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1.  PREAMBLE 

 

This document is intended to portray tugôs operational safety issues for the attention 

of all those concerned, mainly Pilots, Masters of vessels being assisted, their bridge 

teams and mooring parties. 

In February 2011, the European Tug ownersô Association (ETA) and the European 

Maritime Pilotôs Association (EMPA) jointly issued a document mainly on the subject 

of bitts, bollards and chocks.  This document was intended to raise awareness of ship 

owners, naval architects, new-building superintendents, classification societies, 

shipyards and insurers about the concerns of the towage industry.   

Structural issues are, however, not the only liability for safe tug operations.  

Other types of risk that tug c rews are imperilled by without having any control   

whatsoever of them are brought about by certain practices of pilots, shipôs command 

and mooring parties of the vessels being assisted. 

ETA has identified a need for a set of general guidelines, widely applicable to all 

types of vessels and ports. These general guidelines have been kept as concise as 

possible and presented as a list of ñDO NOTò and ñDOò when making use of harbour 

towage services.  

The list of ñDoò and Do notò has been presented in bullet form for ease of reference 

and can be found in the last 3 pages of this document. The background to all the 

relevant points is presented in the first part of this document and ETA strongly 

recommends all concerned to read through them carefully in order to get a better 

understanding of the tugsô crews concerns. 
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2.  DIFFERENT TYPES OF TUGS 

 

Shipôs crews may sometimes wonder why two (2) seemingly similar tugs are being 

employed and made fast differently .  

 

 

Fig. 1 Tugs operating "bow to bow" and "stern to bow"  

 

The reason for this  is:  
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Fig. 2 Different types of hull design and propulsion 
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As can be noted from the above illustrations, it is not always easy to deduce the type 

of propulsion system of a tug without looking at the underwater section. There are 

various types of propulsion system arrangements but the four (4) most common are:  

¶ Conventional propulsion system. 

¶ Azimuth Stern Drive (ASD). 

¶ Tractor tug with Rudder Propellers. 

¶ Voith Water Tractor.  

Apart from the four most common propulsion arrangement systems  described above, 

we also mention the ñRotorò tug, which  can be considered as a further development 

of the Tractor tug havin g, apart from the two forward mounted azimuth thrus ters, a 

third azimuth thruster unit mounted at the stern replacing the skeg.  

Another type of tug is the ñCombi tugò, a modified single screw tug with an 

additional azimuth thruster at the bow , in line with the main propulsion aft . It nearly 

operates as a Tractor tug.  

Conventional tugs  are fitted with a standard propulsion system. There are  

variances of these types of tugs mainly being single or twin screw, with fixed nozzle 

and steerable rudder or steerable nozzle and with fixed pitch or variable pitch 

propeller. 

Conventional tugs connected at the stern of the vessel being assisted will have to 

work in the traditional way (see fig. 3). This requires a lot of skill and experience 

from the tug Master and is considered to be the most inherently dangerous towin g 

method for such a  tug , due to the high risk of being pulled over sideways, which is 

called ñgirtingò. 

Conventional tugs deliver the highest bollard pull in the forward direction and will 

mostly be used as a bow tug on a hawser. When connected at the ste rn of the vessel 

being assisted, they will effectively be working in the ñconventionalò mode, also 

referred to as ñstern to sternò. The ñtowing pointò will be moved further aft from the 
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towing hook by using a Gob-line and a ñstopperò block. The use of the Gob-line is 

very important in order to avoid girting of the tug . 

 

Fig.  3 Conventional tugs connected at the stern of the vessel being assisted. 

 

Towing hook or winch 

Gob line (on separate 

winch) and 

stopper block 
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Fig.  4 Conventional tug - Twin screw in fixed nozzles and steerable rudders 

Azimuth Stern Drive  (ASD) tugs are fitted with two (2) thrusters at the stern. The 

thrusters can be rotated independently through 3600 (hence ñazimuthò) thus the 

propeller thrust can be directed in any direction. Azimuth thrusters can h ave either 

fixed pitch propellers or variable pitch propellers with the latter providing for 

reversing of the propeller thrust. Azimuth stern drive tugs are fitted with a harbour 

towing winch which is located on the foredeck and a towing staple which is fitted 

forward of the winch for assisting at the stern (ñbow to sternò) or at the bow  (ñbow 

to bowò)  and/or a stern winch for assisting ñstern to bowò in the conventional mode. 

