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11. Introduction

CE RCD (Recreational Craft Directive) is an EU certification 

that defines the standards for the design, construction, and quality 

of leisure crafts less than 24 m in length; this includes pleasure 

yachts. In the EU and other countries where the CE RCD is 

recognized, a CE certification mark must be received in order to 

develop and distribute a leisure craft. CE RCD is based on 

approximately 50 ISO standards, including 10 standards related to 

naval architecture; there is an assessment for buoyancy and 

stability, which are critical properties that must be carefully 

considered from the early step of ship development. This 

assessment is defined in ISO 12217 and details methods for an 

evaluation of the basic buoyancy and stability of a ship according 

to the hull weight balance; however, preparing stability assessments 

according to ship classification is an exceedingly complex task, 

even with knowledge of naval architecture. Recently, South Korean 

leisure craft shipyards have developed interest in exporting to 

foreign leisure craft markets such as Europe, but they have 
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encountered difficulties because of the CE RCD regulations, which 

are relatively complex and difficult to understand.

In this research, we aim to analyze ISO 12217 and develop an 

evaluation process that includes an assessment of buoyancy and 

stability from the early design stages, while also analyzing the 

related design variables. By developing design support tools for 

systematically supporting assessments, in addition to a preliminary 

definition for which design information must be prepared for 

effective assessment, we aim to fundamentally improve the 

pleasure yacht design process. In addition, we have verified the 

effectiveness of the improved design process presented in this 

research by applying it to the design of a 52 ft. cruiser.

2. Analysis of Buoyancy and Stability Assessment 

(3-Test) according to ISO 12217

ISO 12217 (ISO, 2002a) is a regulation for evaluating the 

buoyancy and stability of small vessels, and it defines evaluation 

standards for stability assessments against downflooding, offset 

loading, and rolling resistance to waves and wind according to the 

weight balance and shape of a vessel. ISO 12217 is separated into 

the following three regulations as based on the length and 
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propulsion type of a vessel:

- ISO 12217-1 6m LH 24m Non-sailing boats

- ISO 12217-2 6m LH 24m Sailing boats

- ISO 12217-3 LH 6m Boats

The European ship classification society included in the CE 

RCD classification are based on the ISO 12217 standards, which 

discuss the safety of the vessel; these classes are evaluated by 

means of strengthened self-defined standards as it pertains to 

buoyancy and stability. 

In this research, we arranged the design variables and evaluation 

process for a stability assessment of a vessel based on the Pleasure 

Yacht Rule (RINA, 2013) of the Italian Ship Classification Society 

(Registro Italiano Navale), as well as the ISO 12217-1 standard for 

non-sailing boats longer than 6 m, upon which the rule is based. 

In addition, the principal dimensions and loading conditions, etc., 

used in this research followed the ISO 8666 (ISO 2002b) 

standards.

2.1 Assessment items and criteria

Buoyancy and stability assessments adhering to ISO standards 

are comprised of three general types of tests.

The first type of test is the downflooding requirement test; the 

second type of test examines buoyancy via an offset-load test, and 

the third type evaluates the righting moment according to changes 

in loading conditions. Further descriptions are provided below.

(1) Downflooding test

Assessment of demand values that will be used to define the 

downflooding-related opening standards, such as downflooding 

height (hD(R)) and downflooding angle (φD(R)), to be applied in the 

design. 

(2) Offset-load test

Assessment of the heeling angle (φO) during offset loading 

situations caused by loading shifts (e.g., crew movement).

(3) Righting moment test

Calculation of the wind and wave resistances according to 

design category; assessment of the downflooding angle, vanishing 

stability angle, and heeling moment caused by the resistance.

The demand value required to perform additional assessments is 

shown in Appendices 1 and 2. 

2.2 Verification procedure and related design variables

RINA has a verification checklist document entitled DIPCE 13 

(RINA, 2011) that delineates vessel buoyancy and stability 

assessment. The assessment process used in this study is 

summarized below.

(1) Definition of vessel design information

Defining principal dimensions and design conditions, such as the 

design category and crew limit, for downflooding requirements, 

off-set loading tests, and righting moment calculations.

(2) Downflooding Test

Collecting required information on opening shape, downflooding 

height, and downflooding angle for downflooding verification; there 

is also a test according to the corresponding regulations.

(3) Offset-load Test

Entering relevant information on the crew such as mass and 

crew area for residual freeboard and heel angle testing to evaluate 

offset loading capacities; there is also a test according to the 

corresponding regulations.

