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SUMMARY

Executive summary: This document provides information on the results from the research
report of 26 April 2018 concerning weather-dependant lashing in
practice, conducted by MariTerm AB and supported by the
Swedish Transport Agency
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Introduction

1 In order to collect facts about how weather-dependent lashing is operated in practice,
a research project has been carried out by MariTerm AB, supported by the Swedish Transport
Agency. The report includes full scale measurements furnished by Siri Marine.

2 The annex to this document contains the report of the research concerning
weather-dependent lashing in practice.

3 For coastal and short sea shipping, weather-dependent adaptation of cargo securing
on board has always been important to ensuring seaworthiness and safety at sea and to
operating efficient and competitive sea transports. The question of how weather-dependent
cargo securing should be applied equally and with continued maritime safety within all flag
States and how the principles of this can be clearly described in international regulations has
been the subject of extensive discussions over the last decade. A research project funded by
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the Swedish Transport Administration has thus been conducted in order to establish the
state-of-the-art in weather-dependent cargo securing for short sea transportations and to aid
future regulatory measures on this matter. It has been concluded that properly and
meticulously applied, the Code of Safe Practice for Ships Carrying Timber Deck Cargoes, 2011
(TDC Code) method for adjusting the CSS Code accelerations to expected sea conditions
would serve as a suitable and safe approach to ensuring fair and safe regulations for short
international voyages. Furthermore, other areas that should be more specifically addressed in
the CSS Code, including fitting operational procedures, have been identified in the project.

Action requested of the Sub-Committee

4 The Sub-Committee is invited to note the information in this document when
considering document CCC 5/7/1 (Sweden).

*k*k
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1 Introduction
1.1 Background

For coastal and short sea shipping, weather-dependent adaptation of cargo securing on board
has always been important to ensure seaworthiness and the safety at sea while yet being able
to operate efficient and competitive sea transports. The challenge is to ensure a safe yet
rational practice which follows the principles in the CSS Code and is in line with other
applicable IMO instruments.

However, the CSS Code lacks specific instructions on this matter. Thus, the question of how
weather-dependent cargo securing should be applied equally and with continued maritime
safety within all flag states and how the principles for this can be clearly described in
international regulations has been the subject of extensive discussions over the last decade,
both through research projects in the area such as Lashing@Sea, and through submissions
to IMO. There are a number of theories regarding how ship's response to different wave
conditions is best described in a general way and several full scale measurements of
accelerations have been performed on board ships. What are not known is how weather-
dependent cargo securing is already applied in practice and how well the theories presented
correspond to the practical experience of seafarers. This must therefore be mapped
thoroughly.

In order for such demands to be an opportunity in the future and for the international community
to agree on reasonable principles, there must be a sound and well-founded knowledge of which
practice is being applied and used successfully today.

1.2 Purpose
The purpose of the project is to:

* Find out how weather-dependent cargo securing is currently applied in practice and how
well the theories presented correspond to the practical experience

e Establish State-of-the-Art in weather-dependent cargo securing for short sea
transportations

¢ Collect statistics and facts about successful applications to:

e Contribute to long-term sustainable sea transport systems, as these must be
effective to compete with road traffic

e Contribute to the development of more efficient and safer shipping

* Be communicated to the IMO and thus distributed to all maritime authorities and
relevant non-governmental organizations and industry associations and thereby be
used as basis when developing international norms and regulations

1.3 Funding

This research project has been carried out by MariTerm AB and has been financed by the
Swedish Transport Administration and supported by the Swedish Transport Agency and
Swedish Shipowners' Association with the purpose of determining the State-of-the-Art in
weather-dependent cargo securing in the maritime sector and to collect statistics and facts
about successful applications.

Vessel data used in this project has also been provided by Siri Marine (with permission from
vessels owners) for which we are very grateful.

I\CCC\05\CCC 5-INF.10.docx
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1.4 Available models for weather-dependent lashings

Based on the findings in this study, the relevance of the currently available or proposed
approaches described below for considering the weather conditions and sea state when
deciding on a suitable level of cargo securing has been evaluated.

141 CSS Code

The CSS Code (Code of Safe Practice for Cargo Stowage and Securing) indicates that
expected weather and sea conditions may be considered when designing cargo securing
arrangements but no specific method is given. The TDC Code model described below, uses
the generic acceleration values given in the CSS Code as a reference for ocean going vessels
which may be reduced for shorter voyages depending on the expected conditions.

1.4.2 TDC Code

In Swedish regulations, a method to reduce accelerations due to the expected wave height
has been available for more than 20 years. The method has been implemented in the
TDC Code (Code of Safe Practice for Ships Carrying Timber Deck Cargoes) since 2010.

The method introduces a reduction factor (fr) with which the generic values in the CSS Code
may be multiplied depending on the expected significant wave height during the intended
voyage. The reduction factor is calculated as:

fr = 19.6

The reduction factor can be used either for the forecasted wave height during a specific voyage
or to develop standing procedures for a service in a sea area, considering the 20 year wave
height for that area as shown in the table below.

Significant Reduction factor
Sea area wave (Fr)
height, Hs (m) R
The North Atlantic 19.6 1.0
The Norwegian Sea 14.9 0.91
(summer) 8.8 0.77
The Mid North Sea 11.9 0.85
The Skagerak 9.6 0.79
The Kattegatt 8.7 0.76
The Baltic Sea 8.5 0.76

Furthermore, the TDC model has a good correlation to the general accelerations that shall be
used when securing cargo in and on cargo transport units according to the CTU Code
(IMO/ILO/UNECE Code of Practice for Packing of Cargo Transport Units).
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The TDC model for reducing the CSS Code accelerations depending on the expected wave
height has been plotted in the diagram below.

