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Introduction

Design and operation of inland waterway ships carrying dangerous goods are with
regord to sofety reguloted in the Europeon Agreement concerning the
International Carriage of Dongerous Goods by Inland Waterways (ADN). ADN
features a section 9.3.4 called Alternotive Constructions, This section describes
how cargo tanks exceeding the defoult ADN maximum size of 380 m? can still be
permitted through providing for additional protection against collisions.

Section 9.3.4 was written in 2005 and based on knowledge and know-how
available ot that time. At some paints this knowledge and know-how have become
outdated. Therefore an investigation was carried out by TND tagether with
industrial parties aimed at revising and updating the text of section 9.3.4 in
accordance with the current state of the art.

Section 9.3.4 also states a maximum allowable tank size of 1000 m®. At the
initiation of the revision/updaote the question was raised whether this value could
be increased. The main reason for this is the introduction of alternative fuels in
infand waterway shipping, €.9. LNG and hydrogen, requiring dedicated tankers for
transparting these fuels which would benefit from tarks exceeding the 1000 m’
limit. Therefore the investigation also included werk on the associated risk
implications of exceeding this 1000 m* limit.

Issues addressed

There are three categories of issues which have been addressed in this
investigation:

1. Collision energy currently available an the river to inflict damage to other
ships.

2. Guidelines on how ta conduct collision crash calculations.

3. The upper imit of tank size ot 1000 m®,

The shipping statistics used for the collision energy curnulative probabality density
functions used in the current text of section 9.3.4 are from 1999, The functions are
now updated based on 2018 shipping statistics.

Ower the past twa decades much experience has been gained in conducting crash
calculations on ship structures. This includes experience with two different explicit
finite element packages, which are used for such calculations, This experience is
used to formulate an update of the guidelines for crash calculations,

The feasibility of increasing the maximum tank size beyond the current 1000 m?

limit ks been investigated through loss of containment effect analyses for tank
sizes up to 5000 m'.
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These three isswes are reported in separate background documents, The summany
is provided in this report per issue, The recommendations resulting from the
investigotions are gneen Chapter 5.
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2 Issue 1: Collision energy

In the current ADN section 9.3.4 (ref [1]], the probabilities of o collision exceeding a
chosen collision energy level ore based on 1999 shipping statistics, Since then the
population of ships has increosed significantly, Maregver there hos been o shift
towards ships with larger displocements, due to the introduction of 100 m and
135 m ships. As o consequence, energy available on the river to inflict collision
domage has increased, Therefore the cumulative probability density functions for
collision energies have to be updated, A full report can be found in [6].

2.1 Approach

The collision energy that a struck ship will absorb in a collision depends on the
miass and velacity of the striking ship, its own mass and the collision velocity. It is
reasonable to assume o fully inelastic collision and for the struck ship an initially
zero loteral velocity, Under these assumptions the absorbed energy equals:

Egiss = %mavzzl (m":—bmb) (1}
With - Esn  collision energy absorbed by the structure (k]
m,  effective mass of striking ship [tonnes)
m.  effective mass of struck ship [tonnes)
Vs welocity of striking ship [my's]

The displacernent of the striking ship is multiplied by 1.1 to obtain the effective
miass, Le. including added mass longitudinal direction. The displocernent of the
struck ship is multiplied by 1.4 in order to include added mass in lateral direction.
I arder to determine a probability distribution of collision energies bath ship
rmiasses and collision welocity must be known,

2.2 Main findings collision energy statistics

2.2.1 Ship masses

Figure 2.1 shows the number of ship passages per effective mass class observed in
2017. The largest effective mass of a single unit observed is 15,500 tonnes
(including added mass). Effective mass ranges were chosen in bins of 500 tonnes
for a finer distribution of ship masses. The range is extended to the largest
registered mass on the river,

) TRO Public Gi26
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Figuna 3.1 Ship passoges per effective mass classes, 2017

Mast passages are in the effective mass range between 1000 and 5000 tonnes.
Additionally, there were slightly under 700 passoges in the 12,000 - 14,000 tonnes
effective mass range, to be attributed to push barge convays carrying iron ore and
coal.

Collision velocities

Callision velacities in regulation 9.3.4. are based on maximurm sailing velocities. For
each ship type these are taken from data published by Bundesanstalt fiir
Wosserbou (BAW, ref [2]). It is noted that the ships sailing independently can sail
at speeds as high as 18 km/hr, Push corwvoys tend to sail at 14 kmihr,

Energy distribution

The collision energies for given ship masses and ship velocities con be determined
by eq. (1). Figure 2.2 and Figure 2.3 show the results. In this case, an infinite
effective moss of the struck ship was assumed (viz. moored alongside a quay). This
implies all energy would need to be absarbed by the struck ship in cose of a
collision. There is no energy in the sway motion of the struck ship. The figures are
intended to show the difference between 1999 and 2017. Two histogroms are
shiown, Figure 2.2 depicts the probability density function of kinetic energies
available on the river in terms of single ships. Figure 2.3 shows the associated
cumulative probability density functions (CPDF) derived for 1999 and 2017 data.
Data is shioen for bath the 1999 situation (red) and the 2017 situation (Blue). As
can be seen, higher collision energies are available in the 2017 cose. Fiqure 2.2 and
Figure 2.3 show that there is a clear need to update ADM regarding collision energy
statistics.
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PDF dissipated energy, ship passages Lobith
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Figure 2.3 Cumulotive probobility density of callision enengy river finine (19949 and 2017}

According to equation (1), the collisicn energy availoble to couse damage to a
struck ship also depends an the mass of the struck ship. Hence the CPOF far
collision energy depends on the mass of the struck ship as well. Therefore, in order
to illustrate the consequences for an octual collision cose wheare the struck ship s
allowed to sway, a mass has to be assumed for the struck ship.

