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EDITORIAL

Welcome to our seventh edition of the 
Heavy Lift Engineer – I am delighted to be 
taking the reins for all future editions.  

As Engineering Director of Malin Abram, our 
specialist heavy lift business unit, I am lucky 
to work across a variety of projects, which 
span a range of specialist heavy lift skills. 
Over my time at Malin to date, I have been 
involved in small, yet intricate projects, as 
well as large-scale, complex scopes with 
numerous sub contractors and clients. 
Across all a common factor remains – a 
desire to meet the clients requirements in 
the most effective, efficient and safest way.  

As the industry, cargos and client 
requirements change, this desire to 
meet expectations requires increasingly 
innovative and progressive solutions. I am 
therefore delighted to lead this publication 
going forward, based on its commitment 
to share impartial advice and best practice 
across the industry.  

This latest edition of our publication offers a 
range of articles from the intricacies of float-
off operations to the tidal impact on marine 
operations.  

We also have a selection of our helpful heavy 
lift tips, covering everything from float-offs, 
to seagoing forces – we also feature a guest 

piece from APH, manufacturers of hydraulic 
cylinders and hydraulic rotary actuators, who 
join with Malin’s own Jonathan Hill to look 
at how hydraulics may be used to overcome 
emerging challenges in the sector. 

Please do get in touch if you have a topic 
you would like to see covered or would like 
to guest feature for a future edition – and I 
hope you enjoy this new edition! 

We would love to hear from you! Please 
send any questions to: 

heavyliftengineer@malingroup.com 

Please sign up for exciting future editions, 
check our past editions and chart a range of 
vessels, an exciting new feature offered on 
our site, at:  

www.heavyliftengineer.com 
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Float-on/off operations can take a few forms 
but are typically used to launch (float-off) or 
dock (float-on) vessels or floating structures. 
Typically, the cargo to be launched would be 
loaded out onto the heavy lift vessel before 
being submerged in a suitable location.

Cargo
There are many common cargo types for 
float-off operations such as ships, offshore 
wind foundations and semi-submersible oil 
and gas platforms.

Float-off site selection
Float-off site selection is one of the most 
important factors in engineering a float-
off operation. Usually this needs to be 
relatively close to the load out location, to 
minimise transit times and seafastening 
requirements associated with open water. 
Consideration must be given to the type of 
float-off operation achievable, water depths 
and mooring options, as well as access 
for personnel and services. Consideration 
should be given to whether this is a deep 
open water location, shallow open water 
location or quayside location. For quayside 
locations, detailed review of water depths, 
tidal heights and dredge requirements 
should be carried out.  

Proximity to seabed
Typically, for semi-submersible vessels not 
classed for grounding, a clearance of at 
least 0.5m should be maintained between 
the vessel and seabed. Typical float-off 
operations are planned with the draught of 
the barge adjusted to maintain a clearance 
between as the tide rises until high water 
when the maximum draught and clearance 
can be achieved. 

Stability requirements
IMO statutory rules and Class regulations 
and guidelines should be applied to any 
float-off operation. Typically, this would be 
DNV, Noble Denton Guidelines for Marine 
Operations, or Lloyds Register Rules for 
floating docks. In general, the main measure 
of stability is GM. GM is impacted by the 
centre of buoyancy, the waterplane area 

and the VCG as per the below formulae:  
GM=KB+BM-KG 

The rules state that typically, this value 
should be kept above 1m, and must remain 
above 0.15m, however, due to the low 
stability nature of float-off operations these 
often fall below 1m during key stages of 
the operation. Typically, we try to maintain 
a minimum GM of no lower than 0.5m. 
Lower than this any offset in TCB caused by 
asymmetric ballasting can result in a large 
heel angle.

Depending on the type of float-off operation 
the semi-submersible barge will need to 
meet the stability requirements by applying 
one of the below approaches:

1. Stern Trim:  

Stern trim float-offs are arguably the simplest 
and involve the cargo being positioned at 
the aft end of the barge; this is submerged 
while maintaining stability by keeping the 
forward end of the barge above the water, 
providing the required waterplane area.

2. Grounded 

Grounded float-offs can be required for two 
reasons: 

• If the barge does not have sufficient 
waterplane area in its submerged 
condition to remain stable therefore 
the barge is deliberately grounded 
and then contact with the seabed is 
maintained until the cargo has been 
floated-off and the barge resurfaced. 

• If there is insufficient water depth to 
maintain suitable clearance between 
the seabed and barge.  

Care should be taken to check the position 
of seachest when planning a float-off 
operation where the barge will come into 
close proximity with the seabed, if the 
seachests are positioned on the base of the 
barge and are near the seabed they risk 
sucking in mud.

INTRICACIES OF FLOAT-ON/
OFF OPERATIONS

WRITTEN BY DAVID COOPER
NAVAL ARCHITECT, MALIN ABRAM

fig. 1/ vessel on submersible barge mid float-off operation
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3. Free Floating 

Free floating float-offs place the highest 
stability requirements on the barge. The 
barge must be able to maintain sufficient 
stability throughout the entire float-off 
operation, without relying on the seabed 
for stability. Typically, in this instance the 
barge would be fitted with floatation tanks 
or caissons positioned forward and aft. 
The size of these caissons is determined 
by the stability characteristics of the given 
cargo and barge combination. This requires 
detailed assessment of the barge stability 
characteristics and impact of the cargo 
buoyancy and VCG.  

For free floating float-offs there are two 
main approaches to submerging the barge: 

1. Level Trim

• This involves ballasting the barge evenly 
to maintain a level trim. This approach 
is typically used by large floating docks 
with sufficient stability and waterplane 
area to lift most cargo without low 
stability being an issue. The worst-
case stability stage is typically when 
the water level is at the height of the 
keel blocks, therefore the main deck 
is completely below the water with 
no portion of the cargo yet providing 
a waterplane area contribution. In this 
condition the cargo VCG is still relatively 
high above the waterline with no 
impact of cargo displacement aiding 
the stability.  