Comparison of different reduction models
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Diagram showing the TDC model for reducing the CSS Code accelerations

1.4.3  Full scale monitoring campaigns

As an alternative to using the generic accelerations in the CSS Code and reducing them for
the expected wave height, some authorities has accepted that full scale measurements can
be made for vessels in service, registering the acceleration levels in different sea states. These
accelerations can then be used to decide what level of cargo securing that shall be used on
future voyages depending on the weather forecast.

For the purpose of this study, the company Siri Marine has provided data from measurements
campaigns performed on seven vessels operating in the North Sea, Irish Sea and Bay of
Biscay. These values have been compared to those that would have resulted from applying
the different models described above.
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2 Method

In the project, interviews and field studies have been conducted on a large number of ships
from different shipping companies and nationalities to map which methods they use in practice
to secure the goods on board at different wave heights. The results have been compared both
to the instructions they have in their cargo securing manuals today as well as how well it is in
line with the various proposals that have been made on how weather-dependent cargo
securing is to be dimensioned.

2.1 Interviews

Interviews have been performed with masters and at some occasions together with their Chief
Officers from vessels in the areas covered by the project. Interviews have been conducted
either through visits on board the vessels (12 interviews), personal meetings at the
MariTerm office (3 interviews) or telephone conversations (2 interviews).

In order to ensure that the answers received in the interviews where not influenced by interests
from the ship or cargo owners or the authorities, anonymity has been guaranteed to the
participants and the identity of the vessels involved is not published in this report.

2.1.1 Sea areas

For practical purposes the study has been conducted for vessels engaged in European trades,
covering the Baltic Sea, North Sea, Irish Sea, Bay of Biscay and the Mediterranean. The map
below shows the number of vessels and in which primary trade areas the vessels in this study
are operating.

I\CCC\05\CCC 5-INF.10.docx
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2.1.2 Vessel information

In this project interviews and collection of voyage data has been done from 17 vessels,
including the following vessel types:

RoRo (Roll on/Roll off) vessels

RoPax (combined Roll on/Roll off and passenger) vessels

12 of 17 RoRo and RoPax vessels in this study were equipped with a stabilizer of some sort
(fins, stabilizer tanks etc.), as noted in the list below:

Vess Type: Primary sea area: Secondary Stab. Max Hs Departure:
el: sea area: system:
1 RoPax Baltic sea None 8.5m
2 RoPax Baltic sea Fins 6.0m
3 RoRo Baltic Sea North Sea Tanks 11.0m
4 RoRo Baltic Sea North Sea Tanks 10.0 m
5 RoPax Baltic Sea Fins 7.0m
6 RoPax North Sea Fins 6.0m
7 RoPax Irish Sea Fins 8.5m
8 RoRo North Sea None 8.0m
9 RoPax Baltic Sea Fins 3.0m
10 RoPax Baltic Sea Fins 4.0m
11 RoPax Baltic Sea Fins 11.5m (32 m/s)
12 RoRo Baltic Sea Fins When Port closes
13 RoRo Mediterranean Sea None When Pilot cancels
14 RoRo Mediterranean Sea None 5.5 m (8 Beaufort)
15 RoRo Mediterranean Sea None When Pilot cancels
16 RoPax North Sea Bay of Biscay Fins 8-10 m
17 RoPax North Sea Bay of Biscay Fins 6.0m

2.1.3 Questions asked in the interviews

The interviews that have been performed have each taken about 2 hours to conduct. The
below topics and questions have been asked to all interviewed masters:

I\CCC\05\CCC 5-INF.10.docx
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e Vessel
Type, particulars, decks and stabilizers

e Cargo
Cargo types, placement onboard and securing problems

e Equipment
Type of equipment, securing practice and material experience

e Weather
Weather routing programs, reliability, weather limits and safety margins

e Cargo securing
Criteria's, common practice, cargo securing arrangements used in different sea
states, who's decision, standing orders and who is performing/monitoring the
cargo securing, acceptable securing according to master's experience

e Cargo Securing Manual
Is it used, easy to understand, supportive/helpful, standing routines, accurate
content with regards to equipment used and securing level conforms with reality
e Accident(s)/incident(s)
What/when/where, weather conditions, how was it secured, actions taken and
future precautions
2.2 Calculations
In order to compare the securing arrangements actually used with the corresponding ones that
would have resulted from applying the different available methods for weather-dependent
lashing, calculations have been performed to establish which acceleration the arrangements
are able to withstand for the following cargo transport unit types:
e Cars & high sided vehicles
e Lorries
¢ Unaccompanied semi-trailers
e Truck and semi-trailers
The calculated maximum acceleration for each actual securing arrangement used has then
been compared and plotted against the accelerations given by CSS Code annex 13. In order
to do so, the actual reduction factor (fr) used in practice for each cargo securing arrangement
have been calculated, see chapter Appendix — Calculations and detailed results.

The calculations were performed according to the following principles:

o Coefficients of friction factors taken according to CSS Code annex 13, where
listed frictions are to be considered dynamic coefficients of friction

o Number of lashings for different wave heights taken according to masters
e  Safety factor for uneven distribution of forces according to CSS Code annex 13

I\CCC\05\CCC 5-INF.10.docx
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e Wind pressure and sea sloshing according to CSS Code annex 13
e  Strength of equipment taken according to marking and CSM
o Lashing angels taken according to CSM and masters description

e Cargo weights and dimensions taken according to reasonable, standard values
(unless specific instructions are given in the CSM)

e Worst case taken from both transverse as well as longitudinal/vertical accelerations

o Effect of breaks and chocks taken according to practical tests and manufactures
information

However, in addition to the levels indicated by applying the principles directly given by the
CSS Code, separate calculations have also been performed by using more realistic values for
friction, safety factors and wind pressure. The results of these calculations are also presented
in this report.