Figure 2.4 shows an example of such a curve (including tabulated figures) for o
struck ship with an effective mass of 8000 tonnes. For comparison purpases the
curve used in de current ADN 9.3_4 requlation is shawn as well,

As expected the available collision energy to inflict damage has increasad
significantly since 1999,

Bi26
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2.3 Discussion collision energies

The consequence of the updated collision energy CPDF is shown in Fiqure 2.5. As o
typical example, the consequence of a ship with 760 m® tanks is taken. In this case
the tank size is double the allowable maximum volume stipulated in ADN.
According to ADN 9.3.4,, doubling the tank size requires a ship with a
crashworthiness which will reduce the probability tank rupture by half compared to
a ship designed in complionce with the prescriptive regulations for scantlings
according ADN (the minimum scontlings design or reference design).

Suppase the reference design is able to absorb 20 MJ prior to tank rupture. Based
an the 1999 data the probability of tank rupture, given a collision, is approx. 0.43.
The new design would therefore require a probability reduction down to 0.43/2 =
0.215. Based on the 1999 curve an energy absorbing capacity of 24.5 MJ would be
required to ottain this probability reduction.

The some exercise based on the 2017 curve yields a rupture probability for the
reference design of 0,88, So now the probability must be reduced to 0.28/2 = 0.44
for the néw design, The CPDF curve shows that this requires an energy absorbing
capacity of at least 31 M.
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Figure 14 Comsequenca of updated energy statistics

2.4 Recommendations
From the updated energy statistics, the fellowing recommendations arise:

- Update the cumulative probability density curves as indicated in this sec-
tion.

- List the values of the cumulative probability density curves i tables in-
stead of formulas.

- Give tabled values for effective ship mass classes from 1500 to 14,000
tonnes, with 500 tonnes steps up to 4000 tonnes, larger steps between
5000 and 14,000 tonnes.

) TRO Public 10026
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[ssue 2: Guidance on crash
calculations

Section 9.3.4 from the ADM prescribes how the crosh calculations to obtain the
energy obsorbing capacity of the ship structure need to be corried out. Colculations
must be done by explicit finite element methods such as Abaqus and LS-Dyna. For
runining these analyses many assumptions ond choices hove to be mode for which
recommendations are given. The volidity of these recommendations has been
investigoted further in this project.

Experience with crash colculations in the past shows that sometimes structural
material tropped between the striking bow and tank couses unconvincing tank
ruptures. An effort hos been made to find o way of deoling with this issue.

The work done on issue 2 also addresses some errors in the current ADN 9.3.4 text
and provides recommendations to remedy some ambiguities.

The following paragraphs give a summary of the results of the investigation. The
full report on crash calculations can be found in the TNO report (ref [7]).

Approach

I order to investigote the sensitivity of the colculated results to the many choices
and assumptions that need to be made for doing crash calculations, a systematic
study has been carried out. For this purpose on inland waterway gas tanker was
selected on which crash colculations were done, Mare than 35 simulations have
been carried out in a combined effort by four different parties; Annmar
Engineering, Damen Moval Engineering, Femto Engineering and THD. The sensitivity
study includes the following topics:

Fricticon,

Plasticity madel.

Striking angle.

Striking location.

Tank pressure,

Failure criterion,

Mesh size,

Separate analysis of energy absorbing capacity and tank rupture.
The effect of the choice of software.

e e i

The ‘trapped structural material’ issue which manifests itself in case of tapic 4, has
been investigated by considering rupture of the tank and crashing of the ship
structure separately. The idea is that this will yield more consistent results.

Main findings crash calculations

As an example, topic & (Striking location) is reported here. Figure 3.1 shows a
typical callision scenaria, in this exarmple a V-shaped bow striking a gas tanker. The

1126
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picture on the left shows the striking location in height. The picture on the right
shows the observed domage at o penetration of 3.0 m. In the lotter the striking
bow ond tank hove been blonked. The paint of view is looking from the inner side
of the tank hold towards the lower half of the shell and the bottom,

Figura 3.1 Typicol collision scenaric (beft) ond colowtated domage ship structure, {right)

The calculated energy obsorption versus penetration curves are shown in Figure
3.2 Four striking locations have been investigated:

1. Mid spon between web frames, at stringer.

2. 50 mm forwaord of Mid span between web frames, at stringer.