2. Stern Down 

• When the above level trim approach 
cannot be applied, a stern trim approach 
is often required. This involves trimming 
the barge by the stern (typically to 
between 4 and 5 degrees) submerging 
the aft end of the barge and cargo 
while maintaining stability by keeping 
the forward end of the barge above the 
water, thus maintaining its waterplane 
area contribution. As the barge is 
trimmed and the cargo submerged, the 
barge VCG is lowered by the addition 

of ballast water, the cargo VCG is 
lowered, the cargo adds a component 
of waterplane area, and the cargo 
displacement reduces the cargo load 
acting on the barge. These benefits can 
be utilised until the combined barge 
and cargo have sufficient stability for 
the forward end of the barge to be 
lowered. Typically, the lowest stability 
will occur as the forward deck edge 
passes below the waterline. At this 
point all stability will come from the 
combined waterplane area of the cargo 
and caissons. The bow is then brought 
down until the barge is at level trim 
and then a slight parallel submergence 
towards float-off. 

Water depth
The water depth required to carry out a 
float-off needs to be sufficient that the 
semi-submersible barge can submerge to 
allow the cargo to float free and achieve 
the minimum required clearance, typically 
0.5m, however more may be preferable.
Depending on the type of operation 
additional water depth requirements may be 
set. The water depth for a grounded float-off 
is critical and is dependent on the tidal range 
and submersion capabilities of the barge. 
For a free-floating float-off, sufficient water 
depth to maintain a clearance between the 
barge and seabed is required; if this is to 
be achieved by relying on the tide then an 
allowance should be made for suitable tidal 
windows and possible tidal cuts.

Barge selection and capability
When selecting a semi-submersible heavy 
lift vessel for a float-off, all of the above 
factors need to be considered. In some 
cases, the specific requirements of linked 
operations such as load-out, transit or 
mooring may need to be considered. There 
is a wide array of semi-submersible heavy 
lift vessels on the market and ensuring the 
correct vessel is selected is of paramount 
importance. In some instances, there may 
not be a suitable vessel available, and 
modifications may be required. Some key 
considerations should be: 

fig. 2/ barge being lengthened to service industry needs
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• Vessel dimensions – to aid cargo 
stowage possibilities. In some instances, 
vessels require lengthening or widening 
to suit a particular cargo.  

• Max submersion and water over 
deck capability – this is often defined 
by the height of the caissons and 
structural capability of the barge. 
The minimum support height for the 
cargo, cargo draught and required 
clearance will define the water over 
deck requirements for a given float-off 
operation. Efforts can often be made 
to reduce the cargo height above deck 
by minimising grillage heights and the 
cargo draught by launching midway 
through a build and outfit process 
keeping the displacement as low as 
possible.  

• Strength – the strength of the vessel 
should be considered, both for 
longitudinal strength and deck loading 
capacity.  

• Ballast system – The ballast pump flow 
rate and system will define how fast 
or slow a ballasting operation can take 
place. This may have an impact on 
certain float-off operations where the 
operational timeline becomes too long. 
Due to the nature of float-offs, there is 
significant amounts off ballast water to 
be added to submerge the vessel.  

• Grounding capability – Some vessels are 
classed for grounding. This should be 
checked and confirmed before planning 
a grounded float-off operation.  

• Stability capability – This critical area 
covers the dimensions of the floatation 
tanks or caissons, and if they are 
suitable for the float-off requirements, 
often this requires a full feasibility 
study to be carried out to assess if the 
available caissons meet the stability 
requirements. In some cases, project 
specific additional caissons may need 
to be added however build, installation 
and removal costs should be considered 
here when comparing similar vessels. 

Multibody interaction
The interaction between the cargo and 
barge can lead to multibody effects 

commonly known as sueing loads. For many 
float-off operations, it is possible to match 
the trim of the cargo and barge so that 
the cargo floats off with negligible sueing 
loads. When there is a significant difference 
in trim angle, which would cause one end 
of the cargo to lift off the supports first, a 
large sueing load occurs. This is often less 
than the static load on the supports in air, 
however as the trim difference increases, 
the load on a single support point can be 
overloaded. This type of sueing load occurs 
during the stern trim operations where the 
cargo floats off at level trim. In this instance, 
multibody analysis should be carried out 
to assess the sueing loads throughout the 
operation to ensure the supports or cargo 
integrity are not compromised. 

Mooring arrangements
Float-offs are typically carried out either 
in port, against a quayside or in open 
water. Float-off mooring arrangements 
usually consist of mooring winches which 
can be adjusted throughout the operation 
to maintain the position of the barge. For 
quayside operations these are usually 
positioned on the quay and for open water 
these can be positioned on the barge. 
For free floating open water float-off 
operations, where the vessel excursions are 
less critical, catenary mooring arrangements 
may be utilised. Unlike most mooring 
arrangements, where the vessel draught 
remains constant as the tide rises and falls, 
float-off mooring arrangements should also 
consider the mooring performance in the 
fully submerged condition where the line 
angles will be vastly different from the 
surfaced condition.

Tow off
Once the cargo is afloat it needs to be held 
in place until the required tow off clearance 
has been achieved. This is typically done 
using guideposts or tugger lines. Once the 
clearance has been confirmed the cargo 
can be towed off using winches or tugs. 
Consideration should be made when using 
tugs whether the selected tug can pass over 
the barge deck. 

fig. 3/ vessel towed off post float-off
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HEAVY LIFT TIP
RELATING TO INTRICACIES OF 

FLOAT-OFF OPERATIONS

Plan your operation back to front

When engineering a float-off operation, you 
should start by assessing the requirements 
for tow off. From the stowage plan, 
you must then identify the stack up and 
required water over deck to float-off the 
cargo, allowing for all clearances. You must 
then check if the barge has the capability 
to satisfy this water over deck requirement 
with the barge in its fully submerged 
condition with suitable clearances between 
the cargo and supports and barge and 
seabed. This will involve checks on 
submersion capability, remaining freeboard 
on caissons and achievable water depth in 
the proposed float-off location. All of these 
conditions must be satisfied before looking 
further. This will impact the barge selection 
and float-off location requirements.  

Following this, consideration should be 
given to the type of float-off operation:
• Stern-Trim:
• Free Floating: or 
• Grounded.

This will be defined by the barge capability. 
If grounding is required, then there will be 
specific water depth and tidal requirements. 
This should be considered in detail before 
selecting the float-off location and may 
result in restrictive operational tidal windows 
or dredging requirements if suitable water 
depths are not available.  

