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1 Introduction

For decades the volume of goods traffic in Germany and
Europe has beenrising steadily and sometimes rapidly, with
forecasts predicting further growth. Marine transport has in-
creased significantly, due to the continuing internationalisa-
tion of trade and production, and consequently more cargo
is transported via means such as road, rail and waterways.
It has been evident for many years that road haulage and
rail transport can hardly cope with the growing transport
volume. At the same time, competition amongst the trans-
port modes is everincreasing, as is cost pressure. There are
various factors determining whether transport by ship has
advantages over road haulage or rail transport and each
mode has its specific strengths.

Inland waterway transport is mainly used for longer distanc-
es and larger transport volumes where its economic efficien-
cy is better in comparison to road or rail. The lower cost per
ton of cargo transported and distance unit is not the only
advantage of transport by inland waterways. It is also more
environmentally friendly, causing fewer emissions (in terms
of noise and carbon dioxide) and boasting the lowest prima-
ry fuel consumption of all of the above-mentioned modes of
transport. Moreover, the energy performance of an inland
navigation vessel is often underestimated: if, in addition to
the energy consumption required for its mere use as a trans-
portation vessel, the so-called “grey energy” is taken into
account, meaning the total energy consumed throughout the
vessel’s life cycle from manufacturing through maintenance
to disposal, inland navigation vessels are even more cost-
efficient than the other two means of transport. Seen from
the politico-economic perspective, emphasis must also
be placed on the external costs (climate gases, air pollu-
tants, accidents and noise) of traffic on inland waterways
which are lowest in comparison with rail and road traffic.

The average ship tonnage is increasing at a rate of 1 to
1.5% per year. This increase is primarily due to competition
amongst the transport modes. Public investments in the ex-
tension of the waterways are consequently required to im-
prove the availability of high-capacity waterways and enable
uninterrupted traffic of large vessels on the major transport
routes.

The existing waterways must ensure safe and economic
shipping operations for the European fleet of inland vessels,
including larger vessels. While recent extensions of water-
ways have mostly focused on the ship sizes expected for the
future, the navigability of a large number of existing inland
waterways is subject to limitations. Narrow curve radii or in-
adequately designed lock approaches or lock canals require
increasing nautical skills of the shipmasters and better vessel
equipment to cope with the restrictions regarding the ease
of navigation.

The objective of this brochure is to look at the different
existing waterway situations and cross-sections, showing
the sailing and manoeuvring behaviour currently adopted by
inland vessels and the resulting loads on the channel bed
and banks. The brochure describes the broad range of
infrastructures to be found in the Western European network
of waterways with special respect to German waterways,
ranging from shipping canals to free-flowing and impounded
rivers with their special flow and discharge characteristics
affecting the dynamics of ships navigating inland waterways.

This brochure’s target readers are:

Shipmasters and shipping company representatives

Staff in waterways administrations

Political representatives

Associations focusing on environmental or economic issues

Research and development institutions
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2 Inland navigation vessels and navigation

21 Vessels and fleet structure
211  Ship dimensions and load draughts

The dimensions of inland navigation vessels such as length,
beam and draught are limited by the available cross-sec-
tions of the main waterways. In central Europe, these are in
particular the River Rhine with its impounded tributaries and
the network of canals in Western Germany. Since the share
of freight transport on the stretches of the Rhine is high and
the shipping channel depths and widths are favourable, a
Rhine fleet in its own right has developed over time in ad-
dition to the vessels working other rivers and canals in the
entire network of waterways. The special Rhine fleet con-
sists of individual vessels exceeding 11.45m in width as well
as large push-tow units (pushed convoys) that are not found
on the adjoining waterways. The dimensions of European
inland navigation vessels, however, mainly depend on the
dimensions permitted for craft and units navigating the in-
land waterways adjoining the Rhine.

The designations chosen for older European vessel types
generally refer to the rivers and canals for which they were
built. The vessel types Peniche (Theodor Bayer), Gustav
Konigs (Dortmund-Ems Canal barge) and Johann Welker
(Europe Ship), which are still in use today, were designed for
shipping in the canals and locks existing or under construc-
tion at the time when these ships were built. However, ship
owners were permanently under economic pressure and
forced to reduce the specific costs of transportation (per
ton transported), in particular those related to staff and fuel
consumption. As a result, the lengths, widths and draughts
of ships increased as well as their drive power.

Even though the increase in ship size leads to less efficient
cross-section ratios combined with a reduction in maxi-
mum ship speed, the new, more modern vessels generally
have improved manoeuvrability, which allows the reduction
of both the vessel speed and the safety distances. Mod-
ern large motor vessels (GMS) are therefore able to navi-
gate in restricted waterways such as the network of canals
in North-Western Germany and the Main-Danube Canal,
which were originally designed for the Europe ship. Today,
typical locks for inland navigation in European canals are

around 12m wide and around 110 to 200 m long. These di-
mensions currently limit the maximum beam of a vessel to
around 11.4m, the length of a barge to around 76 m and the
length of a motor vessel to 110 m (GMS). Taking the typical
water depths and corresponding draughts into account, the
load carrying capacity of a single vessel sailing in the canal
network is nowadays limited to approximately 1,500DWT
(deadweight tons) for Europe ships (ES), approximately
2,200DWT for large motor vessels and up to 4,000 DWT for
pushed convoys (SV).

The increasing importance of container transport in Europe
has resulted in an adaptation of vessel dimensions in large
rivers such as the Rhine and the Danube. For instance, the
largest ships navigating the Rhine as well as stretches of the
Danube and the Dutch and Belgium networks of waterways
are up to 23m wide and about 135m long. Push-tow units
consisting, for example, of a pusher and up to six barges
have dimensions of 23 x 270m or 34 x 190 m. The average
navigation channel depth of the largest rivers in Europe al-
lows draughts ranging from 3 to 4 m. The maximum draught
presently permitted in many European canals is 2.8 m.

Given the global increase in transport demand, the compe-
tition amongst the various transport modes and the rising
fuel costs, it is likely that the size of the inland navigation
vessels navigating the main waterways will continue to in-
crease while traditional vessel types of smaller dimensions
will be crowded out and take to side waterways. To date
it is uncertain whether the climate change will have a sig-
nificant impact on the fleet, for example by leading to the
reintroduction of more smaller-sized vessels that are also
able to navigate at extremely low water levels, because
the data so far obtained on changes in flows, in particular
in the Rhine area, is not reliable. At any rate it is to be ex-
pected that the available depths and widths of navigation
channels, especially in free-flowing waterways, cannot be
completely adapted to the increasing ship dimensions be-
cause of hydraulic and politico-economic reasons. Fairway
widths might even be restricted in order to obtain great-
er depths at bottlenecks (Séhngen et al., 2010). It is like-
ly, therefore, that shipbuilding technology will overcome
these problems by further improving the manoeuvrability
of vessels, possibly even using modern track control sys-
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Large motor vessel NL B D) Other Total Year of construction
between 2000 and 2009

Up to 1,000 DWT 1,799 706 430 200 3,135 32
1,001t0 1,500 DWT 691 250 423 293 1657 24
1,501to 2,000 DWT 298 74 110 65 547 71
2,001to0 2,500 DWT 148 56 55 8 267 41
2,501to 3,000 DWT 162 46 44 3 255 91
> 3,000 DWT 266 62 9 3 340 275

