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SUMMARY 
 
The assessment of Level 1 and 2 of Dead Ship Condition and Excessive Acceleration, within the Second Generation 
Intact Stability Criteria framework, is performed for the parent hulls D1 and D5 of Systematic Series D. These are semi-
displacement, round bilge and transom stern hull forms representative of naval ships. Although SGISC do not refer to 
naval ships, they are sensitive to dynamic stability failure phenomena, due to their geometry and range of speeds.  
A brief presentation of first and second vulnerability levels for both failure modes is given. The procedure to assess 
these vulnerability criteria has been implemented in Matlab©. The maximum allowable KG curve associated with Dead 
Ship Condition has been obtained and compared with the minimum allowable KG curve associated with the Excessive 
Acceleration criterion, in different loading conditions for each vessel.  
   
NOMENCLATURE 
 
β  Quadratic roll damping  
  coefficient (rad-1) 
γ  Cubic roll damping coefficient (s rad-2) 
Δ  Displacement (t) 
μ  Linear roll damping coefficient (s-1) 
μe  Equivalent linear roll damping  
  coefficient (s-1) 
σdϕ  Standard deviation of roll velocity 
  (rad s-1) 
φS  Stable heel angle under the action of  
  the wind (deg) 
ω0  Natural roll frequency (rad s-1) 
ω0,e  Modified natural roll frequency 
  (rad s-1) 
AL  Lateral projected area (m2) 
B  Ship breadth (m) 
Be  Equivalent linear roll damping factor 
  (kN m s) 
bBK  Breadth of the bilge-keels (m) 
C  Long-term stability failure index (-) 
CB  Block coefficient (-) 
Ci  Short-term stability failure index (-) 
Cm  Midship section coefficient (-) 
d   Ship draught (m) 
HS  Significant wave height (m) 
g  Gravity acceleration (m s-2 ) 
GM  Upright metacentric height (m) 
GMres  Local metacentric height (m) 
GZ  Righting arm (m) 
h  Height above the roll axis where  
  passengers or crew may be present (m) 

hKL  Height above the keel line where  
  passengers or crew may be present (m) 
KG  Height of the centre of gravity above  
  the keel line 
kL  Factor taking into account 
  simultaneous action of roll, yaw and 
  pitch (-) 
lBK  Length of the bilge-keels (m) 
LPP  Length between perpendiculars (m) 
N  Total number of environmental  
  conditions 
r(ω)  Effective wave slope function (-) 
s   Wave steepness (-) 
T  Ship natural roll period (s) 
Uw  Mean wind speed (m s-1) 
Wi  Weighting factor (-) 
DS  Dead Ship Condition 
DSA  Direct Stability Assessment 
EA  Excessive Acceleration 
IMO  International Maritime Organization 
IS  Intact Stability 
OG  Operational Guidance 
OL  Operational Limitations 
OM  Operational Measures 
SDC  Sub-Committee on Ship Design and 
  Construction 
SGISC  Second Generation Intact Stability  
  Criteria 
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1. INTRODUCTION 
 
The Correspondence Group on Intact Stability (IS) of the 
International Maritime Organization (IMO) is working 
on the development and finalization of the Second 
Generation Intact Stability Criteria (SGISC), which are 
intended to be included in Part A of the 2008 IS Code 
(International Code on Intact Stability) in the following 
years. The development of the SGISC follows the 
revision of the IS Code  started in 2001 and entered into 
force in 2008.  
 
This new generation of criteria studies five modes of 
dynamic stability failure in waves: parametric roll, pure 
loss of stability, surf riding/broaching, dead ship 
condition and excessive acceleration. They are based on 
the physics of the phenomena and the assessment of 
stability failure is performed in probabilistic terms. 
 
