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Summary 

ADN 9.3.4 prescribes how to demonstrate equivalent safety when a tanker is 
equipped with cargo tanks which exceed the ADN default maximum size of 380 m3. 
For this purpose formulas are given for collision energies which a tanker is likely to 
be exposed to during a collision. The formulas are based on 1999 shipping 
statistics, which are outdated. Updated collision energies, based on more recent 
(2017) statistics have been derived and are reported in this document.  
 
Underlying assumptions in the analysis are: 

 Ship passings at Lobith are representative for inland shipping intensities.  
 The utilization (average utilized cargo capacity) rate is 50% and the same 

for upstream and downstream passings.  
 The collision is fully inelastic 
 The struck vessel has zero speed  

 
Proposed modifications to the collision energy formulation in the ADN entail: 

- Updating the velocity distributions of the striking vessels based on reported 
characteristic (in this case maximum) speed of each vessel type, weighted 
against their quantity.  

- Updating the displacement distributions based on actual registrations of 
vessel passages at Lobith in 2017 
 

Most assumptions provide for a slightly conservative analysis, although the nett 
effect is not quantified. It is concluded that the collision energy available on the river 
Rhine to inflict damage, given a collision takes place, has increased significantly 
since 1999. The consequence in terms of required additional crashworthiness to 
keep complying with the intention of ADN regulation 9.3.4. is significant. Up to three 
times more energy should be absorbed by the struck vessel.  
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1  Introduction 

The ADN regulations [1] (European Agreement concerning the international 
carriage of dangerous goods by inland waterways) is the governing agreement for 
shipping in European inland waterways. A part of this agreement is Chapter 9.3.4 

ve 
onboard inland waterway vessels larger than the maximum allowable volume of 380 
m3 by limiting the probability of a leak of the tank. This chapter was introduced in 
2005 and was based on the then available knowledge. 
 

from 2005 in light of novel shipping statistics and insights in crashworthiness and 
consequence analyses. The novel shipping statistics are reflected in a cumulative 
probability density function (CPDF) of the energy that is dissipated in case of a 
collision. Considering the trend of increasing vessel displacements over time and 
associated  increase in dissipated energy, this CPDF needs to be updated. This 
part is presented in this report. The probability of exceeding the energy absorbing 
capacity of the vessel is the subject of another report [2].  

1.1 Problem statement: requirement to update the ADN 

Increased shipping intensity (both in terms of amount and individual displacements) 
has made the previously used energy distribution obsolete. An underestimation of 
the available collision energy poses an unsafe situation as vessels are deemed to 
withstand a collision with a certain amount of energy. Deviations in the available 
energy make this risk assessment invalid. Novel data sources provide an  up-to-
date and specific overview of the shipping intensity which thereby reflects a more 
accurate description of the potential collision energies that a vessel should be able 
to withstand. 

1.2 Context: Maritime accidents in the Netherlands 

To underline the importance of this analysis, the SOS database 
is consulted. This database collects the reported 

shipping accidents on the river Rhine, in the Netherlands. Between 2009 and 2018, 
244 head-flank collisions between inland waterway vessels occurred. Additionally, 
there were 126 collisions of an inland waterway vessel with a jetty or dolphin. A total 
of 133 leaking vessels was reported. It should be noted that this list might not be 
complete and might not include accidents that were not significant enough to be 
reported.  
 
Translated to history-based probabilities: The probability of having a head-flank 
collision or a vessel striking a jetty or dolphin, that is reported and listed in the SOS 
database, is approximately 1.87e-4 per vessel passage at Lobith, per year (once 
per 5600 years)1, for the Dutch inland waterway network.   
 

 
1 Assuming that the registered 207456 passings at Lobith per year in 2017 are representative for 
the typical number of passings per year. 
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The probability of having a leaking vessel, that is severe enough to be reported and 
listed in the SOS database, in the inland waterway network of the Netherlands is 
approximately 6.41e-5 (once per 15600 years) per vessel passage at Lobith, per 
year.  