Total 3,364 1,194 1,071 572 6,201 534

Motor tank vessels Year of construction
between 2000 and 2009

Up to 1,000 DWT 378 13 125 23 639 22
1,001t0 1,500 DWT 13 52 162 24 351 23
1,501to 2,000 DWT 102 19 73 21 215 60
2,001to0 2,500 DWT 82 22 58 15 177 38
2,501to 3,000 DWT 79 21 32 23 155 80
> 3,000 DWT 131 33 14 15 193 141

Total 885 260 464 121 1,730 364

Table 2.1.1-1: European fleet (number of vessels) of inland navigation vessels (Rhine states, Belgium, Luxemburg)
according to deadweight classes and countries of origin (as at October 2009)

Vessel size class MLK DEK WDK Rhein-Herne-Kanal, MDK
[DWT] (Hannover) (Miinster) (Datteln/Friedrichsfeld) Duisburg

E 0- 400 1.2 0.5 0.3 0.3 0.1

E 401- 650 3.5 4.2 3.3 0.7 1.5

E 651- 900 14.9 12.7 10.3 6.4 4.8

E 901-1,000 9.5 6.1 34 2.5 1.7

E 1,001-1,500 32.2 454 377 38.5 24.7

E 1,501-2,000 10.0 11.0 19.9 29.5 24.9

E 2,001- 2,500 9.2 6.4 8.6 8.4 16.5

E 2,501- 3,000 9.5 71 7.5 7.2 14.6

E > 3,000 2.7 2.0 6.0 2.4 1.7

SL  0-1,500 5.8 37 2.1 4.1 8.3

SL 1,501 - 2,000 0.2 0.1 0.2 0.0 0.2

SL>2,000 13 0.8 0.7 0.0 0.9

© DWT E 1,467.0 1,399.0 1,604.0 1,595.0 1,797.0

@ DWTE+SL 1,424.0 1,374.0 1,588.0 1,547.0 1,691.0

Table 2.1.1-2: Regional fleet structures in 2030 (% number of vessels and load carrying capacity in DWT): WDK, RHK,
DEK, MLK, MDK

Legend:

E = Self-propelled vessel (single driving or part of a push-tow unit)
SL = Pushed barge (lighter) (part of a push-tow unit)

DWT = Deadweight Tons
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Type Vessel size class Lower Rhine Upper Rhine Moselle Main Danube
[DWT] (Wesel) (Iffezheim) upstream of Offenbach
E 0- 400 0.4 0.2 0.3 0.1 21
E 401- 650 2.4 0.7 0.3 1.5 1.5
E 651- 900 5.2 2.2 2.0 4.5 5.6
E 901-1,000 2.2 1.3 1.3 1.8 1.0
E 1,001-1,500 19.5 16.4 14.6 251 17.4
E 1,501- 2,000 16.0 17.1 18.5 231 24.0
E 2,001- 2,500 14.2 20.2 26.3 18.2 9.2
E 2,501- 3,000 16.9 28.3 22.8 16.1 8.2
E > 3,000 5.3 6.2 4.7 1.9 1.0
SL 0-1,500 2.6 1.6 1.5 6.3 29.0
SL 1,501 - 2,000 0.7 1.3 1.7 0.3 0.2
SL>2,000 14.6 4.5 6.0 11 0.8
© DWT E 1,914.0 2,153.0 2,116.0 1,827.0 1,658.0
@ DWTE+SL 2,008.0 2,150.0 2,127.0 1,748.0 1,307.0
Table 2.1.2-1: Fleet structure in 2030 (% number of vessels and load carrying capacity in DWT): Rhine, Moselle,
Main and Danube
Vessel size class ESK Middle Elbe HOW UHW HOW
[DWT] (Magdeburg) north of Havel Canal (Potsdam) (Spandau)
E 0- 400 0.2 0.0 0.2 3.1 1.2
E 401- 650 2.4 8.4 4.2 17 41
E 651- 900 10.6 1.3 1.1 15.6 11.6
E 901-1,000 9.8 3.5 1.9 6.0 2.1
E 1,001-1,500 31.7 20.1 2.5 12.6 2.7
E 1,501- 2,000 10.4 0.0 5.1 3.6 5.6
E 2,001- 2,500 10.6 0.0 0.4 1.9 0.8
E 2,501- 3,000 9.3 0.0 0.4 2.2 0.9
E > 3,000 0.0 0.0 0.0 0.8 0.0
SL 0-1,500 15.0 56.7 74.2 36.6 70.8
SL 1,501 - 2,000 0.0 0.0 0.0 0.0 0.0
SL>2,000 0.0 0.0 0.0 0.5 0.2
@ DWT E 1,466.0 944.0 1,025.0 933.0 1,056.0
@ DWT E +SL 1,308.0 643.0 571.0 790.0 604.0

Table 2.1.2-2: Fleet structure in 2030 (% number of vessels and load carrying capacity in DWT): Elbe Lateral Canal, Elbe
and the Berlin waterways

Legend:

E = Self-propelled vessel (single driving or part of a push-tow unit)
SL = Pushed barge (lighter) (part of a push-tow unit)

DWT = Deadweight Tons
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tems (autopilots) to make the best possible use of the pre-
vailing conditions in existing navigational channels. With
fuel costs rising, the trend towards more energy efficient
navigation will continue, so that vessels will probably sail at
lower speeds and reduced fuel consumption levels. While
this evolution will probably only affect ship dimensions to a
minor degree, it will have a significant impact on the design
of propulsion and steering units.

Changes must also be expected in the number of recrea-
tional craft and their size, among other things due to the
higher expectations of leisure craft users. Hence, the
number of passenger ships in German waterways will prob-
ably increase, too. In view of this development it may be-
come necessary to introduce restrictions regarding the size
and engine power of leisure craft because of the resulting
higher impacts on the bottom and banks of our waterways.

2.1.2 Fleet structure and evolution

The existing infrastructure and the need to operate profita-
ble vessel units which prevails in the logistics market have
an impact on the current fleet structure. Since the water-
way infrastructure in Western Europe is heterogeneous,
there are significant differences between the fleets in terms
of size and composition. In some areas, the fairway widths
and depths only admit ship sizes in the range from 700 to
1,000 DWT.

However, if the fairway cross-sections in free-flowing rivers
such as the Rhine or in canals and impounded rivers are
sufficiently wide, it is possible to navigate vessels with
1,200 to 3,000 DWT.

Whenever extension or new development measures are
carried out on continuous reaches in the network of wa-
terways in order to enable the navigation of large modern
ships, a fleet of larger vessels is created as a precondition of
more profitable transport business. In addition to this trend
towards bigger vessels, spurred by the development of the
network infrastructure, it is also the ongoing replacement
of old ships with new vessels which brings the fleet up to
modern standards and which in the past has increased the
pressure for a further extension of the waterways. Based

il

on the trend observed in the last few decades, the aver-
age size of inland navigation vessels (in terms of DWT) can
be expected to increase by 1to 1.5% per year. As in the
past, this development will result from the replacement of
smaller older vessels with larger newer craft as well as from
ship modifications (increased ship length and in some cas-
es also width). For a better assessment of this trend and to
obtain more reliable data for waterway planning, the former
BMVBS (today the Federal Ministry of Transport and Digital
Infrastructure, BMVI) commissioned forecasts of regional
fleet structures in 2010.