Three levels of assessment are proposed for each failure 
mode. The first and second levels of assessment are 
called vulnerability criteria and they are based on 
simplified physical models. Aim of the first level, which 
is very simple and conservative, is to distinguish the 
potentially vulnerable ships to a certain phenomenon 
from those which are clearly not vulnerable. The second 
level of assessment is more sophisticated than the first 
one, although some assumptions are made to guarantee 
the feasibility of the assessment and to reduce the 
required computational efforts. The Direct Stability 
Assessment (DSA) represents the third level of 
assessment and it consists of numerical or experimental 
simulations of the ship’s behavior in seaway using the 
most advanced state of art tools. If one or more loading 
conditions fail Level 2 assessment or DSA, Operational 
Measures (OM) can be developed; OM consist of 
Operational Limitations (OL) and Operational Guidance 
(OG). They are limits on ship’s operation in a given 
loading condition and recommendation about 
combinations of ship speed and wave directions to be 
avoided in relevant sea states, respectively (SDC 7/5).  
 
In the 7th Session of the Sub-Committee on Ship Design 
and Construction (SDC), the state of the art of the 
vulnerability criteria was summarized, (SDC 7/5). 
Although the procedures for all criteria are defined, some 
require further refinements. In particular, pure loss of 
stability appears too conservative when applied to ships 
with low freeboard; dead ship condition could give 
inconsistent results especially when it is applied to ships 
with geometrical and mechanical parameters outside the 
range limits of the Level 1; excessive acceleration could 
be further refined being too severe.  
 
In this paper, the vulnerability criteria for Dead Ship 
Condition (DS) and Excessive Acceleration (EA) failure 
modes are applied to parent hulls D1 and D5 of 
Systematic Series D, for different loading conditions. 
These vessels are potentially vulnerable to DS and EA 
due to the extended superstructure and low roll period, 

about 10 seconds, which make them potentially 
vulnerable to dead ship condition and excessive 
acceleration respectively. 
After a brief introduction of Level 1 and Level 2 
vulnerability criteria for DS and EA according to the 
latest draft of the criteria (SDC 7/5, 2019), the limit KG 
curves  complying with Level 2 assessment are obtained 
referring to parent hulls of D-Series. Aim of this work is 
to investigate the existence of a range of operational KG 
for the two hull forms, for a range of draughts. 
 
The examined vessels are the parent hulls of D-
Systematic Series, which are typical naval hull forms. 
Although SGISC do not refer to navy ships, they are 
potentially vulnerable to the SGISC failure modes due to 
their geometry and operational speeds. In recent years, 
the application of the SGISC to naval vessels has been 
performed in several works. In Grinnaert et al. (2016) a 
helicopter carrier, an offshore patrol vessel and a 
destroyer derived from the DTMB 5415 model were 
analysed against Level 1 and 2 of parametric roll and 
pure loss of stability. In Petacco (2019), the same vessels 
were examined and the limiting KG curves associated 
with Level 1 and 2 were obtained, referring to parametric 
roll, pure loss of stability, dead ship condition and 
excessive acceleration. 
The D-Series’ hull forms were already examined in last 
years. Begovic et al. (2018 ) examined  the vulnerability 
to surf riding/broaching of all the models of the series, 
scaled to 90m length ships, computing the critical speeds. 
In Begovic et al. (2019) parametric roll, surf 
riding/broaching and pure loss of stability criteria were 
taken into account and applied to D1 and D5 models 
scaled to 132m ships, for a given condition of loading 
and different speeds. In Rinauro & Begovic (2019) the 
assessment of Level 1 and 2 of surf/riding and pure loss 
of stability was assessed referring to parent hulls of the 
series. In Boccadamo & Rosano (2019) the compliance 
between the minimum KG curve associated with Level 2 
of excessive acceleration and the envelope of allowable 
KG curves associated with stability rules for naval ships 
was investigated. 
The previous works have been used here as main source 
for the input data.  
 