3. Mid span between web frames, half stringer spacing below stringer.

4. 50 mm forward of mid span between web frames, half stringer spacing be-
lone strirger,

The drawn ) verticol line indicates the penetration at which the tonk fails in
striking case 1, the doshed (----<) vertical line refers to striking cose 2, the dotted
{1 vertical line to striking case 3 and the dashed dotted line (---] to cose &, As
expected, the energy absorption curve for the collision where striking at a stringer
accwrs lies above the curve far striking between two stringers. However, ths effect
is not accounted for in the current ADN regulations and could be both beneficial
and detrimental depending on the layout of the ship structure with respect to the
tank. The effect of a 50 mm shift of the longitudinal striking location is insignificant
with respect to the energy absorplion curve.

Henweewer, it is remarkable that in cose of a collision at tha stringer, the penetraton
at which tank rupture occurs shifts significantly, from 2.1 mto 1.8 m. With this
shift the collision energy absorbing capacity changes as well. In case of striking
between two stringers, rupture is colculoted ot a penetration of 1.6 m for both
lengitudnal positions.

) THO Public 12026
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hights, affect of small longitudinal shift of striking location

Discussion

The exomple given illustrates that the effect of striking location variotion may be
different from expected. In case of a collision ot a stringer, the colculations show o
significant effect of a small (50 mm) shift of longitudinal striking location, which is
not expected intuitively. This effect also affects the collision energy absarbing
capacity and hence the probability of tank rupture for this collision scenario. It is
unclear if this effect reflects reality or eriginates from the way the structural
defarmation is modelled numerically. This particulor finding is considered
unsatisfactory.

The ather topics considered of the sensitivity study are addressed in the full report
{ref [7]).
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3.4 Recommendations

Regarding guidance for the crash calculations are the following recommendotions:

1.

10,

11,

) THIC Fublic

The correct unit for exponential decay coefficient DC in the definition of the
friction model in ADN 9.3.4.4.5.1 shall be provided (both 0.01 s/mm ar 10
sfm are the correct coefficient with corresponding wnit),

The plasticity model shall be described by 0 power law or equivalent repre-
sentation discretised by at least 100 data points aond up to o plastic strain
of ot least 1.

Additional locations of impoct for type G tankers shall be included in the
crash analysis: (i) the incoming bow first impacts the vessel ot the stringer
at mid tonk height and (i) the incoming bow first impacts the vessel be-
tween two stringers.,

The maximum element size in the collision area shall be decreased to 100
mm in arder to copture the deformed structure better,

Two initiol tank pressures should be analysed for type G tankers: the mini-
mum operating pressure of the tank and the maximum design pressure of
the tank,

The failure model and criterion definition in orticle 9.3.4.4.4.1 shall be
made non-ambiguous ond the farmula in 9.3.4.4.4.2 should be updated to
match the currently accepted GL criterion,

It shall be clarified that failure in compression is excluded for the vessel
structure,

As o general FEA requirement, ADN should require at least five through in-
tegration peints and elernent deletion when at least half of the integration
points have foiled.

The crashworthiness calculations for the alternative construction should
always be compared to crashworthiness colculations of a reference vessel
with identical madelling approach, so that a consistent comparison can be
made,

Elerment deletion based on damage accurnulation shall be used in order to
account for damage progression in an element.

Irvestigate a procedure where separate crash calculations are used to de-
termine penetration at which tank rupture accurs and determine the en-
ergy absorbing copacity of the ship versus penetration. This may also be of
interest for integrated tonks such as a membrane tank.

14026
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[ssue 3: Effect analysis and
exceeding 1000m3 limit

Section 9.3.4 also states a moximum allowable tonk size of 1000 m®. The question
was raised whether this value could be increased becouse of the introduction of
alternative fuels in inland woterway shipping, e.9. LNG ond hydrogen, requiring
dedicated tankers for transporting these fuels which would benefit from tanks
exceeding this limit. The feasibility of increasing the maximum tank size beyond
the current 1000 m? limit has been investigoted through loss of containment effect
analyses for tank sizes up to 5000 m'.

Approach

In order to investigote the consequences of increasing the maximum allowable
tank size beyond 1000 m’, the effect of loss of containment has been calculated
for various cargos. These analyses have been done for tank sizes ronging from
380 m* to 5000 m’, Effect areas are compared for 1% lethality, based on toxicity,
flarme area, heat radiation and explosion overpressures. To be able to calculate
these effect areas, modelling assumptions have to be made and these are
consarvative, The most impartant anes are;

1. Weather conditions: stable atmaosphere and low wind speed, which means
that the dispersion of gos clouds is slow resulting in higher concentratiors.
These conditions ocour only during night time,

2. Alarge hole size of 2 m?, This means that the outflow of liquids and gases
from the tanks is relatively fast.

3. The position of the hole is taken at the battom of the tank, and on the wa-
ter level without ship structure, This leads to complete emptying of the
tanks (with liquids) ond complete outflow from the tank and the ship onto
the water surface.