If the above requirements are satisfied 
then you can consider detailed feasibility 
by carrying out stability checks on the 
remainder of the operation working 
backwards from the required tank fill levels 
at the final stage, to the sueing point where 
the cargo floats-off its supports and back to 
the surfaced condition. It may be the case 
that the barge is not stable when loaded 
with the cargo at certain stages of the float-
off and additional caissons are required to 
provide additional waterplane area and 
stability margin.   

Finally, you must consider the duration of 
the proposed operation; due to the large 
volumes of ballast water that needs to be 
pumped in, float-off operations can have 
long durations.

fig. 4/ vessel on submersible barge mid float-off 
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Pontoons are typically fitted onto an 
outrigger, protruding from the vessel hull. 
These outriggers have special tracks with 
locking pins or hydraulic clamps allowing 
the pontoon to be fixed at a specific height, 
which can be varied depending on the 
operation’s requirements. Sometimes the 
devices can also be ballastable, allowing 
additional weight to be added to the 
pontoon.

Stability pontoons offer several benefits for 
heavy lift ships to allow full crane capacity 
to be utilised.

Roll damping
The first benefit that will only be briefly 
described here, is for the dynamic aspect of 
operations, specifically that of damping the 
roll motion. This is a factor that is also noted 
within industry regulations, for example

STABILITY PONTOONS
ON GEARED SHIPS

WRITTEN BY JONATHAN BROWN
TECHNICAL DIRECTOR, MALIN MARINE CONSULTANTS

Geared heavy lift vessels can be split into 
two broad types. At one end of the spectrum, 
there are the relatively low-capacity deep 
sea vessels with one or more cranes of 
around 150 tonnes capacity each. The other 
end of the spectrum has the very large 
capacity vessels with two cranes capable of 
lifting 1,000 tonnes or more each. 

The key challenge of using cranes that are 
mounted to a floating body is that, unlike 
land-based cranes, the "ground" they 
are mounted to, in other words the ship, 
can move as the load on them adjusts or 
changes. The act of slewing the cargo 
inboard or outboard, over the ship’s rail, will 
cause the heeling moment (the moment 
causing the vessel to rotate about the 
longitudinal axis) to change, thereby forcing 
the ship’s list to change, decreasing, or 
increasing as the load gets closer or further 
away from the centreline. This tendency 
for the ship to change angle as the crane 
operates will often need to be countered 
by adding or removing water ballast to 
the vessel’s tanks. An example of how this 
heel can change with these movements is 
shown in Figure 5.

Some heavy lift vessels also come equipped 
with a “stability pontoon” as an additional 
measure to support lifting operations. 
Stability pontoons are deployed to create 
either an increase in the outreach capacity 
of the vessel, or in the speed at which cargo 
can be loaded; this is accomplished by the 
pontoon reducing the amount of ballasting 
required, without dramatically altering the 
main hull form of the ship to the extent that 
a negative performance impact is felt. This 
allows the owners to specify a vessel with 
good seakeeping, fuel economy, and speed 
characteristics without having to sacrifice 
crane capacity. 

A stability pontoon usually takes the form 
of a large watertight steel cuboid which is 
stored onboard the heavy lift vessel when 
not in use. Vessels can have multiple 
stability pontoons onboard for deployment 
in differing orientations to support the lifting 
operation, for example Jumbo Maritime’s 
Fairplayer can deploy two separate pontoons 
for large tandem heavy lifts. Examples of 
stability pontoons can be seen in Figure 6 
and Figure 7; the scale of these pontoons 
are illustrated in Figure 7 with an operator 
standing on deck.

fig. 5/ stability pontoon deployed for heavy lift

fig. 6/ change in heel by different movements

fig. 7/ stability pontoon

ARTICLES  | TIPS  | VESSELS  | NEWS & EVENTS 

15

ISSUE 07

14

THE HEAVY LIFT ENGINEER



A                            PUBLICATION

Shifting the centre of gravity
First, the stability pontoon can counteract 
this reduction in two ways. The first, more 
minor benefit, is through corrections to the 
centre of gravity. If the stability pontoon 
is positioned adjacent to the main hull on 
the opposite side from the lift, this will pull 
the centre of gravity back to the centreline, 
reducing the heel of the vessel. This can be 
further enhanced if the pontoon is ballasted, 
by further pulling the centre of gravity back 
towards the centreline and lowering it 
slightly with the additional weight. 

Waterplane area and transverse moment 
of inertia
A more significant benefit, however, can be 
derived from its influence on the waterplane 
area and the transverse moment of inertia 
of the waterplane. The waterplane being 
referred to here is the plane created by the 
intersection of the hull and its appendages 
with the surface of the body of water in 
which it sits. The waterplane area is the area 
of this shape and the transverse moment of 
inertia is simply the second moment of this 
area across the beam of the vessel.

DNV’s Rules for Classification for Vessels 
for Special Operations. The presence of a 
stability pontoon introduces an additional 
damping coefficient for dynamic motions. 
In other words, as the cargo is lifted and 
moved, or as waves or swell encounter 
the vessel, the roll motion caused by these 
dynamics can be reduced with the addition 
of a stability pontoon.

Reducing the angle of heel
During lifting operations, the main goal is 
to reduce the angle of heel. This can be 
addressed in two ways, either by balancing 
the weight or by improving the stability. To 
achieve the former, buoyancy or weight 
may be utilised. To achieve the latter, the 
distance between the centre of gravity 
(CoG) and the metacentric height must be 
increased. There are two ways of doing this, 
either by lowering the KG (distance from the 
keel to the centre of gravity), by adjusting 
weights, or by increasing the metacentric 
height by changing the geometry of the 
waterplane. To fully explain how these are 
achieved we can look at each condition 
individually. 

Buoyancy
An example of capitalising on buoyancy 
with a stability pontoon can be considered 
where the pontoon is deployed to the 
same side of the vessel as the cargo that 
is being lifted. With the stability pontoon 

deployed, there is an additional buoyancy 
force from this volume and as the vessel 
lifts the cargo the vessel will heel over to 
the side of the lift. The pontoon will then 
submerge deeper, subsequently increasing 
the additional buoyancy force further. This 
buoyancy force acts to right the vessel to 
a level heel and with the pontoon present, 
the overall heel angle of the vessel during 
the lift will be reduced. A representation of 
these forces can be shown in Figure 8.

