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KEY MESSAGES
For both hauliers and society as a whole, double-deck vehicles offer clear benefits over
conventional single-deck vehicles as their increased payload allows goods to be transported on
fewer vehicles. For the haulier, this means a reduction in costs, and for society as a whole this
means fewer heavy goods vehicles on the road and a reduction in emissions, road wear and
congestion.
As the use of double-decks becomes more widespread, it is becoming increasingly important for
consignors, hauliers and delivery sites to ensure that vehicles are loaded and unloaded safely in
order to reduce the risk of personal injury and also to reduce the economic costs of load shift
and vehicle instability in terms of vehicle and product damage, time delays and additional costs,
and reputational harm. This report seeks to identify good practice in the safe use of double-deck
trailers, with regard to vehicle stability, load safety, and safe loading and unloading
The aims of loading for safe road transport on double-deck heavy goods vehicles are, firstly, to
ensure that the load is loaded and secured in such a way that the risk of working at height is
minimised. Secondly, the load is secured to ensure that it does not move in transit. This helps to
reduce the risk of vehicle rollover. Thirdly, it is possible to unload the vehicle in a safe manner.
Good communication between all parties in the transport chain can avoid many problems. A
typical transport chain can involve three or more companies but simple information such as sitespecific instructions, site approaches that avoid obstructions such as low bridges, and ensuring
that appropriate infrastructure and equipment is available to accommodate a double-deck
vehicle helps to minimise delays and additional costs. It is suggested that information of this
nature should be routinely requested and supplied at the order stage to facilitate efficient
delivery.
A loading plan is suggested as a means of identifying potential problems and ensuring that
everyone involved in the transport chain is in possession of the necessary information. It is a
legal requirement to risk assess work processes and a loading plan can contribute to that risk
assessment.
This report identifies a clear reduction in the basic stability of a double-deck trailer, laden or
unladen, when compared to a conventional trailer. This means that double-deck vehicles are
more likely to experience rollover on the road, particularly when cornering or undertaking
manoeuvres such as swerving to avoid obstacles.
It is suggested that operators should carefully consider the distribution of the load weight both
across the width of the trailer and between the load decks to ensure that the centre of gravity is
kept as low as possible. This may require careful consideration for multi-drop loads, and it may
be necessary to re-plan the route or arrange for the vehicle to be reloaded at intermediary sites in
order to ensure that the vehicle does not become dangerously top-heavy.
Route planning to avoid risk spots such as cambered corners and roundabouts, and driver
training and awareness of the necessity to manoeuvre at lower speeds than would be expected
for a single-deck vehicle, may also help to reduce the risk of rollover.
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1
1.1

EXECUTIVE SUMMARY

BACKGROUND

Over the last two decades the proportion of goods transported by road has steadily increased.
The majority of those loads are transported in heavy goods vehicles (HGVs). The average
length of haul for GB-registered HGVs has increased over the same time period despite rising
fuel costs. Those fuel costs, along with the demands for larger payloads and a desire to see
reductions in the number of vehicles on the road, have led to many operators considering or
introducing the use of vehicles with more than one load bed.
The move towards double or multi-deck vehicles has been partly driven by a change in the
profile of goods transported due to economic conditions. Until 2008, products such as wood,
iron and steel, and building materials constituted the majority of goods transported in terms of
tonnage. However, in 2009, this category of goods saw a 29% reduction in tonnage. Food, drink
and tobacco were the only commodities that did not see a tonnage decrease between 2008 and
2009. These are products that would appear to readily lend themselves to transportation on
double-deck vehicles. The distribution model of these products is also favourable towards the
use of double-deck vehicles, as this vehicle type is well-suited to hauling product from
distribution centre to distribution centre or retail stores.
For both hauliers and society as a whole, double-deck vehicles offer clear benefits over
conventional vehicles as their increased payload allows goods to be transported on fewer
vehicles. For the haulier, this means a reduction in costs, and for society as a whole this means
fewer HGVs on the road and a reduction in emissions, road wear and congestion. This is
particularly important for deliveries to retail stores in build-up areas.
1.2