1.3 Report contents 

This report presents the updated energy distribution of encountered vessels, which 
substantiates the cPDF curves of dissipated energy in the ADN 9.3.4. These cPDF 
curves present the distribution of the dissipated energy in case of a collision with a 
predefined struck vessel.  
 
The kinetic energy is expressed as  where the  (sailing velocity) is 
discussed in Chapter 2, and the  (mass = displacement + added mass) is 
discussed in Chapter 3. Chapter 4 combines the velocity and mass to present the 
dissipated energy. Chapter 5 presents the comparison of the newly analyzed data 
with the current ADN 9.3.4. Specifically: In section 5.4 all above listed information is 
used to construct the cPDF curves of the dissipated energy for the example case of 
a 8000 tonnes struck vessel. 

1.4 Main assumptions 

Underlying assumptions in this analysis are: 
 Ship passings at Lobith are representative for inland shipping intensities.  
 The utilization (average utilized cargo capacity) rate is 50% and the same 

for upstream and downstream passings.  

1.5 Goal of this document 

This document aims to report the background information and substantiation for 
underlying choices for the newly proposed energy statistics for ADN 9.3.4. for future 
reference.  
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2 Sailing velocities 

To determine the sailing velocities, two sources of information are compared: in 
Section 2.1 this is based on a datasheet of maximum sailing speeds per inland 
waterway ship types and in Section 2.2 this is based on an analysis of the 
distribution of sailing speeds per length and width class (roughly binned)  obtained 
from AIS data. The first one, based on inland waterway ship types/vessel 
characteristics is used in the proposed analysis. 

2.1 Based on vessel characteristics 

The German Bundesanstalt fur Wasserbau (BAW) published a list of typical inland 
waterway vessels on the River Rhine and other canals in Western Germany [3]. 
This report contains the typical values for the attainable ship speed at maximum 
engine power in both shallow (3m) and deep water (5m) for common ship types. 
The speed is given in STW (Speed Through Water, i.e. relative to the water body). 
The achievable ship speed is not reported for all vessels, but for the most common 
vessels. The maximum reported value in [3] is 18 km/h for deep water (5m) and 15 
km/h for shallow water (3m)2.  
 
In appendix A this maximum attainable sailing speed is listed, per ship type. By only 
using the maximum sailing speed per vessel type, this analysis is deemed 
conservative. 

2.2 Based on AIS data registrations of 2019 

In this section, all velocities are expressed as SOG (Speed over ground). By 
averaging the up- and downstream contributions the SOG = STW (Speed through 
water), under the assumption of a constant current. In the analysis in this report the 
STW is used: this is the speed at which vessels meet and the collision occurs 
(relative to the water body). 
 
The source of information is the anonymized AIS data based on an analysis of 
Rijkswaterstaat [4] (Courtesy of Ernst Bolt [RWS] and Jan Hulskotte [TNO]). All ship 
passings at the Boven-Rijn, somewhat north-west of Lobith, are registered. For 
2019 this were 26297 individual ships with in total 207456 passings (119307 
upstream and 88149 downstream). This is approximately 53% more traffic (amount 
of passings) in 2019 than 1999. To anonymize the data, the passings are not 
reported individually. The mean, maximum, minimum and standard deviation of the 
velocity are reported for each ship class. Some of the datasets are tainted by 
unrealistically high maximum speeds (exceeding 100 km/h). However, due to the 
anonymization and combination of multiple datapoints in one bin, it is not possible 
to filter these out. The ship type classes (separated by width and length classes) 
used to anonymize the data are indicated in Table 1. The SK codes (inland shipping 
codes, see appendix A for the list) of inland shipping types that are presented by 
each bin are indicated in Table 2. 