Transport by ship on the different reaches of the network of
waterways is profitable and attractive due to the larger ship
dimensions.

Besides the typical inland navigation vessels listed in Chap-
ter 2, extra-long large motor vessels (max. 135m long vessel
- UGMS) in particular have become increasingly present in
the market over the past 15 years. In addition to this ves-
sel type which has a length of 135m and a beam of 11.45m
and which is often the product of an extension to a GMS, a
new type is meanwhile seen on the Rhine more and more
frequently (currently more than 100 craft): the so-called
“Jowi class” with a length of 135m and a beam ranging
from 13 to 17 m (individual ships are even larger). With more
than 3,000 tons transported these ships fall under the
category “Self-propelled vessel > 3,000DWT” in the table
referred to here. There are regional differences regarding
the deadweight of the ships; however, the operating costs
(including crew and fuel) remain almost unchanged when
the deadweight increases, i.e. the transport of cargo is
generally more profitable with larger vessels if the degree
of capacity utilisation is good.

This trend towards larger vessels is not only observed on
extended waterways but also on other waterway types.
Larger ship dimensions and load draughts on the present
waterways also mean that greater nautical and technical
demands are placed on the ship and crew alike. The
following recommendations for different navigation zones
and situations are intended to provide guidance for easy

and safe navigation on Germany’s inland waterways.
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2.1.3 Inland navigation vessel types
and pushed convoys

The following section describes the typical vessels and
convoys in the European fleet of inland navigation vessels.
Besides providing information on dimensions and on pro-
pulsion and steering devices it shows typical values for the
achievable ship speed at maximum engine power when
sailing in shallow water conditions, i.e. in a navigation chan-
nel which is not laterally confined. The typical or reference
values indicate the speed relative to the water body, mean-
ing that when the vessel is sailing upstream the values in-

Inland navigation vessel, Peniche class [photo: Juan, Remi]

dicated must be reduced by the approximate value of the
flow velocity, while for downstream navigation they must
be increased to obtain the values over ground. Whereas at
large water depths the usable engine power is equal to the
installed engine power, smaller water depths only allow the
use of reduced engine power. It is for these reasons and
also due to hydraulic factors, especially in the critical ship
speed range, that the ship speeds indicated below have to
be reduced if the water is shallower. As a rule each vessel
is unique, frequently undergoing conversions during its life
cycle. Some vessels may therefore not be in conformity with
the vessel types specified below.
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Motor vessel, Gustav Kénigs — Class Il (with dry cargo) [photo: Liebthal, pixelio.de]

Peniche — Class | according to the
classification of inland waterways

Operation range: Rhine, German network of canals, water-
ways in France, Belgium and the Netherlands

Gustav Konigs — Class llI

Operation range: Rhine, Weser, and Elbe rivers, German
network of canals, eastern network of canals, waterways in
Belgium and the Netherlands

Length m 37.5-38.5

Beam m 4.8-5.0

Draught m 1.8-2.5
Deadweight t 250-365

Water depth m 3.0 5.0
Speed km/h 10 12

Propulsion and steering:
Single screw with 1.0 to 1.1m diameter and 1 rudder blade,
installed engine power approximately 200 kW

Length m 67.0-85.0

Beam m 8.2

Draught m 21-2.8
Deadweight t 749-1,300
Water depth m 3.0 5.0
Speed km/h 14 16

Propulsion and steering:
Single screw with 1.2 to 1.5m diameter and 1 or 2 rudder
blades, installed engine power approx. 580 kW
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Container vessel with 60-90 TEU [photo: Jan v. Brockel, pixelio.de]

Johann Welker — Class IV

Operation range: Rhine, Danube, Weser, and Elbe rivers,
German network of canals, waterways in Belgium and the
Netherlands

Length m 80.0-105.0

Beam m ©.5

Draught m 2.5-3.0

Deadweight t 1,295-2,000

Water depth m 3.0 5.0
Inland navigation vessel, Johann Welker class with dry cargo Speed Km/h = 2

[photo: Jan v. Brockel, pixelio.de]

Propulsion and steering:

One or two ducted propeller(s) with 1.3 to 1.6 m diameter and
1 or 2 rudder blades per propeller; bow thruster. Installed
engine power of the main propulsion unit approx. 750 kW

Motor tank vessel [photo: Jaegers shipping company]

14
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Tanker — Class IV [photo: Bernd Sterzl, Fotolia]

GMS (large motor vessel) — Class Va

Operation range: Rhine and Danube rivers, North German
network of canals, waterways in the Netherlands and

Belgium

Length m 85.0-110.0

Beam m 10.4-11.45

Draught m 27-3.2

Deadweight t 1,660-2,900

Water depth m 3.0 5.0
Container vessel with 180-216 TEU Slpiese A N 2

[photo: Irina Fischer, Fotolia]

Propulsion and steering:

One or two ducted propeller(s) with 1.6 to 1.8m diameter
and 1or 2 rudder blades per propeller; bow thruster. Installed
engine power of the main propulsion unit up to approx.
2,000kW

Large motor vessel (with dry cargo) [BDB e. V.]

15
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Canal-going extra-long large motor vessel
[photo: Klaas Hartz, pixelio.de]

Rhine and Danube ships — Class Vb
(length-extended GMS/UGMS)

Operation range: Rhine and Danube rivers, some canals
in North-West Germany, waterways in Belgium and the
Netherlands

Extended motor vessel (1GMS) with wide beam
[photo: BDB e. V]

Length m 110.0-135.0
Beam m 11.45

Draught m 2.8-3.7
Deadweight t 2,720-3,500
Water depth m 3.0 5.0
Speed km/h 15 18

Propulsion and steering:

Two ducted propellers with 1.6 to 1.8 m diameter and 2 rud-
der blades per propeller; 2 bow thrusters. Installed engine
power of the main propulsion unit approx. 2,000 kW

Rhine ships Jowi class — Class Vb
(length- and beam-extended GMS)

Operation range: Rhine

Length m 110.0-135.0
Beam m 13.0-17.5
Draught m 2.8-4.0
Deadweight t 2,590-8,400
Water depth m 3.0 5.0
Speed km/h 14 16

Propulsion and steering:

Two or three ducted propellers with 1.6 to 1.8 m diameter and
1or 2 rudder blades per propeller; 2 bow thrusters. Installed
engine power of the main propulsion unit approx. 3,000 kW
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Class Vb: Push-tow unit — breasted-up formation
[photo: DTG eG]

Breasted-up formation [photo: DTG eG]

17

Push-tow unit (convoy), motor vessel
pushing one barge — Class Vb

Operation range: Rhine and Danube rivers, network of canals
in North-West Germany, waterways in Belgium, the Nether-

lands, etc.

Length m 185.0-190.0
Beam m 11.45

Draught m 2.8-37
Deadweight t 3,740-5,200
Water depth m 3.0 5.0
Speed km/h 13 16

Propulsion and steering:

Two ducted propellers with 1.6 to 1.8 m diameter and 2 rud-
der blades per propeller; 2 bow thrusters. Installed engine
power of the main propulsion unit approx. 2,000 kW.

