“Technical and Marine Aspects while Planning and Executing
the Transportation of Heavy Lift Cargoes”

by John A. MacSween BEng CEng MRINA FIES

Director

Malin Marine Consultants Ltd
www.malinmarine.com

Abstract

The transportation of large abnormal and indivisible loads by sea is a complex process which draws upon
a broad range of skills and expertise including Ship Chartering, Naval Architecture, Rigging and good
Seamanship skills, Advanced Structural Analysis, Meteorology and Hydrography and Hydrodynamics to
name but a few. It is far beyond the scope of this paper, or indeed many volumes of the same, to attempt
to educate the reader in any of these fields or detail all the items to be addressed when engineering this
type of complex operation, however it will look to give a broad understanding of the challenges faced
when engineering the safe transportation of a “Heavy Lift Cargo”.

Introduction

The preparation, front end engineering and actual
transportation of heavy lift cargoes has always
been a complex issue drawing on a large number
of disciplines both practical and theoretical. While
it is far beyond the scope of this paper to detail the
input from this broad range of skills, it will provide,
an overall view of the steps and pitfalls involved.

The process could be broadly broken up into the
following categories:

- Preparation and Planning
- Getting the Cargo onto/off the Vessel
- Securing for Sea

All of which will be covered later in this paper.
Thereafter various recent developments in the
field both theoretical, and practical will be
discussed.

No knowledge will be assumed and therefore, for
some, the pace and subject matter will appear
laborious, but it is hoped that a sound general
understanding of the Technical and Marine
Aspects of Heavy Lift Shipping will be achieved.

Preparation and Planning

Following an approach by a prospective client, the
first task is to ensure that a thorough
understanding exists between shipper and client
both in terms of what each party expects from the
other, contractual and technical, and a full picture
of the cargo itself is obtained. This initial technical
specification may take the form of hard copy
plans, CAD drawings, 3D models and other
technical reports and details in the form of
historical analysis executed during the design
stage of the cargo.

The competent shipper or technical agent should
be prepared to receive this information in a wide,
and often exotic, range of data formats and be
able to quickly decimate the required information
such as principle steelwork, envelope dimensions
and CoG information from this to plan the move,
initially for tender purposes, and later to execute
the transportation safely.

Areas, which require clarification at the early
stage, include:

- Collection and delivery locations and state (i.e
installed to foundations, delivered to stools
within reach of crane etc etc)

- Distribution and strength of support points

- Acceptable anchoring points and confirmation
that/where welding to structure is permitted

- Any cradles required and responsibility for
design/supply

- What secondary steelwork, if any, is to be
installed for the transportation and what
shipped loose

Once these key areas have been agreed, the
heavy lift shipper will go away and initiate a
number of discussions with hauliers, vessel
owners, crane companies, port authorities
involved, local authorities as required to obtain
permissions for moves from port to site if
necessary.

The initial planning stage is a complex one where
many factors require balancing to arrive at a safe
and economical means of moving the cargo to the
client's, often, strict requirements. A feasibility
study is usually carried out, whether formally or
informally, to ascertain what the most economical
means of transportation is. This will account for
the plethora of options that are possible combining
cargo, loadout/in options, port facilities/limitations



and available tonnage and will arrive on an
optimum means of shipment.

This is then fully costed and some front-end “proof
of concept” engineering is carried out for
presentation to the potential client as a bid to carry
out the work.

On contract award the key stages, discussed
individually later, are then engineered in detail and
at this stage the influence of the Warranty
Surveyor, if present, is brought to bear on the
planning of the operation. Early involvement with
the surveyor should be considered essential to
ensure that all insurer’s concerns are accounted
for and fully engineered out during the planning
stage to prevent any unpleasant surprises later
when proposals become more difficult to change.
Also, if client is agreeable, direct contact between
the shipper and the Warranty Surveyor is a sound
principle as it allows both the engineer who is
responsible for planning the detail of the shipment
and the surveyor responsible for the approval to
discuss directly concerns and issues associated
with the resolution of the concerns, thereby
speeding up the whole approval process. This is
especially important when some concerns may not
be possible to feasibly “engineer out”, and
operational limitations are required such as limiting
weather conditions and sea states for
transportation.