This type of propulsion system provides for high manoeuvrability particularly during 

transit sailing, however it does have some limitations when combining thrust and 

direction resulting in a lower bollard pull. This will be explained later.  

 

Fig.  5 Azimuth thrusters mounted at stern 
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Azimuth Tractor Drive  tugs are fitted with two (2) azimut hing thrusters at the bow 

(forward of midship) which have basically the same characteristics as the azimuth 

thrusters fitted on azimuth stern drive tugs. These tugs are fitted with a harbour 

towing winch which is located on the aft deck and a towing staple which is fitted aft 

of the winch.  The stern and/or bow area is normally also heavily fendered, designed 

for push/pull operations.  

 

 

 

Fig.  6 Azimuth thrusters mounted at bow ï water tractor  
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VOITH water tractor  tugs are fitted with two (2) cycloid propellers located at the 

bow (forward of midship) . The Voith units are basically composed of a circular plate, 

rotating around a vertical axis and a circular array of vertical blades (normally 5  of a 

hydrofoil cross section) protruding out of the bottom of the tug. Each blade can 

rotate itself around a vertical axis. The internal gear changes the angle of attack of 

the blades in synchronization with the rotation of the plate, so that each blade can 

provide thrust in any direction,  These tugs are fitted with a harbour towing winch 

which is located on the aft deck and a towing staple which is fitted aft of the winch.  

 

 

Fig.  7 Voith Water Tractor  

 

http://en.wikipedia.org/wiki/Angle_of_attack
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ROTOR tugs are primarily tractor tugs with a third 360° propulsion unit under the 

stern, in order to further enhance manoeuvrability and transverse bollard pull. 

 

Fig.  8 Rotor tug with three rudder-propellers 

COMBI tug: The main propulsion unit is located aft, with an azimuth thruster that is 

mounted at the bow  and in line with the main propulsion . 

 

Fig.  9 ñCombiò tug with an azimuth thruster under the bow. 
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Typical bollard pull vector diagrams for the various types of tugs are shown below. 

The length of the vectors indicates the ñpowerò that can be provided in the direction 

of the vector.  

Green : Conventional twin screw tug (with or without bow thrusters) ï fixed 

propellers on horizontal shafts. 

Red : Tractor tug - their diagram is much more ñdistributedò in all directions, with 

some more power delivered ahead and astern. 

Blue : Azimuth Stern Drive tug - when moving sideways, the thrust in that direction 

is reduced considerably. 

 

 

Fig.  10 Bollard pull vector diagram for  various types of propulsion 
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3.  LIMITATIONS OF TUGS  

 

The tugôs Bollard Pull  

STATIC BOLLARD PULL  and OPERATIONAL ( Dynamic) BOLLARD PULL:  

The Bollard pull of a tug only refers to the static force exerted by the tug pulling on a 

fixed object during a test , in sufficiently deep water . The force on the towline is 

measured and then used as a standard for the towing capability of a tug , as 

indicated on the tugôs Bollard Pull Certificate.  

Basically the exerted force is generated by the tugôs propeller thrust only.  However, 

in day-to-day operations the circumstances are dynamic rather than static and the 

actual pull exerted by the tug can thus vary considerably from the bollard pull test 

value as stated in the tugôs Bollard Pull Certificate. Due to the dynamics of speed and 

current the force on the line can , at peaks, easily be much higher than the  static 

bollard pull. 

 

The negative effect of the tug propeller wash impinging on the shipôs hull, which 

increases with a small under keel clearance (UKC) and /or  a short towline , is to be 

noted. Tugs are built to produce higher forces than the bollard pull by creating an 

optimal underwater form of the tugôs hull, which can generate pull forces as a result 

of the hydrodynamic forces working on the tugôs hull.  

The tugôs hull does not play an important role when pulling on a ship stopped in the 

water or when pulling straight ahead as bow tug or straight astern as stern tug on a 

ship making headway. When a ship has no speed through the water, the maximum 

pull exerted by the tug is approximately the same as the bollard pull.  When a ship 

has headway, the thrust of the bow tug pulling straight ahead is less because the tug 

has to propel itself through the water , thus reducing the effective pull  on the towline . 
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Thus, for a bow tug, the exerted pull generally decreases with increasing speed 

through the water . 

