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24" |TTC Benchmark Study on Numerical Prediction of Damage Ship Stability

Seok-Kyu Cho™, Sa-Young Hong’, Kyung-Jung Lee’, Jo—Hyun Kyoung® and
Young-Sik Kim"

Maritime & Ocean Engineering Research Institute, KORDI"
Abstract

The 24th ITTC Specialists Committee on Stability in Waves is conducting an international
benchmark study where numerical methods for the calculation of ship motion in damaged
condition are compared on the basis of specified tests in order to assess the present state
of the art in this field. The study is finished and some results are presented in this paper
providing an initial insight into the status of damage models and numerical methods and a
collective assessment of their performance. The preliminary analysis has shown that current
methods are satisfactory, capturing the fundamental physical performance of damaged ships
in specified conditions.

#Keywords: Ship stability(& 2t otX4), Damaged ship(24d &2), [TTC benchmark study,

RoRo passenger, Roll motion(&2S)
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Aoz geto] M= 2 MEH A0t S=oied o HEGH dislstks J1=01 B35 GI2el A
T SHAAIABRHNARAUA OIFOAILD AUCTH g BHElL 220 FUFY M 2s= ¢
(012 S 2003). Zaraetel si&iz2 sEM A5t0 ofiAdSty] floh SaPUAS RMEY
220l HEot] ALM SHME A7 I(2H0] il ReF8E T4 CFD(Computational  Fluid
OF 0| 209 AR LIEO0] B=s AENCEL 2 Dynamics)) 1822 oiAlst) Ml 252 ZHE

L= o
HAMAE 2003E2E  AlES AJ1”901  AHAREI USLE
Benchmark StudyOll 05t #=8ist = 5 & (Woodburn et al. 2002) Olaist YHE QFEINAI
Al Meto] oA ZUE Soll =4 HdElQ 2 &4 Muol S48 HESH 0IF0tK= 2ot

—/ — o — T f— -/
cIE EME AHE Slie d =2 =9 UCHL =2t ART 52 2= RAOE Sol &
SE AR =FN H|wWEH TSt oialdi=el A datol D120l S4E Oldistds AL 0l
W ES HAGHIC 20X12 UCHLletizia et al. 2004). XISNXI2
&4 MENO HES SA0| HElisHH 22X Al HIPE LHA AE 2 £Xloie Z2UE ¥F
AEIO) DI2H0! O|HE Rl HSHE A ! O] &4 Mol 252 KIS0t YEI0IAUCE 0]
FE0 JUCH SN HSE =& dEt 239 it gal2 2 Hlnet 2280 S40 iotg
ERQ olts MY, OIS S8, LS, £ Qe SHHDE UCH 24X+ ITTC Benchmark
B4 2, IDIRE, 22 IHE, SUYF o8t Study= 0lcist SHHE =531 2ol =4 &=
of oI 2= SOICh JejLt 0lp4st BiaS0| = o 22 =Xl HIHRE OlF, sissls 2
BROR MoK &4 Muo 250 HEH & HE 4YH0CL 018 9 4 T &y d=%o
82 FeXl MM HOPDE HECH =4 oHF EER A2 SHH st 2F AAD12) =X
A8 O 4 QU= A2 BRE A= A a4l ZIE HliwotH aADigel E4u A8 &2
IS 2T ESR ASAAU st A oo HIwE Soll 24219 sl §88 HIRK
MI=0l P20 UCL Ol 24 &8t 259 S Ch £8F dfs ZDB S6i &40 st a8
A2 ZHE 2102 (IEC= 9N = oiLiel o BHAGIRICE 2 AHAR0M= 24Xt ITTC Benchmark
H UEz Rse FYURS NS di2 23 StudyOll SN diast ZUE FelotdCt
Table 1 Benchmark test setup
PHASE A(Test in Calm Water, Free Roll Decay) PHASE B
A  PRRO1 Roll intact Al KG=12.200m The flooding process and floodwater
DMl  Decay A2 KG=13.456m effects are suppressed. The change
of restoring is considered.
B PRRO1 Roll damaged B1 KG=12.200m The flooding process and floodwater
OMiI  Decay B2 KG=13.456m effects are present. The change of
restoring is considered.
C TNK Roll partially  C1 d=0.00m  The flooding process is suppressed. )
. _ : . Test in Waves
MARIN Decay filled Cc?2 d=1.00m The floodwater motion and its "
C3  d=4.00m effects are considered. planned for.25
ITTC Committee
C4 d=16.00m
D PRRO2 Transient Flooding D1 1-frame cross The flooding process is dominant.
duct area  The progressive flooding is
MARIN © D2 2-frame cross considered.
duct area
D3 3-frame cross
duct area
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& Test A : PRRO1(RORO Passenger ship)2l