(4) Righting Moment Test

Entering critical information such as the heeling moment 

calculation results; a righting moment test takes into account the 

anticipated resistance resulting from the design and loading 

conditions. 

In DIPCE 13, vessel information is entered according to the 

process defined above, and buoyancy and stability verification are 

performed according to the design conditions.

In each step of the process, there is design information that is 

required to perform the corresponding test item; the items in Table 

1 show the design variables needed to perform the three 

assessments according to DIPCE 13. 

2.3 Preliminary information for 3-Test

To perform the buoyancy and stability assessment (3-Test) as 

according to DIPCE, there is preliminary information in addition to 

the design variables presented in Table 1 that must be calculated or 

prepared. To perform the 3-Test, a preliminary preparation process 

is required; this process can be classified into six categories. Table 

2 shows the six categories and the corresponding design variables 

and additional information required for each; this has been defined 

as "preliminary information" in this research. For each category, 

design variables as well as additional information such as vessel 

shape and design category are needed, and depending on the case, 

CAD models may be necessitated to prepare information. 
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The downflooding test necessitates a relatively large amount of 

shape information that must be imported from a CAD model, while 

the righting moment test requires not only shape information 

imported from a CAD model, but also numerous design variables 

for calculations. The offset-load test appears to not require much 

data, but this is because many judgments must be made by 

performing manual tasks; this is a consequence of the heeling 

angle for certain loading conditions necessitating judgments based 

on these tasks rather than calculations being performed with design 

variables. This particular type of off-set load test executes 

calculations, in addition to performing physical tests following 

construction of the vessel. 

2.4  Use of preliminary information

The following is an example of the method for using the 

preliminary information (Table 2) presented above. 

The General Information category presented in Table 2 yields 

all of the information needed for all verification procedures. For 

the Downflooding Opening category, the opening shape defined in 

ISO 12216, ISO 9093, and ISO 9094 should be confirmed and the 

required items should be examined. Here, the demand value is 

determined by the design variables.

Resistance to waves and wind requires calculation of the heeling 

moment MW, as shown in Eq. 1; to do this, additional information 

such as the ALV (windage area) and VW (wind speed) is needed. 

Test Procedure and Item Design Variable

Downflooding Test

Downflooding openings  , , , 

Downflooding height ()  , , , 

Downflooding angle ()  , ,  ,   

Offset-load Test Offset-load heel angle () 

Righting Moment Test
(Resistance to waves and wind)

Heeling moment due to wind (MW)  , ,  ,  , 

Assumed roll angle () ,  , 

Maximum righting moment occurs 

at a heel angle of  
 , 

Maximum GZ occurs 

at a heel angle of 
 , 

Table 1. Design variables for tests: calculations and requirements for determining downflooding, offset load, and resistance to waves 

and wind

Pre- Design Variable Additional Information

1. Common Information

, , , 

(crew limit),
, 

, Type of craft Design category

2. Downflooding Opening , , ,  ISO 12216, ISO 9093, ISO 9094 Design category

3. Downflooding Height :  , , ,  , x, y, a, x
′ Design category

4. Downflooding Angle :  , ,  , , z, y
′ Design category

5. Offset-load Test(Heel angle) :  , ,  , , 
Design category, 

Option

6 Resistance to waves and wind : MW

, , , , 

, , , 

 , , , 
′ , , , , 

, , , , RMdeg, 

deg, RMmax , max

Design category, 


Table 2. Preliminary information: design variables and additional information according to assessment procedure
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ALV can be determined by utilizing information on the longitudinal 

cross section of the hull, thus necessitating a CAD model; VW is 

the wind speed according to the design category, which is 

presented in ISO 12217.

MW = 

          (1)

Fig. 1 demonstrates how the design variables and additional 

information presented in Table 2 are used in the righting moment 

test.

If the preliminary information presented in Table 2 is prepared 

beforehand, the 3-Test can be easily and systematically performed. 

3. Design Process Improvements

If the preliminary information is properly delineated beforehand, 

there will be no significant problems when performing the 3-Test; 

however, preparing such detailed design information and forming 

accurate assumptions from the initial design are not simple tasks.  

However, continuously and carefully considering preliminary 

information by gathering and analyzing design information from 

the initial designs of similar ships can facilitate the subsequent 

design process.

This chapter describes a method for using the previously 

presented preliminary information to improve the pleasure yacht 

design process. The following items were considered to improve 

the design process.