AIMS OF THE RESEARCH

The aims of the research were to identify good practice in the safe use of double-deck trailers,
with regard to vehicle stability, load safety, and safe loading and unloading both by reviewing
and assessing current practice and by carrying out practical testing.
1.3

RISK AREAS

For many companies transporting goods using double-deck trailers, loading, transportation and
unloading may be their most dangerous work activity. A significant number of workplace
accidents occur in the loading and/or unloading area. These accidents typically involved being
struck by a falling object, falling from height, or a slip or trip. In 2008/2009, over a thousand
workplace accidents relating to HGVs were notified to HSE, including one fatality and nearly
four hundred major accidents such as fractures, dislocations and amputation. Over half of the
reported accidents were reported as having occurred during loading or unloading. Over the same
time period, there were twelve reported fatalities and over fifteen hundred major injuries were
reported under the classification "freight transport by road".
The use of double-deck trailers, as with conventional single-deck trailers, falls under two sets of
regulation: road traffic law whilst the vehicle is on the road and health and safety law during
loading and unloading. Both regulatory areas require loads to be carried in a safe manner. There
is a considerable amount of guidance available to operators to enable them to secure loads to
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comply with road traffic law, and HSE has produced extensive guidance on the principles of
loading and unloading.
Loading and unloading double-deck trailers may require site adaptations and/or investment in
equipment. Methods of load securing typically used on conventional vehicles may not be
suitable for use on double-decks. For example, it may be difficult to attach webbing straps due
to lack of access and a lack of suitable attachment points on the upper deck.
Access to the upper deck of double-deck vehicles may cause serious problems. The risk of
falling from the vehicle is particularly acute when working on the upper deck of a curtain-sided
double-deck vehicle with the curtains open for side loading. It is preferable to remove the need
to work at height but if that is not possible then an operator would have to consider either
physical barriers to prevent a fall or the use of fall arrest equipment.
HGVs are inherently more vulnerable to rollover than passenger vehicles and rollover may
occur for reasons unrelated to the geometry of the vehicle itself or the loading configuration,
however double-deck vehicles share certain characteristics which may increase the risk of
rollover:
•

Higher centre of gravity

•

Drivers may not be accustomed to driving double-deck vehicles and enter corners too
quickly

•

Vehicles typically loaded with rollcages, which are likely to roll if not loaded correctly

On any vehicle, a load that is not secured will move independently of the vehicle. Every time
the vehicle changes speed or direction, the load will tend to move. If an item in the load is not
prevented from moving, it will either impact with the vehicle structure or another part of the
load or, if the structure is not sufficient, fall from the vehicle. On a double-deck trailer, the
consequences of load movement may be exacerbated by the height of the vehicle relative to its
width. A load that has shifted to one side of the vehicle during the journey may increase the risk
of vehicle rollover at a speed that would otherwise be safe. A shifted load may also fall from the
vehicle at the delivery site, or require manual intervention to unload.
1.4

FINDINGS

This report identifies measures operators can take to reduce the risks inherent in using doubledeck trailers. Safe loading, delivery planning and consideration of issues such as manual
handling and working at heights can also improve the efficiency of loading and unloading and
reduce economic loss in terms of damaged product and damaged vehicles. Load placement and
securing have been identified as issues that can be addressed through load planning, risk
assessment, training and communication between all parties in the transport chain.
Through theoretical calculation and tilt table testing, this report identifies a significant variation
in the rollover resistance of double-deck vehicles compared to single-deck vehicles. Laden
double-decks are particularly vulnerable to untripped rollovers. It is important for operators to
load vehicles so that the centre of gravity is kept as low as possible, and other possible
contributory factors to rollover such as adverse camber and unfavourable road layout are
“designed out” by careful route planning.
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2.1