The key stages mentioned above can be thought
of as follows:

- Loading and Discharging Cargo
- Securing for Sea

Other concerns such as site moves and
installation issues are often part of a turnkey
transportation but will not be covered here.
However suffice to say, any solutions presented
for the two key stages above should also
contribute to the holistic solution such as ensuring
land transport is compatible with delivery
requirements, jacking brackets do not foul
seafastenings, lifting gear is compatible with both
ships gear and land craneage etc.

Very often, once the cargo is landed ashore the
careful negotiation to the delivery site represents
the most onerous part of the whole operation (see
figure 1 below)

Figure 1 — Negotiating a tight corner during port to
site move

Loading and Discharging Cargo

The principle means of loading cargo onto a
vessel are RO/RO (roll on, roll off), LO/LO (lift on,
lift off) FLO/FLO (float on, float off) and skidding.
We can outline the principle issues associated
with each as follows:

Roll On, Roll Off

The rolling on of heavy lift cargoes is usually
achieved using hydraulic trailers either self
powered or towed. Both these styles come in a
range of shapes and sizes but have certain
common features and considerations in that they
tend to be modular in design and can be
connected together to form very large platforms,
from smaller axle groups, (4 or 6 axles often being
the lowest individual size).

One key advantage of these trailers is that each
axle is supported on a hydraulic ram, which in turn
is linked to common reservoirs across the trailer
and allows the operator confidence that each tyre
is applying the same pressure or ground load
along the length of the trailer. This does mean,
however that the strength of the trailer and
positioning of the support points between the
trailer and the cargo needs careful considerations
to prevent the trailer spine from breaking. This is
normally checked by assuming that the trailer is a
beam of known characteristics loaded by uniformly
spaced point loads (representing axles spacing
and load) and restrained at the cargo interface.

This feature of uniform load distribution also
means that the hydraulic ram acting on each axle
will react to undulations in the terrain to maintain
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the constant ground loading and this may be seen
in figure 2 below.

Figure 2 — Hydraulic Axles during roll on to barge

These variations in ground levels are also
experienced during loadout where tidal and
ballasting operations mean that the bridging
linkspan between the shore and the vessel varies
in declivity and the operating stroke of these
trailers is brought into good use.

The detailed engineering of the move will take into
account cope levels, tidal range during movement
period, length of linkspan and ballasting
capabilities of the vessel to ensure that the loadout
can safely take place with the limits dictated by the
trailer stroke.

The means of spanning the gap between the
vessel and shore will vary depending on the
circumstances of the loadout and may utilise the
vessels own ramp, if fitted, may be constructed
from dragline boards and may even be heavy
plate in cases where there is no fendering required
and the barge can be brought to bear directly on
the quay wall.

Detailed discussions with the port authority will be
required to ensure that all proposals are
acceptable and do not overload the quay front. If
there are any concerns then it may be necessary
to introduce load spreading on the shoreside to
reduce any high concentrations of loads.

The port authority should also be used as a local
source of knowledge and advice on local tide and
weather factors sought in order that surges or
shortfalls in the tide may be planned for, and if
they prove to be unmanageable, then their
occurrence will need monitoring before any
operation can take place.

Once the cargo is onboard, the trailers may then
self-discharge (using the operating stroke on the
hydraulic rams) to stools or grillage or the cargo
can the jacked off the trailers and set down to the
deck using specialist jacking equipment (see fig 3)

Figure 3 — Climbing Jack system showing timber
jacking tower and brackets

Lift On, Lift Off

The lifting of cargo on to and from a vessel can be
achieved either by shore side craneage (dock,
strut jib or mobile) or using the vessel’'s own gear if
fitted.

When loading out using shoreside craneage, the
first task is identifying the capacity required and
selecting a suitable crane for the operation. Areas
to be addressed include quay capacity, operating
radius, swept radius of back ballast, super-lift tray
pick up and set down points, supporting craneage,
tandem lifts, coaming heights and tidal range
during operations, lifting gear and location of lifting
points.

The operating radius of the cranes is a function of
the cranes outrigger spread, strength, back ballast
utilised and any super-lift extensions employed.