 
2 
vessel will sink in deeper in shallow waters to compensate for the pressure reduction below the 
vessel, provided that the speed of the water in this contained area is higher. A vessel with a larger 
draft has a larger area and thereby more resistance. 
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Table 1: Width and length classes to categorize the ships 

B1 < 7 m 
7  B2 < 9.6 m 
9.6  B3 < 11.5 m 
11.5  B4 < 17.2 m 
B5 exceeding 17.2 m 

L1 < 55 m 
55 m  L2 < 86 m 
86 m  L3 < 111 m 
L4 exceeding 111 m 
 

Table 2: Inland shipping types (SK codes) per length and width class 

Downstream L1 L2 L3 L4 
B1 B01 M1 M2 B02 C1l - - 
B2 

- 
B03 B04 M3 

M4 M5 BI M6 M7 C2l 
B3 

C1b - 
BII-1 BIIa-1 

M8 C3l BIIL-2 M9 
B4 

- - M10 
BII-2L M11 

M12 
B5 

- - C2b C3b 

BII-4 BII-2B 
BII-6B BII-6L 

C4 
 
It should be noted that the length and width classes in Table 2 contain a mix of 
vessel types (i.e. motor vessels, combi freighters and push barges).  

2.2.1 Upstream statistics 
The upstream velocity statistics are presented in Table 3 and Table 4. 

Table 3: Upstream, average speed in km/h per inland shipping class 

Upstream L1 L2 L3 L4 
B1 10.4 9.9 10.8 10.2 
B2 10.9 10.8 10.8 7.9 
B3 10.8 11.1 11.0 10.8 
B4 10.8 11.5 11.1 10.9 
B5 10.4 8.6 9.3 8.1 

Table 4: Upstream, amount of registered passings per inland shipping class 

Upstream L1 L2 L3 L4 
B1 60494 146 583 392 
B2 3992 17623 1583 56 
B3 2159 2478 9400 2431 
B4 2051 106 7101 6057 
B5 319 11 251 2074 

2.2.2 Downstream statistics 
The downstream velocity statistics are presented in Table 5 and Table 6. 
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Table 5: Downstream, average speed in km/h per inland shipping class 

Downstream L1 L2 L3 L4 
B1 17.9 18.5 19.4 19.3 
B2 18.9 18.2 18.7 15.5 
B3 19.2 19.4 19.2 18.4 
B4 19.3 20.3 19.5 18.8 
B5 18.0 18.6 19.4 18.3 

Table 6: Downstream, amount of registered passings per inland shipping class 

Downstream L1 L2 L3 L4 
B1 35968 300 599 403 
B2 1472 10563 2453 66 
B3 1750 2111 9103 3095 
B4 2117 97 7420 8041 
B5 309 22 231 2029 

2.2.3 Combined up- and downstream statistics 
The combined average speed for up and downstream traffic, per length and width 
class, is indicated in Table 7. It is observed that the average sailing speed does not 
have a strong correlation with the vessel class.  

Table 7: Average speed in km/h per length and width, average value over up- and downstream 

Average L1 L2 L3 L4 
B1 14.2 14.2 15.1 14.7 
B2 14.9 14.5 14.7 11.7 
B3 15.0 15.3 15.1 14.6 
B4 15.1 15.9 15.3 14.8 
B5 14.2 13.6 14.4 13.2 

 
To extract the representative Speed Through Water (STW) the average over up- 
and downstream traffic is calculated. The average velocity is 10.6 km/h for 
upstream passings and 18.5 km/h for downstream passages. The total average is a 
velocity of 14.4 km/h.  
 
For reference, in [5] the current velocity on inland waterways is considered to have 
an up- and downstream variation of 3 km/h on average. The difference with the 

4 km/h in the above analysis is attributed to the unrealistic extremes that influence 
the validity of the values: the AIS data reports maximum velocities above 50 km/h, 
which in turn affect both the mean and standard deviation per length and width 
class. This difference makes this analysis conservative.  
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Table 8: Total vessel registrations of up- and downstream combined for 2019 

Total L1 L2 L3 L4 
B1 96462 446 1182 795 
B2 5464 28186 4036 122 
B3 3909 4589 18503 5526 
B4 4168 203 14521 14098 
B5 628 33 482 4103 

2.3 Comparison of available data sources 

The two data sources: 1) vessel characteristics and 2) roughly binned AIS data are 
compared in Table 9. 