2. DEAD SHIP CONDITION 
 
In the dead ship condition it is assumed that the ship has 
lost her power, hence she has lost her ability to steer and 
manoeuvre. In this condition, the ship turns into beam 
seas and rolls under the action of  wind and waves; a drift 
related heel angle is caused by steady wind acting on the 
lateral exposed area combined with the hydrodynamic 
reaction caused by the transverse motion of the ship. 
When the ship is rolled at the maximum windward roll 
angle a sudden and long gust occurs resulting in an 
increasing of the maximum leeward roll angle. 
For each loading condition, the criterion defines the 
minimum requirements to meet to guarantee safety 
against the stability failure.  
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The stability of the ship is considered sufficient if the 
maximum leeward angle is not too great and is lower 
than the down-flooding angle  (SDC 4/5/1 Add.3).  
 
2.1 LEVEL 1 
 
The first level of the dead ship condition applies the 
severe wind and rolling criterion, also known as Weather 
Criterion. It is the only one of the SGISC currently 
entered into force in Part A of the 2008 IS Code. 
Although Weather Criterion was widely criticized due to 
the many empirical assumptions on which it is based, as 
a result of the revision of the IS Code the criterion 
remains unchanged except for the table of the wave 
steepness s which was extended for ship natural roll 
periods T longer than 20 seconds. The reason why it is 
not changed is that most of the parameters used in the 
criterion are dependent from the dataset of ships used at 
the time of its development and it was judged not 
advisable to perform any modification (Belenky, 2011). 
The main criticism on the Weather Criterion is related to, 
(SLF 48/4/6): 

  the reliability of the value of the roll-back 
angle for certain types of ships; 

  the evaluation of the heeling arm due to the 
gust, which does not take into account the 
actual dimensions of the ship; 

 the stochastic nature of the environmental 
conditions is taken into account in an 
approximate way.  
 

The main parameters of the Weather Criterion were 
calibrated on a sample of ships which is no longer 
representative of the current world fleet in some cases. In 
particular, the used tables and formulae were evaluated 
from a sample of ships having: a breadth/draft ratio 
smaller than 3.5; a ratio (KG-d)/d between 0.3 and 0.5; a 
natural roll period smaller than 20s. Hence, for ships 
having one or more parameters outside the previous 
range, it is suggested to evaluate experimentally the roll 
back angle (IMO, 2008). 
 
2.2 LEVEL 2 
 
The second level of assessment has to be performed in 
probabilistic terms, through the computation of a long-
term probability index C. The index C is obtained as the 
weighted sum of short-term probability failure indices 
CS,i which represent the probability of exceeding a given 
roll angle at least once in the sea state they refer to. The 
examined loading condition meets Level 2 if the long-
term stability failure index is less or equal than a limit 
value RDS0: 
 

𝐶 =  𝑊 𝐶 , ≤  𝑅 = 0.06 

 
In the sum N is the total number of environmental 
conditions for which the short-term index has to be 

computed; these conditions are given in terms of relevant 
sea states, as combinations of significant wave height and 
average zero-up crossing period by means of a scatter 
table for the North Atlantic. The wind speed is  linked to 
the sea state through the significant wave height. 
The statistical frequency of occurrence of the i-th sea 
state is Wi and it is obtained dividing the number of 
occurrences by N. 
The probability index CS,i is evaluated through the 
estimation of the roll motion spectrum in the given 
environmental condition. One-degree of freedom model 
is adopted to describe the ship roll motion which includes 
a non-linear damping term, and a non-linear restoring 
term; the vessel is subject to unidirectional beam wind 
and waves; the wind speed has a constant and a 
fluctuating parts. As a result of the constant wind action 
the ship heels reaching a stable heel angle φS around 
which she rolls. The adopted sea wave elevation 
spectrum is the Bretscheinder spectrum; the wind gust is 
modelled through the Davenport spectrum. 
The mean wind speed Uw is related to the sea state by the 
significant wave height HS according to the following 
relation:  
 

𝑈 =
𝐻

0.06717

/

 

 
The assessment of second level requires more 
information about the ship than Level 1. In particular, for 
both DS and EA the body plan of the hull is required in 
order to evaluate the effective wave slope function r(ω) 
in whole frequency range the sea spectra. This function 
takes into account the effect of the finite wave length on 
the exciting roll moment. It is used to correct the wave 
slope spectrum defining a new spectrum known as 
effective wave slope spectrum.  
 
