakout force for ship—shaped
structures are conducted, and a modified bottom breakout force
estimation formula, which introduces a shape factor to the
Lee(1972)’s formula, is proposed for applicability to ship shapes.

Third, additional experiments are conducted on the sinking posture
of the ship and the lifting speed that can occur in various salvage

operations, and their effects are examined.

Keywords : Bottom breakout force, Experiment, Sunken ship,
Emergency rescue, Salvage process
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