2.2.1 Forces acting on Cargo Transport Units

Cargo shifting on board a ship is normally due to ship motions at sea in bad weather, and thus
it is necessary to secure the cargo in one way or the other. In what manner the cargo is to be
secured depends on the cargo type and the expected acceleration.

A ship at sea has six modes of motion; three rotational and three linear motions. The
designations of these are pitch, roll, yaw, sway, surge and heave, see figures below.

Sway Surge Heave

Ship's modes of motion

I\CCC\05\CCC 5-INF.10.docx
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These six motions can be combined into three orthogonal accelerations:

e Longitudinal accelerations, a
The magnitude of the longitudinal accelerations that
cargo is exposed to along the deck mostly depends on
the vessels speed and the cargo’s height above keel.
The longitudinal acceleration is caused by pitch but also
by surge and yaw.

e Transverse accelerations, a;
The transverse accelerations act across the deck of the
ship and are dependent upon GM value and the cargo’s
height above keel. The transverse acceleration is mainly
caused by roll but also by yaw and sway.

e Vertical accelerations, av
The vertical accelerations act vertically to the deck of the
ship and are dependent of vessel speed and longitudinal
position of the cargo. The vertical acceleration is mainly
caused by heave but also by pitch and roll.

e

]
.

3

.

a

Lashing arrangements must take up the forces from the accelerations occurring during the
voyage. The lashing arrangements must prevent sliding and tipping both transversally and
longitudinally. Consideration must be taken to the dimensioning accelerations in different
positions on board, the tipping risk, the coefficients of friction, strength and safety factors for
lashing equipment and lashing angles.

According to annex 13 of the CSS Code, generic accelerations can be calculated for any vessel
by taking the basic accelerations for the specific stowage position from the first table below
and multiplying them by the correction factors for length and speed as well as width and GM
respectively in the second and third tables.

Longitudinal

Transverse acceleration at [m/s?] acceleration
ai [m/s?]
on deck, high 7.1 6.9 6.8 6.7 6.7 6.8 6.9 7.1 7.4 3.8
on deck, low 6.5 6.3 6.1 6.1 6.1 6.1 6.3 6.5 6.7 2.9
‘tween deck 5.9 5.6 55 5.4 5.4 55 5.6 5.9 6.2 2.0
lower hold 5.5 5.3 5.1 5.0 5.0 5.3 5.3 5.5 5.9 1.5

Vertical acceleration av [m/s?]
7.6 6.2 50 43 43 5.0 6.2 7.6 9.2

Table with basic acceleration data from CSS Code annex 13

50 { 60 | 70 | 80 | 90 | 100|120 | 140|160 | 180 | 200
Speed (kn)

9 1.20{1.09{1.00|0.92|0.85|0.79|0.70|0.63|0.57|0.53|0.49
12 1.3411.22|1.12|1.03|0.96|0.90|0.79|0.72|0.65|0.60 | 0.56
15 1.49(1.36|1.24|1.15|1.07|1.00|0.89|0.80|0.73|0.68|0.63
18 1.64(1.4911.3711.27|1.18|1.10]/0.98/0.89|0.82|0.76|0.71
21 1.78(1.6211.49|1.38(1.29]/1.21|1.08/0.98|0.90|0.83|0.78
24 1.93|/1.76|1.62|1.50|1.40|1.31|1.17|1.07|0.98|0.91|0.85

Table with correction factors for length and speed from CSS Code annex 13

I\CCC\05\CCC 5-INF.10.docx
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2.2.2  Wind pressure and sea sloshing

In addition to the mass forces, cargo on open decks is also exposed to forces arising from wind
pressure and green sea sloshing. However, no sea sloshing is assumed when calculating
lashing forces in cargo securing arrangements on weather deck on the high sided
RoRo vessels included in this study.

According to the CSS Code the force from wind pressure is 1 kN/m?2. This figure is based on
wind gusts up to 40 m/s?. The exposed area of each unit has been considered only taking into
account the protection given by the bulwark.

In the more realistic calculations the wind force is reduced by the same principles as the
accelerations, i.e. multiplying it with a reduction factor based on the expected significant wave
height. In practice, there is no fixed ratio between wind speed and wave height, but it is
reasonable to assume that there is at least some correlation and in general, higher wind
speeds will also result in higher waves.

2.2.3 Coefficients of friction

Calculations have been performed both with the coefficients of friction given in annex 13 of the
CSS Code and with more realistic values obtained through tests and practical experience,
according to the table below:

Friction coefficient

Materials in contact

(CSS Code category) Actual materials According to CSS Realistic
Code values
Air rubber tires on deck 0.3 0.42

Steel-timber or

steel-rubber Trailer trestles on deck

and against the trailer 0.3 0.2

The above values are according to the CSS Code to be used in combination with direct
lashings and shall therefore be considered dynamic friction, paynamic. FOr cargoes that are not
lashed, the static friction, which can be taken as pstatic = paynamic /0.7, may be used.

For reference, the friction factor for contact surfaces where at least one of the materials is
rubber, the CTU Code and the European standard EN 12195:2010 lists a friction factor of 0.6.
The lower value used for trailer trestles in the more realistic calculations is due to the greasy
conditions that are normally the case in the contact surface against the trailers.

2.2.4  Safety factors

There are uncertainties in the calculations of required forces in securing arrangements due to
the possibility of uneven distribution of forces among the securing devices. To cover these
uncertainties a safety factor should be used. When the longitudinal lashing angel have been
taken into account, the CSS Code Annex 13 stipulates that a safety factor of 1.35 is to be used
when calculating the required MSL from the maximum expected force in each lashing, FLmax:

MSL > FLpgy - 1.35

However, for arrangements consisting of four lashings only, two at each side of the cargo, a
much more even distribution of forces among them can be expected. Thus, in the calculations
based on more realistic values, a safety factor of 1.2 has been used for lashing arrangements
with two lashings working together in each direction of four lashings only:

MSL > FLygy, - 1.2

I\CCC\05\CCC 5-INF.10.docx
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2.2.5

Portable cargo securing equipment

The strength of the lashings has been taken according to marking on the equipment found on
each vessel and/or the certificates found in the cargo securing manual on board. Typical values
for different types of equipment are given below.