INTRODUCTION

GENERAL OVERVIEW OF UK ROAD FREIGHT

Road freight accounts for a significant proportion of vehicle activity in the United Kingdom. In
2009, GB-registered goods vehicles moved 132 billion tonne kilometres of goods1, travelling
18.8 billion vehicle kilometres (11.7 billion vehicle miles). 73% of the total tonne kilometres
were accounted for by articulated vehicles over 33 tonnes gross vehicle weight. 90% of all
freight moved by road was carried by goods vehicles over 3.5 tonnes gross vehicle weight.
Over the last 20 years, the average length of haul for GB-registered heavy goods vehicles has
increased by 19%. In 2009 the average length of haul was 93 kilometres (58 miles). Articulated
vehicles, on average, have a longer length of haul than rigid vehicles, at 122 kilometres (76
miles) as opposed to 52 kilometres (32 miles). The average fuel consumption of articulated
vehicles was 7.7 mpg, as opposed to 9.1 mpg for rigid vehicles. For articulated vehicles over 33
tonnes gross vehicle weight, the average fuel consumption was 7.6 mpg.
The cost of diesel fuel in the UK has risen significantly in recent years. Chart 1 below shows an
illustrative increase in average UK prices in pence per litre in November of each year from 2003
to 2010.

Source data: The AA

Chart 1 – Average cost of diesel in the UK 2003-2010
A 50-mile journey that might have cost £23.33 in fuel in November 2003 could cost £36.79
using the November 2010 average diesel price. For an operator, therefore, rising fuel costs
encourage the use of larger vehicles to increase the tonnage hauled while not significantly
increasing fuel costs.
The overall economy has a significant effect on the scale and composition of road freight
transport. Up until 2008, bulk products such as wood, iron and steel products, and building

1

All statistics in this section are taken from the Department for Transport publication Road Freight Statistics 2009
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materials, made up the majority of goods lifted 2 by tonnes. In 2009, goods lifted in this group
decreased by 29%. Food, drink and tobacco was the only commodity grouping not to show a
decrease in goods moved between 2008 and 2009.
For many companies, loading vehicles and transporting goods on the road may be their most
dangerous work activity. In 2009, 78% of casualties resulting from road traffic accidents
involving at least one heavy goods vehicle occurred on motorways or A roads. 79% of fatalities
occurred on motorways or A roads. This compares to 51% overall and 63% of the fatalities for
all road casualties.
It should be noted that, over the ten-year period from 1999 to 2009, there was a reduction of
58% in the number of people killed or seriously injured in reported road accidents involving at
least one heavy goods vehicle and, of the fatalities, the number fell by 57%. Chart 2 below (5.1:
People killed or seriously injured in accidents involving at least one HGV, 1999-2009) is
reproduced from the Department for Transport Road Freight Statistics to illustrate this declining
trend.

Chart 2- Department for Transport road casualties statistics 1999-2009
HSL’s previous work3 has shown that three categories of reportable incidents are strongly
linked to load shifts. These are:
•
•
•

Struck by falling object,
Fall from height,
Slip or Trip

Loads that have become unstable in transit may fall from the vehicle during unloading, even if it
initially appears stable. Load shift may also mean that the load cannot be unloaded mechanically
(i.e. by fork lift truck) and workers instead have to access the load bed of the trailer to manually
2
3

Lifted is used here in preference to transported as this is the wording used in the DfT publication
RR662 Load security on curtain-sided lorries (HSE research report)
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unload or move the load into a position where it can be mechanically unloaded, putting
themselves at risk of falling from the load bed.
Incidents reported as slips and trips may have a load shift as the initiating event. This typically
occurs when part of the load moves or falls, and a worker jumps out of the way and then slips or
trips over something in the loading area.
RIDDOR data supplied to HSL by HSE indicated that in the work year 2008/2009 there were
1,068 incidents notified to HSE using the notifier comment “lorry”4 involving the employed,
self-employed and members of the public, of which one was a fatality and 388 were classed as
Major5. 544 of the casualties (51%) were reported under the process code Loading/unloading.
Chart 3 below shows the distribution of incident reports amongst employees, the self-employed
and members of the public for the work year 2008/09. It can be seen that the majority of
reported accidents were amongst employees.