The evaluation of the roll damping is another key point 
of the assessment. Both DS and EA assume a one-degree 
of freedom model for roll motion, which includes a non-
linear damping ter. The linearization of the damping term 
can be made using the simplified Ikeda’s method 
(Kawahara et al, 2009). An equivalent roll damping is 
determined as a function of the roll amplitude; then a set 
of three damping coefficients, μ, β and δ (linear, 
quadratic and cubic) is derived through a least square 
fitting. Once known these coefficients, an iterative 
procedure can be adopted to calculate the equivalent roll 
damping factor μe, for each environmental condition. The 
iteration is required because the factor is a function of the 
roll motion, which is in turn dependent from the factor; 
hence, the equation of roll motion can be solved starting 
from an initial value of μe, then the standard deviation of 
roll velocity σdϕ can be derived from the spectrum of roll 
motion, which allows the evaluation of the new value of 
μe: 
 

𝜇 = 𝜇 +
2

𝜋
∙ 𝛽 ∙ 𝜎 (𝜇 ) +  

3

2
∙ 𝛿 ∙ 𝜎 (𝜇 )  
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The procedure has to be repeated until the convergence is 
reached. Hence: 
 

𝐵 = 𝐼 ∙ 2𝜇  
 
where Be is the equivalent linear roll damping coefficient 
to be introduced in the roll motion equation. 
 
In DS the linearization of the restoring term has to be 
made through the evaluation of the slope of the curve of 
the righting arms GZ at the stable heel angle φS due to the 
steady wind, for each environmental condition. This 
slope is known as “local metacentric height”; it allows 
the calculation of the modified roll natural frequency: 
 

𝜔 , (𝜑 ) = 𝜔
𝐺𝑀 (𝜑 )

𝐺𝑀
  

 
The origin of the reference system is then moved to φS.  
 
Finally the roll motion is assumed to be Gaussian while 
the probability of capsizing is modelled as a Poisson 
process.  
 
More details on the criterion can be found in the Draft 
Guidelines (SDC 7/5) and in the Explanatory Notes 
(SDC 4/5/1 Add.3), while the theoretical background  of 
the methodology can be found in (SLF 48/4/6).  
 
3. EXCESSIVE ACCELERATION 
 
The excessive acceleration criterion was introduced some 
years later than the others. German delegation proposed 
the introduction of the criterion after accidents occurred 
in extreme weather conditions, due to synchronous 
resonance, on board of the containerships Chicago 
Express and CCNI Guayas, in 2008 and 2009 
respectively, (SLF 52/3/5, 2009). In both cases some 
crew members lost their lives while others reported 
serious injuries, due to experienced lateral accelerations 
greater than 1.0·g, being g the gravity acceleration. 
 
Investigations showed that the main causes of the 
accidents were the small value of the ship roll period T 
(around 10 seconds in both cases) and the low roll 
damping (Federal Bureau of Marine Casualty 
Investigation, 2008 and 2011). Indeed, Chicago Express 
sailed partly loaded while CCNI Guayas in ballast 
condition; in these loading conditions both of them had 
great values of the metacentric height GM which caused 
low roll periods. The low roll damping values were due 
to the fact the vessels were sailing at very low speeds, 
between 2 and 4 knots, at the time of the accidents. 
 
In the stability criteria currently into force it is only 
suggested to avoid great value of the metacentric height, 
that lead to great lateral accelerations. 
 

The assessment is required for those loading conditions 
having: the metacentric height GM greater than 0.08·B, 
where B is the ship breadth; the distance above waterline 
of the highest location along the length of ship where 
passengers or crew may be present greater than 0.70·B. 
 