Trailer lashing

Car lashing?

Chain lashing

MBL =12 ton
MSL =6 ton

The trailer lashing is
typically 2.5 meter long
from hook to hook/elephant
foot. The hook end should
be attached to the lashing
point on the vehicle while
the elephant foot or the
other hook is intended for
attachment to the lashing
pot on the deck.

MBL =2 ton
MSL = 1ton

The car lashings typically
consist of a 2 meter long
strap with a tension
buckle as well as plastic
covered hooks in each
end. The maximum and
the minimum length
between the hooks are
20mand 0.4 m
respectively. The lashing
may also be used as a
sling, used to enable the
car lashing to be attached
to the rim of cars and
other light vehicles in
case designated lashing
points are missing on the
unit.

MBL = 20 ton
MSL =10 ton

The chain lashing is
typically 3.5 m long from
hook to hook. One of the
hook ends should be
attached to the lashing point
on the vehicle while the
other hook end is intended
for attachment to the
lashing pot on the deck.

! Of the 17 vessels interviewed in this research project it was only 5 vessels (29%) that stated they had car
lashings onboard, and only 3 vessels (18 %) which stated they used them under some circumstances.

I\CCC\05\CCC 5-INF.10.docx
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2.2.6 Lashing angles

The lashings direction is defined by the angles o and B: 4.
o= Vertical lashing angle
B= Longitudinal lashing angle between the A
lashing and the transverse axle of the

cargo transport unit seen from above B

The following angles have been used for calculations of securing of cargo transport units:

Vessel number Unit o B

Olmin Olmax Bmin Bmax
8,13, 15 Car & high sided vehicle 30° 60° 30° 75°
1,3,4,5,6,7,8,09, 10, S o o o o
11, 12, 13, 14, 15, 16, 17 Truck + semi-trailer 30 60 30 60
2 Truck + semi-trailer 45° 80° 15° 45°
1,3,4,56,7,8,9, 10, Unaccompanied o . . .
11, 12, 13, 14, 15, 16, 17 semi-trailer 30 60 30 60
5 Unaccqmpanled 45° 80° 150 45°

semi-trailer

1,4,5,6,7,8,9,10, 11, o o o o
1213 14, 15 16, 17 Lorry 30 60 30 60
2 Lorry 45° 80° 15° 45°

For sliding and tipping in each direction, the least favourable combination of lashing angles
should be used according to the following principles:

o omax IS to be used in sliding equations and amin is to be used in tipping
eguations

. Bmax IS to be used in combination with transverse accelerations and Bmin IS to
be used in combination with longitudinal accelerations

2.2.7 Cargo Transport Units — Data

Unless other information was supplied by the interviewed masters or given in the vessels cargo
securing manuals, the typical data given below has been used in the calculations.

2.3 Full scale measurements

In addition to the interviews and the establishment of the currently applied level of cargo securing
established through calculations, the project has gained access to full scale measurements of
accelerations carried out on board vessels operating in short sea traffic. This measurement data
has been supplied by Siri Marine for seven different vessels. The system is in use today to
facilitate weather-dependent lashing and has been approved by the concerned Administrations
for the vessels.
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The measurements were performed continuously for a year or more during normal operations.
In addition to accelerations, GPS positions as well as data from weather buoys in the areas of
operation for the corresponding time period has also been collected. Thus it has been possible
to establish the correlation of actual accelerations and encountered wave heights.

The measured accelerations have for each vessel been compared to the generic values found
in the CSS Code as well as those that would have resulted from applying the TDC reduction
model.

The accelerations were measured at a frequency of 50 Hz. For the comparison with the
different models, the maximum acceleration experienced during each 30 minute period has
been used. Each 30 minute period represents 90 000 data points.

The vessels from which the data has been collected are listed in the table below.

Vessel: Type: Primary Sea area: | Secondary sea area: | Stabilizing system:
Bl RoRo North Sea Bay of Biscay None
B2 RoRo Irish Sea Irish Sea None
B3 RoRo North Sea Irish Sea None
B4 RoRo North Sea North Sea None
B5 RoRo Irish Sea North Sea None
B6 RoRo North Sea North Sea None
B7 RoPax North Sea North Sea Fins
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3 Results

The results from both the calculations of the cargo securing arrangements used in practice
according to the interviews performed within the study as well as the comparison of the full
scale measurements and the generic accelerations given by the CSS Code are presented
below.

3.1 Interviews

It was concluded that all vessels in the study, to a varying degree, utilizes weather-dependent
cargo securing. None of the vessels reported any serious accidents or incidents with cargo
shifting, only minor movements of single units had been experienced.

Of the 17 vessels interviewed in this research project it was only 5 vessels (29 %) that stated
they had car lashings onboard, and only 3 vessels (18 %) which stated they used them under
some circumstances.