Push-tow unit, motor vessel with three
barges — Class Vla

Operation range: Rhine

Length m 185.0

Beam m 22.9

Draught m 2.8-3.7
Deadweight t 7,920-10,500
Water depth m 3.0 5.0
Speed km/h 12 14

Propulsion and steering:

Two or three ducted propellers with 1.6 to 1.8 m diameter and
1or 2 rudder blades per propeller; 2 bow thrusters; installed
engine power of the main propulsion unit approx. 2,800 kW.
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Pushed convoy — four barges [photo: Rhenus PartnerShip GmbH]

Push-tow unit, pusher with four
barges — Class VIb

Operation range: Rhine, Danube, and Schelde rivers

Length m 185.0-195.0
Beam m 22.9

Draught m 2.8-4.0
Deadweight t 7,650-11,000
Water depth m 3.0 5.0
Speed km/h 12 14

Propulsion and steering:

Two ducted propellers with 1.6 to 1.8 m diameter and 2 rud-
der blades per propeller; 1 or 2 bow thrusters or a flanking
rudder; installed engine power of the main propulsion unit
approx. 3,400 kW.
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Push-tow unit, push boat with six
barges — Class VIc

Operation range: Rhine and Danube rivers

Length m 270.0

Beam m 22.8

Draught m 2.8-4.0
Deadweight t 11,500-17,000
Water depth m 3.0 5.0
Speed km/h " 13

Pushed convoy [photo: Imperial Shipping Holding GmbH] Propulsion and steering:
Two or three ducted propellers with 1.8 to 2.0m diameter
and 2 rudder blades per propeller; 1 or 2 bow thrusters or a
flanking rudder; installed engine power of the main propul-
sion unit approx. 4,500 kW.

Tug — Class |

Operation range: Schelde, Rhine, Danube, Weser and Elbe

rivers

Length m 20.0-25.0
Beam m 7.0-9.0

Draught m 1.3-25

Water depth m 3.0 5.0
Speed km/h 13 14

Propulsion and steering:

Two ducted propellers with 1.6 to 1.8 m diameter and 2 rudder
blades per propeller, 1 bow thruster; installed engine power
of the main propulsion unit approx. 10,00 kW.

Tug [photo: Gerd Frick, MarineTraffic.com]
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Class Vlb: River cruise ship [photo: Ralf Gosch, Fotolia]

River cruise ship — Class VIb

Operation range: Rhine, Danube, Weser, and Elbe rivers,
waterways in the Netherlands and Western Germany

Length m 80.0-135.0
Beam m 11.4-22.9
Draught m 1.0-1.8

Water depth m 3.0 5.0
Speed km/h 15 18

Propulsion and steering:

Two or three ducted propellers with 1.6 to 1.8 m diameter and
1or 2 rudder blades per propeller; 2 bow thrusters; installed
engine power of the main propulsion units approx. 1,200 kW.
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Class VlIb: Passenger boat [photo: BDB e.V.]

Passenger boat — Class VIb
(for day trips and events)

Operation range: Rhine

Length m 80.0-135.0
Beam m Max. 22.9
Draught m 2.0

Water depth m 3.0 5.0
Speed km/h 16 19

Propulsion and steering:

Two or three ducted propellers with 1.6 to 1.8 m diameter and
1or 2 rudder blades per propeller; 1 bow thruster; installed
engine power of the main propulsion unit approx. 1,400 kW.
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Fig. 2.2-1: Bow with V-shaped frame and transverse
thruster [DST]

Fig. 2.2-2:  Bow with U-shaped frame and transverse
thruster [DST]

Fig. 2.2-3:  Wedge-shaped bow with bow thruster [DST]
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2.2 Vessel hull form
and construction

Although the waterway infrastructure has been significantly
improved by hydraulic engineering works, the different zones
of operation are characterised by differing requirements
regarding the vessel hull form as well as the propulsion
and manoeuvring systems. Sailing in a canal, for instance,
requires only little propelling power but high manoeuvrability.
On the other hand, a ship travelling on the Rhine needs an
optimised hull form, a relatively high propelling power and
appropriate manoeuvrability. Moreover, its deadweight
tonnage must be high.

There is no vessel shape that meets all of these requirements,
which is why a vessel’s hull form is designed to fit the respec-
tive zone of operation in which the ship is most likely to nav-
igate most often. When sailing in other operation areas, the
vessel’s hydrodynamic properties and profitability of opera-
tion will be affected.

This is the fundamental basis on which decisions have to be
made regarding the:
e Shape of the bow,
e Shape of the aft-ship,
e Moulded depth,
e Type of the propulsion system,
e Number of propulsion devices or number of propellers,
e Type of manoeuvring system
(single-, twin- or triple-blade rudder) and
e Transverse thrusters
(bow thruster, stern thruster, bow rudder).

Bow shape and bow thruster

On ships navigating in rivers with higher flow velocities,
V-shaped frames are frequently used for the bow. Figure 2.2-1
shows this bow shape combined with a transverse thruster.

In contrast to V-shaped bow frames, U-shaped frames lead
to a higher displacement and consequently a higher dead-
weight tonnage if the stern shape and the main dimensions
are the same. If ship dimensions and ship speed are identi-
cal, a ship with a U-shaped frame tends to need a somewhat
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Fig. 2.2-4:  Aft-ship with tunnel and two screws [DST]

Fig. 2.2-5:  Single-propeller system with single-blade
rudder system [DST]

Fig. 2.2-6:  Single-propeller system with twin-blade
rudder system [DST]
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higher drive power than a ship with a V-shaped frame. Hence,
when choosing the bow shape, a crucial factor is whether the
priority is to minimise fuel consumption or to maximise dead-
weight tonnage. Figure 2.2-2 shows a bow with a U-shaped
frame and transverse thruster.

Figure 2.2-3 shows a wedge-shaped bow fitted with a bow
thruster in an attached gondola. The wedge-shaped bow is
mainly used for pushed barges. This relatively simply construc-
tion will sometimes also be used for motor vessels with the
aim of reducing construction costs. The displacement is higher
with a wedge-shaped bow than with V- or U-shaped frames,
but more drive power is needed to achieve the same ship
speed. The bow thruster depicted in Fig. 2.2-3 is a four-chan-
nel system which provides thrust through 360 degrees.

Aft-ship shape, number of propellers and
steering systems

The construction of the stern of an inland navigation vessel
typically is dominated by one or several so-called tunnels (see
Fig. 2.2-4) which are located above the propeller(s). The func-
tion of these tunnels is to ensure that the propulsion process
is not disturbed by the inclusion of air into the afflux to the pro-
peller, coming from the water surface when the vessel is only
partly laden or sailing without cargo. If there is significant air
ingress into the propulsion system, the propeller thrust is re-
duced orin some cases even entirely interrupted. Without the
use of tunnels, the propeller would have to be designed with a
smaller diameter and lower propulsion efficiency. Another op-
tion would be to increase the draught by using ballast water.

Today, all new inland navigation vessels have ducted propel-
lers with a nozzle. Propellers without nozzles can only trans-
mit limited thrust loads with acceptable efficiency. A ducted
propeller with nozzle, on the other hand, enables higher
thrust loads to be transmitted at better efficiencies. In the fol-
lowing only stern types designed for ducted propellers are
considered.