Chart 3 - RIDDOR incidents for work year 2008/09: struck by falling object, fall
from height, or slip or trip
It should be noted that there is invariably a degree of under-reporting of RIDDOR incidents
across all industry sectors, and the number of reported incidents amongst the self-employed in
particular may not reflect the reality.
2.2

THE USE OF DOUBLE-DECK TRAILERS

4

A notifier comment is a keyword in the incident report
Where Major injuries include: fracture of bones other than fingers, thumbs and toes; amputation; dislocation of the
shoulder, hip, knee or spine; loss of sight (temporary or permanent); unconsciousness caused by asphyxia; any other
injury requiring resuscitation or requiring admittance to hospital for more than 24 hours
5
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Environmental and economic concerns have contributed to the increasing use of double-deck
trailers on British roads. Double-deck trailers can increase the available load space, potentially
reducing the number of vehicles required.
Double-deck trailers may be particularly attractive to retail companies.
Increasing vehicle load to this extent can reduce the need to drive more than 4 million
miles per year 6.
Our double deck trailers enable us to make two journeys rather than the three we would
have made using our standard vehicles 7.
The benefits of using double-deck trailers include:
•
•
•

Reduced carbon footprint
Fewer vehicles delivering to stores, reducing congestion
Ability to carry low-height non-stackable goods more efficiently

However, there are disadvantages to using double-deck trailers over conventional trailers, and
these can include:
•
•
•
•
•
•
•

Issues with loading and unloading fixed-deck trailers without dedicated loading bays
Higher centre of gravity of the vehicle, potentially increasing the risk of vehicle rollover
Increased side wall area may make the vehicle more vulnerable to crosswinds
Accessibility of the trailer decks for loading and unloading
Potential increased risks of working at height during loading and unloading
Potential increased risks of being struck by falling loads during loading and unloading
Restricted access to the upper deck during loading and unloading

This report aims to set out the regulatory background to loading and securing for road transport,
identify issues particular to double-deck trailers, and present methods of mitigating those issues.

6
7

John Lewis, http://www.johnlewispartnership.co.uk
Boots, http://www.boots-uk.com/
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IMPLICATIONS

For many companies, the moving of goods may be their highest risk work activity. Accidents
during loading, transport and unloading can have significant economic, reputational and
personal repercussions.
In 2008/2009 12 fatalities and 1513 major injuries were reported to HSE under the Standard
Industrial Classification (SIC) 60249 "Freight transport by road" (all vehicles).
In 2009, 78% of casualties resulting from road traffic accidents involving at least one heavy
goods vehicle occurred on motorways or A roads. 79% of fatalities occurred on motorways or A
roads. This compares to 51% overall and 63% of the fatalities for all road casualties.
The transport of goods presents a risk of injury both in the workplace and on the road. For those
injured, an accident can be personally devastating and have significant repercussions for the
individual’s well-being and financial security. Witnesses to an accident may find it personally
traumatising and company morale may suffer. A company may suffer financial penalties in the
form of the loss of the individual’s labour, damage to product, equipment and vehicles, and
damage to the company reputation and business relationships.
Even where no injuries occur, accidents may carry financial and/or reputational penalties for a
company. Repeatedly damaging product, for example, may damage a business relationship with
a supplier or customer. Near-misses may also have an effect on drivers’ morale if they feel that
they are being put at risk. Vehicle rollover or load spill may cause damage to the road
infrastructure and significant congestion on the road network. The financial impact of
congestion may be severe, in terms of fuel consumption and time delay. HGV drivers work
under strict time limitations and may have to interrupt their journeys in order to rest if they are
significantly delayed. Many companies operate on the “just in time” principle, where goods are
delivered as they are required, minimising storage requirements, and hence delays may have
serious implications for the running of the business.
Double-deck vehicles are increasingly used in place of conventional trailers but, while they
share the problems associated with conventional vehicles, double-deck trailers introduce
specific problems in both the workplace and on the road. As the use of double-decks becomes
more widespread, it is becoming increasingly important for consignors, hauliers and delivery
sites to take appropriate steps to ensure that the risk of harm of their employees, other workers,
and members of the public, is as low as is reasonably practicable.