4. No dissalving of liquids in the water onto (or inte) which it is spilled. This
mieans that in the calculations, all of the spilled liquid evaporates from the
water surfoce,

5. Clouds of flammable gas are ignited at the moment when their areas are
at its kargest (cloud fire) or the explosive mass is at its maximum (gas
cloud explosions), Earlier or later moments of ignition would result in
smaller effect areas.

The calculations were done with the software packoge EFFECTS (ref [3]} and are
reported i full in ref [2].

Main findings maximum tank size limit

For illustration purposes propane is selected. Results of doud fire calculations for
different tank sizes are shown in Figure 4.1. The contours represent the flome area
of the burning cloud if it is ignited at the moment that the dloud has its largest
flammabile area. It is observed that for all tank sizes the area exceeds the river
limits, Natably, for 5000 m’ tanks, the clowd can reach both sides of the river, whils

15026



) TNO Public ) THO 2023 R10366

4.3

) THC Public

for the tank sizes between 380 ond 1000 mé, the mojority of the offected area is
over water,

i - Sz = ot e .:.- F'.ilnl K -. o
Figure 4.1 Propane - clowd fire contowsrs for tank sizes 380, 1000-and 5000 ma3.

Results for all substonces are given in Figure 4.2. Effect areas vs. tonk size are
shown for oll substonces considered. The critical lethality criterium far each
substance is shown in the legend. The largest effect area is the one for the propane
cloud fire,

Baximum effect arca of all lethal effects) per substance

A 000
—a— propate, doud e
Looaom —+— methanol, pool fire
i EETUTIOS R, .:lﬂl’j:lll.lil|
L OO
OO0
o

tank size [m?)
Figura 4.2  Lorgest effect orea for oll scenarios vs. tonk siza,

Discussion maximum tank size

For tank sizes up to 1000 m’, the rules os currently written in ADN 9.3.4 still hold.
Doubling the tank volume results in almost doubling the effect area, and in most
cases the affectad areq is over water,

16/26



) TNO Public ) TNO 2023 R10366

For tanks lorger than 1000 m’, the lineor relation between tank volume and effect
area remains more or less volid; the effect areo sizes are slightly less than
praportional to the tank size, The largest effect area occurs for the propone cloud
fire and has a size of almaost & km'.

The effect area will reach the riverbonks in most coses and people on land will be
affected as well. This is exacerbated by the fact that effect areas are not circular
and not always centered oround the release point ond can cause hozards relatively
for downwind from the release, This is especially the cose for the toxic clowd of
QITEmania.

This study hos looked at benzene, propone, methanol and ammaonia, In the
domain of transportation of fuels over inlond woterways, there is also an
increasing interest in LNG and in hydrogen. Some scenarios concerning occidents
with LMG hove already been investigoted and published on the Scenarioboek EV
[ref [&]). Using those scenarios and the assumptions of this study, similar
calculations can be done to calculate effect areas for LNG. (Compressed) hydrogen
15 o very light gas and is therefore hord to model with current medels implemented
in EFFECTS that ore aimed ot neutral and dense gases. However, recent
developments in EFFECTS' dispersion models will probably make it possible in the
neor future to model hydrogen accidents as well. Liquified hydrogen would involve
also the outflow and evaporation analysis.

It is recommended for future work to incorporate LNG and liquid and compressed
hydragen as cargo,

4.4  Recommendation maximum tank size
limit
Ir this effect study, it has been shown that areas beyend the riverbanks will also
be affected when tanks larger than 1000 m® would be used. Therefare, the risks
associoted with the use of larger tanks to transport hazardous chemicals is nat
acceptable without a mare thorough risk evaluation that alsa invalves the
frequencies (probabilities) of accidents, the possible number of cosualties
(presence of population in the effect areas) and the specific substance being
transported. Complete risk assessments are recommended in case tanks larger
than 1000 m* are proposed, addressing, among other aspects:

- Sailing routes

- Mumber of ship possages

- Tonksize

- Hole sizes and positions with resulting outflow
- Substances to be transported

- Hazardows scenarios ond mitigation measures
- Population densities olong the waterways

) TRO Public 17526
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Discussion, conclusions

Risk analysis framework

To be able to regulate the use of lorger tonks with olternative fuels as corgo ond
ather chemicaols, o full-fledged risk anolysis is recommended, Different countries
have different frameworks for regulotions of risks from transportation of hozordous
goods. An examgple of such a framework is the Basisnet (ref [5]) which is applied in
The Netherlands, ond uses risk ceiling values for the 10 per year PR
{Plaatsgebonden Risice risk at specified locotion) value at the shore line, It is
recommended thot the ADN safety committee discusses what risk assessment
framewark is most suitable for ADM 9.3 4

LNG and Hydrogen

As soid in general it is recommended not to increase the general maximum limit of
1000 m* tanks. However it still may be occeptable to allow increased upper limits
in cose of specific cargos, especially LNG and hydregen. In order to decide to
develop an opinion on these specific cargos they should be analysed with respect
to effect distances in cose of a less of containment in o similar fashion as referred
to in this document. The framewark of alternative designs os used in IGF may be a
good starting point for a specific section in ADN. Such an approach requires the
designers to address operational ond incident scenarias, carge chorocteristics ond
allowable consequences in o comprehensive moanner for the specific ship and tank
design,

Updates/ corrections ADN 9.3.4

MNaotwithstanding the obove discussions, some updates are recommended to
include on short notice. These recommendations are detailed in appendix A and
include corrections, updates of data and selving ambiguities.