0.13, O.500|C¥
22+ 5,3, 4, 6 degreeOIl'J.
< Test D @ PRRO2(RORO Passenger ship)2l

&4 OHE OiA. HIEa AEI0IA AIESHH VEZS
Z2i01E01 JNEEEHA A WEZ st |
Sl= WEOICH &4 2f= dEI MU0
20/ Ot cross ductdt ACE cross ducte=
SHUEA [t 30K (D1, D2, DI)0ll CHaK
olads MBI

eg 4=8ist dut2 229 RORO Passenger
shipZt 129 TankerOl =QEE Table 204 L
EHARICEL B2t DO #=4= Z0l= SOLAS

guidanceOl et Lppx3% + 3mZ BIRCH
PRRO12 H&2t &4 222 Fig. 110t Fig. 201,

Hiz=& HUHAS EER ARZA(KG 2H). = PRRO2= Fig. 31t Fig. 40l, Tanker 2E2 Fig.
J| BARIZ 6 degree0|C}. 52 Fig. 601 ZAISIRICH PRRO1S 4= &
< Test B : PRRO1(RORO Passenger ship)2 S0l XISHH 20l= 8.1m0I12 PRR029| #£4E
&AL AMEHUIAS] 2ER NRUMKG 204, A = B0 Aol 20l= 8.244 mOITH TNK 2
£9l), 422 7= JHYE AE0IH &A% 22 Fig. 61 20| S0 HARE &0 AL
Ol SHDE 2835 S ATIUA A8, =0 & W 20| Mo &2 H4E0 S8
A2 6 degreeOlLt.
Table 2 Main particulars
| PRRO1 ] PRRO2 TNK
Length{L] [m] 170.0 174.8 310.2
Breadth[B] fm] 27.8 25.0 A7 .2
Draft[T] [m] 6.25 6.40 16.0
Deck Height [m] 9.00 9.10 5.20
Displacement (ton] 16864.0 16242.8 197658.5
Xa Yg Za Xa Ya Za Xa Yo Za
Center of Gravity [m] @ 5.950
-2. .0 -5.50 0. 5.9 .32 0.0 -6.0
363| 0 ® 7.206 6 0 6.328 6
GM [m] @ 3.310 @ 2.054 2.155 9.50
KG [m] ® 12.20 @ 13.456 12.30 10.0
Radius of Gyration Pitch Yaw Pitch Yaw Pitch [ Yaw
Y 0.25xL 0.25xL 0.25xL 0.25xL 0.25xL | 0.25%L
Roll Gyration(lxx) [m] | @ 10.62 ®@ 11.80 10.50 14.16
Given Ixx in air [m] N/A 10.50 N/A
Given Ixx in water [m]]| 9.988 | 10.592 11.60 N/A
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FEo Xl YA HMZREH P& HIEMA

5.2 mOi{ &2 20l= 825 m, &2 31.76 m
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Table 3. ITTC Benchamrk Study Participants

24N ITTC &=atsE otH A SRSHS HRP

Institute Country
NTUA-SDL Greece
SSRC United Kingdom
MARIN Netherlands
IST Portugal
KRISO Korea

