
 

 

Contri

ABSTRACT 

Roll dampi
seaway and
article appli
damping co
forced roll t

Keywords: Ro

 

1. INTRO

Roll damp
parameters 
ship in a se
and safety. 
It has been 
possibly sti
and speciall
Generation 
described in
2016), emp
influences 
considered. 
determining
established 
dead ship 
This param
passenger 
vessels hav
(Bačkalov 
there are sig
depending 
gear.  
In the pres
used to ev
method by 
Simplified I
properly es
particular fi
condition (
vessel, co
damping co

Proceedings 

ibutions

Adriana Ol

Luis Pére

ng coefficie
d, consequen
ies the appro
oefficients; o
tests. Both re

oll damping, fo

ODUCTION

ping coeffic
that charact

eaway and th

the great un
ill is (Falzar
ly during the

Intact St
n (Peters et a
phasis has 
the majori
In fact, th

g parameter
failure mod
condition a

meter has be
and cargo 

ve been left 
et al., 2016
gnificant diff
on the coun

sent article, 
valuate if th

the IMO (I
Ikeda’s meth
timate the d

fishing vesse
(DSC) failur
onsidering 
oefficient and

of the 16th Int

s on Ro

liva-Remola

ez-Rojas, Un

ent is one of
ntly, it is the
oved Dead Sh
one determin
esults will be

rced roll tests, I

N 

ient is one
terize the pe
he correspon

nknown for 
rano et al., 2
e developmen
tability Crit
al., 2011) and

been place
ity of the 
e damping 
r in three

des, namely 
and excessiv
een studied 

vessels, ho
out of most
). The main

fferences betw
ntry and the 

a trawler fi
he accepted 
IMO, 2016a
hod (Kawaha
damping coe
el. Moreover
re mode is 
both the 

d the one obt

ternational Ship

ll Damp

, Universida
niversidad Po

f the main p
e most influe
hip Conditio
ed applying 

e compared, a

Ikeda’s method

e of the m
erformance o
nding operabi

many years 
2015). Recen
nt of the Sec
teria (SGIS
d (Umeda et

ed on it as
failure mo

coefficient i
e of the 

parametric r
ve accelerat
extensively 

owever, fish
t of the stud
n reason is 
ween hull fo
type of fish

ishing vesse
semi-empir

a), the so-ca
ara et al., 20
efficient for 
r, the dead s
applied to 
semi-empir

tained by for

p Stability Wo

ping Co

ad Politécnic
Politécnica de

parameters th
ential factor

on failure mo
the Ikeda's M
analysed and

d, ship stability,

main 
of a 
ility 

and 
ntly, 
cond 
SC), 
t al., 
s it 
odes 
is a 
five 
roll, 
tion. 

for 
hing 
dies, 
that 

orms 
hing 

el is 
rical 
alled 
09), 
this 
ship 
this 

rical 
rced 

roll
infl
DS

2.

use
Fig
of 
calm
is s

 

Figu

 

Tab

Len
Len
Mo
Dr
Tri
Dis
Blo
Mi
Co
La
Ve
Z (
Na
Ser

 

rkshop, 5-7 Ju

oefficien

a de Madrid
e Madrid, lui

hat character
r in certain s
ode to a traw
Method and 
d discussed.

 ship safety, fis

l test exper
luence of th
C failure mo

SHIP DES

A trawler f
ed. A profil
gure 1 and Ta
the ship. In 
m water of t

shown. 

ure 1: Profile v

ble 1: Trawler 

ngth overall, LO
ngth at the wate
oulded Breath, B
aught, D (m) 
im, t (m) 
splacement, Δ (
ock coefficient,
idship coefficie
orrected metacen
teral windage a

ertical distance f
(m) 
atural roll freque
rvice velocity, V

ne 2017, Belgra

nt for F

d, adriana.oliv

is.perezrojas

rize the perf
stability crite
ler fishing ve
the other de

shing vessels. 

riments. Ev
he roll damp
ode. 