Table 9: Comparison of available data sources for the sailing velocities 

 Vessel characteristic 
(Section 2.1) 

Roughly binned AIS data 
(Section 2.2) 

Pro  Distinguish between 
ship types 

 Presents STW 

 Mean and standard 
deviation per 
length/width class 

Con  Only maximum is 
reported 
(conservative) 

 SOG instead of 
STW 

 Data contains 
unrealistic 
extremes, affecting 
the mean and 
standard deviation 

 Does not allow for 
distinguishing ship 
types 

 
From Table 9 it is observed that there are more cons to the use of the AIS data than 
pros. The only con of the use of the vessel characteristics is that the analysis might 
be conservative, as the vessels might sail at velocities below their characteristic 
value. The main significant downfall of using AIS data is that it presents the Speed 
Over Ground (SOG). Averaging the contributions of up and downstream traffic 
provides an average current of 4 km/h. However, the current is not constant over 
time (including fluctuations due to seasonal changes).  

2.4 Conclusion 

To conclude, the analysis will be based on the vessel characteristics. By doing this, 
ship types can be distinguished and the maximum STW for each ship type can be 
used. It is deemed acceptable that this source of information poses a conservative 
analysis.  
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3 Displacements 

The mass of the vessel is obtained by summing the dry and added mass of the 
vessel. The dry mass is based on the displacement of the vessels, which are 
considered in this Chapter. 

3.1 Source of information 

The information on displacements is taken from the passage registrations at Lobith.  
For each passage a CEMT class is indicated, as well as the AIS draft. The data that 
is used is of 2017, for which the justification is presented in appendix B.  
 
In this passage registry 10% of the ships is registered with a CEMT code, which 
means that the CEMT class of the other 90% is uncertain. To check the effect of 
this other 90%, a second source of information is used. This second source is the 
analysis of the future demand for berths at Lobith [6]. This analysis of the demand 
of berths is performed by assuming a percentage of passing ships that request 
berthing. The data is separated per CEMT class. This data is collected for 2012, 
and a prognosis for 2020 is made. Both distributions are compared to the 
distribution of CEMT classes in the 10% of registered CEMT classes in the 2017 
dataset (see Figure 1).  
 

 

Figure 1: Comparing CEMT classes 

 
Figure 1 shows that in the 2017 the contribution of the higher DWT vessels is over-
estimated. This provides for a conservative analysis. It is concluded that the 2017 
database (of individual passages) can be used, but adds conservatism.  
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3.2 Analysis 

The displacement of the inland waterway vessels is calculated using  
 

 
 
in which  is the displacement in m3,  is the non-dimensional block coefficient 
(assumed equal to 0.9 for all vessels),  is the length between the perpendiculars in 
m,  is the ship width in m and  is the draft in m. The  and  are extracted from 
the inland shipping SK code that is assigned to each vessel (see appendix A for the 
properties per inland shipping class). The draft  is including in the passage registry 
for all datapoints individually.  
 
All drafts of exactly 99 cm (assuming this is the Default value) are corrected to 3 
meters. This value of 99 cm occurs most frequently for the BII-4, BII-6b, M6, M8 
and M8 vessel. A mean maximum draft of those vessels is 3 m. This correction 
adds conservatism to the analysis because it assumes the maximum draft instead 
of the actual draft.  
 
Combining the average sailing speed for the up- and downstream passings, this 
yields the following distribution of the displacement (see Figure 2). 

 

Figure 2: Displacement distribution (excluding added mass) 

3.3 Conclusion 

The approach to the displacements, as presented above, provides for a 
conservative estimate of the amount of high energy vessels, which are the vessels 
from which the critical collisions (i.e. imposing tank rupture) are expected. The 
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confidence level for this estimation is deemed sufficient, based on the use of actual 
vessel registrations and the comparison between multiple sources of information. 
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4 Dissipated energy  

The dissipated energy is derived in this Chapter. It is not proposed to make 
alterations to the ADN text in the formulation of the dissipated energy. 