Fig. 2 PRRO1 Damage case

N

Fig. 3 PRRO1 Damage case
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Fig. 4 PRR02 Damage case
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Fig. 5 TNK Lines
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Fig. 6 TNK Compartment
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Table 4 Numerical methods
[ Numerical methods P1 P2 P3 P4 P5
B Ship motion degrees of freedom 6 6 6 4 6
Hydrostatic forces by direct pressure integration X X X X
Potential strip theory X X X
Potential 3D panel method X
incident wave forces by direct pressure integration X X X X X
Memory effects X X X X X
Semi-empirical roll viscous damping X X X
L Roll viscous damping analysis in components X
Floodwater assumed as a horizontal free surface X X X
Floodwater assumed as moving plane free surface X X
Internal water motion by shallow water equations X
Flooding by simple hydraulic model X X X X X
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HOH| DI EREt 2230 st AHE ANE2
Fig. 7 ~ Fig. 18(Test A, B), Fig. 27 ~ Fig.
32(Test C), Fig. 41 ~ Fig. 46(Test D)OIl. LIEHH

ACk 0IE Soh 2t i Sy ds= d&Z

>

it dsE AE
o AE HINE > AJLH 2t s 22 10|
T HIWE = UAUCL 1210 & E2s 2
ZEH I\F0I19 2MEE P& = UACH 012
Fig. 19 ~ Fig. 26(Test A, B), Fig. 33 ~ Fig.
40(Test C)Ml ZAIGIRICE 2HEE2 OSD 22
Ois= 218 ot ot
Logarithmic decrement = log ( j:

ODIM, A= XJ| BER FTR0ID 4= i
W 2SR F=Zolct,

< Test A and B

Test A2t B2l ZE ATHEH &&0] L0kt
2 I 2238 2 DK[IIL BEE ¢
4 QUCH AIE H(WerH pP2et PSIt K+
£ SAIBHI OIFGID USLE 2ME2 & LI
A fsCh &8 Al g2 =) 85 59
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EXPERIMENTAL : Test A1 & Bt
Model PRRO1, Intact & Damaged conditions, KG = 0.305 m

Roll {deg}

-80

Time [sec]
Fig. 7 Experimental results of roll
motion(KG=12m)

NUMERICAL P1 : Test A1 & B1
Model PRRO1, Intact & Damaged conditions, KG = 0.305 m

Roll [deg]

-8.0

Time [sec]

Fig. 8 P1 results of roll motion(KG=12m)

NUMERICAL P2 : Test A1 & B1
Model PRR01, Intact & Damaged conditions, KG = 0.305 m

Roll [deg]

Time [sec]

Fig. 9 P2 results of roll motion(KG=12m)
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NUMERICAL P3 : Test A1 & B1
Model PRRO1, Intact & Damaged conditions, KG = 0.305 m

8.0

tact
=~ —Damaged

Roll [deg]

Time [sec]

Fig. 10 P3 results of roll motion(KG=12m)

NUMERICAL P4 : Test A1 & B1
Model PRR01, Intact & Damaged conditions, KG = 0.305 m

Roll [deg]

Time [sec]

Fig. 11 P4 results of roll motion(KG=12m)

NUMERICAL P5 : Test A1& B1
Model PRR0O1, Intact & Damaged conditions, KG = 0.305 m

Roll [deg}

Time [sec]

Fig. 12 P5 results of roll motion(KG=12m)
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EXPERIMENTAL : Test A2 & B2
Model PRRO1, Intact & Damaged conditions, KG = 0.336 m

Roll [deg]

Time [sec]

Fig. 13 Experimental results of roll
motion{KG=13.4m)

NUMERICAL P1 : Test A2 & B2
Model PRRO1, Intact & Damaged conditions, KG = 0.336 m

— Infact

— —Damage
a

Roll [deg]

»
°

-40

Time [sec]

Fig. 14 P1 results of roll motion(KG=13.4m)

NUMERICAL P2 : Test A2 & B2
Model PRRO1, Intact & Damaged conditions, KG = 0.336 m

80
— Intact

60 = =Damaged
40
20

0.0

Roll [deg]

-20

Time [sec]

Fig. 15 P2 results of roll motion(KG=13.4m)
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NUMERICAL P3 : Test A2 & B2
Model PRRO1, Intact & Damaged conditlons, KG = 0.336 m

80
— Intact
680 — —Damage

40

20

00

Roll [deg]