Most inland vessels use a single or twin-propeller system.
Compared to the twin propeller system, a single propeller
unit (see Figs. 2.2-5 and 2.2-6) allows a more streamlined
underwater body and thus needs less drive power to reach
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the same speed. Assuming the same fore body shape, the
displacement and consequently the deadweight tonnage of
a ship with a single-propeller system are lower than that of
a vessel with twin-propellers. Single-blade and twin-blade
rudders are used in both systems. The hydrodynamic prop-
erties of the single-blade rudder are better when the vessel
is in forward motion because less drive power is generally
required for the same speed. However, the twin-blade rudder
fulfils higher manoeuvring requirements.

If the thrust loads are very high, twin-propeller systems are

used (see Figs. 2.2-7 and 2.2-8). Twin-propeller systems can

Fig. 2.2-7:  Twin-propeller system with single-blade also be used in push boats for units with one, two or more

rudder system [DST] barges. Moreover, the twin-propeller drive recommends

itself in navigation zones with low water levels and/or low
fairway depths where vessels cannot be laden with the max-
imum draught, but only with partial loads, and the propeller
diameters must be relatively small. To ensure that there is
nevertheless sufficient thrust for a vessel carrying maximum
load, two propellers are used.

A triple-propeller system is rarely used on inland navigation
vessels with the exception of pushers. It is found in some
vessels with a beam exceeding 15m. Pushers with a beam
of more than 12m and high thrust load are fitted with either
three or four propellers. Which of the two systems is chosen
is based on the same reasons as the choice between single-

and twin-propellers.

Fig. 2.2-8:  Twin-propeller system with twin-blade
rudder system [DST]

Fig. 2.2-9:  Rudder propeller [DST] Fig. 2.2-10:  Vane-screw propeller [DST]
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Selection of the propulsion and manoeuvring
systems

As a rule, large pushers and motor vessels have a main
drive using propellers and a separate manoeuvring or steer-
ing system. Small pushers used for short distances or har-
bour operations, tugs and passenger ships are sometimes
equipped with a drive having an integrated steering system,
hence their high manoeuvrability. The rudder propellers
used (see Fig.2.2-9) can be turned horizontally by 360° and
all of the thrust produced by the system can be used to gen-
erate transversal force. The rudder propellers can be either
with or without nozzles. Their number depends on the thrust
and manoeuvrability required for the respective type of oper-
ation. Vane-screw propellers are mainly used for passenger
ships and for port service or harbour tugs (Fig. 2.2-10). The
propeller can provide 360° directional control by adjusting
the blade angle.

2.3 Propulsion and steering devices

2.3.1 Ship propellers

To accelerate a vessel from rest a certain force is required.
This force is the thrust which is generated primarily by the
ship’s main drive, the propeller (or screw). The propeller is
acting as a pump which produces an accelerated water jet in
a particular direction. The thrust is the reaction force against
the water jet and directed in the opposite direction of the jet.

Fig. 2.3.1-1.:

Propeller without nozzle [DST]
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The magnitude of the thrust force depends on two factors:
the volume of water which is accelerated by the propeller
within a specific time and the difference between the flow
velocity upstream and downstream of the propeller.

Propellers are often distinguished according to their profile.
The profile is created in systematic test series in which
geometric parameters are systematically varied. The most
commonly used free turning propeller (without a nozzle) is
the Wageningen propeller in the so-called B series. Kaplan
and skew propellers are the most important ducted propel-
lers that have proven their superiority for inland navigation
with its high degrees of thrust load. However, new profiles
for propellers and nozzles continue to be developed with the
aim of increasing efficiency, reducing the noise and the ener-
gy consumption of propulsion devices.

In the following a distinction is made between the different
propeller types according to their basic design characteris-
tics. Water jet propulsion is mentioned as an alternative drive
system.

Fixed pitch propeller

The fixed pitch propeller is the type most commonly used in
inland waterway transport (Figures 2.3.1-1 and 2.3.1-2). The
drive power of one propeller is between 200 and 10,00 kW
depending on its diameter and turning speed. Multi-propel-

ler drive systems are used as a rule to increase drive power.

Fig. 2.3.1-2:  Propeller with nozzle [DST]
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The thrust direction is changed either via a reversible engine
or with a reversing gear. The thrust and thus the speed can be
increased by augmenting the number of propeller revolutions.

Generally, if the propeller diameter is increased whereas
the drive power remains unchanged, the input energy (fuel)
is used more efficiently. However, for practical reasons the
propeller diameter can only be increased up to a specific
limit on inland navigation vessels because of their shallow
draught. To avoid ingress of air, the diameter generally must
not be much larger than the ship’s draught and to avoid con-
tact with the waterway bed, the propeller must not project
beyond the ship’s bottom.

To increase the propeller diameter as much as possible, a
tunnel is installed on most inland navigation vessels to en-
able a propeller design with a diameter larger than the min-
imum draught. But, as has been mentioned above, this in-
crease is limited to avoid ingress of air into the tunnel since
this will significantly reduce the thrust effect. If the propeller
diameteris too large, the risk of air ingress and the resulting
loss of drive power are especially high for a vessel without
cargo undertaking a stopping manoeuvre. As mentioned
earlier, it is possible to mitigate this risk by loading ballast
water in order to increase the draught.

A fixed pitch propeller is installed either as a free turning
wheel or as a propeller inside a nozzle. The latter is chosen
especially for propulsion units of slowly sailing vessels with
high requirements regarding thrust, such as tugs, pushers
and pushed convoys, but also self-propelled vessels which
require a high level of thrust force. In comparison to free
wheels, the effective thrust, that means both the thrust of
the propeller blades and of the nozzle, is about 20 % greater.
However, due to air intrusion problems the required propel-
ler immersion is greater with a ducted propeller than with a
free turning propeller. Since ship speeds are generally lower
in inland waterways than at sea and moreover the approach
flow conditions are negatively affected by shallow water,
ducted propellers have become the norm. Free turning
wheels are mostly found in recreational boats, due, amongst
other things, to their greater resilience regarding contact
with the bed and because a nozzle would not offer any hy-
dro-mechanical advantages for ships sailing at high speeds.
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Hydraulic propeller efficiency rates, i.e. the relation of usa-
ble thrust power to the engine power at the propeller shaft,
can reach up to 60% at the design point. However, inland
vessels operate seldom at the design point. The ship may
sometimes be part of a pushed convoy. It may be navigating
at different speeds, especially speeds lower than the de-
sign point, orin large or small water depths. It may be sailing
without cargo or fully laden and it may be navigating in a
canal or in shallow water, upstream or downstream. Hence,
there often is a considerable difference between the oper-
ating point and the design point, and the efficiency rate is
frequently only about 0.4.

Moreover, the rigid coupling of the propellers to the propul-
sion engine (with or without a gear) means that the engine
often has to be operated at speeds which are not optimal,
e.g. too low. As a result, the ship’s engine operates often
far away from the design point. Thus, the engine efficiency
is reduced and the specific fuel consumption is increased
compared to the design point. It follows from this that the
propellers and the engine must be perceived as one unit.
The disadvantages mentioned above can be offset by using
diesel electronic drives, multi-propeller systems or variable
tunnel geometries. In view of the cost of such investments
it is difficult to foresee whether such solutions will be viable
in practice.

Variable pitch propeller

The variable pitch propeller (Fig. 2.3.1-3) works in the same
way as the fixed pitch propeller, except that the pitch of the
blades can be varied continuously. This means that e.g. a
constant engine and/or shaft speed can be maintained while
changing the thrust, also during stopping manoeuvres. This
helps to increase the engine efficiency by sailing with an opti-
mal rotational speed. But also the hydraulic efficiency can be
improved compared to a fixed propeller if the pitch is always
properly adapted to the different operating conditions. In all
cases when the ship speed is not at the design point, a varia-
ble pitch propeller has better efficiency than a fixed propeller.