CRIPTION

fishing vesse
e view of t
able 1 shows
Figure 2 th

the loading c

view of the traw

fishing vessel c

Parameter 
OA (m) 
erline, LWL (m
B (m) 

(t) 
, CB (-) 
nt, CM (-) 
ntric height, GM

area, AL (m2) 
from the centre

ency, w0 (rad/s)
VS (kn) 

 

rade, Serbia 

Fishing V

va@upm.es 

@upm.es 

formance of
eria failure m

vessel using t
etermined em

valuating, th
mping coeffic

N 

el of 41.7 LO
the vessel i
s the main ch
he righting a
condition un

awler fishing ve

characteristics

m) 

MC (m) 

e of AL to D/2, 

) 

 

Vessels

f a ship in a
modes. This
two different
mpirically by

herefore, the
cient on the

OA has been
is shown in
haracteristics
arm curve in
nder analysis

essel. 

s. 

Value 
41.700 
40.111 
11.500 

4.072 
0.000 

997.900 
0.424 
0.736 
0.774 

248.020 
5.300 

0.592 
12.000 

 

a 
s 
t 
y 

e 
e 

n 
n 
s 
n 
s 

207



 

 

Figure 2: Rig
(φf, represent

This vessel 
whose dime
and 2.2m de
is 20.666. 

3. DETER
DAMP

 

Simplified I
The Ikeda’s
the dampin
independent
eddy damp
Simplified 
formulas fo
component 
a series of p
2009).  
Each regre
which depe
coefficient, 
position of 
these formu
vessels, the
present wo
namely the
coefficient. 
recommend
parameter e
Simplified 
keeping a
correspondi
instead of u
the followin
the Simplifi

• CB,i

• CM,

Proceedings 

ghting arm cu
s the down-flo

was tested a
ensions are 1
epth. The sca

RMINATIO
ING COEF

Ikeda’s meth
s method is b
ng coefficien
t component

ping compon
Ikeda’s met

or each indep
obtained app
parametric h

ession formu
nd on the bl
the breath to
the centre o
ulas were o
e trawler f
ork is outsi
e block co

However
ded in (IM
exists outsid
Ikeda’s met

as the pa
ing to the 
using the coe
ng coefficien
ied Ikeda’s m

ikeda = 0.500 

,ikeda = 0.900 

of the 16th Int

rve of the traw
oding angle) 

at the ETSIN 
00m length, 
ale used for t

ON OF 
FFICIENT 

hod 
based on the 
nt can be sp
ts, such as th
nents (Hime
thod is a se
pendent dam
plying the Ik

hull shapes (K

ula has app
lock coefficie
o depth ratio
of gravity to 
obtained con
fishing vesse
ide the app
efficient an

r, as it 
MO 2016b)
de the applic
thod may b

arameter va
limited va

efficients sho
nts have been
method: 

ternational Ship

wler fishing v

towing tank
3.8m breath

the ship mod

THE RO

assumption 
plit in diffe
he frictional 
no, 1982). 
et of regress

mping coeffic
keda’s metho
Kawahara et

plicable ran
ent, the mids
 and the vert
depth ratio.

nsidering ca
el used in 
plicable ran
nd the mids

is curre
, if a ve
cable range, 
be applied o
alue the 
alue. Theref
own in Tabl
n considered

p Stability Wo

 
vessel 

k, 
h 
del 

OLL 

that 
erent 

and 
The 
sion 

cient 
od to 
t al., 

nges 
ship 
tical 
. As 
argo 

the 
nges, 
ship 

ently 
essel 

the 
only 
one 

fore, 
le 1, 
d for 

As 
me
deg
obt

For
Ap
sem
obt

On
the
kin
ext
is t
bea
sinu
Fro
cur
rep
exp
cur
freq
and
com

In 
usin
tran

The
the
cen
mo
an 

As 
roll
avo
line
gra
in 
Fig

The
tran
sys
pos

rkshop, 5-7 Ju

a result o
thod to a ran

g, the follow
tained: 