-20

-40

-6.0

-80

Time [sec]

Fig. 16 P3 results of roll motion(KG=13.4m)

NUMERICAL P4 : Test A2 & B2
Model PRRO1, Intact & Damaged conditions, KG = 0.336 m

80

8.0

4.0

Roll [deg]
n [=]
g

3
°

Time [sec)]

Fig. 17 P4 results of roll motion(KG=13.4m)

NUMERICAL P5 : Test A2 & B2
Model PRR01, Intact & Damaged conditions, KG = 0.336 m

Roll [deg]

-8.0

Time [sec]

Fig. 18 P5 results of roll motion(KG=13.4m)

o
o
Y
o
Il
tol

=28 M 42 & M 5 & 2005¥ 102



e
s
&
Ofo

A, OIZE, 2XE, g4

e

TEST A1
Model PRRO1, intact condition, KG = 0.305 m

w
=3

N
@

»
°

Mean Period [sec]
5 @

05

00

0 1 2 3 4 5 6 7 8 9 10
Number of oscillations
Fig. 19 Roll mean period(KG=12m, Intact)

TEST A2
Model PRRO1, Intact condition, KG 5 0.336 m

Mean Period [sec]
-

bt
@

0.0

4 1 2 3 4 13 € 7 8 Qe 10
Number of oscillations

Fig. 20 Roll mean period(KG=13.4m, Intact)

TEST B1
Model PRR01, Damaged condition, KG = 0,305 m

30
——P1
-8--P2
25 - P3
-<---P4
——P5
20 ——EXP

Mean Period [sec]
o

0.0
0 1 2 3 4 5 6 7 8 9 10
Number of oscillations

Fig. 21 Roll mean period(KG=12m, Damage)

TEST B2
Model PRR01, Damaged condition, KG = 0.336 m

——P1
-8 P2
28 a3
--P4
28 -+P5
T —e—EXP
n, 24
]
'8 22
s
o.
<
g 2.0
=
18
186
14 .
0 1 2 3 4 5 6 7 8 9 10

Number of osciilations

Fig. 22 Roll mean period(KG=13.4m, Damage)
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TEST A1
Modei PRRO1, Intact condition, KG = 0.305 m

N

Logarithmic Decrement
o o =
> ® o

o
~

o
Y

o
S

] 1 2 3 4 5 6 7 8 9 10
Number of oscillations
Fig. 23 Logarithm decrement(KG=12m, Intact)

TEST A2
Model PRRO1, Intact condition, KG = 0.336 m

Logarithmic Decrement
g3 n
\

- - M
06 - M
e -o/ . ==
-
04 e D -
ottt
02 s
00
[ 1 2 3 4 5 [ 7 8 [ 10

Number of oscillations

Fig. 24 Logarithm decrement(KG=13.4m, Intact)

TEST B1
Model PRR01, Damaged condition, KG = 0.305 m

20 —
—P1 Ve
184 —-p2 /
’
---P3
RS | R, . //.
§ 14 —-P5 ’ > °
5 * EXP . //
§124
&
a
g 10 -
€ -
£ 08 - .-
£ .-
Sos .
5 o -
04
02 e
L
0.0 e
0 1 2 3 4 5 5 7 8 9 10

Number of oscillations

Fig. 25 Logarithm decrement(KG=12m, Damage)

TEST B2
Model PRR01, Damaged condition, KG = 0.336 m

20
—FP1
184 —=p2
---P3

E1.6 — s
G144 —-P5
E * EXP .
g 12 P
a ’
o210 , .
E , ~
S8 -
2 »7
%00 =22 ;
3 PR

04 Mo AL A -

- - e
02 o e
0.0 —
0 1 2 3 4 5 6 7 8 9 10

Number of oscillations

Fig. 26 Logarithmic decrement(KG=13.4m, Damage)
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Roll / (inltial Roll)

TEST C - EXPERIMENTAL
Model TNK partially filled

0.0 0.5 1.0 15 20 25 30 35 40
Time [sec]

Fig. 27 Experimental results of roll motion

Roll / {(Initial Roll)