The opposite is true for stern tugs. It s propellers are working astern in a negative 

water flow and a towline force  higher than the one mentioned on the BP Certificate 

can thus be developed when combining the tugôs propeller thrust with the forces 

caused by the tugôs hull resistance through the water. A few examples:  

¶ A stern tug operating in  the indirect mode can generate high pulling forces, 

which increase with the shipôs speed (and at a speed of 10 knots can be as 

high as twice the static bollard pull); while the propeller thrust is used to keep 

the tug at an optimal angle with the shipôs heading to achieve the highest 

possible pulling forces. 

¶ A tug braking a shipôs speed and working under a small angle with the shipôs 

heading can generate high braking forces caused by the propeller thrust and 

tug resistance through the water.  

¶ A conventional tug can also create high towline forces, generated by the  

hydrodynamic forces working on the tug hull when towing under an angle to a 

shipôs heading on a ship having headway. 

¶ Tugs handling ships in locks or dry-docks often operate with a short steep 

towline. Pulling at full power will cause higher forces in the towline than the 

pull exerted by the tug, due to the vertical towline angle  and the weight of the 

tug itself . Due to water dynamics (waves and/or swell) the peak load  on the 

towline may even become so high that the towline may part.  

The above is intended to show that the exerted pull can be much higher than the 

bollard pull of the tugôs certificate and (even) that the peak load on the line does not 

always have a direct relation to the certified bollard pull. Therefore these exerted 

forces should not be referred to as óbollard pullô but instead as óTowline Forceô which 

should be considered when deciding which bollard to be used on board the assisted 

vessel.  
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Tug operational limitations.  

It is obvious that when a tug has to move sideways rather than longitudinally the 

resistance created by her hull being dragged sideways through the water will 

increase substantially and she will need to use more of her available propulsion 

power for this motion , leaving less pull available for the assisted vessel. Apart from 

that, being dragged sideways is generally a very dangerous situation for any tug not 

equipped with a dynamically rotating towing point  that shifts the tow load to the side 

of the tug under sideways p ull, like for instance a DOT-system or a Carrousel Towing 

System. Tugs that are equipped with such systems have the advantage that girting 

under a tow load is impossible and that thus their sideways hull resistance can 

effectively be used to increase towline force. 

 

ASD tugs  

This type of tug  has excellent manoeuvrability, including moving sideways, but the 

disadvantage is that these tugs have their propulsion units at the stern. When 

moving sideways, the rudder-propellers are turned in an almost opposite position, so 

as to create sufficient power at the stern to drag the hull sideways through the 

water.   

This somewhat complicated manoeuvre, commonly referred to as ñside steppingò, 

will significantly reduce the towline  force. In the picture below; the pull a stern is 

reduced because the tug needs to side-step at a relatively high speed (2-3 knots) to 

keep up with the vessel, which is still moving  dead slow ahead , while approaching 

the turning basin. In this case, the intention is to swing the vessel, not to p rovide 

steering assistance at speed.  The manoeuvre shown below must not be confused 

with ñindirect steering modeò.  
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Fig.  11 Position of thrusters for side stepping               Fig.  12 ASD tug side steps to a position for assisting swinging 

This dissemination of power may also play an important role when the vessel is (to 

be) moored in a strong current: The vessel may be stationary in position off the 

berth, ground speed zero, being pulled in on the mooring ropes, while at the same 

time the tug needs to use part of her power to keep herself in position against the 

current while also keeping the towline tight to c ontrol the motion of the vessel.  

 

Tractor tugs  

This section applies to both Voith Schneider tractor tugs as well as to Tractor tugs 

with rudder propellers . 

Both have their propulsion units in a position forward of mid-ship. Thus, when they 

have to move sideways, the force can be applied much more directly in the direction 

needed; the turning lever on which the propulsion power also acts, is much smaller 

than in an ASD tug where the propellers are located entirely at the stern and as far 

away from the tugôs turning point as possible. 

However, also in this case, the resulting bollard pull will be re duced because of the 

higher sideways drag of the hull through the water  and the power needed to 

overcome this. 
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ASD tugs can be used in the ñreverse tractorò mode, but not always as efficiently as 

real tractor tugs.  The new modern shorter and wider ASD tugs will however 

preferably be used as such and will manoeuvre as efficiently as normal tractor tugs.  