5
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4

METHODOLOGY

AIMS

4.1

The aims of the research were to identify good practice in the safe use of double-deck trailers,
with regard to vehicle stability, load safety, and safe loading and unloading both by reviewing
and assessing current practice and by carrying out practical testing.
METHODOLOGY

4.2

To assess current practice regarding the loading and securing of double-deck trailers, the
following methods were used:
•
•
•
•
•

4.3

Review of current UK legislation, standards, guidance and previous research
Review of accident and near-miss data
Visits to companies using double-deck vehicles for goods delivery to observe methods
of loading and unloading on an informal basis.
Informal discussion with industry groups and individual companies involved in haulage,
warehousing and distribution
Observation of double-deck vehicles at roadside vehicle checks carried out by VOSA or
by police forces.

TERMINOLOGY

Certain terms are used throughout this report and, to avoid confusion, will be defined here.
Load restraint
Load containment

– preventing the load from moving relative to the vehicle
– preventing a load from being ejected from a vehicle

Examples of load restraint include direct strapping with straps or chains (this is often used with
large machinery being transported) and overstrapping with webbing straps. Examples of load
containment include the side walls of a rigid-sided vehicle, or sliding gates and side slats on a
curtain-sided vehicle.
Different loads on different vehicles will require different methods of securing – what may be
appropriate for one load may not be appropriate for another. Friction between the load and the
trailer bed helps to prevent the load from moving, however it is difficult to ensure a consistently
high coefficient of friction8 and it provides no security against tipping of unstable loads. Even
very heavy loads may not remain in place under their own weight. For these reasons friction is
generally seen as an aid to preventing movement rather than the sole load securing measure.

8

For example, in wet or icy conditions, or if the trailer bed is contaminated with oil or chemicals

7
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5.1

BACKGROUND INFORMATION

TRAILER TYPES

There are myriad configurations of double-deck trailer chassis types, fixed decks and moving
decks. Chassis can be straight frame (where the trailer bed is flat along its length) or step frame
(swan neck; where the trailer bed is stepped towards the front of the trailer).
The configuration of the decks varies considerably. There may be a single, fixed upper deck that
cannot be raised or lowered, as shown in the diagram below:

Or there may be a single upper deck that can be raised and lowered for loading and unloading:

Or there may be a sectional upper deck that can be partly raised and lowered:

8

Trailers may be referred to as multi-decks, mega-decks, lifting decks, or double-decks. The latter
term has been used in preference in this report to refer to any trailer with more than one loadbearing deck.
Trailers can also be categorised 9 into three main types:
•

articulated: that is, with a pivot point between the driver’s cab and the actual body of
the vehicle. The trailer is attached to the tractor unit via a special coupling known as the
fifth wheel;

•

rigid: that is, with the cab and body built onto the same chassis unit and unable to pivot.

•

Drawbar: that is, a rigid vehicle coupled to an entirely self-standing trailer via a
drawbar.

Double-deck trailers are generally articulated trailers. The body type of double-deck trailers is
either rigid-sided (the side walls are fixed and cannot be opened) or curtain-sided (the side walls
are flexible curtains suspended on rails in the roof of the trailer). Rigid-sided double-deck
trailers can only be loaded and unloaded via the rear doors; curtain-sided trailers may be loaded
and unloaded from either side if the curtains are opened or via the rear doors in the same way as
a rigid-sided trailer.
5.2

THE PHYSICS OF LOAD SECURING

An unsecured item on a vehicle is not part of the vehicle and will tend to move independently
from the vehicle unless it is prevented from doing so. On the road, loads tend to shift when the
vehicle is changing speed or direction.
In transit, the weight of a load, W, pushes down on the load bed of the vehicle it is carried on, as
shown in the diagram below. An equal and opposite force, R, pushes up to stop the load falling
through the load bed.

9

As categorised in the DfT publication Truck Specification for Best Operational Efficiency (2005)

9

As the vehicle speeds up, slows down, or negotiates a corner, forces will act on the load. Each
applied force, F, is resisted by an opposing force, µR where µ is the coefficient of friction
between the load and the load bed. If the opposing force is not sufficient to resist the applied
force, the load will start to move.
There are four ways of preventing load movement:
•

Loading up against the vehicle structure (positive fit)

•

Physical barriers to movement such as chocks, blocking or intermediate bulkheads

•

Increasing the value of R, as discussed below

•

Increasing the value of µ, .