However, the hydraulic efficiency of a variable pitch propel-
ler is not far away from that of a fixed propeller, even in the
case of optimal pitch adaption, and equals that of a fixed
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pitch propeller at the design point only because the geom-
etry of the blades is sometimes less favourable. Variable
pitch propellers are therefore mainly employed in deep wa-
ter conditions, i.e. in maritime navigation.

The variable pitch propeller has not become established as
a standard in inland navigation. This is probably due to the
construction costs, which are considerable in comparison
to a fixed pitch propeller. Moreover, the maintenance costs
are relatively high when sailing in shallow water and close to
the banks (touching the ground) as well as in the event of ice
drift or, for that matter, damage from debris at flood levels.

Rudder propeller

The rudder propeller is a so-called Z drive (Fig. 2.3.1-4). It is
possible to turn the propeller by 360° i.e. over the entire
horizontal plane. The rudder propeller, also referred to as
a Schottel rudder propeller (SRP) after the manufacturer
who first invented it, thus simultaneously serves as the main
rudder. It is mainly used in craft with particularly high ma-
noeuvrability requirements.

Cycloidal propeller

This propeller which is also known as a Voith-Schneider pro-
peller (Fig. 2.3.1-5) after the engineer and manufacturer fea-
tures an array of vertical blades mounted on a rotating circu-
lar disc. The pitch of the blades is controlled by an eccentric
gear. The thrust is not adjusted by changing the number of
revolutions but by altering the eccentricity (pitch) of the pro-
peller. With a cycloidal propeller, the thrust direction can be
varied by 360° over the horizontal plane. It is the preferred
choice for craft with a constant draught that require high ma-
noeuvrability, e.g. passenger ships or harbour tugs (so-called
water tractors). It is also typically used as a bow thruster in
pushed convoys.

Pod-drives

The propeller is mounted on a gondola (also referred to as
pod drive) with an electric motor that actuates the propeller.
The complete drive system is housed in a streamlined gon-
dola (the pod) mounted to the bottom of the ship. As a rule,
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Fig. 2.3.1-4: Rudder propeller [SCHOTTEL]

Fig. 2.3.1-5:  Cycloidal propeller [Voith AG, Heidenheim]
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~ Pressure-side

Fig. 2.3.2-1: Rudder action [DST]

these propellers combine driving and steering functions, i.e.
the thrust can be directed by rotating the pod system (Azi-
Pod = Azimuthing Electric Propulsion Drive), in the same way
as with a rudder propeller (azimuthing propeller). The ves-
sel can thus change course without needing a conventional
rudder. Pod drives use one or two propellers which can be
co- or counter-rotating. The use of “podded drives” on in-
land navigation vessels as an alternative to a combination of
propellers and rudders has already been discussed in vari-
ous research and demonstration projects. In particular, pod
drives are increasingly used in passenger ships.

Water-jet propulsion

Water-jet propulsion (also referred to as pump jet, hydro-jet
or jet propulsion) offers an alternative to propeller drives.
High-speed, lightweight petrol or diesel engines or gas tur-
bines drive an impeller (enclosed propeller), which sucks
in water underneath the hull and pumps it out at the stern
via movable nozzles. Compared to conventional propel-
ler drives, water-jet propulsion offers many advantages in
shallow water, for example the fact that no rudder or rudder
drive is needed. The great drawback, however, is that the
propulsion performance is significantly lower than if propel-
lers were used; the power requirement consequently is 20 to
40 % higher. At present, water-jet propulsion is primarily

28

End plate

Fig. 2.3.2-2: Rudder blade with end plates [DST]

used for high-speed ferries, special ships and rescue units.

2.3.2 Stern rudders

The main rudders are located behind the propulsion units
and create a high transverse force due to a higher speed of
approach which results from the propellers’ slipstream. The
flow around the rudder creates the rudder action and/or the
transverse rudder force. If the rudder is held at zero (neu-
tral position), there is an almost symmetric flow around the
rudder and the transverse forces in port direction and star-
board direction approximately cancel each other out. Figure
2.3.2-1illustrates the flow field, the pressure distribution and
the forces acting on a typical rudder.

If the rudder is turned (Fig. 2.3.2-1 shows a rudder angle to
portside) pressure is created on its inner side, while an even
greater suction effect is produced on its outer side. There-
fore the afterbody of the craft moves to starboard and the
fore body to port. The transverse rudder forces increase
generally from the neutral position with increasing rudder
angles, but only up to approximately 35° if a single rudder is
used and up to 45°if twin rudders are used. The longitudinal
rudder forces towing on the rudder in the backward direc-
tion also increase which, in turn, causes the ship resistance
to increase. Greater rudder angles mainly result in pressure
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Trim wedge

Fig. 2.3.2-3: Rudder profiles with trim wedges [DST]

forces, but not suction forces, acting on the rudder since the
flow on the suction side separates from the rudder blade.
Thus, the crosswise rudder forces decrease and the drag
forces increase with higher rudder angles. Hence, whenever
a change of rudder angle occurs, the speed of the sailing
ship decreases, and the greater the angle of the rudder, the
greater the reduction of speed. Hence, when in forward
motion, greater rudder angles should be avoided.

It is possible to increase the rudder forces by reducing the

Fig. 2.3.2-4: Single-blade rudder [DST]

29

pressure compensation between the suction and pressure
sides. To this end, so-called end plates can be mounted to
the rudder’s top and bottom edges (see Fig. 2.3.2-2).

Trim wedges at the aft end of the rudder cause the pressure
centre to shift aft and the transverse rudder force to increase.
However, this also leads to an increase of the rudder’s
inherent resistance (see Fig. 2.3.2-3).

Single-blade rudders

As arule, single-blade rudders (Fig. 2.3.2-4) have the lowest
inherent resistance. They are located in line of the propeller
axis, thus reducing the losses due to swirl in the propel-
ler wash. When the propeller is not rotating, a single-blade
rudder has only little effect because the approach flow is
disturbed and there is no propeller wash.

Flap rudders

Flap rudders (Fig. 2.3.2-5) are special single-blade rudders
generating greater transverse rudder forces at relatively
small rudder angles. This type of rudder has an articulated
flap mounted to the aft edge of the main rudder blade. Since
the flap angle is greater than the angle of the main rudder
blade which is connected ahead of the flap, the transverse
force produced by a flap rudder generates an additional
rudder force. The rudder angle/flap angle ratio is fixed.

Fig. 2.3.2-5: Flap rudder [DST]
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Fig. 2.3.2-6: Twin-blade rudders [DST]

Fig. 2.3.2-8: Flanking rudder (left), location in front of the
nozzle [VBW]
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Twin-blade rudders

Normally the inherent resistance of twin-blade rudders is
greater than that of single-blade rudders. They are used if
there is not enough room in the afterbody to provide the
required blade area of a single rudder. Twin-blade rudders
(Fig. 2.3.2-6) offer better steering properties at low ship
speeds when the propellers are not rotating, for example
when entering locks. Moreover, greater rudder angles are
possible before the rudder stalls. There are two factors
contributing to rudder action here: the hydrofoil effect which
is dominant in single-blade rudders and the deflection of
the propeller jet generating corresponding transverse
forces. Hence, the possible transverse rudder forces are of-
ten greater by a factor of more than two than the transverse
forces of a single-blade rudder.