For general purpose project cargo loading and
discharging it is normally mobile cranes which are
employed, so called because the main boom and
outriggers are all part of the crane body and are
deployed, once the crane has driven into position,
usually via internal hydraulic rams. This includes
the main boom, which is often telescopic and
deployed out to the required length before being
fixed for the lift. Once the essentials are in place,
the cranes can usually detach themselves from
their back ballast tray and use the main boom to
lift the steel counter weights into position,
thereafter rotating back round and connecting the
back ballasting tray before commencing the main
lift. Depending on the complexity and size of the
crane the setup operation can typically take
anywhere between a half hour and a full shift. (see
figure 4 for the typical arrangement of a mobile
crane)
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Figure 4 — Typical outline arrangement of 400 Te
mobile crane

For heavier loads, then cranes of the strut jib
variety are used. These can come in both fixed
and crawler varieties which are delivered in
components and set up on site. The boom of this
class of crane is typically non-telescopic and is
constructed from sections, which are each of a
lattice construction. This means that the
compressive strength of the jib is relied upon to
counter the transfer of load from the hook block to
the back ballast tray via tension members as
opposed to mobile cranes where the bending
capacity of the boom is principally relied on as it is
propped by a hydraulic ram. The set up time and
cost for strut jib cranes is usually of a far greater
magnitude than that for a mobile crane and set up
times of up to a 4 days are not uncommon.

The added benefit is that these cranes can be
made to lift far larger loads and to a greater height
for clearing the coaming of vessels (see figure 5
for a typical strut jib layout).

The implications of choice of land based crane
against transport vessel is relatively small,
however carefull selection of vessel based on
detail such as freeboard over coaming and width
of wings tanks can, sometimes, yield significant
savings by minimising the outreach required on
the mobile crane.

The key point is that the crane must be able to
place the cargo on board the vessel in a position
that suits the seafastening and support design.

Figure 5 — Strut jib crane

When transporting heavy lift cargoes using a
geared vessel the additional complications of
vessel stability and the fact that the craneage is
fixed in position, relative to each other, need
careful addressing.

Assuming that the delivering and stowage needs
can be met through the crane’s fixed capacity then
the detail of manoeuvring the cargo between the
jibs (if a tandem lift) and vessel ballasting needs to
be addressed.

Ship side cranes are generally fixed in location
along the length of the vessel (however the author
knows of one class of geared vessel where the
forward crane can be tracked aft for unusual lifts)
and this means that the lifting arrangements and
spreader bars need careful consideration and to
this end many of the larger vessels carry versatile
lifting beams for general use. Further more, the
fact that the boom length is generally fixed the
hook block will have a maximum height, which it
can attain over the coaming along the length of the
ship depending on the angle of declivity of the
boom. These are often produced for ease of
reading as a set of curves for each crane on the
vessel. These curves also show the maximum
attainable hook height at any lift radius and angle
from the CL of the vessels and should be
employed when assessing the pick-up and set-
down positions of the cargo. When employing a
heavy lift vessel for a self-load charter, this
information should be sourced at the same time as
the general arrangements and structural cross
sections.

It is apparent that the stability of the vessel needs
to be carefully assessed for all stages of the
operation. It is worth pointing out that for an 500
Te lift employing ship own gear, the effect of lifting
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the module from the trailer or deck is that the
weight is immediately transferred and acting as
though it were located at the crane boom tip.

The variations in ship stability and load conditions,
if multiple cargoes are to be loaded/discharged, as
an operation progresses should be borne in mind
as the vessel can pass through areas of instability
without careful ballasting.

Some heavy lift vessels are fitted with stability
pontoons, which can be deployed and offer
additional transverse stability through increasing
the transverse water-plane inertia and offer an
additional ballast tank outboard of the vessel side.

Operationally, the means in which the cargo is
delivered to the ships side should be well thought
out as often there are different procedures for
lifting cargo from hydraulic trailers than from solid
foundations, with the load transfer from trailer to
crane partly achieved through retrieving hoist wire
and partly through lowering the trailer hydraulics
until there is an air gap between trailer bed and
cargo.

Figure 6 — Heavy lift ship Loadout form hydraulic
trailer

Float On, Float Off

When the cargo is a self-floating object of
considerable size and does not lend itself to a
feasible long distance wet towage, then the
options for shipping via a semi-submersible vessel
is a viable option. Cargoes which lend themselves
to this type of operation include sensitive floating
vessels such as jack-up rigs, semi-submersible
drill rigs, pre-loaded cargo barges, damaged
vessels, and luxury yachts.