3.1 LEVEL 1 
 
The first level of assessment adopts a one-degree of 
freedom model of roll equation. The assessment requires 
the evaluation of a lateral acceleration; a ship is found 
not vulnerable  if the following relation is verified: 
 

𝜑𝑘 𝑔 + 4𝜋
ℎ

𝑇
≤ 𝑅 = 4.64

𝑚

𝑠
 

 
where: 
φ is the characteristic roll amplitude; kL is the factor 
which takes into account the coupling of roll with yaw 
and pitch; h is the height above the roll axis of the 
calculation point of the accelerations; T is the natural roll 
period; REA1 is the lateral acceleration limit value. 
 
3.2 LEVEL 2 
 
As the dead ship condition, even the second level of 
excessive acceleration requires the computation of a 
long-term probability index C, defined as the weighted 
sum of the short-term stability failure indices: 
 

𝐶 =  𝑊 𝐶 , ≤  𝑅 = 0.00039 

 
In this case, the short-term stability failure index 
represents the probability of exceeding a lateral 
acceleration of 9.81 m/s2 in the given sea state. 
The roll motion model adopted is a one-degree of 
freedom with a non-linearity only in the damping term. 
The non-linear term is linearized as explained for DS.  
The ship is assumed to be in beam long-crested waves; 
the wave spreading is taken into account through a 
reduction factor of 0.75; in addition the ship is assumed 
to be at zero speed, hence the roll damping assumes its 
minimum value. The exciting roll moment is computed 
neglecting the diffraction component. Further 
information on the criterion can be found in the draft 
guidelines (SDC 7/5) and in the Explanatory Notes (SDC 
4/5/1 Add.4).  
 
4. SYSTEMATIC SERIES D 
 
Systematic Series D (Kracht & Jacobsen, 1992),  is based 
on a twin-screw round bilge hull form, elaborated during 
the 90’s, and developed by the German yard 
Howaldtswerke-Deutsche Werft. The development of 
this series was the response to the trend of that time 
toward shorter and broader ships.  
Seven models were developed, from D1 to D7, 
characterized by three different beam-draft ratios, two 
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volumetric coefficients and two longitudinal prismatic 
coefficients. The series is based on two parent hull forms, 
D1 and D5, which differ only in sectional area curve and 
longitudinal prismatic coefficient. Models from D2 to D4 
have the model D1 as parent hull form, while model D6 
and D7 have the model D5. 
The body plans of the models D1 and D5 are shown in 
Figure 1. 

 
Figure 1: Body plans of D1 and D5 parent hulls 

 
5. APPLICATION CASES 
 
In this section the main results of the application of the 
vulnerability criteria for dead ship condition and 
excessive acceleration performed for D1 and D5 models 
are presented.  
Numerical codes have been written in Matlab© in order 
to assess if a given loading condition is compliant with 
Level 1 and Level 2 of dead ship condition and excessive 
acceleration. The codes have been validated on the C11 
class containerships of the examples reported in the 
drafts Explanatory Notes (SDC 4/5/1 Add.3, 2016 and 
SDC 4/5/1 Add.4). 
The hull models have been scaled to 90m length and a 
superstructure has been supposed similar to that of the 
Braunschweig-class (K-130) corvettes of the German 
Navy. 
The limiting KG curves complying with level 2 of 
assessment for DS and EA have been obtained. It is 
worth noting that the EA criterion is the only one of the 
stability criteria which requires a value of the height of 
the centre of gravity KG above a minimum value, for 
each loading condition. Hence, the limiting KG curve 
complying with EA defines the lower limit of the range 
of operational KG; hence the operational KG must be 
greater than the minimum value and lower than the 
envelope of the limiting KG curve associated with all the 
other stability criteria. 
The aim of this work is to investigate the existence of KG 
curve range performing Level 2 assessment for DS and 
EA. Moreover,  the consistency between Level 1 and 2 
has been checked for both criteria. A given criterion is 
consistent if Level 1 results are more restrictive than 
those obtained by Level 2. 