Roll / {initiat Roll}

TEST C - NUMERICAL P1
Model TNK partially filled

\"/

0.0 0.5 1.0 15 20 25 30 35 4.0
Time [sec)

Fig. 28 P1 results of roll motion

TEST C - NUMERICAL P2
Model TNK partially filled

0.0 0.5 1.0 15 20 25 30 35 4.0
Time [sec]

Fig. 29 P2 results of roll motion

nitial Rolt)

Roll / {initial Roll)
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TEST C - NUMERICAL P3
Model TNK partially filled

10
— 0.0mm
08 -~ 12.0mm
06 /N 7 — - 4g5mm
1) A - - - 1340mm
~ o) 0\
’ ; V \‘
. 0 [\ -
1 N i ) \‘\ y \ 7/
4 Rt/ N /
\ ‘ ” 3 =™ s
b N\
\ \ 4 ~N
06 w N
Y N
-08 3
0l —
0.0 05 1.0 1.5 20 25 30 35 40
Time [sec]

0.0

Fig. 30 P3 results of roll motion

TEST C - NUMERICAL P4
Model TNK partially filled

0.5 1.0 15 20 25 30 35 40
Time [sec]

Fig. 31 P4 results. of roll motion

TEST C - NUMERICAL P5
Model TNK partially filled

0.5 1.0 15 20 25 30 35 40
Time [sec]

Fig. 32 P5 results of roll motion

=2% M 42 A W 5 F 20054 108



TESTC1 .
Model TNK, 0.0 mm water depth {intact)
20
——P1
18 -&--P2
6 P3
16 —o-P4
——P§
= 14 —tr
32
3 D e
§ 10
a
§os
z
08
04
02
00
Q 1 2 3 4 5 6 7 8 9 10
Number of oscillations
Fig. 33 Roll mean period(d=0m)
TEST C2
Model TNK, 12.0 mm water depth (breadth / depth = 31.8)
20
——P1
18
16
14

Mean Period (sec]
5

08
0.6
0.4
0.2
0.0
0 1 2 3 4 5 6 7 8 9 10
Number of oscillations
Fig. 34 Roll mean period(d=1m)
TEST C3
. Model TNK, 48.5 mm water depth {breadth / depth = 7.9)
20
T
18 ——P2
—a- P3
16 - P4
-+ P5
14 ——EXP
3. 12
b= -
o
510
o
§os
E
08
04
0.2
00
0 1 2 3 4 5 6 7 8 i 10
Number of oscillations
Fig. 35 Roll mean period(d=4m)
TEST C4
Model TNK, 194.0 mm water depth {breadth / depth = 2.0)
20
1.8
164
14+

Mean Perlod [sec]
5

0 1 2 3 4 5 6 7 8 9 10
Number of oscillations

Fig. 36 Roll mean period(d=16m)
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TEST C1
Model TNK, 0.0 mm water depth (intact)

.‘;‘/'b
"l
cZ -
o
e ..
£ TS
P _-"'..
[ 1 2 3 4 5 6 7 8 9 10

Number of oscillations

Fig. 37 Logarithm decrement(d=0m)

TEST C2
Model TNK, 12.0 mm water depth (breadth / depth = 31.8)

—
- P2
- P3 .
- P
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Fig. 38 Logarithm decrement{d=1m)

TEST C3
Model TNK, 48.5 mm water depth (breadth / depth = 7.9)
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Fig. 39 Logarithm decrement{d=4m)

TESTC4
Model TNK, 194.0 mm water depth (breadth / depth = 2.0}
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Fig. 40 Logarithm decrement(d=16m)
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Fig. 41 Experimental results of roll motion

TEST D - NUMERICAL P1
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Fig. 42 P1 results of roll motion

TEST D - NUMERICAL P2
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Fig. 43 P2 results of roll motion
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TEST D - NUMERICAL P3
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Fig. 44 P3 results of roll motion
TEST D - NUMERICAL P4

6.0
— 1 frame

40 - =2 frames

Time [sec]

Fig. 45 P4 results of roll motion
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Fig. 46 P5 results of roll motion
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