All masters taking part in the study continuously followed the weather situation closely, both
locally and regionally, to build up a well-informed picture of how the weather systems moves
and develops. Most masters normally used several different weather services and the following
can be concluded on how they perceived their accuracy:

e 1 day: Very reliable

e 3 days: Good indication on levels, but time of passing for weather systems might
shift

It was found that among the vessels, there was a varying degree of systematization of
operational procedures for collecting weather information, communicating such information to
concerned crew members, deciding on the most suitable level of cargo securing for each
voyage and to take actions to mitigate the effects of heavy seas. Operational procedures would
include:

e Establish and document responsibility for cargo securing

e Routines for checking weather forecasts and planning cargo securing levels
needed for the intended voyage

e Briefing of concerned crew members
¢ Informing ports and stevedores prior to arrival

e Informing owners/operators on weather situation, intended voyage plan and if
cargo has to be refused to be loaded

e Establish levels of cargo securing that is incorporated and easy to follow

e Have a well worked out Cargo Securing Manual where instruction/information is
revised if not followed

e Establish limits of accelerations, monitoring accelerations and receive warnings
if limits are exceeded

e Establish and follow maintenance routines for equipment

I\CCC\05\CCC 5-INF.10.docx
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To avoid excessive accelerations would include:
o Delaying departure until the weather situation improves

e Route planning to seek the most sheltered conditions possible and avoid
unfavorable courses

e Ultilizing local knowledge of the specific sea areas of the vessels trade route,
thereby avoiding the most severe sea states that might be the effect of heavy
winds

e Engaging stabilizing systems
e Reducing speed

It was noted that many vessels had pre-planned routes for different weather situations that
have been developed by consulting the experience from all masters and chief officers on board
the specific vessel but, in some cases, also officers from other vessels in the fleet.

In the study it was found that approximate 6 — 11 meters Hs would cause the masters to
consider canceling departure. The limiting factors are in descending order:

1. Harbor accessibility departure/arrival
2. Passenger comfort/catering operation
3. Cargo securing (rarely)

Some masters based their navigational decisions on wind speed rather than on wave height.
3.2 Level of cargo securing used in practice compared to the different models

In order to compare the level of cargo securing used in practice with that required by the
CSS Code the maximum acceleration for each different cargo securing arrangement found on
each vessel included in the interviews has been calculated by applying the principles described
in chapter 2. These accelerations have then been compared to the accelerations given by
following the principles in the CSS Code for the worst case stowage position for each cargo
securing arrangement.

If for example the cargo securing arrangement actually used is able to withstand 50% of the
acceleration that would be required for that stowage position by the CSS Code, then the
reduction factor used in praxis is 0.5. In case a higher friction can be achieved or the number
of lashings is increased so that the arrangement can withstand exactly the accelerations
required by the CSS Code then the reduction factor is 1.0.

Due to reasons of simplicity in operations and instructions, most vessels would use the same
cargo securing arrangement for all stowage positions on each deck or even the same
arrangement on all decks for each type of cargo. Thus the securing arrangement will for many
units on board be over dimensioned, which is the reason why reduction factors even exceeding
1.0 can be found in the diagrams presented on page 22.

In the diagram below, the lower boundary of the calculations with realistic factors is compared
to the different reductions models that have been proposed. It can be seen that in practice
master are departing with the cargo secured well below the level that would be given by the
TDC model for all wave heights. In fact, in the study it was found that all vessels used at least
one cargo securing arrangement with a greater reduction than what is given by the TDC model.
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WDL in practice - Realistic factors
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The plot above compares the result of the calculations with realistic factors with the
TDC model. The different lines in the diagram represent the following values:

1. Current reduction model in the TDC Code

2. Envelope of the lowest level of cargo securing found for each wave height in this
study, calculated as trend

3. Significant mean of the results found in this study, calculated as trend for the average
of the smallest 1/3 of the reduction factors for each wave height

3.3 Full scale measurements

In the diagrams below, the ratio between the actual accelerations measured on board seven
vessels during one year in service and the generic accelerations given by the CSS Code for
each vessel is presented. For comparison, the acceleration level that is given by the

TDC reduction model is also given in each diagram.
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Diagram showing the correlation between actual transverse accelerations measured onboard
seven vessels and the generic accelerations given by the CSS Code
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Diagram showing the correlation between actual longitudinal accelerations measured
onboard seven vessels and the generic accelerations given by the CSS Code
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Diagram showing the correlation between actual vertical accelerations measured onboard
seven vessels and the generic accelerations given by the CSS Code
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The results show that of all the measurements of transverse accelerations analysed in this
study, one value only on one vessel exceeded the level set by the TDC model.

Out of the seven vessels in the data analysis study, vessel B7 only had fins stabilizer. It can
be seen in the results above that the vessel experienced rather low levels of transverse
accelerations, but it should also be noted that they are on a similar level as vessels B4 and
B6. It is important to be aware of that there are limits with stabilizing systems, such as that they
require sufficient speed to be effective. At heavy seas, speed is reduced and the effect of fin
stabilizers is limited.

In the longitudinal and the vertical directions slightly higher values were found. As the
instruments used on board only collected the maximum acceleration in each direction during
each 30 minute period it is not possible to establish a ratio between the simultaneously acting
accelerations in these directions. However, in each case where the TDC level was exceeded
for the longitudinal acceleration, the corresponding maximum vertical acceleration registered
during the same 30 minute period were well below.

In addition to the accelerations, the wind speed registered during the measurement campaigns
has also been compared to the generic speed, 40 m/s, on which the wind force of 1 kN/m? in
the CSS Code is based. It has been assumed that the gusts in open sea will be 1.3 times
higher than the measured average wind speeds.

In addition to the accelerations, the wind speed registered during the measurement campaigns
has also been compared to the generic speed, 40 m/s, on which the wind force of 1 kN/m? in
the CSS Code is based. It has been assumed that the gusts in open sea will be 1.3 times
higher than the measured average wind speeds.
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Reduction factor
(ratio between actual and CSS Code accelerations)
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0.0 i . ‘ . . ; : : .
0 1 2 3 4 5 6 7 8 9 10
Significant wave height

Diagram showing the correlation between actual wind speed and the generic wind speed of
40 m/s on which the CSS Code wind forces are based

It can be concluded that, even though there is not an exact correlation between wind speed
and wave height, applying the TDC model based on wave height would be a reasonable
approach also for determining a more realistic wind force when using weather-dependent
cargo securing.
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4 Conclusions and recommendations

It can be concluded that weather-dependent cargo securing is widely used in short sea
shipping operations. However, there is great variance in how much cargo securing that is used
and how systematically the operators and masters are approaching the practice. In the study
it was found that different levels were used on sister vessels on the same trade, and even on
the same vessels by different masters. In many cases the methods used on board deviated
significantly from the instructions found in the vessels cargo securing manuals.