Stability theory
To understand how the stability pontoon 
can be used to improve the stability aspects, 
we need to go back to some basic theory. 
The essential measure of transverse stability 
is called the transverse metacentric height, 
which is represented by GM. The metacentric 
height is built up of three parameters, 
namely, the centre of buoyancy (KB), the 
transverse metacentric radius (BM), and the 
centre of gravity (KG). These are all values 
that are calculated using stability software 
and fall under the general discipline of 
“Hydrostatics”. 
     GM = KB + BM - KG
For lifting operations, the centre of gravity 
of the weight being lifted is considered to 
be at the end of the crane’s boom. Hence, 
this drives the overall centre of gravity up, 
reducing the metacentric height and the 
stability of the vessel when carrying out lifts.

fig. 8/ buoyancy forces

fig. 9/ lift centre of gravity

fig. 10/ waterplane areas
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operation without a stability pontoon.
Using the example above, we can consider 
a very simplified calculation, showing the 
impact of additional length and breadth to 
the main vessel hull and then subsequently 
the addition of a stability pontoon on the heel 
of the vessel. Note, the figures used here 
bear no representation to a typical scenario 
and are not considered to be realistic. They 
are only used for the purpose of highlighting 
the relationships at play and the potential 
benefit of the stability pontoon. 

For this example, the standard, perfectly 
rectangular barge is considered to start 
at 100m x 20m, carrying out the lift of a 
200 tonne weight which is positioned 17m 
off the centreline horizontally. Varying the 
vessel length and beam by 5m and then 
adding a 10m x 10m stability pontoon 
provides an approximation of the impact on 
heel.

As you can see, changes to the beam of 
the vessel provide a greater impact to the 
metacentric height and subsequently the 
angle of heel experienced by the vessel 
when lifting a cargo or weight compared 
to changes to the length. Adding 5 metres 
to the length reduces the angle of heel by 
around 5% yet adding 5 metres to the beam 
of the same vessel in the same scenario 
reduces the angle of heel by around 75%. 
It is also worth noting that the increased 
length of the main vessel does not have 
as great an impact as the use of a stability 
pontoon, resulting in an approximate 64% 
reduction, even though they add the same 

waterplane area. This is solely down to the 
greater influence of the pontoon beam and 
its location further from the centreline of the 
vessel. 

For most vessel designs however, it is not 
practical to change the length or beam of 
the design significantly as this has an impact 
on a huge number of other factors, including 
hydrodynamics and seakeeping. Due to this, 
a stability pontoon can offer a reasonable 
benefit for no major impact on the overall 
vessel design. 

This is a relatively complex relationship, 
especially when looking at non-uniform 
shapes, however this simple example 
demonstrates the influence the addition of 
a stability pontoon can have on the stability 
of a vessel during a lifting operation.  

The relationships highlighted in this article, 
alongside the impact that they have on 
heavy lift operations are salient concerns 
and ones which would be considered by the 
vessel operator or a project partner when 
undertaking a lift plan to ensure that the 
vessel will be stable to carry out the lifting 
operation safely. Whilst there are a huge 
number of additional factors which will 
impact the stability of your lift, this article 
has sought to provide an insight into why 
and when stability pontoons are deployed.

An example of the waterplane area of a 
main hull with an outboard stability pontoon 
can be seen in Figure 10.

The waterplane area and transverse 
moment of inertia of the waterplane directly 
influence the transverse metacentric radius 
(BM) through the following relationship:
  

It is the transverse moment of inertia 
of the waterplane and ∆ is the volume 
displacement of the vessel. It can be seen 
from this simple relationship that as you 
increase the transverse inertia for any given 
displacement, so the metacentric height 
increases. Furthermore, as it is a second 
moment of area, small increases in the 
width have a large effect on the stability 
(think outriggers on canoes for example). 

You may be thinking this is getting slightly 
complicated, with some foreign terminology. 
Indeed, the relationship does get more 
complex, especially when considering 
non-uniform hull forms and calculating 
the transverse moment of inertia of the 
waterplane area. However, the essential 
point you need to be aware of is that the 
transverse moment of inertia is dependent 
on the length of the waterplane area, the 
breadth of the waterplane area to a power 
of three, and the distance of the area from 
the centreline to a power of two. 

This means, as noted above, that much 
greater impact can be felt when increasing 
the breadth of a ship, which is a cube 
relationship, than by simply making it 
longer, which is a linear relationship.

Stability pontoon example
For those mathematically inclined or simply 
curious, this relationship is demonstrated 
below for a simple, perfectly rectangular 
hull with a stability pontoon a certain 
distance outboard (Figure 11) The transverse 
moment of inertia would be represented as 
follows: 

Where:
• Lh is the length of the main hull 
• Bh is the breadth of the main hull 
• Lsp is the length of the stability pontoon 
• Bsp is the breadth of the stability 

pontoon 
• Asp is the waterplane area of the 

stability pontoon 
• y is the distance from the centreline of 

the main hull to the centre of area of 
the stability pontoon

With the additional waterplane area of 
the stability pontoon, this increases the 
transverse metacentric radius, or BM. 
Subsequently this increases our measure 
of stability, GM, compared to the lifting 

fig. 11/ transverse moment of inertia example
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CD01:
MALIN AUGUSTEA CD01

The CD01, one of the largest barges in Europe, can submerge to a maximum 11m 
over deck allowing her to float off and dock some of the largest cargoes in the 
continent. Her split caisson arrangement allows cargo to overhang fwd and aft. The 
caissons can be relocated as required to suit project requirements.

