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Abstract - In December 2012, a pile driving boat sunk off the coast of Ulsan port in Korea. The cause of capsizing of these boats was
considered a complex problem. Although Korean Ship Safety Technology Authority concluded that leaders (cranes) of the vessel were
designed with suflicient safety factors, National Forensic Service concluded that the capsizing was caused by the failure of leaders. This
study reviewed the related laws, strength calculations, and structural analysis methods used by the Korea Ship Satety Technology
Authority. In addition, numerical simulations were carried out on hydrodynamic analysis and structural analysis to analyze the cause of
vessel capsizing based on the rules of the Korean Register of Shipping. The results were similar to those found by National Forensic
Service. In conclusion, the study suggested that inspection especially for a pile driving boat subjected to the Korean Register of Shipping
rules should be carried out to prevent the similar accident.

Key words - Pile Driving Boat, Hydrodynamic Analysis, Structural Analysis, Capsizing Accident, Ship Inspection

.M £ 2008). # o= AFFE Ao WIR Lee et al (017 9

Fold Al 501 2 8% HE AbaL B B BHE TR B

Aure |2 sjol ag9 Aolegl exgE A ous AR FAAEYCIA MRS Ssto] Adute] HEAba Ads
2w glomz, ebiel wjg Fasth g, Mute Fz EHEIE AN

Aba= ool AAA e F= A oo r /B & Anb Apare] EAE WA fel 4 w7k e EE s ol

27 9% B4 0A Ael DAy i) Hajsp A} o] ok AMAHAALE, FR=1EA(PSC: port state control),

of wet Mur A= AlmE HFE o] o] A=A At 3 AR EHA A Z(VTS: vessel traffic service) 52 <HAA|

Aol g AAASNA, Mk AL 7)) efAA 5 =F TEEAL AUFHLee et al, 2011). FEEre} B A

Wale] Mol 142 W] = o] FLHTHKim et al, = woor/] fdME MAMNHALS oA om nofep &

ok WA AN duke] okde] digk HAtg 57 39

¥ Corresponding author : 3] %, jaemlee@pusan.ac.kr
* 3], wib860@add.rekr 055)540-6267

% A 3] 9] jeongdae3416@pusan.ac.kr 051)510-2340
sk A 391 fpsol119@pusan.ackr  051)510-2343

sk A 3] 9 kjung@pusan.ac.kr  051)510-2343

051)510-2342

- 33 -



N
il
)
ot
o

S
Mo
1
o
offt
S

O

Ao Bdow Agat Ao ARANDLE B S
2 ARE ol @ WANNANE £ T 5 Yk ADL

AF(KR: Korean Register of Shipping)¥ Au¢kad 7)<
HKST: Korea Ship Safety Technology Authority)ol] o]
sta QT =g FASAPET 2 Hek, aa Ag7)

Eitdol 2Aske] 2% AN Adshs 4% g A4

S|

jult
i,
[
g
o
0,
lo
fru
i~
o\
r>~
=
=2
rJ
o
janc)
>
A
i
X o
ol
fd

e Borr o2 5o
o ot >,
2 N
N
iy 1&
)
0

ot
N % ey
> — “U
oL wo 2
£y
2 =
ot
o,
2
=)
3
=
5
i
o
o)
g
o
u
it
0%
=
=2

ot
o
=2

>~
)
re
o
7
Z
£
o
=]
=N
g
g
@,
9}
g
=)
Q
>
[

oy 1o i
o & ® A
e M
o rlo 41
°
o
fru
o
_O‘E
0
2
__):l_:“
N
ot
il
Ac)
g
>
il
l:‘
A,
9

o on
)
nj
-z

o
A
oft
o
oy
i
i)
2
2 T
k1
i
32
uj
=1
o
rhu
N
32
£

o

(Kim et al,, 2014).
e ad9e Aa

gel FAFA ol

Apazh ApE 7

A7 EEE

f
fd
> M
= oX,
o
Hr
uj
o rE i) oot
oy 2T
ol l—;] 2
r—?‘ o N e Lo
e ;‘5 = ?5 o
mu:
A
)4
T
=
>
o
SO}