Alternative calculation method
crashworthiness

I case independent tanks are applied, the energy absarbing copacity of ship
structure and tonk calculated in one madel is challenging and may arcuse many
discussions, It is recormmended to investigate a procedure where crash
calculations are separated for tank and ship structure. Calculations performed on
the tank are used to determine penetration at which tonk rupture occurs and the
ship structural analysis is used to determine the energy absorbing capacity of the
ship versus penetration. This method may be useful for independent tanks, as well
as integrated tanks such as membrane tanks.
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Appendix A
Recommendation for updating

section 9.3.4

) Appendix &

Section

Proposed text amendment or modification

9.3.4 Alternative constructions
9.3.4.1 General
AMEND
However, in case of tanks intended for only one
substance, of which it can be demonstrated that effect
distances remain within a radius of 135 m from the
outflow location in case of a loss of containment, larger
tank capacities may be acceptable. The effect distance
calculation method and assumptions made for the
calculations are to be agreed upon with the recognised
9.3.4.1.1 classification society.
9.3.4.2 Approach
9.3.4.3 Calculation procedure
REPLACE
For atank ... be assumed.
WITH
For a tank vessel type G, three vertical collision locations
shall be assumed; 1) at half tank height, 2) half stringer
spacing below half tankheight and 3) half stringer
9.3.4.3.1.2.2.2 |Tank vessel type G spacing mm above half tankheight.
REPLACE
1.3=3
WITH
9.3.4.3.1.2.4.2 |Tank vessel type G 3x3=9
REPLACE
The weighting factor .... location is assumed
WITH
The weighting factor for the each of the three vertical
9.3.4.3.1.3.2.2 |Tank vessel type G collision locations has the value of 0.333.
REPLACE
Entire article.
WITH
For each collision energy absorbing capacity Eloc(i), the
associated probability of exceedance is to be
determined. For this purpose the values for the
cumulative probability density functions (CPDF) from
9.3.4.3.1.5.1 the tablesin 9.3.4.3.1.5.6 shall be used.
REPLACE
Existing tables
WITH
9.3.4.3.1.5.6 Tables and text given in Appendix B.

) TR Public
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) Proposed text amendment or modification
Section

9.3.4.4 Determination absorbing capacity

AMEND

The code shall also be capable of calculating and

outputting (plastic) strain energy (energy by material

deformation), friction energy and, in case of type G

tankers, energy dissipated by tank deformation and fluid
9.3.4.4.1.1 compression.
9.3.4.4.2.4 REPLACE 200 mm WITH 100 mm

AMEND

Shell elements shall have at least 5 integration points
9.3.4.4.2.5 through-thickness.

REPLACE

In the FE .... option.

WITH

In the finite element calculation a suitable contact

algorithm that includes self-contact shall be used.

DELETE
9.3.4.4.2.6 For this ... FE-programs.

NEW ARTICLE

Tank vessel type G

For a tank vessel type G, the internal tank pressure shall

be modelled by means of a compressible fluid volume.

The initial pressure shall be set at max. design pressure
9.3.4.4.2.7 of the tank.

REPLACE

Ag=the ...and

WITH

Rm = ultimate tensile stress [N/m2]

Ag =the uniform strain [-] at Rm

AMEND

The stress-strain relation shall be described by a power

law directly or equivalent representation discretised by
9.3.4.4.3.1 at least a 100 data points up to a plastic strain of 1.

AMEND

Tensile test results are to be done in accordance with
9.3.4.4.3.2 regulations from a recognised classification society.

REPLACE

If only ...value:

WITH

If only the ultimate tensile stress Rm is available, for

shipbuilding steel with a yield stress not exceeding 355

[N/mm?], the following approximation may be used in

order to obtain the Ag value for a known ultimate
9.3.4.43.3 tensile stress Rm with Rmin [N/mmZ]:
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) Appendix &

Section

Proposed text amendment or modification

9.3.4.4.4

Rupture criteria

9.3.4.4.4.1

REPLACE

The first ... calculation steps.

WITH

The rupture of an elementin a FEA is defined by the
failure strain value. If the calculated strain, i.e. plastic
effective strain, principal strain or the strain in the
thickness direction, of this element exceed:s its defined
failure strain value at at least half of the through-
thickness integration points, the element shall be
deleted from the FE model. The deformation energy in
deleted elements shall no longer change in subsequent
calculation steps.

9.3.4.4.4.2

AMEND

In order to avoid element deletion of elements in
compression, rupture shall be ignored for all stress
states with a triaxiality below -0.33, i.e. all stress states
between equibiaxial compression and uniaxial
compression.

9.3.44.4.6

Tank vessel type G

REPLACE

Equivalent plastic ... ignored.