4.1 Derivation 

In light of verifying the present ADN 9.3.4, the formula for the dissipated energy is 
derived. For this derivation it is assumed that there is a fully inelastic collision, 
neglecting a potential -  This yields a conservative assessment, since 
any elastic spring-back or skidding of the striking vessel is neglected and needs to 
be absorbed by the struck vessel.  
 
The total energy that enters the system equals: 
 

 

 
Conservation of momentum yields: 
 

 

 

 

 

 

 
Assuming the struck vessel is not moving , yielding: 

 

 
This is the same formula as listed in the ADN 9.3.4. 
 
Considering that for a  this provides , which is correct considering 
no energy is dissipated in case of no collision.  
 
Important note: In the existing ADN the struck vessel has no speed. This 
assumption is correct for the transverse collision. When the striking vessel has an 
angle with the struck vessel, it is also likely that the struck ship has forward speed. 
This may be more stringent. 

4.2 Conclusion 

It is proposed to not deviate from the approach in the ADN. That means: the 
velocity of the struck vessel is zero and the mass of the struck vessel is selected 
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from a predefined list of masses. For each mass category the cPDF line is 
presented.  
 
The assumption of the fully inelastic collision is a conservative assumption whereas 
the assumption that the struck vessel has no speed is unconservative. The nett 
effect of both assumptions is not known. 
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5 Comparison to ADN 9.3.4. (2005) 

The original document of the ADN is from 2005. The energy statistics were obtained 
from the Rijkswaterstaat reference [7] of 1999. However, with time the shipping 
intensity has increased. The current approach with the data as presented in this 
document is compared to the 2005 analysis to indicate the main implications. 

5.1 Fleet composition 

The fleet composition for both the 2005 and current analysis is based on 
deadweight classes as used in the original ADN 9.3.4. These classes are obtained 
from [7]. Figure 3 presents the comparison between the original DWT classes from 
1999 and the translation of the logged data of 2017. Table 10 contains the DWT 
class categories. 

Table 10: DWT class categories, according to [7]. All DWT in tonnes. 

DWT class Min DWT Max DWT DWT class = Bin average 
DWT + 10% (added mass) 

149 21 250 149 

358 250 400 358 

578 400 650 578 

908 650 1000 908 

1375 1000 1500 1375 

1925 1500 2000 1925 

2750 2000 3000 2750 

6250 3000 8400 6270 
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Figure 3: DWT classes of 1999 and 2017 (expressed in the bins as used in the 1999 analysis [8] 

 
It is observed that the total activity (amount of passages) on this sailing route has 
significantly increased in 23 years. Besides that, the average DWT of the inland 
waterway vessels has increased as well. 

5.2 Sailing velocities 

In the 2005 update of ADN 9.3.4, the sailing velocity is obtained by fitting a line 
through datasets of the trial velocities of inland waterway vessels. This is in part due 
to the lack of data on the actual speeds at the time. Accounting for the fact that the 
trial speed is typically at 100% MCR, whereas the service conditions are at 
approximately 90% MCR, the service speed is taken at 1 km/h below the trail speed 
in [8].   
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Figure 4: Fitted curve of the trial speed of inland waterway vessels [8] 

 
However, the actual speed of the vessels on the inland waterway network of the 
Netherlands is on average 14 km/h for all inland shipping classes. 
 
To compare the resulting available energy distributions it should be noted that the 
data in [8] is presented per DWT class. Not all DWT classes have the same bin 
width (see Figure 3). In the present analysis the bin width is constant; providing for 
a more smooth and continuous expression. Figure 5 shows both the cPDF and pdf 
of the available kinetic energy -not considering a struck vessel- for the 1999 data 
(Reference ADN 9.3.4.) and the present analysis. The same trend as in Figure 3 is 

waterway routes.  
 