Name: CD01    
Official N: 9557733
Class: LR     
GT: 10,449 tonnes
Built: China 2010   
NT: 3,135 tonnes
Registry: Glasgow, UK

TECHNICAL DETAILS
Length overall: 137.0m
Beam: 36.6m
Depth: 7.6m
Max transit draught: 5.8m
Dwt on max draught: 21,806 tonnes
Deck area: 4,200m2

Frame spacing: 2,500mm
Deck loading: 20 tonnes per sq meter
Point loads: up to 750 tonnes

EQUIPMENT
Ballast pumps: 2 Hamworthy pumps 
with max rated capacity of 1,000m3/
hour each
Machinery: 2 Caterpillar engines each 
of 480 hp
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with the quay. If the rate at which the 
cargo is added to the barge is matched 
with the rise of the tide, the ballasting is 
mainly required to maintain the trim of the 
barge without significant removal of ballast 
to maintain level with the quayside. Tidal 
loadouts should be planned so that the 
cargo is loaded on a rising tide, so as weight 
is added to the barge and the freeboard 
decreases, the cope to water height also 
decreases at the same rate.

Depending on the height of the quay and 
tidal range, it is sometimes not possible to 
keep a barge ballasted with the quay at low 
water, therefore it is critical to check for 
clashes with any cargo overhangs.

Areas with large tidal ranges may have 
short time periods where a vessel can be 
kept level with the quayside, and this will 
either increase the ballast pump capacity 
required or reduce the duration the barge 
can be held level with the quay.  

In areas with low tidal ranges (such as areas 
of the Mediterranean) the tide will have 
minimal impact, however should still be 
considered to ensure it does not negatively 
impact an operation. Without the benefit of 
a changing tide, ballasting will be required 
to adjust the barge deck height as required 
during operations.

Cut in tide impact on load out/float-off 
operations
Tidal data used to produce detailed ballast 
plans are taken from predictions; tidal data 
is available on a wide range of platforms 
however it is best practice to use an 
approved source. Typically Admiralty Total 
Tides Software, available from the UK 
Hydrographic Office, is used to produce tidal 
data for a given standard or secondary port. 
However as these are predictions, they are 
still subject to inaccuracies, local changes in 
atmospheric pressure and rainfall levels. A 
tidal cut occurs when the tide on the day of 
the operation doesn’t rise to the expected 
level, which can be problematic if the tide 
has been relied upon for a loadout or float- 
off operation.  

In the event of a tidal cut, it is often 
necessary to carry out additional ballasting 
or deballasting during the load out operation 
to provide additional trim and keep the 
vessel level with the quay. For a float-
off operation, a significant tidal cut could 
prevent safe tow-off of the cargo, therefore 
it is important to make an allowance for a 
cut in tide when considering water depth 
requirements. 

TIDAL IMPACT
ON MARINE OPERATIONS

WRITTEN BY DAVID COOPER
NAVAL ARCHITECT, MALIN ABRAM

The tide effects nearly every aspect of a 
marine operation. It will impact the water 
depth, potentially create currents, and 
effect the height of the quayside above the 
water resulting in many factors which need 
to be considered when planning marine 
operations.

Water depth
Sufficient water depth is critical for all 
marine operations to prevent any unwanted 
grounding of vessels. By combining the 
water depth below chart datum with the 
tidal height above chart datum we can 
calculate the total water depth. For many 
applications we need only consider the 
extreme high and low water conditions 
leading to maximum and minimum water 
depths. 

Currents
When the rise and fall of the tides is 
constrained by shore effects, tidal currents 
are developed. These are most notable 
in large estuaries, sea lochs and narrow 
points between different bodies of water. 
Most ports are strategically sheltered from 
tidal currents, however some are exposed, 
and the effect of this current should be 
considered for any mooring operations. 

Passage planning
Consideration should be given to tidal 
impacts when planning a passage where 
there may be significant tidal current or 
water depth effects. Passages should 
be planned to allow sufficient clearance 
between the vessel and seabed. This may 
mean a vessel can only pass through a 
shallow area at a specific tidal height and 

this should generally be on a rising tide to 
prevent accidental grounding. 

Water level below quay
The tidal height impacts the height from the 
water level to the top of the quayside. This is 
the level that needs to be matched as it will 
impact how a vessel sits against the quay. 
This is important for load out operations and 
general mooring operations. 

The tidal height can be calculated by 
measuring from the quay edge to the water 
surface. This measurement is subtracted 
from the height of the quay above chart 
datum, often available from survey or 
design drawings, to give the height of tide 
above chart datum.  

Mooring arrangements
All mooring arrangements in tidal locations 
need to be suitable for both high and 
low water conditions as the vessel rises 
and falls with the tide. Often the mooring 
arrangements will be set and not adjusted. 
When this is the case, the lines should be 
suitably slack to prevent high line tensions 
as the tide rises and falls. In areas with 
large tidal range this may result in slight 
vessel excursions when the lines go slack. 
For some mooring arrangements where low 
excursions are required, such as load out 
mooring, winches may be utilised. These 
will typically require adjustment throughout 
the rise and fall of the tide to keep the lines 
taught and the vessel excursions low. 

Tidal load out
In a tidal loadout, the tide will do most of 
the work when keeping the barge level 
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fig. 12/ tidal cut
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The graph in figure 12 shows a tidal 
prediction (in black) compared with the 
actual observed tide (in blue). This is an 
example of a tidal cut; as can be seen, the 
low water was lower than predicted with 
the tide constantly falling short of what 
was expected. This is why constant tidal 
monitoring between expected and actual 
observed should be carried out throughout 
any tidally dependent marine operation. 

Tidal float-off
The tide can be used to aid all types of float-
off operations. 

Grounded: Grounded float-off operations 
typically allow the stern of a barge to 
ground at or near low water with the barge 
then remaining on the seabed until the tide 
rises and the cargo floats off. This type of 
operation is fully reliant on the tide and 
often cannot be reversed once the barge is 
grounded. 

Free-floating with restricted water depth: 
Free-floating operations can be engineered 
to make use of the tidal range minimising 
the water depth requirement and in some 
cases the cost of dredging a float-off pocket. 
When planning this type of operation, 
consideration should be given to the time 
taken to tow the cargo free of the barge, 
ensuring that sufficient clearance can be 
maintained between the barge and seabed 
even in the event of a cut in tide.

Deep-water: Deep water float-offs where 
there is significantly more water depth than 
required can add greater flexibility to the 
operation by opening up the operational 
window. In some cases, it can be shown that 
even at low water with a fully submerged 
barge, there is still a clearance between the 
barge and seabed. When this is the case the 

role the tide plays is minimal and mostly 
related to the barge mooring and relative 
position to the quayside or seabed for open 
water mooring spreads. 