WITH

In order to avoid element deletion of elements in
compression, rupture shall be ignored for all stress
states with a triaxiality below -0.33, i.e. all stress states
between equibiaxial compression and uniaxial
compression.

9.3.4.4.4.7

NEW ARTICLE

Tank vessel type G

Other rupture criteria for the pressure tank may be
accepted by the recognised classification society if proof
from adequate tests is provided.

9.3.4.4.5.1

REPLACE

DC=0.01

WITH

DC=10[s/m]
REPLACE

friction velocity

WITH

friction velocity [m/s].

9.3.4.4.5.2

REPLACE

force penetration curves
WITH

energy-penetration curves

9.3.4.4.5.3.2

REPLACE

Vo =volume

WITH

V, =vapour volume
REPLACE
V,=volume

WITH

V, =vapour volume

9.3.4.4.6.2

REPLACE

extremely strong side structure
WITH

exceptionally stiff side structure

) TR Public
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Appendix B

CPDF tables to be used in
section 9.3.4.3.1.5

) Appendix B

The prabability for collision energies between the listed energy volues shall be obtoined
through lineor interpolation or by selecting the probability for the next higher energy listed.

The probability for collision energies between the listed effective mass values shall be

obtained through linear interpolation or by selecting the probability density function For the
next higher effective mass listed.

Table B.1: Curnulative probability density functions for collision energy.

Effectie mass af struck vessol

1500 tonne n 2000 tonne _ 2500 tonne =

= o = = = = = = 21 i b :

|18 E §E t|E E e|E E § ¢

E.I e = - = - - - - Ed

E|% % § 8|8 £ E B|5 & B B
1] 1000 1.000 1000 10000 1000 1.000 1000 1.000f 1000 1000 71.000 T.0400
Fi 082 6599 1000 10000 0544 05% 1000 1.000f 0552 09%9% 1000 1.000
i 0000 0630 058 O099% 00600 08% 04953 095 0000 OS48 05855 1000
6 0000 0712 0999 0,060 04928 09499 0292 0957 0999
i} 0170 0988 oM D417 0.9 0O0mD 0637 0985
10 00060 0572 0044 05933 0263 0.986
12 @805 Q000 0946 food 0563
14 0.281 0805 0910
16 0276 0.530) 0.7485
18 0042 0352 0 552
il 0000 0205 0.373
i 0000 036
| 0 060
_* 0.000

2326

) THIC Fublic



) TNO Public ) TNO 2023 R10366

) Appendix B

The probability for collision energies between the listed energy volues shall be obtoined
through lineor interpolation or by selecting the probability for the next higher energy listed.

The probability for collision energies between the listed effective mass values shall be

abtained through lineor interpolation or by selecting the probability density function for the

next higher effective maoss listed.
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) Appendix B

The probability for collision energies between the listed energy volues shall be obtoined
through lineor interpolation or by selecting the probability for the next higher energy listed.

The probability for collision energies between the listed effective mass values shall be

obtained through linear interpolation or by selecting the probability density function For the
next higher effective maoss listed.

) THIC Fublic

Effective mass of struck vissel
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) Appendix B

The probability for collision energies between the listed energy volues shall be obtoined
through lineor interpolation or by selecting the probability for the next higher energy listed.

The probability for collision energies between the listed effective mass values shall be
obtained through linear interpolation or by selecting the probability density function For the
next higher effective maoss listed.
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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:
e Ship passings at Lobith are representative for inland shipping intensities.
e The utilization (average utilized cargo capacity) rate is 50% and the same
for upstream and downstream passings.
e The collision is fully inelastic
e 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
on ’Alternative constructions’, which describes the procedure for using tanks
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.

The project “revision ADN 9.3.4” has the objective to critically assess the standard
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
(“scheepsongevallen 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)’, for the Dutch inland waterway network.

T 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 (1/2) mv? where the v (sailing velocity) is
discussed in Chapter 2, and the m (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:
e Ship passings at Lobith are representative for inland shipping intensities.
e 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 [TNQ]). 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 The difference between deep and shallow water is attributed to the “squat effect” where the
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<7m L1<55m
7<B2<96m 55m<L2<86m
96<B3<115m 86m<L3<111m
11.5<B4<172m L4 exceeding 111 m

B5 exceeding 17.2 m

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

Downstream L1 L2 L3 L4
Bl B0O1 M1 M2 B0O2 C1l - -
B2 BO3 B0O4 M3
- M4 M5 BI M6 M7 c2l
B3 Bll-1 Blla-1
Clb - M8  C3IBIIL-2 M9
B4 Bll-2L M11
- - M10 M12
B5 Bll-4 BII-2B
BII-6B BII-6L
- - C2b C3b ca

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

Bl 104 9.9 10.8 10.2
B2 10.9 10.8 10.8 7.9
B3 10.8 111 11.0 10.8
B4 10.8 11.5 111 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

Bl 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

Bl 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

Bl 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 151 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

Bl 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 Roughly binned AIS data
(Section 2.1) (Section 2.2)
Pro + Distinguish between + Mean and standard
ship types deviation per
+ Presents STW length/width class
Con —  Only maximum is — SOG instead of
reported STW
(conservative) — 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).