 

 

Figure 5: Comparing the kinetic energy data of 1999 and 2017 in a normalised (cumulative) 
histogram for the river Rhine 

5.3 Main differences in approach and input 

The main differences between the 2005 and current analysis are: 
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 The use of the actual draft T to estimate the actual displacement per passing 
instead of considering 1.25 times the maximum DWT (i.e. always sailing with 
the maximum DWT loaded, which is conservative).  

 The use of novel statistics (increased inland shipping intensity) 
 The use of more precise bins instead of roughly binned DWT classes to 

determine the shipping intensity. 

5.4 Example for 8000t struck vessel [full speed] 

8000 tonnes 

E coll CPDF 

[MJ] [ ] 

3.39 1.000 

5.37 0.999 

7.35 0.999 

9.34 0.995 

11.32 0.986 

13.30 0.982 

15.28 0.962 

17.26 0.946 

19.25 0.918 

21.23 0.858 

23.21 0.734 

25.19 0.680 

27.17 0.595 

29.16 0.529 

31.14 0.429 

33.12 0.367 

35.10 0.305 

37.09 0.241 

39.07 0.102 

41.05 0.089 

43.03 0.076 

45.01 0.041 

47.00 0.004 

48.98 0.001 

50.96 0.000 

52.94 0.000 
 

The figure below presents the example diagram for a struck vessel with a total 
displacement of 8000 tonnes with no initial speed for both the 2005 and 2021 
analysis. This diagram shows that the novel analysis includes more high-tonnage 
vessels, exhibited as an increase in the tail of the diagram. In the 2005 analysis 
the highest collision energy was 31 MJ. In the 2021 analysis this is 38 MJ (for a 
fully effective BII-6b  combination sailing at 14 km/h with 2.1 m draft). Besides 
that the probability of dissipating energies below 28 MJ has reduced. This is due 
to the use of actual drafts and speeds, instead of conservatively assuming all 
vessels fully loaded and sailing at 90% of their trial speed. 

Figure 6: cPDF comparison collision energy, struck vessel of 8000 tonne, comparing 2017 and 
1999 statistic 

 
The table on the left side presents the numerical values of the cPDF line of the 
current analysis. 

 
As expected the available collision energy has clearly increased since 1999. When 
an ship owner wants to have a tanker built with cargo tanks exceeding the default 
ADN maximum size of 380 m3, the owner needs to decrease the probability of tank 
rupture in case of a collision. Should the owner want to use tanks of say 760 m3, i.e. 
2 times 380, the probability of tank rupture must be reduced by a factor 2 compared 
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to a ship designed in compliance with the prescriptive regulations for scantlings 
according ADN (the minimum scantlings design or reference design).  
 
For example, suppose the reference design can absorb 22 MJ up to tank rupture. 
According to the data from 1999, the probability of tank rupture, given a collision, is 
approx. 0.32. The new design would require a reduced probability of tank rupture of 
0.16. Using the CDF curve from 1999, this results in a required energy absorbing 
capacity of 26 MJ. Performing the same exercise based on the current updated 
curve yields; (i) probability of tank rupture for the reference design of 0.8, (ii) a 
required reduced probability for the new vessel of 0.4, i.e. (iii) a required energy 
absorbing capacity of 32 MJ. 
 
It is noted that the CPDF based on updated (2017) data shows a remarkable 
knuckle (in the 8000 tonne example at 39 MJ). This is caused by the presence of 
ships in the 10000 - 15000 tonne effective mass range. This cannot be described 
conveniently with a simple formula, as is currently used in ADN 9.3.4. Therefore it is 
proposed to express these curves in the updated ADN 9.3.4 text through tabled 
values instead of a formula. Intermediate values can be determined through linear 
interpolation. 
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6 Conclusion

The recommended approach to updating the energy curves in ADN 9.3.4 is
reported in this document.

The underlying assumptions are:
Ship passings at Lobith are representative for inland shipping intensities.
The utilization (average utilized cargo capacity) rate is 50% and the same
for upstream and downstream passings.
The collision is fully inelastic.
The struck vessel has zero speed.