Nt

kel

- 0

o =

(KST, 2013).
EECNERS

Lo
o I
_O‘L
X
2
o
e

O
B

A

1o 2 ¥ i
-
i)
tlo
£
o

e
re
-
2

19

T,

=

2

X

o
ol

RNV

e
N

H
=

M

st

A=Ay

oy

% SCAN(S
i)

L)
)

K
it i oo
o

R

)

Hl

jud)

i)

£

5

>

r2

-4

r&

o

ol

B

T
N
ol

o N
i
°
|
Y,
ol
> 38
.
o

o R
o
H

+ o
2y
>,

ifd
b
o,

:

O+
itz

ﬂ-"h ol i,(l 12 -W
o 2 o
N

S
-
BN
2
=
oX
) ml o
ox
o
2
o
fru
ol
N
R
ol
ol
>
o
)

of
)
oo
12
f
S

)
_Y\_I‘
©
=
Bl
52
)

2. A}

d
]
[
o
Hm

>~
1y
=

B QAT e A
A 13% 7 2] Fold 260
Fig. 1) ¥ Aba7h Qo]
gy el $2 5% 0477} > 9l
o). Fig. 10)& AbaL o]F Aube] elrish w2selo] Hio] vl
@3} skl WAT BES vehith Alnrh WA Al

A 2012 12€ 149 19

J
st

i i

o 3

7

4 X
£
)
2
)
o

lo

=i
fir

=
i}
!

::I,
m\l
o |

= 4 @

O uX o of\
it

= - )
~N
=

dm BN

2.1 A &4

A e AR B e B
07Al 7 717472 “dAZolA vrte
of witte] B4 et Fal @
£ 05725 m £FolE 1540 mZ A v ¢ =4 447
olgfal dlratch A B Huke 13417} HEE A
WA ok 134 3024 2 g 7 A4S Al
stch A= otste 7)1 Ao wm 5 e 5 T 3] 5
o] AAHATE 16474 A

Fee] & dIAdSs Adal &

Jr o
rN
2

Q

L
<
2

o

L K o

fo

o

—°|L

2

[

D

>,

5

e

o,

2

o

r>~

o

k

>

>

)

ol

=2

l

b

_0|L

32 af o oy
[o & ro fl &

)
r
o
e o
N
R
olr
ol
ol
ol
_O|L
32
v

> ot 3 M OEF 2 ot -

9
tote

o
ofk
2
ro,
R
o o

o

_?L
4 fo

N, o
e M
jn)
Y
>
fl
[-'0
ofr O
R
ot oot
2
rO
=
o o &
> o N
o
1:110 H—(
ut "
ml N
=3
& ‘lm ol
8 R o

X
7|12 AZAsHsinh 194 13%
Fx9 115 m/s 59 vt
= Z

7

)
e

z
flo
)

_,d
oA o
A
__>|“_’,,

1o

fo

offt

o

O

»olo o o x@ o
i
=2

4 e
o o
N
Ry
fa)
ol
2
S

)
o,
=

ox Hir
> O
do Mo
in}
of
ofy ~
3 BN
i) i
X o o

>,

o 2 ofh
o
N

ofl =
o
A
N

M e
A
>

o
o,
I
e oo
v ot

)
R
L=

= &4 43
=2

in 2
ot g

>

=

ks

=2

o
=
>~
-
oL
—
Do
ol

(a) Appearance of the vessel before an accident (Kim et
al., 2014)

(b) Fractured and deformed state of the leader & the
backstay (Kim et al., 2014)