The foremost result of the project is thus that there is a great need to introduce global
regulations on how weather-dependent cargo securing arrangements should be designed as
well as clear requirements for putting operational procedures in place for such practices.

The introduction of systems for weather-dependent cargo securing should be linked to an
investigation of the vessels capacity for surviving a total shift of the cargo. Unified criteria
should be set up for conducting such investigations.

Compared to ocean going vessels, those engaged in services of limited distance and duration
have greater possibilities of avoiding and/or mitigating the effect of adverse sea conditions by
a greater reliability of the weather forecast for the entire voyage, the possibility of delaying the
departure, a shorter distance to sheltered waters and knowledge of the prevailing conditions
in local sea areas in different weather conditions.

It has been found, both by the interviews and by the data from full scale measurements that
the TDC model constitutes a safe approach for determining dimensioning accelerations based
on the expected sea state. By applying the TDC model coupled to requirements on
well-informed and strictly applied operational procedures, the following would be achieved:

¢ Ease the implementation of weather-dependent cargo securing
e Anincrease in sea-worthiness for vessels utilizing weather-dependent cargo securing
¢ Improve the understanding of the limiting conditions onboard

e Help Administrations in approval and inspection duties by introducing a uniform industry
standard

e Help establish a level playing field among operators

The implementation of weather-dependent dimensioning of accelerations should be pared with
a more realistic consideration of other factors that are used when calculating the required
amount and strength of lashings. It is therefore recommended to revise, or in some cases
introduce new, guidelines in the CSS Code annex 13 regarding the following issues:

e Amend the list of friction factors to provide more realistic values for different materials.
In some cases, such as for air rubber tires, a higher friction than is currently allowed
should be considered. However, consideration should also be given to circumstances
that may influence the friction negatively, e.g. when dirt and grease is present in the
contact surface which is commonly the case for trailer trestles.

¢ The maximum accelerations in the longitudinal and vertical directions are not occurring
simultaneously in heavy head seas, and thus a revision of the effect of these values
should be considered.
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o The forces from wind pressure and sea sloshing are also influenced by the expected
weather conditions and should therefore be reduced compared to the generic values
when weather-dependent cargo securing is applied.

o When four lashings only, two in each direction, are used to secure cargo, the lashing
forces can be expected to be fairly evenly distributed among them and a lower safety
factor may be applied. Furthermore, a separate safety factor could possibly also be
considered for unlashed cargo.

e For asymmetrical lashing arrangements, separate sliding of the units fore and aft end
should be considered.

e For vehicles, the limited effect of brakes and wheel chocks should be taken into account
when dimensioning securing arrangements against sliding/rolling in the vehicles
longitudinal direction.

e Establish operational routines onboard to let all personnel involved in the cargo
securing know the expected weather conditions, the cargo securing needed for the
intended voyage and if some cargo units have to be refused due to the weather or other
reasons.
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Appendix — Calculations and detailed results

Level of cargo securing used in practice compared to the different models

Comparing the two diagrams below, it can be seen that when taking more realistic principles
into account, a smaller reduction compared to the accelerations, and thus the safety level that
is given by the CSS Code is used in practice. This would be indicated by examining the upper
diagram based on friction factors, wind pressure and safety factors for distribution of forces
given by annex 13 of the CSS Code.

WDL in practice - CSS principles
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The diagram above presents the result of the calculations using principles fully in accordance
with CSS Code Annex 13. Each point represents the reduction factor of a specific cargo
securing arrangement, plotted at the significant wave height that represents the most severe
sea state in which it would be used according to the master of each vessel.
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WDL in practice - Realistic factors X Vessel 1
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The diagram above presents the result of the calculations using more realistic friction factors,

wind pressure and safety factors for lashing forces than currently available in the CSS Code.

Each point represents the reduction factor of a specific cargo securing arrangement, plotted

at the significant wave height that represents the most severe sea state in which it would be
used according to the master of each vessel.

In the diagram below, the lower boundary of the calculations with realistic factors is compared
to the different reductions models that have been proposed. It can be seen that in practice
master are departing with the cargo secured well below the level that would be given by the
TDC model for all wave heights. In fact, in the study it was found that all vessels used at least
one cargo securing arrangement with a greater reduction than what is given by the TDC model.
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1.2

WDL in practice - Realistic factors
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The plot above compares the result of the calculations with realistic factors with the TDC
model. The different lines in the diagram represent the following values:

1. Current reduction model in the TDC Code

2. Envelope of the lowest level of cargo securing found for each wave height in this

study

3. Envelope of the lowest level of cargo securing found for each wave height in this

study, calculated as trend

4. Significant mean of the results found in this study, calculated as trend for the average
of the smallest 1/3 of the reduction factors for each wave height
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Formulas and calculation example

The formulas used for calculating the maximum allowable acceleration to avoid sliding and
tipping for each lashing arrangement are given below.

For calculations in the longitudinal direction, the ratio between the longitudinal and the vertical
acceleration has been taken as a fixed value.