The semi submersible vessels come in a variety of
style and can be generally split into two principle
categories, which represent their capability to
submerge parallel to the water surface or inclined

and can be either self powered or require towage
by a tug.

For vessels which require sinkage at an angle of
trim, these typically only have a single buoyancy
tower at one end (either fwd or aft) and therefore
submerge at an angle to maintain stability and
can, in many cases, place their stern on the
seabed before submerging fully leaving only a
small tower section containing vents for the pump
room above the water surface. On transferring
load from cargo to the submerged deck, stability is
maintained through the assistance of the
grounding force on each corner at the stern. The
stern will typically stay aground until the deck is
clear of the water at the bow at which point there
will be a significant increase in the waterplane
inertia of the vessel. Then ballasting is continued
to allow the stern to come clear and the vessel to
fully float with cargo loaded to the deck.

For vessels that can submerge parallel to the
water line, buoyancy is required at both ends of
the vessel and this typically takes the form of
either fixed or removable caissons or can be built
into the structure of the vessel itself as in figure 7
below. This vessel has a conventional shape with
the exception that a substantial portion of the hull
between the poop deck and the foc's’le area has
been removed.

Figure 7 — Semi submersible vessel loaded with
std 300 x 90 North Sea Barge

The limitations of vessels with this type of fixed
caisson arrangement is obvious and to work
around this other vessels which have movable
caissons are in service, the most famous of which
is the Dockwise fleet (see figure 8 below).



Figure 8 — Example of self-powered semi-
submersible vessel with removable caissons

In addition to this type of craft there is also the
“dock” type craft which has a hold which is
accessed via a watertight stern door which, when
removed and submerged, forms an enclosed dock
environment. This is obviously limiting in the size
of craft that may be accommodated but it does
provide additional protection to slamming due to
the fact that there is no overhanging cargo.

When engineering this type of operation, principle
items to be addressed include (but is not limited
to):

- Support between cargo and semi-sub deck

- Longitudinal strength and local deck strength

- Seafastening

- Stability including the effects of any
overhanging cargo, both at sea and at all
stages of the load transfer operation

- Dynamic response and design accelerations
including environmental conditions and routing

- Loading and discharging procedures

Typically, the load is landed to a timber cribbing
arrangement which is usually laid out in a
herringbone fashion but on occasion this may
need to be more carefully placed to fall in line with
the bulkheads and key support points of the cargo.
There are situations where a custom cradle is
required and the loading operations must be
carefully planned to ensure that good alignment is
achieved before de-ballasting.

While the seafastenings are discussed later in this
report, for the securing of floating cargoes, non-
welded solutions are typically preferred and these
are often large plated bearing restraints which
have a hard rubber interface and are jacked
against the cargo to ensure good contact before
being welded to the deck.

One major advantage of the transportation on a
semi-submersible vessel where other options are
available such as in the case shown in figure 7
earlier, is that it may permit the transportation of a
cargo during unseasonable times of the year

which otherwise, may have overly onerous design
limitations placed upon it. In addition, the fact that
the cargo itself is loaded to the, relatively,
inexpensive barge, the risk associated with delays
and long periods for preparation and discharge at
each end can be minimised by employing the
expensive time of the semi-submersible for the
transportation only.

Skidding

Skidding of cargo involves the movement of
cargoes over the quay edge and on to the vessel
using low profile beams and skid shoes often with
either rollers or Teflon, low friction, surfaces
between the two.

Skidding can be an economical option when
moving heavy loads as the equipment cost can
often be more attractive than hire of a large
number of expensive hydraulic axles and
personnel. There is a long lead time associated
with skidding due to the lay-down of tracks and
transfers of load onto the skidding system. The
operation typically takes longer due to the fact that
the cargo will move in increments of approx.
200mm (depending on the equipment employed)
whereas trailers allow the cargo to be moved at
much higher speeds.

However where the cargo is close to the quay
edge and tidal range is not overly severe then
skidding can be employed very successfully.