Comparing fleet composition

M Analysis (2021, data from 2017) RWS prognosis for 2020 RWS (data from 2012)

45.0%
40.0%
35.0%
30.0%
25.0%
20.0%
15.0%
10.0%

5.0% |
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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
V=C,LBT=09LBT,

in which V is the displacement in m3, C, is the non-dimensional block coefficient
(assumed equal to 0.9 for all vessels), L is the length between the perpendiculars in
m, B is the ship width in m and T is the draft in m. The L and B 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 T 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 BlI-4, Bll-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).

" Dixplacement distribution
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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.

TNO INTERNAL



TNO INTERNAL | TNO report | TNO 2022 R12238 | Final report 131722

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.

41 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 “bounce-back”. 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:

1 2 1 2
Ep = Emava,l + Embvb,l

Conservation of momentum yields:

_ MgVq,1 + MpVp g

)
mg + my

1 2
mavaJ + mbvb‘l)z _ ? (mava_]_ + mbvb_l)

1 1
Epue =5 (mg + mp)vi =-(my +m (
oue =5 (Mg +mMp)V5 = 5 (Mg + M) m, +m, e

1 2
1 2 1 2 7 (mava,l + mbvb,l)
Egiss = Ein — Eour = Emava,l + Embvb,l -

m, +m,

Assuming the struck vessel is not moving v, , = 0, yielding:

lmzvz
1 2 2 MaVa, 1 5 mg
Fatss = Bin = Boue = gMavar = 3 mmp =g Mevar (U o,

:lm 2 (L)
227 \m, + m,,

This is the same formula as listed in the ADN 9.3.4.

Considering that for a m;, — 0 this provides E;;,; — 0, 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
observed: in 1999 more “low kinetic energy” vessels were sailing on the inland
waterway routes.
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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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8000 tonnes
Ecoll = CPDF
(Mg - [1
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 H 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

o 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).

e The use of novel statistics (increased inland shipping intensity)

e 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]

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 BlI-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.

¢PDF dissipated energy, ship passages Lobith

Anshysiz
Referomen AN 9.5.4

Probabiliny [-]
.

i} = . - o

il 1] m i) i 50 ) 1!
Energy [MJ]

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

TNO INTERNAL



TNO INTERNAL | TNO report | TNO 2022 R12238 | Final report 19/22

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

TNO INTERNAL



TNO INTERNAL | TNO report | TNO 2022 R12238 | Final report 21/22

7

(1]

(2]
(3]
(4]
(3]
(6]
(7]
8]

(9]

[10]
(1]

[12]

TNO INTERNAL

References

United Nations Economic Commission for Europe; Committee on Inland
Transport, “European Agreement concerning the international carriage of
dangerous goods by inland waterways,” 2021.

N. Werter and O. Coppejans, “TNO 2022 R11532 ADN 9.3.4 FE Sensitivity
Analysis,” TNO, Delft, the Netherlands, 2022.

BAW, “Driving Dynamics of Inland Vessels: Vessel Behaviour on European
Inland Waterways and Waterway Infrastructure with Special Respect to
German Waterways,” BAW, Karlsruhe, Germany, 2016.

Rijkswaterstaat, Database AIS snelheden binnenwater 2019, 2021.

R. G. Hekkenberg, “Inland Ships for Efficient Transport Chains,” Delft
University of Technology [PhD Thesis], 2013.

Rijkswaterstaat, “Toekomstige Ligplaatsbehoefte Overnachtingshaven Lobith
2013,” Rijkswaterstaat, Delft, 2013.

Ministerie van Verkeer en Waterstaat, Directoraat Generaal Rijkswaterstaat,
“Nederland en de scheepvaart op de binnenwateren,” ISSN 1566-1164, 1999.

TNO, “Background document to the Guideline for acceptance of cargo tanks
larger than sizes which are in accordance with ADNR(2005),” 2005.

Rijkswaterstaat, Adviesdienst Verkeer en Vervoer, “Classificatie en
kenmerken van de Europese vloot en de Actieve vloot in Nederland,”
Rijkswaterstaat, Rotterdam, 2002.

CCNR (Central Commission for the Navigation of the Rhine), “Inland
navigation in Europe - Market Observation,” CCNR, 2016.

NEA, “Factorkosten van het goederenvervoer, een analyse van de
ontwikkeling in de tijd,” 2004.

Rijkswaterstaat, “Waterstanden,” Rijkswaterstaat, [Online]. Available:
https://www.vaarweginformatie.nl/frp/main/#/hydro/water_level. [Accessed 28
October 2021].



TNO INTERNAL | TNO report | TNO 2022 R12238 | Final report 2222

8 Signature
Delft, December 2022 TNO
Va @v ed by Marije Deul Valid by Martijn Hoogeland
on|2622-12-12 15:43:44 on2622-12-12 15:18:01
ir. M. L. Deul ir. M. Hoogeland
Author Project Manager
Valed by Tom Basten

on ﬁ' 2-12-21 12:04:22

dr.ir. T.G.H. Basten
Research Manager Structural Dynamics

TNO INTERNAL



TNO INTERNAL | TNO report | TNO 2022 R12238 | Final report Appendix A | 1/1

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.