(1) It is necessary for the design process to adhere to the 

primary design variable delineations, which are defined in general 

terms in ISO 8666 and ISO 12217 standards. In subsequent design 

stages, it is particularly useful to utilize design variables that 

comply with these standards, in addition to the design variables 

acquired from data analyses of similar ships in the initial design 

stage, to estimate principal dimensions.

(2) In the case of the downflooding test, it is very effective to 

use a CAD model rather than a test simulation developed using 

calculations; if this technique is used in conjunction with 

consideration of the design variables, test execution will be 

straightforward.

(3) In the case of the offset-load test, the assessment is 

primarily performed via ship calculations, with numerous physical 

tests also being performed.

(4) In the case of the righting moment test, it is very useful if 

the test can be simulated by directly applying the data on 
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Fig. 1. Righting moment test process flow diagram for rolling in beams due to waves and wind. (Kim et al., 2014).
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resistance, which varies according to the design category and 

loading conditions.

Three design support tools have been developed to improve on 

design processes (1) and (4) of the four processes listed above. 

The tools are outlined below.

3.1 Development of design support tools

3.1.1 Statistical data analysis tool in accordance with ISO 

8666 and ISO 12217

The ISO 8666 and ISO 12217 standards are followed from the 

stage where design information on similar ships is gathered as part 

of the initial design stage; thus, design support tools that enable 

effective adherence to the ISO standards and delineation of 

principal dimensions were developed. While performing analysis of 

similar ships, the principal dimensions are delineated according to 

ISO standards, thus enabling statistical analysis of dimensions that 

is in accordance with the standards. Additionally, if data on similar 

ships is entered according to the divisions of the previously 

divided weight items, loading conditions in agreement with the ISO 

standards can be estimated. Fig. 2 is a screenshot of the developed 

statistical data analysis tool; it shows the tool being used to enter 

Fig. 2. Design tool screenshot of principal dimension estimation in accordance with ISO 8666 and ISO 12217.
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data on five similar ships and perform statistical analysis.

3.1.2 Principal dimensions estimation tool in accordance 

with ISO 8666 and ISO 12217

The statistical analysis tools can be used to analyze trends in 

the data on similar ships; if this tool is used, the principal 

dimensions of a vessel can be estimated according to its hull 

length, which is based on the analyzed data. In addition, weight 

estimation that is in agreement with ISO standards can be 

performed with respect to options for operating the vessel, such as 

the amount of crew, the fuel oil and freshwater volumes, and the 

engine weight. The principal dimensions and other results, such as 

loading conditions , that are estimated using this method, can be 

subsequently used as design variables in the 3-Test. Fig. 3 is a 

screenshot of the developed principal dimensions estimation tool; it 

illustrates the principal dimensions and loading condition estimation 

results for a vessel with a hull length of 15.91 m, as based on an 

analysis of data on similar ships (described in Section 3.1.1).

3.1.3 Stability assessment tool in accordance with ISO 

12217

Generally, the righting moment test does not require complex 

calculations. Furthermore, there are various general righting 

moment calculation tools. In this research, we developed a tool 

that utilizes righting moment calculation results as input to 

subsequently perform a stability assessment test that takes into 

account the additional resistance resulting from the design category, 

windage area conditions, etc. Figs. 6 and 7 are screenshots of the 

developed stability assessment tool being used to assess the 

stability of an example vessel.

3.2 Design process improvement using developed tools

In this research, we have emphasized the importance of preparing 

preliminary information to efficiently perform the 3-Test, and we 

have developed three tools for making such preparations. It should 

be noted that using these tools alone does not mean that the 3-Test 

can be entirely automated; however, as previously mentioned, these 

Fig. 3. Design tool screenshot of principal dimension estimation in accordance with ISO 8666 and ISO 12217.
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tools can be used in combination with CAD modeling to perform a 

buoyancy and stability assessment that is relatively more systematic 

and effective as compared to existing approaches. If the method 

presented in this research is used with a CAD model to create a 

design, the improved design process will be as follows. 

(1) Gather data on similar ships and use the statistical data 

analysis tool to analyze trends; if there is additional required 

information, add the data provided by the tool according to the 

relevant standards. 

(2) Use the principal dimensions estimation tool to determine 

the principal dimensions of the vessel; here, the data provided by 

the tool, such as data regarding the design category, crew number, 

fuel oil, and freshwater volume of the vessel to be designed, is 

delineated according to the relevant standards.

(3) Use the estimated principal dimensions to develop a hull 

form and position the weight  according to the estimated loading 

conditions.