Operational windows and tidal 
requirements
For marine operations, where the water 
depth and relationship between the surface 
and quay height place a requirement on 
the tidal height, an operational window 
may be defined. This is the tides on which 
a specific operation can take place. As tides 
vary between neaps and springs, through 
the moon phases, there is a slight change 
in tidal heights and timing each day. An 
operational window can be anywhere from 
a single tide to fully unrestricted. Typically, a 
window of at least 4 days should be aimed 
for to allow for schedule or weather delays. 
The number of tides a marine operation can 
be carried out on can be increased within a 
given window by considering the tides that 
occur at night.  

This article has investigated the ways in 
which the tide may impact on a number 
of elements central to marine operations. 
From water depths and currents, to passage 
planning and mooring arrangements, there 
are a plethora of factors that must be 
considered, demonstrating the requirement 
to keep tidal considerations front and 
foremost when planning marine operations.
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fig. 13/ CD01 deck submerged below waterline
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HEAVY LIFT TIP
THE IMPORTANCE OF 

UNDERSTANDING SEAGOING 
FORCES

When a ship or barge goes to sea it is 
essential that all cargo is properly secured. 
Before this can be done an assessment of 
the seagoing forces should be carried out.  

Typically, we use the default motion criteria 
defined in DNV-ST-N001 Marine Operations 
and Marine Warranty, Section 11.7 Default 
Motion Criteria, Table 11-4. This defines the 
accelerations used depending on the vessel 
length, area of operation and restrictions 
applied.  

Combining the default motion criteria 
accelerations with the centre of gravity 
(CoG) location, weight of the cargo and 
the support geometry, the seagoing forces 
can be calculated. This is typically split into 
Longitudinal (combination of Pitch and 
Heave) and Transverse (a combination of 
Roll and Heave) and Vertical (combination 
of Roll, Pitch and Heave).

Longitudinal and Transverse seagoing forces 
should be restrained with typical securing 
methods.  

When the Vertical force is negative the 
cargo is experiencing an Uplift. This uplift 
must be restrained to prevent the cargo 
from tipping.  

Seagoing forces assessments for a shipment 
of various out of gauge cargos can be split 
into principle cargo items with the worst 
case weights and positions onboard the 
vessel used and applied to multiple pieces 
of cargo. Additionally, all miscellaneous 
cargo less than circa 10Te can be covered 
with a typical calculation.  

fig. 14/ Cargo restrained against seagoing loads
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TRANSPORTING THE TAY WHALE
AN INTERVIEW WITH LEE SIMMONS

In October 2021, Malin Abram, the 
specialist heavy lift arm of the Malin Group, 
transported the Tay Whale, an elaborate 22 
tonne stainless steel sculpture 500 miles 
along the East Coast of the United Kingdom 
from its build site in Littlehampton to the 
V&A Museum in the city of Dundee.

The move was executed by a team of Malin 
Abram engineers and other stakeholders, 
and required careful management of the 
environmental factors, namely, tight tidal 
windows in the narrow River Arun at 
Littlehampton, and alongside the V&A in the 
fast-flowing River Tay.  

The four-day transit along the coast, was 
accompanied by good sailing conditions, 
which allowed for dramatic views, 
reminiscent of its 19th century namesake, 
as the whale made its way to its new 
home along the River Tay. Upon barge 
arrival in Dundee, a complex 3-beam lifting 
arrangement in combination with a 700te 
capacity crane was used to successfully 
lift the whale from the 50m barge aboard 
which it had safely transported, it to its final, 
proud position on the Dundee Waterfront.

Artist Lee Simmons tells us his story...

I drove the idea that we should transport 
the Tay Whale by sea rather than road, rail, 
or air from the get-go. 

Geographically, we built the Whale in 
Littlehampton - which is on a river on the 
South Coast of England - for the people of 
Dundee - which is on a river on the East 
Coast of Scotland - so when I had considered 
the whole thing in my mind, I had always 
imagined we’d sail the Whale up the East 
Coast of the United Kingdom. 

It seemed an obvious, and rather poetic 
way to take the whale home. And knowing 
little of the technical detailing involved, I 
had naively assumed it would be a fairly 
simple process as long as we could get a 
vessel big enough to carry a 35-meter-long 
structure.

Of course, there were other benefits to 
moving the Whale in one piece as there is a 
simplicity in building a sculpture like this in 
one setting and dropping it in situ. This was 
an important, high value piece of public art 
and I wanted to make it in its entirety rather 
than build it in small sections or carve the 
finished piece to bits and haul it up the road 
in different trucks to stick it back together 
at the other end. Moving a single piece is 
quicker, costs less, offers more control, and 
ensures the quality of the sculpture.

So the barge was always my preference 
and myself and Littlehampton Welding set 
about looking for a vessel big enough to do 
the job. 

What I had not considered were the 101 
moving parts in amongst all that!

We looked at various options. Some 
companies had the kit but not the ability to 
piece everything together, some companies 
could do parts of the job but not others, 
some lacked the vision or the transparency 
to help us understand everything that 
would be involved up front. 

We selected Malin for the project because 
they offered an end-to-end solution.
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Alongside our very tight deadline, we 
needed to get buy in from various Harbor 
Masters, Port Authorities, and contractors. 

We started at a point where the Harbor 
Master at Dundee required a great deal of 
bathymetric information including a survey 
of the riverbed to understand water depths 
relative to the tidal swim, which was all 
expertly provided by the Malin Abram team.

They took responsibility for the whole piece 
and were good at advising us that the 
Harbor Master, Port Authority or whoever 
wants this information, but we also need 
a sound methodology on these different 
elements too.

The detailing around how the sculpture 
would connect to the barge for example, 
or how it would release was invaluable, 

and it was good to see how they thought 
innovatively about other elements such 
as not having physical connections to the 
quayside but using another support vessel.

In Littlehampton, their advice about how 
we’d get a 36 meter long by 18.6 meter 
wide whale through the narrow span of a 
20.8m meter footbridge was invaluable, 
while in Dundee, we needed very clear 
agreement on how to get in and out of the 
site. We had half an hour to play with so 
minute by minute detail of where boats 
needed to be was paramount to success.