• μ = 0.0

• β = 0.1

• δ = 0.0

rced roll test
art from obt

mi-empirical 
tained experi

e of the mos
forced roll t

nd of exper
ternal momen
to exert a r
am sinusoid
usoidal mom

om forced r
rves are obt
presents the 
periences per
rrent case, ea
quency. Tak
d frequency
mponents ma

the present 
ng an inte
nsversally th

e internal mo
linear guide

ntre, 90 mm
oves thanks t
encoder, as s

the internal 
l moment bu
oid these neg
ear guide is 
avity of the s
the trawler 

gure 4.  

e roll moti
nslations are
stem, namely
sition is show

ne 2017, Belgra

f applying 
nge of roll an

wing damping

020 [1/s] 

898 [-] 

000 [s] 

ts 
taining roll d
or theoretic

imentally.  

st relevant ex
test (Handsch
riments, the 
nt or force. 
oll moment 
dal waves 
ment using 
roll tests res
tained.  Eac
mean roll a

r each wave 
ach wave hei
ing into acco

y values, th
ay be obtaine

work, the 
rnal movin
rough a linea

oving mass i
e and is allo

m on each s
to an electric
shown in Fig

mass in mot
ut also other 
gative effect
placed insid
hip model. T
fishing ves

ion and th
measured u

y the OptiTra
wn in Figure 

 

rade, Serbia 

the Simplif
ngle values f
g coefficient

damping coe
cal methods

xperimental 
hel et al., 20

ship rolls 
The most co
to the mod
or by ge

contra-rotat
sults, the ro

ach roll resp
amplitude th
slope (or, n

ight) and pe
ount the pea

he damping
ed. 

moment wa
ng mass wh
ar rail.  

is placed at t
owed to mov
side. This in
cal engine c
gure 3.  

tion not only
forces and m

ts, as far as 
de and near t
The linear gu
ssel model i

he other ro
using an optic
ack. The trac
4. 

 

fied Ikeda’s
from 0 to 25
ts have been

efficients by
, it may be

technique is
14). In these
due to an

ommon way
del applying
enerating a
ting masses.
oll response
ponse curve
hat the ship
not being the
er each wave
ak amplitude

coefficient

as generated
hich moves

the centre of
ve, from the
nternal mass
ontrolled by

y produces a
moments, to
feasible, the
the centre of
uide position
is shown in

otations and
cal trackable
ckable panel

s 
5 
n 

y 
e 

s 
e 
n 
y 
g 
a 
. 
e 
e 
p 
e 
e 
e 
t 

d 
s 

f 
e 
s 
y 

a 
o 
e 
f 
n 
n 

d 
e 
l 

208



 

 

Figure 3: Lin

 

Figure 4: 

The interna
specific wa
weights val
between the
mass locate
and the ship

௠,௠௔௫ݕ	݉  c
 

Where: 

• m, r
௠,௠ݕ •

amp

• ߶, r

)ܼܩ •
for 

Three wave
0.5, 1.0 an

Proceedings 

near rail compo

Linear guide a

al moving m
ave slope i
lues are ded
e static mom
ed at its ma
p righting mo

os߶ = Δ	ܼܩ
represents th௠௔௫, repres

plitude. 

represents th(߶), represe
a specific ro

e slopes (α
nd 1.5 deg,

of the 16th Int

onents. 

and trackable 

mass weight
is simulated

ducted from 
ent generated
aximum amp
oment, as Eq

ܼ(߶) 
he moving ma

sents the m

he roll angle. 

ents the righ
oll angle.  

) were cons
, thus, three

ternational Ship

panel position

is such tha
d. The mov
the equilibr
d by the mov
plitude posi

quation 1 sho

ass weight. 

maximum m

hting arm va

sidered, nam
e different 

p Stability Wo

 

 
n. 

at a 
ving 
rium 
ving 
ition 
ows: 

(1)

mass 

alue 

mely 
roll 

resp
val

The
sho

Tab
wav

 

The
equߤ௘௤
(Bu
௘௤ߤ 

 

Wh

Equ

=௘௤ߤ 	
Equ
of 
Equ
mo
ext
ma

rkshop, 5-7 Ju

ponse curve
ues are show

Figure 5: 

e peak amp
own in Table

ble 2: Peak fre
ve slope 

Wave slope,  
α (deg) 