The main factor outwith the practical setup and
lay-down of the skidding equipment and tracks is
principally the tidal range and tolerances under
which the operation must take place. In some
cases the difference in levels between the barge
deck and the quayside must be kept as little as
25mm with the barge maintaining as close to as
level trim as possible, whereas, using hydraulic
axles, far more generous tolerances are permitted.
This places far greater emphasis on the ballasting
operations to ensure that a high degree of control
over the relative levels is maintained at all times.
Figure 9 below shows a large module skidding
onto a cargo barge and both the skid track lines
and ballasting operations can be clearly seen.

Figure 9 — Skidding of a topside module to cargo
barge



Following Loadout, the transfer of load is usually
achieved using jacks to raise the module off the
skid ways and onto a load-spreading grillage that
in turn span the principle strong points on the
barge deck.

Securing for Sea

Once the cargo has been safely loaded to the
supporting grillages on the vessel, the procedures
for securing it safely against seagoing motions can
then start.

Design Accelerations- Seagoing Forces

The derivation of these design accelerations can
take several forms ranging from simple empirical
criteria through derivation by simple harmonic
motion to more thorough numerical and physical
tank testing of the loaded vessel.

As a first indication of the design forces transverse
and longitudinal design acceleration can be taken
as 0.70g and 0.35g respectively acting in way of
the cargo’s centre of gravity. A figure of 0.30g for
heave may be added to this and the worst cases
combination used for assessing seafastening
requirements at the tender stage.

Thereafter, a slightly more rigorous approach,
which takes into account the cargoes position on
the vessel, may be made using simple harmonic
motion to calculate the components of
acceleration assuming the vessel is oscillating
about its centre of flotation (or CoG) at a fixed
period of say 30 deg in 10 seconds for roll and 15
deg in 10 seconds for pitch with an additional
acceleration of 0.30g added to account for heave.

When the support centres are taken into account
this type of analysis can also reveal any areas
where there is a risk of uplift along one side of the
cargo, i.e. negative reactions are found and the
cargo must be restrained vertically as well as
horizontally.

Following on from the simple harmonic method,
there is the option of motion response testing of
the barge or vessel either by numerical techniques
such as strip theory or panel method via software
such as WASIM & SHIPMO or physical testing in a
model tank.

Normally the output from this type of analysis for
the purpose of assessing the design accelerations
is RAOs for each degree of freedom and heading
of the vessel at a given speed.

These RAOs or Response Amplitude Operators
are a set of curves, which allow the determination
of the response of the floating body at a pre-
determined point on the vessel to a given wave of
set amplitude and frequency or period. For
example, referring to figure 10 below, the
response to a wave of amplitude 10.00m and

period of 8.00 seconds may be obtained by
reading the value on the vertical axis which
corresponds to the given wave period (or if
frequency i.e. the inverse of the wave period) and
multiplying this value by the wave amplitude
squared.
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Figure 10 — Typical RAO curve

Using a combination of the complete set of RAOSs,
the difference between the point for which the
RAOs are valid and the point of interest (usually
the CoG of the cargo) and the wave statistics of
the areas through which the tow will be passing
(adjusted for the relevant time of year) a set of
design accelerations may be obtained.

To obtain these design accelerations the complete
set of RAOs must be combined with the design
wave and period to produce the accelerations in 6
degrees of freedom for all heading assessed. This
can result in a large number of design cases and it
is normal to take the worst condition acting
longitudinally and the worst case acting
transversely and design these out in the
seafastenings separately. This leaves a degree of
conservatism in the final solution as the worst
longitudinal and transverse case will usually not
act together.

There are some uncertainties in these methods
however the continuous evolution of both tank
tests and software codes allows for a greater and
greater degree of validation however, for unusual,
“one off’, moves validation by tank testing is a
prudent and safe measure.

Loadspreading and Supporting Grillages

In order to ensure that the vessel is capable of
transporting the cargo under the conditions for
which the design accelerations were calculated,
then the deck strength of the supporting shipside
structure must be checked.

The supporting ship structure and any additional
Loadspreading in the form of grillages will be
influenced by a large number of factors such as:

Support centres on the cargo
Frame and bulkhead spacing on the
transportation vessel



- Hatch cover construction and tie down (if deck
cargo)

- Means of loadout (self discharge from
hydraulic trailers, jack-down or “lift on” all
affect the final stowage height of the cargo on
board and therefore the grillage height)

The support centres on the cargo may come in the
form of temporary cradles, final installation
interfaces, transportation beams temporarily
attached to the structure or suitable strong points
on the cargo itself. In whatever form they take,
they must be clearly identified and any limitations
in their use agreed early on in the design phase.
These locations and limitations can then be borne
in mind when designing the supporting
arrangements.