Fig. 1 Features of the vessel (a)before and (b)after the
accident
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A wave == B wave = Table 1 Main particulars of the accident vessel for
(A) wind == B) wind == . .
Anchor(5) Kpchoi(1) hydrodynamic analysis
N ) Full load Ballast
P Particulars . .
: condition condition
. Length overall (n) 69 69
Breadth (m) 30.5 30.5
Depth () 5 5
Draft (m) 2.66 2.17
Displacement (fon) 5148.3 4100.3
Center of buoyancy / Center
Anchior(2) Anchor(2) of gravity from stern within 329 329
Fig. 4 The incident angle of the waves and wind according longitudinal direction (12)
to the location of the vessel (a)at the initial time and Center of buoyancy/ Center
(b)at the accident time of gravity within transverse 0 0
direction ()
Center of buoyancy/ Center
O provaney/ Lente ~1.26/ 1.0/
of gravity from draft within
) o 14.07 16.19
height direction (i)
Longitudinal
o 1550 16.08
direction
Radius of Transverse
] o 25.63 27.29
gyration (112) direction
Height
o 21.33 22.67
direction
Area of wind for
o o ) 798 785
longitudinal direction (m~)
Fig. 5 Hydrodynamic analysis for the hull of the accident Area of wind for transverse
vessel through HydroSTAR ver. 7.3 direction (m?) 826 91
311 FAlEgetAe) A i : -
Auel 6 AfE SE U@ RAFGHANNE FAt L | =R
RAom Fig. 6& 1% Aut obgAdl 714 Aokt FEGoll ¢ | A
- ) )
motion)oll tfgt ThA) vl FEjolA Y] WESFSE e 2 . R\
AC} Table 29k o] Aute] wElAEl S o] &-afo] uf el B F A
4e ARG W GMrel N1 a7AE FHa wEyg 2 \“\
S w5 gon B v AuerassEdel G 44} P
S B F A}T GyME mag Aole AR &3
Fig. f roll 1 f the DCM ] in full-1
(free-surface offect) W) S22 wrehgich ig. 6 Ijﬁlgitfonro motion of the DCM vessel in full-load
shel o @ elniiel Agek ekelEe et 96 |
Jo] g ak(x), EAy), EolWa(el e A&wEst 47 3 Rt
Ao HEAOE Fig 7 whAl vl deelA g &3 i Mgt 83
mol AolFo R eohs &% e T A9 Anel me £
AESHYSE thid Aolth Table 3¢ A3 BAe ay 3
#74e Bl A QAo R neHE F b E QA g
Zk2k 6 79 =olo wE Aolwtdke] Jt&E Fhg e
7 & A A

Avte] At @A mE ol praAol

o

Fig. 7 RAO of acceleration of the DCM vessel for
longitudinal direction in full load condition at 83 m
height
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Table 2 Comparison of GyM of the accident vessel
between KST and HydroSTAR

. . Hydro—
Displacement Requirement KST
STAR
Full load
dition (m) 17597 16.10
condition (m
> 9.
Ballast GyM = 2.898
- 24.123 21.99
condition (m)

Table 3 Acceleration and pressure of longitudinal direction
applied on the leader induced by waves in an
accident case under full load condition

x~direction
Height (m) acceleration (m/s?)
wave direction wave direction
180° 150°
0.0-15.3 0.103 0.066
15.3-30.5 0.369 0.440
30.5-46.0 0.638 0.828
46.0-61.0 0.906 1.213
61.0-76.0 1.170 1.592
76.0-91.5 1.438 1.978
3.2 =N
®oAbm dute] FraA g glstel FERaH g =
23390 ABAQUS 6.13°] AFEEHAo™ #3594 3|4
A%e Fo A7 A B HF @S Aol E vAlz

(von-Mises) $9 % 45 3
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Fig. 8 Boundary and loading conditions for the
local-structural analysis
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Table 4 Total weight of the leader parts of the pile driving

boat
Q tit
Equipment | Unit weight(ton) 1(1;11) Y Weight(fon)
Auger 25 5 125
123.75 3
(Leader 8 m)
Leader 110 , 591.5
(Leader 80 m)
1.2
132
(Rod)
3
) 20
(Stir rod)
6
Rod ) 25 323.4
(Mid rod)
25
) 5
(Mid rod)
0.25
. . 10
(Mid guide rod)
Top 75 3 55
sheave 6.5 2 ’
Total 1,075.2

Source : Kim et al., 2014

Table 5 Discretization of wind pressure with heights

Height () Height Velocity P (kP2
st M coefficient (m/s) a
0.0-15.3 1.00 11.5 0.080805
15.3-30.5 1.10 12.9 0.101677
30.5-46.0 1.20 13.68 0.114344
46.0-61.0 1.30 14.23 0.123723
61.0-76.0 1.37 14.67 0.131493
76.0-91.5 1.43 14.91 0.135830
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