General parameters

CrL =

Mass of the load

Number of lashing working together in each direction

Index for lashing (i=1, 2, 3,4 .... n)

Part of mass resting on braked/wedged axle/support (in rolling
direction)

= 1 for vehicles where all axles are braked, as well as static
cargo

= 0.4 for cars braked on one axle

= 0.5 for rolling High and Heavy units

Factor to determine whether the lashing increases friction or not
(in rolling direction)

= 1 if the lashing/lashings increase the friction

= 0 if the lashing/lashings do not increase the friction

Accelerations

9o =
a =
at =
ay=

Friction
u =

Gravitational acceleration (= 9.81 m/s?)
Longitudinal acceleration

Transverse acceleration

Vertical acceleration

Coefficient of friction, see section 0

Properties of the lashing device

MSL =
Angles
o=

B:
SF =

Maximum Securing Load/Lashing Capacity of a lashing device

Vertical lashing angle

Longitudinal lashing angle between the lashing and the
transverse axle of the cargo transport unit seen from above
Safety factor; see section 0

Distances (see figure below)

Bee =
Lee=
Hee =
s=

p:

Transverse distance from the centre of gravity of the load to the
tipping point (lever arm of standing moment)

Longitudinal distance from the centre of gravity of the load to the
tipping point (lever arm of standing moment)

Vertical distance from the centre of gravity of the load to the
tipping point (lever arm of tilting moment)

Vertical distance from the tipping point to the point where the
lashing device acts on the load

Horizontal distance from the tipping point to the point where the
lashing device acts on the load

Unit

ton (=1000 kg)

Unit
m/s?
m/s?
m/s?
m/s?

kN (= 100 daN)

degrees
degrees
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Distances in tipping equations

i

— >
CP e

‘BCG‘

View from the end View from above

Transverse sliding:

MSL; ;
=1 WL(# " CpL Sina; +cosa; - cosﬁi)] tUCnGom

m

ar =

In case different friction factors apply for the front and the rear end or an asymmetrical securing
arrangement has been used, the acceleration where transverse sliding may occur has been
calculated separately for the two ends, taken into account the longitudinal centre of gravity of
the unit.

Longitudinal sliding:

MSL; . .
oo [ TS (a ey sinay + cosay - sinf)| + 1 e (go = @) m

m

a =

For the purpose of this project, where a uniform reduction of the accelerations in all directions
is anticipated, a fixed ratio between the vertical and longitudinal accelerations, which can be
written as a,, = k - a;. The equation above then becomes:

MSL; , ,
i=1 [Tl(ll " CpL - Sina; + cosa; - Slnﬁi)] tUCpgom

m-(L+u-cp-k)

a =

Transverse tipping:

MSL; ,
=1 Tl(pi "sina; + s; - cosa; ¢ 605.31')] + 90 Bcgm

ar =
m'HCG

Longitudinal tipping:

MSL; . .
I [Pt i - sing; + ;- cosay - sin)| + (9o — @) - Leg +m

a =
! m'HCG

where the relationship between a, and aj is a,, = k - a; and the equation above becomes:

MSL; , ,
_ i=1 [Tl (p; - sina; + s; - cosa; 'Smﬁi)] + 9o Leg-m

“= m- (Heg + k- Leg)
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Reduction factor

The reduction factors are based on the relationship between the minimum acceleration found
in each direction above and the CSS Code accelerations and they have been calculated by
the following formulas:

Longitudinal direction

f _ Qumin
Rl =
Qicss

Transverse direction

Atmin
fre =

¢ =
Q¢css

The minimum of the factors in longitudinal and transverse direction is used as the actual
reduction factor used for that particular securing arrangement:

fr = min(fry; fre)

Calculation example 1 — Unlashed car

A car with the weight 3.5 ton is stowed longitudinally on upper deck at 1.0 L. The unit is
unlashed. The max significant wave height for which this securing arrangement is used is 8.5
m.

The calculation below shows how the accelerations at which the car is expected to slide are
calculated.

Data according to CSS Code:

M =0.30/0.7 =0.429

a;= 5.92 m/s?

a= 2.41 m/s?

ay= 7.65 m/s?

Jo= 9.81 m/s?
_av_7.65_317
T aq 241 7

Transverse sliding
40% of weight on braked axle =>cn =1

Longitudinal sliding
40% of weight on braked axle => ¢, = 0.4

Transverse sliding

For transverse sliding the following equation for the maximum allowable acceleration a; can
be set up:

MSL; .
o [Fort (e ey - sina + cosay - cosB)| + i+ c - go - m
t =

m

a

With the values according to the figure above the equation will be:

~0429-1-9.81-35

a, = 3T =4.2m/s?
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Longitudinal sliding
For longitudinal sliding the following equation is set up:
MSL; , .
=1 [Tl(ll " Cpy * Sina; + cosa; Slnﬁi)] tUCprgo-m

m-(L+u-cp-k)

a =

With the values according to the figure above the equation will be:

_ 0429-04-981-35
N T35 (1+0429-04-3.17)

= 1.09 m/s?

Reduction factor - Longitudinal direction

Aimin _ 1.09 — 045
Aicss 2.41 '

fr =

Reduction factor - Transverse direction

Aemin~ 4.20
= = =071
Jre Qress 592

The minimum of the factors in longitudinal and transverse direction is used as the actual
reduction factor used:

fR = min(le;th) = mln(0.45; 0.71) =0.45

The reduction factor is taken as 0.45
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Calculation example 2 — Lorry

A lorry with the weight 32 ton is stowed longitudinally on upper deck at 1.0 L. The unit is secured
by four trailer lashings with MSL 6 ton. The max significant wave height for this arrangement is
8.5m.

The calculation below shows how the accelerations at which the lorry is expected to slide or tip
are calculated.

Data according to CSS Lashings: Transverse sliding
Code: o =30-60° Both axels braked =>
pn=0.30 B=30-60° Cm=1&cr =1
ar= 5.92 m/s? MSL = 6 ton = 58.9 kN
a= 2.41 m/s? Longitudinal sliding
av=7.65 m/s? Number of lashings is 2 per Both axels braked =>
go= 9.81 m/s? side. Cm=1&cCr =1

a, 7.65 SF=1.35
k_az =57 = 317

Transverse sliding

For transverse sliding the following equation for the maximum allowable acceleration a; can be
set up:

MSL; .
o [Fort (e ey - sina + cosay - cosB)| + i+ c - go - m
t =

m

a

With the values according to the figure above the equation will be:

2 [?87'2 (0.3-1-5in60 + cos60 - cos60)| + 0.3 -1-9.81-32
at == -

3 = 4.33 m/s?