(4) Design the structure, including the cabin house, according to 

the hull form and build a CAD model for the vessel being 

constructed.

After the above four steps have been performed, the basic 

preparations for the 3-Test are complete. The prepared preliminary 

information and CAD model are subsequently used to perform the 

3-Test.

4. Case Application : 52ft Cruiser Design

The developed design support tools were implemented according 

to the design method presented in Chapter 4 to perform a case 

study. The vessel used in this case study was a power yacht with 

a hull length of 15.91 m and a displacement of 18.18 m3 (at 

mLDC).

4.1 Basic design using developed tools

To design the yacht, data were gathered on five similar ships; 

the statistical data analysis tool was then used to analyze the data, 

as shown in Fig. 1. The hull length was determined to be 15.91 

m; the principal dimensions estimation tool was used to define the 

principal dimensions, as shown in Fig. 2. The design category was 

defined as B, and the crew number and fuel oil and freshwater 

volumes were defined as shown in the Design Options section of 

Fig. 2. Following this, the loading conditions of the yacht were 

found to be as shown in the Loading Condition section of Fig. 2.

Based on the principal dimensions and loading conditions that 

were determined according to the above-mentioned methods, the 

hull form and a CAD model incorporating the cabin house were 

developed, as shown in Fig. 4. In the CAD model, additional tank 

information was defined by considering the capacity of the tank to 

hold fuel oil and freshwater; the weight position  information, 

including information on the weight of the corresponding engine, 

was reflected in the CAD model. Fig. 5 shows the general 

arrangement (G/A) derived from the completed CAD model.

 

Fig. 4. 3D CAD model of the case study.

 

Fig. 5. G/A of the case study.
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4.2 Buoyancy and Stability Assessment (3-Test)

The preliminary information, including the previously defined 

principal dimensions, was used in combination with the CAD 

model to perform the 3-Test.

4.2.1 Downflooding test

The CAD model was used to confirm that the downflooding 

opening complied with regulations; it was modified and 

supplemented accordingly. Measurement of the downflooding 

height and angle was made relatively simple using the CAD 

model. In the case of a yacht in design category B with a hull 

length of 15.91 m, the minimum required height to avoid 

downflooding is 0.936 m. In the case of this yacht, the results of 

measuring with the 3D CAD model confirmed that there were no 

problems at 1.449 m in the loaded displacement condition . 

Regarding the downflooding angle, the results of measuring with 

the CAD model showed that the minimum operating and loaded 

displacement conditions were 73.1 and 67.4 degrees, respectively. 

Fig. 6 shows the measurement of the downflooding angle in the 

two loading conditions using the CAD model.

4.2.2 Offset-load test

The offset-load test can be performed without difficulty by 

using the ship calculations; additionally, previously defined 

information can be applied for the design category, crew number, 

and other required information. For this yacht, the crew number 

was set at twelve; for the offset-load test, six people were placed 

at the helm station and six people were placed at the weather 

deck's afterward ; results confirmed that the offset-load heel angle 

satisfied the minimum required conditions.

4.2.3 Righting moment test

The righting moment test was performed in consideration of the 

waves and wind conditions for the design category. Here, the 

additional required design variables can be found in predefined 

preliminary information and values determined by the CAD model. 

As an example, the ALV (windage area), which is required to 

calculate the resistance to waves and wind, was determined via the 

CAD model. Fig. 7 presents a screenshot of the righting moment 

assessment results and the setting design variables that account for 

the wave and wind conditions; Fig. 8 shows the screenshot of the 

final stability assessment that reflects this information. The yacht 

was confirmed to exhibit no problems with stability in the given 

conditions.

4.3 Effects of using the improved design process

The improved design process presented in Chapter 3 was used 

and a buoyancy and stability assessment (3-Test) was performed on 

a 52 ft. cruiser. Below is an overview of the effects of using this 

process as compared to existing design methods.

 

Fig. 6. Downflooding test of the case study.
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(1) Gathering and preparing similar ship data was significantly 

more time expensive as compared to existing methods. However, 

as the design process proceeded, the utility of the gathered data 

outweighed the time cost.

(2) Using the statistical data analysis tool and the principal 

dimensions estimation tool developed in the initial design stage 

allowed for a significant amount of the information required by the 

3-Test to be created in accordance with international standards. 

(3) When design changes were made, the two aforementioned 

tools allowed for systematic, integrated management of design 

variables.

(4) The preliminary information defined by the two 

aforementioned tools was used in the stability assessment tool, a 

process that subsequently facilitated the performance of the 

stability assessment to a greater degree than that of existing 

methods.