Shorter and wider however also means more drag in the longitudinal direction, which 

in turn negatively affects the fuel efficiency and free running speed of the tug.  

 

Conventional tugs  

Conventional (single or twin propeller) tugs require the most skills when it comes to 

manoeuvrability, i.e. the ability to turn around on its own axis quickly, which means 

that the tug master must anticipate  the dynamics of an operation. 

The fixed propellers have great efficiency in the forward mode, but the directional 

power must be supplied by rudders and, in the case of twin screw tugs, also by the 

propellers operating in opposite directions. 

Such tugs may be equipped with a bow thruster, but the efficiency of the thruster is 

reduced at speeds above 4 to 5 knots (unless it is an azimuting thruster).  

 

Examples of directional limitations . 

When a vessel is proceeding at a considerable speed and the tug is requested to pull 

the bow in a particular direction, the situation can quickly become quite critical for 

almost all tug types. 

A vessel will always turn around its pivot point. When the vessel is stationery the 

pivot point will  generally be close to the mid-ship of the vessel where the centre of 

the hullôs lateral resistance is usually located. However, when moving ahead or 

astern the pivot point will move either forward  or aft  respectively, in relation to the 

speed and direction of the vessel through the water . This means that once the vessel 
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makes headway, the bow tug will have to exert more power to swing a vessel 

around, and the aft tug can do with less power. The situation reverses when the 

vessel is moving astern. One must keep in mind that t he higher the speed (forward) 

of the vessel being assisted, the more towline force the forward tug(s) must 

generate to change the assisted vesselôs heading. 

When the bow tug is ordered to pull the bow sideways at speeds above 4 knots, her 

directional force on the towline will be significantly reduced because the moment on 

the pivot point is very much diminished and any effort  of the forward tug to turn the 

vessel will be almost futile. For this particular reason, the pilot  should always 

use the aft tug to change the heading of the assisted vessel  until the speed 

of th at  vessel is reduced to less than 4 knots.  

In general the situation will become quite dangerous for all type of tugs  at 

the bow, when speed increases and the tug at the bow is expected to 

control the movement o f  the vesselôs bow. 

The screenshot below was taken during a simulator exercise. During this particular 

run, with the vessel moving at 6 knots and the tugôs towline at almost 90° to the 

assisted vessel, the tug  did not have any reserve power to avoid being pulled over by 

the vessel (girting) . At this point, the tug master could not do anything to move 

away from this dangerous situation. A few seconds later the software indicated that 

the tug had indeed effectively capsized. 
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Fig.  13 Screenshot taken during simulator run showing the tug in a girting situation 

 

In order to avoid such precarious situations, the  Tug Masters should always inform 

the Pilot when reaching 75% of the  tugôs propulsive power. The remaining 25% 

should be kept as reserve power to always be able to turn the tugôs heading back in 

line with the towline force . 

DAVID AGAINST GOLIATH  

Large ships in particular need water flowing  across the rudder in order to be able to 

steer. For this particular reason, Pilots prefer to keep the vesselôs engine engaged 

ahead, thus accelerating the water just in front of  the rudder, and instruct the aft 

tug(s) to keep check of the vesselôs speed by acting as brake.  

One must keep in mind that the slow ahead speed of a vessel propelled by means of 

a 100,000 Horse Power engine could be significantly too high for the tugs to 

maintain control. 

file:///C:/Documents and Settings/Yves/Local Settings/Temp/voorboot presentatie.wmv
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The vesselôs propeller wash will hamper them enormously and will make it difficult 

for the tug to keep position behind the vessel, especially when the towline is short.  

Sometimes this will lead to ñfishtailingò. In order to avoid this situation, t ugs will 

generally try to use the longest line possible, however it is always important that the 

pilot  advise the tug master(s) whether he intends to keep the vesselôs engine 

engaged or not. 

The tugôs bollard pull will be significantly affected, as soon as the vesselôs speed 

starts to increase. The shipôs propeller wash will increase the water velocity flowing 

through the  tugôs propellers, this making it necessary for the tug to use more power 

to manoeuvre and station keeping. 

When the tug moves into such a position that the vesselôs propeller wash may act 

directly onto tugôs beam, there is a good chance that the towline will part or, in the 

worst case, the tug may even capsize!  

 

Fig.  14 Tug being girted by propeller wash and towline force  














