Longitudinal sliding
For longitudinal sliding the following equation is set up:
MSL; . .
_ ?:1 [Tl (i - cpy - sina; + cosa; - smﬂi)] tU-Cngo-m

h= m-(1+u-cp-k)
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With the values according to the figure above the equation will be:

2 [%g (0.3 -1+ 5in60 + cos60 - 5in30)| +0.3-1-9.81- 32
a; = : = 2.22m/s?
32-(1+0.3-1-3.17)
P »n Supplementary data for transverse tipping:

Vertical centre of gravity (Hcg) =2.0 m
Transverse centre of gravity (Bcg) = 0.9 m

™)
[ J Longitudinal centre of gravity (Lcc) =4.5m

A Lashings fastening height on vehicle (s) =1.0 m

w.. Transverse horizontal distance between from the
“ point where the lashing device acts on the load and
the tipping point (p) = 2.0 m.

-

Transverse tipping

For transverse tipping the following equation for the maximum allowable acceleration a; can
be set up:

MSL; ,
i=1 [ﬁl (i - sina; + s; - cosa - COS.Bi)] + 9o Begm
t =

m:- HCG
With the values according to the figure above the equation will be:

58.9

2 [m (2 - sin30 + 1+ cos30 - cos60)] +9.81-0.9-32
ar = .

32-2.0

= 6.36 m/s?

Longitudinal tipping
For longitudinal tipping the following equation is set up:
MSL; , ,
. [Tl (p; - sina; + s; - cosa; -smﬁi)] + 90 Leg'm
m- (Heg + k- Leg)

a =

With the values according to the figure above the equation will be:

2 [%g (8.4~ 5in30 + 1+ 0530 - 5in60)| +9.81- 4.5 - 32
a = :

32- (2.0 + 3.17 - 4.5)

= 3.54m/s?
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Reduction factor - Longitudinal direction

Gumin _ 222 _ o
acss 241

fri =

Reduction factor - Transverse direction

_ Gomin _ 433 _

fre

The minimum of the factors in longitudinal and transverse direction is used as the actual
reduction factor:

fR = min(le;th) = mln(0.92; 0.73) =0.73
The reduction factor is taken as 0.73.

Cars and High sided vehicles up to 3.5 ton

S e

Weight, m = 3.5 ton

Wheel base, 2.8 m

Track width, BF = 1.6 meter

Vertical centre of gravity, VCG = 0.5 meter
Transverse centre of gravity, TCG = 0.0 meter
Longitudinal centre of gravity, LCG = 0.3 meter

g
o . = |
i /,/ o |
) «==" ) |
\ —

Normal stowing of cars are in fore and aft direction. It has been assumed that 40% of the
weight rest on the braked axle. The dynamic coefficient of friction has been taken as 0.42 for
air rubber tyres against the deck plating.

If in exceptional cases cars have to be lashed in short sea shipping special car lashings with
MSL of at least 1.0 ton or similar are normally used. The a-angle of the car lashings should
be between 30 - 60 degrees and the p-angle between 30 - 75 degrees.
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Lorries

Full scale measurement

Weight, m = 32 ton

Length, L = 12.0 meter

Height, H = 4.0 meter

Breadth, B = 2.55 meter

Vertical centre of gravity, VCG = 2.0 meter
Transverse centre of gravity, TCG = 0.1 meter
Longitudinal centre of gravity, LCG = 0.0 meter
Track width, BF = 2.0 meter

Weight, m = 32 ton

Length, L = 13.6 meter

Height, H = 4.0 meter

Breadth, B = 2.55 meter

Vertical centre of gravity, VCG = 2.2 meter
Transverse centre of gravity, TCG = 0.2 meter
Longitudinal centre of gravity, LCG = 1.0 meter
Track width, BF = 2.0 meter

Weight, m = 40 ton

Length, L = 16.5 meter

Height, H = 4.0 meter

Breadth, B = 2.55 meter

Vertical centre of gravity, VCG = 2.2 meter
Transverse centre of gravity, TCG = 0.1 meter
Longitudinal centre of gravity, LCG = 2.0 meter
Track width, BF = 2.0 meter

In the diagrams below, the ratio between the actual accelerations measured on board seven
vessels during one year in service and the generic accelerations given by the CSS Code for
each vessel is presented. For comparison, the acceleration level that is given by the

TDC reduction model is also given in each diagram.
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The results show that of all the measurements of transverse accelerations analysed in this
study, one value only on one vessel exceeded the level set by the TDC model.

Out of the seven vessels in the data analysis study, vessel B7 only had fins stabilizer. It can
be seen in the results above that the vessel experienced rather low levels of transverse
accelerations, but it should also be noted that they are on a similar level as vessels B4 and
B6. It is important to be aware of that there are limits with stabilizing systems, such as that they
require sufficient speed to be effective. At heavy seas, speed is reduced and the effect of fin
stabilizers is limited.

In the longitudinal and the vertical directions slightly higher values were found. As the
instruments used on board only collected the maximum acceleration in each direction during
each 30 minute period it is not possible to establish a ratio between the simultaneously acting
accelerations in these directions. However, in each case where the TDC level was exceeded
for the longitudinal acceleration, the corresponding maximum vertical acceleration registered
during the same 30 minute period were well below.

It can be concluded that, even though there is not an exact correlation between wind speed
and wave height, applying the TDC model based on wave height would be a reasonable
approach also for determining a more realistic wind force when using weather-dependent
cargo securing.
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