It is normal to first attempt to marry up the
transverse framing and the support centres in as
optimum a manner as possible with the resulting
load distribution into the ship structure used as the
basis for designing the strength of the supporting
grillages.

Although counter intuitive, it is sometimes found
that due to alignment between cargo support
locations and deck strong points, it is preferable to
miss out areas where the deck strength is
disproportionately high in relation to the
surrounding strong points, such as
bulkhead/bulkhead intersections, due to the fact
that these locations can attract overly high
loadings, in proportion to their relative stiffness.

Again, depending of the stowage height, the
supporting grillage may be nothing more than
bearing strips welded along the deck over under
deck stiffening or it may be a set of custom plate
girders fixed to the deck and up to 1500 mm high.
See figure 11 for an example of plate girder
grillages. Note the transverse bracing employed to
prevent tripping of the grillages under roll
conditions.

Figure 11 — Plate girder grillages and low level
tripping braces

In many cases the level of steelwork required to
adequately distribute the support loads into the

deck is substantial and can make up the bulk of
the seafastening fabrication, installation, removal
and cleanup costs. It is with this in mind, in
conjunction with the growing need to transport
project cargoes as larger and larger indivisible
components, in that many owners commissioning
new tonnage see the point load capacity of their
vessel design specifications gradually increase.
See later in the paper for a discussion on this with
respect to barge tonnage.

It is interesting to note that a common
misconception exists whereby the deck strength of
a vessel is first quoted in terms of Te/m? safe deck
load when it is of greater interest to know what the
point load capacity on frame and bulkhead
intersections and mid span on transverse framing
is. While all are implicitly linked, the deck patch
loading is usually driven by the thickness of the
deck plating and the strength of the longitudinal
stringers whereas its cargo carrying capacity, with
respect to design accelerations and supporting
grillage costs, is driven by these, more specific
figures. So it is possible to see two barges, for
examéple with similar deck loading in terms of
Te/m* but one (often the newer one) having a far
higher point load capacity.

One area where patch loading is critical is when
assessing the deck loading during loadout from
either tyre pressure or skidding beams and careful
consideration is required to ensure that all
capacities are in line with the expected use of the
vessel.

Finally, it is not unusual for project cargo to be set
down to timber loadspreading however the use of
timber should be carefully thought through as in
most cases you will be relying on the internal
structure of the cargo to distribute the load to the
supporting, under-deck, structure on the vessel.
Therefore validation or checks to ensure that
cargo is not overloaded is required.

Restraint Against Shifting

For guidance on the safe securing of cargo, many
items of literature exist and it will serve nothing to
repeat the guidance here, however, as before, a
brief outline of the principle means of securing the
cargo and the various concerns, which must be
addressed, will be briefly covered.

The type of seafastening will depend mainly on the
proposed stowed arrangement of the cargo
relative to the vessel and her principle structure.
The range of seafastening solutions which can be
employed can be broadly broken down into groups
as follows:

Lashings, either wire or chain and tensioning
devices such as turnbuckles or lever and hook
tensioners.

- Cleats and dogs or shear plates



- Welded braces (compression and tension
members)

For lashings, either chain or wire may be
employed and the safe working load must be in
line with the expected working load during
transportation. It is normal to ensure that the leads
and lengths of the lashings are similar as the
distribution of forces is dependant on the stiffness
of each line which is, in turn, dependant of the
lead angle and length of the lashings. For
example, a single short lashing in a system where
several lashings are required to carry the load may
result in the short lashing carrying most of the load
and potentially failing or damage the single
securing point on the cargo and perhaps the cargo
itself. Should the short lashing fail, then the risk of
progressive failure of the remaining lashings is a
risk.

Further more, lashings also run the risk of working
loose during transportation due to the inherently
cyclical nature of the loads acting on a cargo in a
seaway. Should this happen and the cargo starts
to shift slightly, then large impact loads can be
placed on the securing system and may result in
catastrophic failure of the lashings and the cargo
coming fully free.