When the day came, I found it surreal and 
deeply poetic to see a sculpture of that size 
being picked up in its entirety and set on a 
barge to float home.

fig. 15/ lifting of Tay Whale sculpture
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I chartered a helicopter to follow parts of 
the journey and was able to fly fairly close 
at times. Seeing the Whale in isolation 
surrounded by such an expanse of water 
was pretty phenomenal. I felt it must 
be a similar experience to seeing a real 
humpbacked whale in its environment and 
I found that very humbling.

We had not wanted to give too much away 
about the details of the journey before the 
Whale arrived in Dundee, but of course 
people worked out how to track it on marine 
traffic apps and were able to guess where 
it would be and when it would arrive. In 
the end, I liked the fact that people really 
engaged with the journey on social media. 
There was something quite special about 
that and it was right that the Whale had a 
welcome.

I had worked on this project during lockdown 
and through the pandemic, so I think it was 
uplifting not just for me but for the people 
who witnessed it to see the Whale arrive by 
sea just as things were returning to normal. 
For me, it marked a special moment - a 
return to the extraordinary things that can 
be seen in ordinary times. 

The journey has become part of the piece, 
the story of the piece and the history 
of the piece. It adds a new dimension to 
the narrative to know that the Whale was 
picked up, placed on a barge and applauded 
along the pier by over 1000 well-wishers 
at Littlehampton and that it travelled 
gracefully on that barge up the coast of 
the United Kingdom for three and a half 
days before being welcomed home by a 
different gathering of people in Dundee. 
Seeing the connection of the crane and the 
lifting off in Dundee was also a big moment. 
It moved gracefully and looked so perfectly 

simple and effortless, it was hard to grasp 
how much time, effort and planning had 
gone in to making it a success. 

The move was a great example of positive 
collaboration with everyone having an 
important role to play. For me, collaboration 
is always about learning and I began the 
process with very little knowledge of 
marine logistics but Malin were so giving of 
their time and expertise there were lots of 
opportunities to learn, which was a benefit. 

My advice to anyone beginning a similar 
project is to be open to every possibility. 
Sometimes it is human nature to say: “It’s 
too difficult, it can’t be done”. We certainly 
had that experience at times, but time 
and again our combined team, from Malin 
to port master, worked together to show 
how it could be done! If you are tenacious 
enough and you are willing to take on the 
harder tasks alongside the easy ones, you 
can do much more than you think. 

fig. 16/ Tay Whale during barge move to V&A Museum, Dundee

fig. 17/ Lee Simmons - Artist/Designer
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HEAVY LIFT TIP
AN INSIGHT INTO
BALLAST WATER

Seagoing barges can’t comply with ballast 
water treatment regulations…or can they? 

In short, the answer is yes, they can, 
however there are challenges.    

As many sea going barges are non 
self-propelled, there is an absence of 
machinery space on board. Given this, a 
standard retrofit installation of a ballast 
water treatment system is not an option. 
Indeed, finding adequate room within the 
machinery space on self-propelled barges 
may not be possible. 

Therefore, an alternative to a standard 
retrofit is required, which points to a 
“boxed” treatment system mounted on the 
deck of the barge. This can be in the form of 
a permanently installed deckhouse system 
or a mobile containerised system.  

Barge projects may not always require ballast 
water treatment and there will be times 
when the barge is standing by, awaiting a 
contract. For these reasons having a mobile 
containerised treatment system may be 
the most cost-effective solution, with one 
container shared between a small fleet of 
barges.  Taking this a step further it may be 
wise for owners with small barge fleets to 
consider a collaboration, so that one mobile 
treatment system can be shared between 
both companies.   

Operational ballasting during load out and 
load in operations can be an additional 
challenge on some barges. If the 
operational ballast tanks have retained 
some untreated residual ballast water from 
a previous location, then this residual water 
in the operational tanks cannot be pumped 
out in the new location. Treatment during 
operational ballasting is not a realistic 
option due to the high pumping rates, 
however if a suitable treatment technology 
is selected for the containerised system, it 
will be possible to use the system to flush 
or purge the operational ballast tanks prior 
to cargo operations commencing. This will 
ensure the barge is compliant during load 
out and load in operations.  

There are many considerations and some 
challenges, however compliance is possible 
with careful planning.  

fig. 18/ BWC container situated on the deck of a barge during ballasting operation
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A helical rotary actuator converts linear 
movement of a piston into a rotational 
motion via helical gears. As hydraulic 
pressure is applied to the piston the linear 
motion drives intermeshing helical gears to 
rotate the pinion as it moves forward, thus, 
converting the linear motion into rotary 
motion on the output shafts. 

A vane rotary actuator is often referred 
to as a true rotary actuator, as it does not 
require conversion of linear motion into 
rotary motion. In its simplest configuration 
hydraulic pressure applied to a vane 
attached to a shaft, produces true rotary 
motion. This type of actuator is very often 
seen in valve actuation applications.

Regardless of the actuator type, to achieve 
functional efficiency and reliability, high 
manufacturing precision is required. 
Actuators typically contain hydraulic and 
environmental seals, to keep the hydraulic 
and mechanical sides separated, as 
well as maintaining a contaminant free 
environment.

Precision manufacturing combined with 
strong, well-sealed housings, allows the 
actuator to withstand operating pressures 
upwards of 350 bar. 

Hydraulic actuators are used for many 
applications such as winches and crane 
drives, wheel motors for military vehicles, 
self-driven cranes, and excavators.

Actuators are even used in the 
pharmaceutical and food processing 
industries where a high degree of 
cleanliness and hygiene are required. 

Based on the typical small physical design, 
its strength and reliability may not be 
perceivable.
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APPLYING EXISTING PRINCIPLES TO
OVERCOME NEW CHALLENGES IN

MANUFACTURING MARINE EQUIPMENT
WRITTEN BY JONATHAN HILL PRINCIPAL MECHANICAL ENGINEER, MALIN EQUIPMENT AND MARK 

SCUDDER HEAD OF ENGINEERING, APH HYDRAULIC ENGINEERING

APH Hydraulic Engineering, manufacturers 
of hydraulic cylinders and hydraulic rotary 
actuators, join with Malin’s own Jonathan 
Hill to look at how hydraulics may be used 
to overcome emerging challenges in the 
sector. APH are known in the industry for 
their robust, innovative designs, which 
can operate in the most extreme hostile 
environments. 