0.5 
1.0 
1.5 

e damping c
uivalent ௤൫߱௣௘௔௞, ௣௘ܣ
ulian et al., 2

௤൫߱௣௘௔௞, ௣௘ܣ

here ߤ௘௤൫߱
uation 3: 

௤൫߱௣௘௔௞, ܯܩ∆௠,௠௔௫ݕ	௣௘݉ܣ 2
uation 3 has 

freedom (
uation 4, ass

oving mass 
ternal forcing
ss motion is 

ne 2017, Belgra

es were obta
wn in Figure 

Experimental 

plitude and 
 2. 

equencies and 

Peak frequ
ωpeak (rad

2.63 
2.59 
2.56 

coefficients 
linear d௘௔௞൯, to th

009): 

௘௔௞൯= μ+	 ߨ43 38	൫߱௣+ߚ ൫߱௣௘ߜ
߱௣௘௔௞, ௣௘௔௞ܣ
௘௔௞൯߱଴ଶܣ௣௘௔௞߱௣௘௔௞

been deduc
1-DoF) rol

suming that t
can be rep
g term and k
sinusoidal.  

 

rade, Serbia 

ained. The e
5. 

roll response c

d frequency 

amplitudes va

uency, 
d/s) 

Peak
A

are obtained
damping 
he followin

௣௘௔௞	ܣ௣௘௔௞൯
௘௔௞	ܣ௣௘௔௞൯ଶ 

൯ is obta

௞ 

cted from the
ll equation, 
the effect of

presented sim
knowing tha

 

experimental

curves 

values are

alues per each

k amplitude, 
Apeak (deg) 

11.2 
14.3 
16.8 

d fitting the
coefficient,

ng Equation

(2)

ained from

(3)

e one degree
shown in

f the internal
mply by an
at the actual

l 

e 

h 

e 
, 
n 

)

m 

)

e 
n 
l 
n 
l 

209



 

   

Proceedings of the 16th International Ship Stability Workshop, 5-7 June 2017, Belgrade, Serbia  

߶ᇱᇱ + ௘௤߶ᇱߤ2 +	߱଴ଶ ଴ଶ߱	=ܯܩ(߶)ܼܩ	 ௠,௠௔௫ݕ	݉ sin߱௠ܯܩ∆ݐ  
(4)

As the moving mass motion is sinusoidal, it is 
considered that the response of the ship is 
sinusoidal too. Thus, at resonance: 

߶ = ௣௘௔௞ܣ	 		sin߱௣௘௔௞ݐ	 ߶ᇱ = ߱௣௘௔௞	௣௘௔௞ܣ	 	cos߱௣௘௔௞ݐ	(5) 

And knowing that at resonance the damping and the 
external moment components are in phase and 
opposed to each other, as stated in Equation 6. 
Therefore, Equation 3 is deducted from Equation 6. 

߱௣௘௔௞	௣௘௔௞ܣ௘௤ߤ2 = 	߱଴ଶ ܯܩ∆௠,௠௔௫ݕ	݉  (6)

From the fitting of the equivalent linear damping 
coefficient obtained in Equation 6 with Equation 2, 
the following damping coefficients for the trawler 
fishing vessel have been obtained: 

• μ = 0.0038 [1/s] 

• β = 0.0000 [-] 

• δ = 0.5951 [s] 
 

Comparison 
In Table 3 the damping coefficients obtained using 
both Simplified Ikeda’s method and forced roll tests 
are shown. 
Table 3: Roll damping coefficients obtained 

Method used μ [1/s] β [-] δ [s] 
Simplified Ikeda’s Method 0.0020 0.1898 0.0000 
Forced Roll Tests 0.0038 0.0000 0.5951 

 

As can be seen in Table 3, the Simplified Ikeda’s 
method characterize the roll damping of the trawler 
fishing vessel as being linear-quadratic, while the 

forced roll tests experiments characterize it as being 
linear-cubic. It is a considerable difference which 
will definitely influence the DSC evaluation. 