Multi-blade rudders

In the past, triple- or multi-blade rudders like the “Hitzler
rudder” and the “Schilling rudder” were used, and these
so-called high-performance rudders were to improve the
manoeuvrability at slow speed of ships with simple flat
plate rudders and low drive power. Given the drawbacks of
multi-blades rudders, such as their sensitivity to external
influences in particular at low water, the often long repair
times associated with higher costs as well as the generally
higher inherent resistance compared to single- and twin-
blade rudders, the trend towards more multi-blade rudder
installations did not continue. Today, these systems are only
found on the older vessel types (see Fig. 2.3.2-7).

Flanking rudders

Flanking rudders are positioned forward of the propeller,
in addition to the main rudder. They are exclusively used
in push boats which require excellent manoeuvrability also
when driving backwards (coupling manoeuvre, bow down-
stream; Fig. 2.3.2-8).

When the ship is making headway, flanking rudders can
reduce the thrust because they disturb the free flow of water
to the propeller. As a result, in more recent designs one or
two transverse thrusters in the fore part have been installed
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Fig. 2.3.2-9: Push boat (SB), double transverse thruster
[DST]

Fig. 2.3.3-1: Passive bow rudder at the pontoon bow of a
pushed barge [DST]

31

instead of flanking rudders. Figure 2.3.2-9 shows a trans-
verse thruster located at the bow of a push boat which has
not yet its final operating draught.

Propeller-rudder systems

The so-called propeller-rudder systems are an innovation
in rudder technology. They were developed by inland ves-
sel experts working closely together and have already
proven their worth on many ships. Propeller-rudder sys-
tems feature a special twisted rudder profile with end plates
(Fig. 2.3.2-10). It reduces the swirl of the propeller jet stream
and thus increases the efficiency of the propeller (greater
thrust due to utilisation of the swirl).

2.3.3 Bow rudders

With the size of transport vessels ever increasing, the ma-
noeuvrability requirements of a standing or traveling ship
also become more challenging. The requirements are
“course keeping” and “course changing”. By complementing
the aft manoeuvring systems with steering elements in the
bow, manoeuvring operations are facilitated for large ves-
sels in particular, which also contributes to improving navi-
gation safety. Depending on their operation areas, ships are
equipped with either active or passive bow rudders.

Passive bow rudders

Passive bow rudders have one or two blades. In most cases
rudder angles of up to 45° are possible. The transverse rud-
der force is exclusively caused by the approach flow against
the blades (which equals the vessel speed relative to water
and is not increased by the propeller jet stream as in the
case of stern rudders), i.e. while the ship is moving (hydrofoil
effect). Passive bow rudders are mainly used in pushed con-
voys. They reduce the swept area width required by ships
when navigating bends and provide support during cross
wind. This is especially the case with unloaded or container
vessels that sail at greater speeds where bow thrusters lose
efficiency. At slow ship speed, however, for example during
manoeuvres (docking and casting off, passing locks, mov-
ing backwards), passive bow rudders are almost ineffective
(see Fig. 2.3.3-1).
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Fig. 2.3.3-2: Bow thruster with propeller in vertical position. Top left: design with a steering grid that can rotate by 360°
[Van Tiem, Druiten, Netherlands]

Active bow rudders (bow thrusters)

Active bow rudders (also transverse thrusters or bow thrust-
ers) are propulsion devices installed in the bow of a vessel.
Most bow thruster designs involve a tunnel and an impeller.
In contrast to a passive bow rudder, the effect of an active
bow rudder decreases with increasing ship speed relative to
the water. It has its maximum effect when the ship’s speed
through the water is nil. Amongst other things the decrease
in effect is due to the formation of a low pressure zone
behind the bow thruster jet which is due to separation of
the approach flow (equals vessel speed through the water).
Moreover, the inflow to the impeller is disturbed at the inlet.

Active bow rudders can be distinguished according to the
position of the propeller. In most cases a propeller mounted
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in a horizontal position is fully immersed even when the ves-
sel is without cargo, consequently no air can be sucked in.

Ifthe propeller is mounted in a vertical position, only its lower
partis immersed when the vessel is without cargo. To obtain
the maximum possible thrust it is therefore necessary to load
ballast into the fore body or to de-aerate that part of the bow
thruster tunnels that is above the water line with a vacuum
pump before operating the thruster (see Fig. 2.3.3-2).

2.4 Coupling system

Different types of coupling technology are used to form
pushed convoys consisting of a pusher or a pushing motor
vessel and one or several pushed barges. As a rule, the ships
are fitted with towing winches for coupling with towing cables.
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The towing cables and the coupling system must be designed
in such a way that longitudinal and transverse forces as well
as any differences between the ships’ draughts caused by
the deformation of the water surface (encounters, overtaking,
waves, etc.) are reliably absorbed and the vessels are cou-

pled as a rigid convoy. For this purpose the cables are aligned
both perpendicular and parallel to the ship’s motion (see fig-
ure). Their breaking force is about 600 kN. Figure 2.4-1shows
the port side of a coupling unit. Figure 2.4-2 provides a side
view of the coupling.

There is another type of coupling system where forces are
Fig. 2.4-1: Portside coupling system [DST] transmitted via an electro-hydraulic mechanism. It is used to

form convoys with a motor vessel and a pushed barge. One or
two vertical guide rails are installed on the barge (Figure 2.4-3)
and the pushing motor vessel is fitted with one or two hydrau-
lic cylinders with locking bars, which engage with the guides
when the vessels are coupled. The locking bars can be turned
ninety degrees in the guide rails to achieve an interlock both
longitudinally and laterally (see Figure 2.4-4). The connection
is made via the hydraulic cylinders (see Figure 2.4-5).

Fig. 2.4-2:  Side view of a coupling system [DST]

Fig. 2.4-4:  Locking bar [DST]

Fig.: 2.4-3  Guide rail [DST] Fig. 2.4-5:  Electro-hydraulic coupling [DST]
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The electro-hydraulic coupling system can be steered from
the helmstand and allows control of the angle between motor
ship and barge in front. One hydraulic cylinder is extend-
ed while the other secures the coupling position (the two
cylinders are interlocked), to compensate the transverse
and longitudinal forces. The barge is at an angle to the motor
vessel and therefore has the effect of an oversized bow rud-
der. An articulated coupling enables the pushed convoy to
adapt its geometry to the curvature of bends. For this reason,
less swept area width is required in bends for a convoy with
an articulated coupling than for convoys with rigid couplings.
The necessary rudder angles are also smaller, which trans-
lates into a reduced loss of speed compared to a rigid convoy.
2.5 Information systems,

communication and telematics

Apart from the dynamic aspects of the interaction between
inland navigation vessels and waterways, up-to-date infor-
mation and communication regarding waterways and ship
traffic are increasingly important. Information on navigation
situations and restrictions (blockings, water depths), for ex-
ample, has proven valuable for many years and is traditionally
broadcast by NIF, the nautical radio information service. New
information systems have enlarged the scope of information
available for inland navigation.