Often with the most basic of engineering 
concepts, the challenge for the engineer is 
in the application. This is no more evident 
than in the application of hydraulic systems 
within a marine and subsea environment. 

As a technology, hydropower is one of 
the most widely used and oldest forms of 
energy, defined as ‘the branch of science 
and technology concerned with the 
conveyance of liquids through pipes and 
channels,' (Oxford English Dictionary, 2002). 
As a source of mechanical force or control, 
the applications are vast, and used in most 
aspects of everyday life.  

When working within the confines of 
challenging environments, tried and 
tested technology encounters barriers and 
obstacles, which cannot always necessarily 
be overcome with a readymade solution. 
This problem can make what initially seems 
like a simple project, a great deal more 
complicated; however, it equally presents an 
opportunity, paving the way for innovation 
and a progressive engineering resolution.

What is a hydraulic actuator?
The hydraulic actuator consists of a cylinder 
or fluid motor that uses hydraulic power to 
facilitate mechanical operation. 

The output of actuators can be classified 
as linear or rotary and may fall into any 
of these three primary categories: motors, 
rotary actuators, and cylinders/jacks.

What is a hydraulic rotary actuator?
Hydraulic rotary actuators are compact 
units which produce extremely high torque 
or rotational force in small spaces using 
hydraulic pressure. Since they can be 
controlled precisely and easily despite their 
high power, rotary actuators are perfectly 
suited in areas where limited rotary 
movements with high torque are required 
such as in mechanical handling systems, 
valves, and industrial equipment used in 
steel making. 

There are numerous designs of rotary 
actuator, piston crank, piston chain, scotch 
yoke and bladder, however these fall into 
two main categories, piston, and vane. 
A third less common category is a helical 
actuator, a special type of piston actuator.  

One of the most common piston actuators is 
the rack and pinion actuator, which converts 
linear motion of the rack into a rotary motion 
in the output pinion. Hydraulic pressure 
drives a rack, rotating the mating pinion; as 
such, these are one of the most versatile 
rotary actuators as the amount of rotation 
can be adjusted by varying the length of the 
rack. Additionally, by using two racks these 
types of actuators can be configured for 
particularly heavy-duty applications.

fig. 19/ Rock and pinion actuator
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fig. 20/ Helical actuator

fig. 21/ Vane actuator

fig. 22/ HPU block diagram
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Hydraulic power units
While hydraulic power is a versatile means of producing 
force in a linear or rotary action, the actuators need to 
be paired with a source of hydraulic power. This source 
comes in the form of a hydraulic power unit.

To understand what a hydraulic power unit is or does it 
is useful to first look at the equation for hydraulic power. 
Hydraulic power is defined by the equation Power = 
Pressure (Bar) x Flow Rate (lpm)/600. From this it can 
be derived that a hydraulic power unit, by definition, is a 
system that generates hydraulic pressure and flow. 

The method by which this pressure and flow is generated 
is common across the diverse types of power unit, with 
all types also sharing three main components:

A prime mover or drive - this can be an electric motor, 
diesel engine or air supplied from a compressor;
• A pump; or
• A reservoir.

The various types of hydraulic power unit; electric, 
pneumatic and diesel all share the three main components. 

In addition to the main components, there is then an 
array of varying ancillary components to control pressure, 
flow direction, flow rate, heating, cooling, filtration, as 
well as safety features with piping, hoses, and fittings to 
ensure the pressure and flow are delivered to the right 
place at the right time.  

The art of hydraulic engineering lies within the ability 
to understand the desired function of system and then 
specify each and every component within that system 
to achieve the desired output, where the output can 
range from relatively simple motion to more complex 
movements involving more elaborate control systems. 

Regardless of the ultimate system complexity, the power 
unit is relatively simple. At its most basic, one could even 
consider a hydraulic car jack as a hydraulic power unit. In 
this instance the pump is driven by manual effort and the 
pump draws fluid from a reservoir directly into a hydraulic 
cylinder which enables the mechanic to raise the vehicle  
to the necessary height.  

In a slightly more complex arrangement, such as in an 
electric power unit, the prime mover is an electric motor. 
When this motor rotates it drives a hydraulic pump; 
the hydraulic pump draws low pressure fluid from the 
reservoir and from the outlet of the pump high pressure 
and flow is delivered to the system. 

The amount of pressure and flow delivered depends 
on the system requirements, and the components, 
(particularly the pump) selected for the power unit. 

Different components have varying characteristics and 
different pumps are used across a range of applications. 
The selection of hydraulic pumps available is vast and 
a few examples include vane, piston, gear, and screw. 
However, although they all operate differently, they 
perform the same function, namely, to draw fluid from 
the reservoir to deliver pressure and flow. Each type of 
pump has distinctive characteristics which need to be 
considered before selecting the most appropriate. So, for 
example, with regards efficiency, as no system is 100% 
efficient, the losses in the pump and overall system are 
typically accounted for via efficiency factors.

When sizing a power unit, the application defines the 
force and operating speed which, in turn define the 
pressure and flow rate. 

Hydraulic systems have a diverse range of applications 
from more obvious industrial vehicles, diggers, forklift 
trucks, skip lorries, access platforms and cherry pickers 
etc, to less obvious applications such as power steering 
systems in motor vehicles, landing gear in aeroplanes and 
hospital beds which are in the main linear applications.  

Hydraulic Power Units often drive rotary motors too; 
wheel drive systems in off highway earthmoving vehicles 
are often low speed high torque and use hydraulic 
motors for motion. In other high torque applications 
rotary actuators can deliver vast amounts of torque for 
demanding applications in marine, defence, and manual 
handling applications.

You can find out more on hydraulic cylinders in an 
upcoming Skunks Talk Tech video with APH.
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fig. 23/ Skunks Talk Tech discussing hydraulic cylinders using a cylinder gifted by APH
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Our new, free site enables all of 
our subscribers to continue to 
access all of our articles, tips and 
magazines, but also search for a 
number of vessels, showcasing 
their details, location and how 
to get in touch with them.

Search theheavyliftengineer.com 
and check out our new site
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