All this said, lashings have had a tried and tested
history of securing intermediate sized cargoes for
sea and offer perhaps the most versatile and least
intrusive means of securing cargo and if carefully
used and planned, offer a safe solution and
extremely efficient means of securing cargo. The
implementation of simple checks such as
production of a proper lashing plan to scale to
show lashing lengths and leads along with
ensuring that safe access to all lines whilst at sea,
perhaps under severe weather conditions,
allowing daily tightening leaves lashings a means
of cargo securing not to be discounted.

Figure 11 — Typical lashing arrangement

Should the cargo offer suitable bearing and
attachment points, then securing by via shear
plates and cleats offer an unobtrusive means of
restraint.

These cleats can be profile to provide good
bearing contact and it is common to see these with
a bearing flat bar down the outside to provide
additional bearing area. Cleats may be
differentiated from shear plates by the fact that
they offer restraint against uplift due to the fact
that they have a “lip” which laps over a convenient
lower bearing plate on the cargo or supporting
grillage. It follows, therefore that for this uplift
restraint to be effective, the lip as well as the inner
bearing surface must be in good contact with the
cargo and often steel wedges are used to shim
any air gap and tack welded to ensure they remain
in place for the duration of the voyage.

When designing these types of securings, the
connection to the deck or hatch must have good
alignment with any under deck structure and the
weld between the web of the under deck stiffening
and the deck plate, which will transmit the load,
should also be carefully checked as often these
are only stitched in place with the assumption
being that the loading will be vertical only and the
load can be transferred through bearing between
the deck plate and the upper edge of the web of
the framing.

Figure 12 — Simple shear plate securing options

For the securing of large items of cargo where the
centre of gravity is at a significant height above the
deck and it is unfeasible to design out the
restraining forces as shear and uplift at the cargo
base, then bracing is an option commonly applied.
This effectively supplies a point of restraint at a
similar height or closer to the vertical centre of
gravity and can reduce the moments and uplift
found at the cargo base.

Bracing is typically constructed from a symmetrical
hollow section such as CHS or SHS to prevent
any bending effects caused by the offset of the
connecting gusset and the neutral axis of the
section.

The braces are secured to cargo and deck or hold
wall by profiled gussets designed specifically for
each brace location.



Gussets tend to be sited at main nodes in the
primary steel work of the cargo and aligned such
that minimal moment effects are transmitted from
the compressive force in the brace to the cargo
structure. Depending on the restrictions they may
be welded direct to the cargo or bolted to an
existing interface. For cargoes where the
steelwork has been stress relieved, for example, it
is possible to have discreet connections designed
that will serve as a securing point for the
seafastenings by providing a site for a bolted
gusset, but can be left following transportation
thereby minimising any hot work and paint
damage on delivery and clean up.

Figure 13 — Example of bolted gusset connection
detail

For the deck connection, alignment with under
deck stiffening is extremely important due to the
often very high compressive loads carried by the
brace and any small misalignment can result in
very high local bending stresses in the deck plate
around the frame web. Good control of this
alignment is often difficult and is a topic mentioned
briefly later in the paper under technical
developments involving reliability analysis.

As with cleats and shear plates, but on a larger
scale, the tensile capacity of the lower deck
connection is critical and needs careful
examination and is an area where a good finite
element (FE) model can show the differences in
maximum compressive and tensile stress in a
brace due to relative stiffness in each direction for
what should, otherwise, be symmetrical loadings.

In addition, a good FE model allows the
transportation engineer to examine load paths
through the securing system as braces can have a
complex, asymmetric arrangement dictated by the
alignment between cargo and suitable deck
locations for gussets.

Figure 14 — Example brace arrangement

Vessel Developments

It has been touched on throughout the paper so
far that new heavy lift tonnage is constantly
evolving to meet the changing needs of the
transportation of project cargoes. As new tonnage
is entered to the market owners are keen to point
out benefits to charterers in terms of flexibility of
the craft and potential savings that may be
possible using their craft in preference to others.

Two examples shall be presented here to
represent geared and un-powered tonnage (i.e.
heavy lift vessels and barges).

Heavy Lift Tonnage

Two new vessels are presently under construction
for heavy lift carrier Jumbo and the owners are
actively marketing two key advantages that these
vessels can offer to charterers when they look to
the market to transport their project cargoes.