The distribution of the velocities of the striking vessels is based on the reported 
characteristic (in this case maximum) speed of each vessel type. This assumption 
poses a conservative estimate of the available energy of the striking vessel
considering that vessels do not always sail at their maximum speed.

The distribution of displacements is based on actual registrations of vessel 
passages at Lobith in 2017. The vessel registrations indicate more large (i.e. high 
energy) vessels than the RWS prognosis, although the implication of this is deemed 
limited. 

There is no change proposed for the formulation of the dissipated energy. The 
assumption of the fully inelastic collision is a conservative assumption whereas the 
assumption that the struck vessel has no speed is unconservative. The net effect of 
both assumptions is not known.

6.1 Discussion 

As expected the collision energy available on the river Rhine to inflict damage,
given a collision takes place, has increased significantly since 1999. The 
consequence in terms of required additional crashworthiness to keep complying 
with the intention of ADN 9.3.4. is significant. For a single example, an 8000 tonnes 
tanker, the required increase of crashworthiness is 6 MJ. The current regulations 
requires for this example an increase from 22 MJ to 26 MJ, i.e. 4 MJ, whereas with 
the updated CPDF data the required increase would be from 22 MJ to 32 MJ, i.e. 10 
MJ.
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A Inland shipping classification: properties per SK 
code

Total registrations in 2017 = 30499.

Table 11: Classification of inland shipping types, considering both the SK code and CEMT class 
for reference [9]. The length L and width B are the average of the SK code category.
The maximum STW is taken from based on the data from the BAW [3], where bold 
font numbers indicate exact values. The non-bold font values are based on values in 
adjacent cells. 

SK code Amount Description (Dutch)
CEMT 
class B [m] L [m]

V max 
[km/h]

B01 0 Duwstel I 5.2 55 14
B02 0 Duwstel II 6.6 65 14
B03 0 Duwstel III 7.5 80 14
B04 3 Duwstel III 8.2 85 14
BI 15 Europa I duwstel IV 9.5 95 14
BII-1 45 Europa II duwstel V a 11.4 102.5 14
BII-2b 1 2-baksduwstel breed VI a 22.8 120 14
BII-2L 4 2-baksduwstel lang V b 15.1 180 16
BII-4 655 4-baksduwstel VI b 22.8 190 14
BII-6b 1417 6-baksduwstel lang (incl 5-baks breed) VII a 34.2 195 13
BII-6l 34 6-baksduwstel lang (incl 5-baks lang) VI c 22.8 270 13
BIIa-1 2 Europa IIa duwstel V a 11.4 101 14
BIIL-1 58 Europa II Lang V a 11.4 130 14
C1b 0 2 spitsen breed I 10.1 38.5 14
C1l 0 2 spitsen lang I 5.05 78.5 14
C2b 3 Klasse IV + Europa I breed VI a 19 95 14
C2l 15 Klasse IV + Europa I lang IV b 9.5 177.5 14
C3b 111 Klasse Va + Europa II breed VI a 22.8 102.5 14
C3l 1155 Klasse Va + Europa II lang V b 11.4 180 14
C4 949 Klasse Va + 3 Europa II VI b 22.8 185 14
M1 1 Spits I 5.05 38.5 12
M10 351 Maatgevend schip 13,5 * 110 m VI a 13.5 110 18
M11 1700 Maatgevend schip 14,2 * 135 m VI a 14.2 135 18
M12 1401 Rijnmax Schip VI a 17 135 18
M2 340 Kempenaar II 6.6 52.5 16
M3 63 Hagenaar III 7.2 62.5 18
M4 128 Dortmund Eems III 8.2 70 18
M5 453 Verlengde Dortmund III 8.2 82.5 18
M6 3416 Rijn-Herne Schip IV 9.5 92.5 18
M7 548 Verlengde Rijn-Herne IV 9.5 105 18
M8 11762 Groot Rijnschip V a 11.4 111 18
M9 4049 Verlengd Groot Rijnschip V a 11.4 135 18
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B Context of inland shipping transport to justify 2017 
as a representative year for the analysis
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