CEMT V max

SK code |Amount |Description (Dutch) class B [m] L[m] |[km/h]

BO1 0 | Duwstel | 5.2 55 14
B02 0 | Duwstel Il 6.6 65 14
B03 0 | Duwstel 1 7.5 80 14
B04 3 | Duwstel Il 8.2 85 14
Bl 15| Europa | duwstel v 9.5 95 14
BII-1 45 | Europa Il duwstel Va 11.4| 102.5 14
Bll-2b 1 | 2-baksduwstel breed Vla 22.8 120 14
BIl-2L 4 | 2-baksduwstel lang Vb 15.1 180 16
Bll-4 655 | 4-baksduwstel Vib 22.8 190 14
BlI-6b 1417 | 6-baksduwstel lang (incl 5-baks breed) Vil a 34.2 195 13
BIl-6l 34 | 6-baksduwstel lang (incl 5-baks lang) Vic 22.8| 270 13
Blla-1 2 | Europa lla duwstel Va 114 101 14
BIIL-1 58 | Europa Il Lang Va 114 130 14
C1b 0| 2 spitsen breed ] 10.1] 385 14
C1l 0 2 spitsen lang ] 5.05| 785 14
C2b 3 | Klasse |V + Europa | breed Vla 19 95 14
C2l 15| Klasse IV + Europa | lang Vb 9.5| 177.5 14
C3b 111 | Klasse Va + Europa Il breed Vla 22.8| 102.5 14
C3l 1155 | Klasse Va + Europa Il lang Vb 114 180 14
C4 949 | Klasse Va + 3 Europa Il Vib 22.8 185 14
M1 1| Spits | 5.05| 385 12
M10 351 | Maatgevend schip 13,5* 110 m Vla 13.5 110 18
M11 1700 | Maatgevend schip 14,2 * 135 m Vla 14.2 135 18
M12 1401 | Rijnmax Schip Vla 17 135 18
M2 340 | Kempenaar Il 6.6| 525 16
M3 63 | Hagenaar I 72| 625 18
M4 128 | Dortmund Eems 11 8.2 70 18
M5 453 | Verlengde Dortmund [ 82| 825 18
M6 3416 | Rijn-Herne Schip v 9.5| 925 18
M7 548 | Verlengde Rijn-Herne Y 9.5 105 18
M8 11762 | Groot Rijnschip Va 114 111 18
M9 4049 | Verlengd Groot Rijnschip Va 114 135 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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CONTEXT INLAND SHIPPING TRANSPORT
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Source: CBS

Increase in large freighters, decrease in vessels up to 2000
ton

In2010:

) 2536 vessels up to 1000 tonnes

) 1280 between 1000 and 2000 tonnes
) 943 between 2000 and 3000 tonnes

) 623 exceeding 3000 tonnes

How to explain the increase in 2000-3000 tonners in
2019?

) Mostly attributed to the delivery of newbuilt vessels

) 20 new dry bulk vessels, 42 new tankvessels (NL
registered ) added to fleet in 2019 (CCR, 2020). These
were ordered upon economic recovery in 2014 (“2014
was het jaar van economische herstel” - de Volkskrant
26-03-2015).

Freighter size (CBS): Changes in amount per category
with respect to 2010
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ACCORDING TO CPB AND PANTEIA ANALYSES

) CPB prognosisfrom 2011, notincludingthe effectsof COVID-19 I N
nland shipping prognosis total tonnes/year
High = economicgrowth, high migrationsaldo, high 420
(technological) developmentates, low price for energy,
substantialclimatepolicy

400

Low = limitedeconomicgrowth, low migrationsaldo slower
(technological) developmentates, high pricefor energy, limited
climatepolicy

) Panteia(2020): report on theeffectsof the COVID-19 pandemicon
the inlandshippingtonnage prognosis

\
)
BR = “basis raming": {oo) positiveoutlook \:‘ \
DD = “diep dal”: accounting fomultiplerounds of measures i
20 \
In 2020 moretonnes/yeartransportedthan predicted by BR Adadnded |
scenarioPanteia
300
Correctionis usingthe same change-percentages, but accounting 2008 2010 2015 2020 2025 2030 2035
for real 2020 data —e— High (CPB) Low (CPB) = = = BR (Panteia)

= = =DD (Panteia)

corr. BR (Panteiay—— corr. DD (Panteia)
—— Actual (CBS)

SELECTING 2017 AS REPRESENTATIVE YEAR

) 2017 was a considerably good year for inland shipping in terms of total transported DWT
Thus slightly conservative

) 2018and 2019 are considerably bad years due to low waterlevels
) 2020 and 2021 are highly influenced by the COVID-19 pandemic

) The 2017 data $elected
Medium term (10 years): conservative

Longterm (>10 years): a good estimate, according to a combination of the prognoses from Panteia (medium term,
accounting for COVID-19) and CPB (longterm prognosis, written before COVID-19)
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