(5) When the design information obtained by using the 

developed tools was used in combination with the CAD model, the 

3-Test could be performed more effectively, and the overall design 

process could be systematically managed. 

5. Conclusion

Preparing for certification approval for certifications such as CE 

RCD necessitates consideration of a vast number of complex items 

to be prepared during ship design. Particularly, in the case of 

leisure craft shipyards, the scale of the facilities is relatively small 

and there are often not many design specialists on staff; these 

circumstances make it difficult to verify the results of the design 

process. 

In this research, the yacht design process was improved such 

that buoyancy and stability assessments could be systematically 

evaluated from the early design stages. To do this, we defined and 

presented the preliminary information required for the assessments, 

in addition to developing design support tools that are able to 

systematically validate the assessments in accordance with 

international standards. Furthermore, the improved design process 

presented in this research was applied to the design of an actual 

yacht to demonstrate its effectiveness. We believe that if the 

design process proposed in this research is used, it can offer a 

more effective and systematic design certification preparation 

environment as compared to existing methods. In the future, further 

studies will be concentrated on that the support tools are integrated 

with 3D CAD models.
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Improving the Design Process of Pleasure Yachts for CE RCD Certification via Modification 
to Buoyancy and Stability Assessment Method

Item
Design

Category
Demand value

Downflooding

Downflooding
opennings

A, B

1. Have all appropriate downflooding openings been identified?
2. Do all closing appliances satisfy ISO 12216?
3. Opening type appliances are not fitted below 0.2m above waterline unless they
  comply with ISO 9093 or ISO 9094?
4. Are all openings fitted with closing appliances? (Except openings for ventilation and
  engine combustion)

Downflooding
height

()
A, B

Using
figure

Basic
(requirement)

Using figure
()

Reduced value for
small openings

If combined clear area() < 50
[at within the aft 


] (Basic×0.75)

by annex A
A : 0.5 ~ 1.41
B : 0.4 ~ 1.41

Downflooding
angle

()
A >  + or 

use whichever is the greater
(if ratio of / > 1.15, 

  &  assessed)

B >  + or 

Offset-load
test

Offset-load
heel angle

()
A, B < 10 + 

  


Appendix 1. Items for tests, calculations and requirements of offset-load test and downflooding according to ISO 12217-1

§ ISO 12216 : Windows, portlights, hatches, deadlights and doors-Strength and watertightness requirements

§ ISO 9093 : Seacocks and through-hull fittings

§ ISO 9094 : Fire protection

Item
Design

Category
Demand value

Resistance
to waves
and wind

Downflooding
calculation

( -deg)
A, B

Downflooding angle() or Angle of vanishing stability

() or , whichever is the least(using annex D)

/>1
Heeling momentdue

to wind
(-N·m)

A  = 

 

 : Windage area

 = 28m/s

B  = 21m/s

Assumed roll angle
()

A 25 + 20/  = 

displacement()B 20 + 20/

Maximum righting
moment occurs at a

heel angle of  
(N·m)

A
Case 25kN·m <

Case 750/ kN·m <

B
Case 7kN·m <

Case 210/ kN·m <

Maximum GZ occurs 
at a

heel angle of  (m)

A
Case 0.2m <

Case 6/ m <

B
Case 0.2m <

Case 6/ m <

Appendix 2. Items for tests, calculations and requirements of resistance to waves and wind according to ISO 12217-1

§ Case : Maximum righting moment occurs at a heel angle of ∘or more

§ Case : Maximum righting moment occurs at a heel angle of less than ∘
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Meaning Symbol Unit

Length of hull  m

Length of waterline in the appropriate loading condition  m

Beam of hull  m

Draught at the midpoint of   m

Freeboard amidships at the appropriate loading condition  m

Mass of the boat in the minimum operating condition  kg

Mass of the load to be carried in the minimum operating condition  kg

Loaded displacement volume  kg

Mass of the maximum total load  kg

Mass of the light craft condition  kg

Displacement volume  

Plan area of all recesses  

Nominal sail area  

Windage area of hull in profile at the appropriate loading condition  

Calculation wind speed  m/s

Heeling moment due to wind  N·m

Downflooding angle  deg

Heel angle during offset-load test  deg

Roll angle in a seaway  deg

Angle of vanishing stability  deg

Angle of heel at which maximum righting lever occurs  deg

Righting leaver  m

Right moment RM N·m

Appendix 3. Abbreviations