They include the internet portal ELWIS (ELectronic Waterway

Information System) and the Electronic Chart of Waterways ac-

cording to the inland Electronic Chart Display and Information

System (ECDIS) standard, including information about water

depths. These charts are the basis for all telematic applications

relevant for inland navigation. The aim of the above systems is:

e To provide better, faster and updated information on
the state of waterways

e To ensure safer ship traffic and better navigation
options

e To optimise the loading capacity of the vessels

The www.elwis.de portal provides continuously updated in-
formation on inland navigation, in particular:

e Fairway and traffic related messages of Germany (NfS)
e Notices for seafarers (BfS)

e Hydrological information
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Screenshot of Radar Pilot 720° ...
[left, photo: innovative navigation GmbH]

Fig. 2.5-1:

e Shipping law / inspection

e Transport-related information

e Data and facts about inland waterways
e Transport statistics

e Recreational navigation

e Addresses and other information

In addition, continuously updated information is provided
regarding water levels, temporal blockings of waterways,
codes of practice, waterway tolls, etc. It is important for inland
navigation and all parties involved in the transport chain, i.e.
port operators, transshipment companies, shippers, charter-
ers, forwarding agents, etc. in Germany and in some cases
beyond German borders.

Electronic Chart of Waterways and
telematic applications

The electronic chart of waterways (Inland ENC (Electronic
Navigation Chart) according to the Inland ECDIS Standard
provides information about water depths, thus facilitating
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... and Periscal Radar Overlay [right, photo: Periskal Group]

navigation on inland waterways and enabling the optimal
utilization of cargo capacity. These charts are prepared by
the Federal Waterways and Shipping Administration of Ger-
many (WSV). In addition to bank courses, depth information
and geo-references the charts also contain attributes (buoys,
warning signs, shipping police regulations, etc.).

Future telematics applications in the field of inland navigation
will be based on the Inland ECDIS Standard. These applica-
tions can be used either in the so-called information mode or
in an active mode called navigation mode.

For this purpose a water level calculation model is connected
with the system which enables the shipmaster to display the
actual depths along the reach considered by using current
water levels measured at reference gauges. These data can
be retrieved from ELWIS, for example.

Information mode means the use of the Inland ECDIS Stand-
ard for information purposes only, i.e. the respective equip-
ment and applications are used without overlaid radar image.
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However, it is only in the navigation mode that a significant
added value is obtained. Navigation mode means the use of
the Inland ECDIS Standard, i.e. of the respective equipment
and applications with overlaid radar image when steering
the ship. The equipment or applications shall meet the
requirements set forth by the Inland ECDIS Standard as
well as the provisions applicable to navigation radar equip-
ment and rate of turn indicators. Conformity tests shall be
performed.

Examples of equipment and applications for Inland ECDIS
in navigation mode are, for instance, RADARpilot 720° and
Periskal Radar Overlay. These applications have also been
approved as integrated navigation systems.

The main advantages when using the navigation mode are
the interlinking and more specifically the presentation of wa-
terway and navigation data: via DGPS the shipmaster can
overlay the ship’s position with up-to-date pictures regard-
ing the position and orientation of other vessels on the elec-
tronic chart of waterways (see Fig. 2.5-1). This information is
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represented both on the chart itself and on the radar image;
additional AlIS information can also be shown, if necessary.

Based on bathymetric information stored in the Inland ENCs
and actual gauge data, the system can display the actual
depths in selected bottlenecks, thus enabling the shipmas-
ters to find out optimal routes.

In addition to optimising the economic efficiency of ship
operation this means a marked improvement to the safety
and ease of navigation due to additional information on the
ship-waterway system.

Besides their use as information/navigation systems for in-
land navigation vessels and/or as automatic identification
systems (with AIS transponder) or radar monitoring systems
run by traffic control centres, the above-mentioned systems
can also serve as route planning/logistics applications or
complement existing systems in the forwarding industry.

2.6 Special transport operations
and approvals

The division of labour in Europe and across the globe in-

Examples of special transports:

creasingly requires an optimal organization of transporta-
tion from producers to consumers. This mainly concerns
large and heavy components, e.g. machine and plant parts,
bridges, bridge components, wind power plant segments,
all types of cranes, accumulators, components for coal, nat-
ural gas and nuclear power stations, entire production plants
for chemical factories, refineries and boiler plants with unit
weights of up to 1800 tons and dimensions reaching 100 m
in length, 25m in width and 10 m in height, depending on the
waterway used.

In all of these cases the vessel or hull type best suited to the
cargo dimensions must be selected. A standard large motor
vessel or pushed barge is often suited to the purpose. In
some cases special ships are needed due to requirements
regarding draught or vertical clearance under bridges, ap-
provals required for the waterway and/or regulations issued
by the waterway authorities. Hence, the issue of ship dy-
namics is not a priority, even though it always plays a role in
transport planning and cost calculations.

The most common type of special transport on rivers and ca-
nals is pontoon hauling. As a rule, ships without a propulsion
system are used, i.e. they are moved by push boats and/or

Special pontoon with tug and push boat [Heidenstecker]



Driving Dynamics of Inland Vessels

BAW Karlsruhe, July 2016

tugs. For the majority of traditional pontoons, also referred
to as deck barges, the length-to-width ratio is different than
is the case with inland cargo vessels or pushed barges,
meaning they are shorter and wider! Besides providing the
stability required (optimum weight distribution) this enlarges
the loading area which extends over almost the entire width
and length of the pontoon. Moreover, the lower part of the
pontoon can be used for water ballast to optimise the trim
and manipulate the air draught. The Ro-Ro (Roll-on/Roll-off)
pontoon is a special type of pontoon onto or into which a
heavy transport object can be rolled by using special trucks
(with up to 20 axles). Thus, no loading and unloading for pre-
or on-carriage is needed. Furthermore, in certain navigation
zones where vertical bridge clearance is not sufficient, addi-
tional ballast is useful.

Since specific requirements have to be met in terms of ship
dimensions, volume of the goods transported and waterway
conditions, special transports often require written approv-
als by the national waterways and shipping administrations
which can be applied for. However, in most cases a report by
an officially approved expert documenting the strength and
stability of the ship with the specific cargo is a prerequisite
for obtaining an approval. Other influences occurring on the

transport reach such as wind, high or low water, flow, etc. are
taken into account and contained in the approval as condi-
tions. These conditions may stipulate that night navigation is
not permitted, or only single-lane traffic is permitted on cer-
tain reaches, or they may specify the number of push boats
and/or propulsion units to be used, etc. They are based on
§ 1.21 Rhine Shipping Police Regulations (Rheinschifffahrts-
polizeiverordnung) and/or § 1.06 Inland Navigation Regula-
tions (Binnenschifffahrtsstraken-Ordnung).

With a few exceptions the underwater shape of a pontoon
corresponds to a large degree to that of a pushed barge: it
is squarer and can therefore move only very slowly against
the river’s flow direction or needs much power to do so. This
negative effect is heightened when the pontoon is laden
and has its respective draught. As a result, there is a strong
buildup of water at the bow of the pontoon and a strong suc-
tion force in the wake behind the stern. Hence, regardless of
whether the pontoon is towed or pushed or even both the
travelling speeds that can be achieved are low. Neverthe-
less special transports using inland waterways are often the
only alternative available for transporting large and heavy
cargo items from and to sea ports or hinterland destinations,
also in combination with on-carriage via road and rail.

Fig. 2.6-2:

Special transport with additional cargo [Heidenstecker]
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