The first is the capacity combined with an
exceptional outreach and lift height. This is
achieved through the provision of two 800 Te
derricks which can be fitted with large fly-jibs and
allow (indicative) lifting of 688 Te to heights of 55m
above water level at a radius of 21m.

This has been shown to allow the vessel to, not
only, transport modules such as FPSO topsides
and turret systems, but lay alongside and install to
the vessel directly thereby saving the significant
cost of shear legs or other installation method, see
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figure 15 for an artists impression of the system in
operation.

Figure 15 — Cross Section on new J1600 class
discharging topside modules direct to FPSO hull

Investigations are also well advanced into a
temporary tension-leg system that may be
installed to the vessel and will allow it to carry out
similar operations with topside transportation and
installation to offshore jackets (see figure 16).

Figure 16 - Installation of topside direct to
installed jacket utilising heavy Ilift vessel and
temporary tension leg system

These developments can only serve to add value
to clients needs both in terms of economy and
reduced risk by bringing the whole operation from
collection to installation using as few parties and
vessel/equipment changes (and therefore lifts) as
possible.

North Sea Barges

As with geared tonnage, certain barge owners are
continually refining the specification of their new
build fleet to add value to the transportation
element of a project cargo’'s life. As was
mentioned earlier, custom loadspreading and
grilages can often represent the greatest
proportion of cost when designing temporary
steelwork for a heavy lift shipment. This is often
simply because the barge does not have enough
concentrated strength where a particular (and
often unique) cargo requires it.

In response to this, there is a demonstrable trend
towards barges with greater and greater key point
load capacities and this can be seen very
intuitively in figure 17. This figure shows a number
of typical cross sections from barges built between
1970’s and 2000.

Figure 17 — Series of typical barge cross sections

These deck strength increases have been
generally attained through the following key
changes and additions:

- Bulkhead Pillars brackets on both inner and
outer sides

- Deepening of brackets

- Deepening and thickening of webs and
flanges of transverse frames

- OBP deck stringers increasing in size

- Additional intermediate flanges on deck
frames

- Deck plating thickness

Although, the additional steelwork contributes to a
greater lightship, the capacity in terms of
deadweight is seldom a major concern, with the
barges often requiring to be ballasted down to a
sailaway condition following load-out.
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Engineering Developments

Finally it is of interest to consider what future
developments in the front-end engineering of
heavy lift transportations would be of value to
clients and increase the safety and reliability of
any transportations.

Finite Element Analysis

This is already widely used by clients who often
hold a global model of the structure in their files.
Seagoing accelerations are applied to the model
restrained at the seagoing support points and the
resulting reactions at these points are supplied for
design. This treatment of either the cargo and or
the ship as homogeneous blocks of equal stiffness
and only the interface between the two is looked at
in detail is becoming a less valid approach. It is
likely that this system will be further developed
and we are actively looking at projects where
client models are supplied and these are then built
on, to include the supporting temporary structure
and then the existing deck structure of the
transportation vessels itself. This is a very
accurate way of determining the load paths and
where load is shed/attracted due to relative
stiffness’ between cargo, grilage  and
deck/hatches. It does require a flexible approach
by all parties to facilitate the required data
exchange but the effort is very much worthwhile.

Reliability Analysis

More often than not, heavy lift transportations take
place on tonnage which exhibits wear and tear to
different degrees. Most calculations idealise the
supporting structures in the vessels in that
alignments are perfect and the loads are
transferred through the structures in a clear and
unambiguous manner. The reality is that
tolerances in build quality, normal corrosion,
fabrication tolerances for temporary steelwork and
probabilities of certain sea states occurring leaves
some uncertainty in what the true residual strength
of a structure is. To work around this, significant
factors of safety are introduced to design out these
anomalies, however as cargo requirements and
vessel capabilities come closer and closer, a more
rigorous and scientific means of calculating this
true residual strength may be required. This in
conjunction with long term motion response
analysis will result in probabilities of exceedance
which provide useful indices of the structure’s
reliability.

Practical Experience

As a closing note, it cannot be stressed enough
that experience of a vessel and building up a
working knowledge of her capabilities is essential.
Regular site visits and responsibility for
engineering this type of projects both by the
charterer and those approving the move is
paramount.
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