  
Five draughts have been taken into account for each 
vessel. The highest and lowest draughts correspond to a 
displacement of 100% and about the 80% of the full load 
condition since great variations of the displacement are 
not expected for naval vessels, due to their operational 
profile. The calculation point for the lateral acceleration 
in EA criterion has been taken in correspondence of the 
command bridge. The hulls have been assumed to have 
zero trim at each displacement. The dimensions of the 
bilge keels have been supposed based on those of similar 
ships. The main dimensions of the vessels, referring to 
the full load condition, are reported in Table 1. 
 

Particular Unit D1 D5 
LPP m 90 90 
B m 13.50 13.225 
d m 3.6 3.527 
Δ t 2215 2216 

CB - 0.50 0.52 
Cm - 0.80 0.81 

lBK/LPP - 0.40 0.40 
bBK/B - 0.032 0.032 

AL  m2 820.67 820.67 
hKL m 13.725 13.450 

Table 1: Principal particulars of the ships 

 
As the aim of this work has been finding the limiting KG 
curves associated with the criteria examined, no 
information are given in Table 1 regarding the height of 
the centre of gravity and the metacentric height, which 
are related to the specific loading case. Moreover, a 
starting value for KG has to be supposed, for each 
loading case, in order to launch the computation. For 
example, a starting value of 6 meters has been assumed 
in correspondence of the highest draught, as reported in  
Rinauro & Begovic (2019) which obtained this value 
from Italian Navy ship statistics. The metacentric height 
corresponding to this value of KG is equal to 1.327m. 
 
5.1 LEVEL 1 RESULTS FOR DS AND EA 
 
Starting from the first supposed KG value, Level 1 of EA 
and DS criteria is performed to verify if the supposed KG 
value meets the assessments. 
As an example, referring to D1 model, in this situation 
the ship meets both the Weather Criterion and the Level 
1 of the excessive acceleration criterion. In particular, for 
the Level 1 of EA it is: 
 

𝜑𝑘 𝑔 + 4𝜋
ℎ

𝑇
= 4.38

𝑚

𝑠
≤ 𝑅 = 4.64

𝑚

𝑠
 

 
Then, the first attempt KG value is incremented by step 
of 0.1m and the procedure of assessment is repeated until 
the criterion is not met in order to find the maximum 
allowable KG complying with the Weather Criterion. In 
the same way, its value is reduced by the same step until 
the criterion results unsatisfied, to find the minimum 
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value of KG satisfying the first Level 1 of EA. As a result 
of this iterative procedure the minimum and maximum 
allowable values of KG have been found for the full load 
condition. This procedure has been repeated for all the 
five considered loading conditions obtaining the limiting 
KG curves associated with Level 1 of DS and EA, 
reported in Figure 2. The curves have been obtained for 
D5 model in the same way; they are reported in Figure 3. 
In the figures, the draughts are on the x-axis and the 
allowable KG on the y-axis. 

 
Figure 2: D1 model allowable Level 1 KG curves  

 
Figure 3: D1 model allowable Level 1 KG curves 

 
As can be seen in Figure 2 and Figure 3, the minimum 
KG value (blue line) is lower than the maximum one 
(black line) only at the maximum draught, where a  safe 
zone can be identified. For the other draughts these curve 
are equal or a conflict exists among them, therefore the 
region can be defined as unsafe. This is mainly due to the 
high severity of the Level 1 of the EA criterion which 
imposes as limit value a very low value, equal to 
4.64m/s2. The choice of this value was made during the 
development of the criterion so that the loading condition 
of Chicago Express at the time of the accident  could be 
found vulnerable to the EA. 
 
5.2 LEVEL 2 RESULTS FOR DS AND EA 
 
In order to verify this conflict and to identify a range of 
allowable KG for each draught, the assessment of Level 
2 has been performed for both criteria. Moreover the 

consistency between the vulnerability criteria (Level 1 
and 2) of the dead ship condition has to be checked as it 
is not currently completely ascertained. 
As done for Level 1, a starting value of height KG has 
been supposed for each loading condition and by means 
of a systematic variation of the height KG by step of 
0.1m the allowable KG curves have been obtained for 
each vessel, as reported in Figure 4 and Figure 5. 