4. EVALUATING THE DEAD SHIP 
CONDITION FAILURE MODE 

The fishing vessel under analysis complies with the 
Level 1 criterion for the DSC failure mode but it 
does not complies with the Level 2. 

The Level 2 criterion for the DSC failure mode has 
been evaluated for the trawler fishing vessel using a 
code developed by the authors.  

The code has been verified analysing the robustness 
of the results but it has not been validated as no 
complete sample calculations have been available. 
For instance, in the example of application of the 
Level 2 DSC Criterion shown in the Explanatory 
Notes (IMO, 2016c) some input data is missing. 

In Table 4, the results of the DSC Level 2 
evaluation using both damping coefficients are 
shown considering the long-term probability index 
denoted as C: 
Table 4: Dead Ship Condition Level 2 evaluation. 

Method used C 
Simplified Ikeda’s method 0.124 
Forced Roll Tests 0.174 

 

As can bee seen in Table 4, the trawler fishing 
vessel does not comply with the DSC Level 2 
criterion as both C values are above 0.06 or 0.04, 
which are the two standard values under 
consideration.  

Despite not complying with the criterion, it is worth 
mentioning that the C values obtained differ to each 
other by 40%, which is a considerably high 
difference. Also, even if the C value obtained using 
the forced roll tests damping coefficient is ship-
specific, no scale effects have been considered. 
Therefore, the DSC Level 2 criterion has a large 
sensibility to the roll damping, as also emphasized 
in (Míguez et al., 2015). 

5. CONCLUSIONS 

The Level 2 criterion for the DSC failure mode has 
been applied to a trawler fishing vessel considering 
two different damping coefficients.  

Each method has some drawbacks. The first 
method used to obtain the damping of the current 
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fishing vessel has been the Simplified Ikeda’s 
method, which has the inconvenience of being 
determined considering cargo vessels, besides 
being the ship under consideration outside some 
applicable ranges. The second method used is 
forced roll tests, which has the advantage of being 
ship-specific although no scale effects are 
considered. However, the latest method is 
expensive and time consuming.  

The results obtained either considering both 
damping coefficients show that the fishing vessel 
considered does not comply with the Level 2 
criterion. The most relevant fact is that the long-
term probability index obtained (C) differ by 46% 
between both methods, which is a considerable and 
non-insignificant difference.  

Consequently, the difference of the C values 
between both cases needs to be further analysed. 
Despite of this, it is an indicator of the great 
influence that the damping coefficient has in the 
Dead Ship Condition Level 2 criterion. 

6. QUESTIONS TO BE FORMULATED 

During the development of the present work, some 
questions have emerged. 

Referring to the damping coefficient determination:  

• Although it is known that the Simplified 
Ikeda’s method may be used for cargo 
vessels and that it is recommended to use it 
when inside all the application ranges, it is 
of common understanding that the use of 
this method outside the application ranges 
is conservative. However, from the results 
obtained it seems to be the opposite. 
Therefore, have the consequences of being 
outside the application ranges of the 
Simplified Ikeda’s method been analysed? 

• Otherwise, when using experimental tests, 
there are many points that can be raised due 
to the lack of standard. Moreover, 
depending on the experimental technique 
used, the damping coefficients may differ 
considerably as the hydrodynamic scenario 
is different. Is it necessary to develop 
standard procedures for decay tests and 
forced roll tests?   

• Also, regarding experimental tests, there 
are still many uncertainties regarding the 

damping scale effects. Do the scale effects 
have to be taken into account? If so, how? 

Referring to the Level 2 Criterion for the Dead Ship 
Condition failure mode: 

• It is not possible to validate the codes as 
there is not a complete sample calculation 
or example. Should it be a high priority 
issue for the finalization of the SGISC?  

• As seen in the present work, depending on 
the damping coefficient used, considerable 
differences may be obtained in the C value. 
Therefore, it may be determinant when 
checking the compliance with the criteria. 
Has the influence of the damping 
coefficient on the DSC Level 2 criterion 
been studied? 
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