 
Figure 4: D1 model allowable Level 2 KG curves  

 

 
Figure 5: D5 model allowable Level 2 KG curves  

 
As can be seen in Figure 4 and Figure 5, a range of 
allowable KG values exists for each draft. There is no 
conflict between the KG curves complying with Level 2 
assessment of DS and EA. The minimum allowable KG 
curve associated with EA criterion (blue line) is always 
lower than the maximum allowable KG curve (black 
line) associated with DS condition. This is mainly due to 
the less sever limit of the Level 2 of the EA, as no 
remarkable difference in trend are evident between first 
and second level of DS.  
   
5.2 CONSISTENCY ANALYSIS 
 
On a last note, the consistency between first and second 
level of assessment of each criterion has been performed.  
As regards dead ship condition, inconsistencies between 
Weather Criterion and Level 2 have been checked for 
both ships, as can be seen in Figure 6 and Figure 7. 
These inconsistencies could be expected due to the 
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nature of the Weather Criterion. As already said, the 
parameters of this last criterion were calibrated using a 
dataset of vessels representative of the existing fleet at 
the time of its development, for which it works well. For 
vessels having one or more parameters outside the range 
of applicability of the Weather Criterion, IMO suggests 
(IMO, 2008) to refer to experimental results in evaluating 
the roll-back angle. As regards the vessels taken into 
account in the present work, both the vessels have the 
breadth to draft ratio outside the limit defined in the 
Weather Criterion, which was obtained for ships having 
this ratio smaller than 3.5. For example, in the full load 
condition the ratio for D1 model is: 
 

𝐵

𝑑
=

13.5

3.6
= 3.75 > 3.50 

 
while for D5 model is: 
 

𝐵

𝑑
=

13.225

3.527
= 3.75 > 3.50 

 
A similar problem exists for the  ratio (KG-d)/d which 
should have values from 0.3 to 0.5. For the vessels 
examined the values of this ratio are greater than 0.5 in 
the starting condition. 
The problem of the consistence between Level 1 and 2 of 
DS is still not solved as outlined in (SDC 7/5, 2019). 

 

Figure 6: D1 model Dead ship condition allowable KG 
curves 

 
Figure 7: D5 model Dead ship condition allowable KG 

curves 

Meanwhile, no inconsistencies have been found between 
the vulnerability assessment of the EA, as shown in 
Figure 8 and Figure 9. This result has been expected due 
to the low limit value associated with Level 1 that it is 
easily exceeded. 

 
Figure 8: D1 model Excessive Acceleration allowable 

KG curves 

 
Figure 9: D5 model Excessive Acceleration allowable 

KG curves 

 
6. CONCLUSIONS 
 
In the present work, the vulnerability criteria for dead 
ship condition and excessive acceleration have been 
applied to a couple of semi-displacement round bilge hull 
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forms. The considered hull forms are the parent hulls D1 
and D5 of the Systematic Series D, which have been 
scaled to 90m length ships. Five displacement volumes 
have been considered for each vessels. The allowable KG 
curves complying with the vulnerability criteria have 
been obtained in order to verify if a range of allowable 
KG exists or not for each loading condition. 
The results obtained have shown that: 

 referring to the first level of assessment, a 
conflict between the minimum allowable KG 
curve complying with EA and the maximum 
allowable KG curve complying with DS exists; 
it is caused by the high severity of the Level 1 
of EA; 

 referring to the second level, no conflict exists 
between the allowable KG curves; 

 there are inconsistencies between the allowable 
KG curve associated with Weather Criterion and 
Level 2 of DS, for both vessels. This 
inconsistency could be explained noting that the 
models have the breadth to draught and (KG-
d)/d ratios outside the range of applicability of 
the Weather Criterion; 

 no conflicts exists between first and second 
level of assessment of EA, for the examined 
vessels.   
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