Increasing the value of R can be achieved by increasing the downwards force on the load bed
by frictional lashing. Frictional lashing is the lashing method by which a webbing or chain
lashing is passed from one side of the vehicle to the other, over the load. A downwards force is
thus applied to the load.
Increasing the value of µ by using high-friction flooring or matting is possible, however as a
general rule friction should not be solely relied on as the load may not always be in contact with
the load bed while the vehicle is in transit.
It is usual to secure loads through a combination of loading to the vehicle structure, chocking or
blocking if necessary, and lashings. Heavy loads are difficult to secure through lashings alone,
as the number of lashings required may be impractical. The fixing of lashings may be
problematic on double-deck trailers due to lack of access and suitable attachment points.

10
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6.1

LITERATURE REVIEW

INTRODUCTION

The loading and transport of goods by road in the UK is governed by several pieces of
legislation supported by specific guidance. For clarity, the relevant legislation, guidance, and
industry codes of practice have been divided into two subject areas: road traffic, and health and
safety at work. This outline is intended not as a comprehensive statement of law in relation to
load security but rather to inform the reader about the general principles and expectations in law
applicable to road haulage.

6.2

ROAD TRAFFIC SAFETY

6.2.1

Legislation

The legal requirement to secure loads transported on the roads is set down in two pieces of
legislation, the Construction and Use Regulations 1986 and the Road Traffic Act 1991.
Regulation 40A of the Road Traffic Act 1988 introduced by the Road Traffic Act 1991 states:
A Person is guilty of an offence if he uses, or causes or permits another to use, a motor
vehicle or trailer on a road when:
(a) the condition of the motor vehicle or trailer, or of its accessories or
equipment, or
(b) the purpose for which it is used, or
(c) the number of passengers carried by it, or the manner in which they are
carried, or
(d) the weight, position or distribution of its load, or the manner in which it is
secured,
is such that the use of the motor vehicle or trailer involves a danger of injury to any
person.
Regulation 100 of the Road Vehicles (Construction and Use) Regulations 1986 – SI 1986 No
1078 states:
(1) A motor vehicle, every trailer drawn thereby and all parts and accessories of such
vehicle and trailer shall at all times be in such condition, and the number of passengers
carried by such vehicle or trailer, the manner in which any passengers are carried in or
on such vehicle or trailer, and the weight, distribution, packing and adjustment of the
load of such vehicle or trailer shall at all times be such that no danger is caused or is
likely to be caused to any person in or on the vehicle or trailer or on a road.
(2) The load carried by a motor vehicle or trailer shall at all times be so secured, if
necessary by physical restraint other than its own weight, and be in such a position,
that neither danger nor nuisance is likely to be caused to any person or property by
11

reason of the load or any part thereof falling or being blown from the vehicle or by
reason of any other movement of the load or any part thereof in relation to the vehicle.
(3) No motor vehicle or trailer shall be used for any purpose for which it is so
unsuitable as to cause or be likely to cause danger or nuisance to any person in or on
the vehicle or trailer or on a road.”
UK traffic law places responsibilities on other parties aside from the driver of the vehicle
and this is not necessarily the case in other countries. For example, in the Republic of
Ireland, the Road Traffic Act 1961 states:
54.—
(1) A person who drives a mechanically propelled vehicle in a public place
while there is a defect affecting the vehicle which he knows of or could have
discovered by the exercise of ordinary care and which is such that the
vehicle is, when in motion, a danger to the public shall be guilty of an
offence.
(2) Where a mechanically propelled vehicle is driven in a public place while
there is a defect affecting the vehicle which the owner thereof knows of or
could have discovered by the exercise of ordinary care and which is such
that the vehicle is, when in motion, a danger to the public, such owner shall
be guilty of an offence.
(3) Where a person is charged with an offence under subsection (2) of this
section, it shall be a, good defence to the charge for him to show that the
vehicle was being driven on the occasion in question by another person and
that such driving was unauthorised.
Liability under Irish law falls primarily on the driver of the vehicle, even if the driver was
not involved in the loading of the vehicle.
6.2.2

Guidance and Codes of Practice

Generally, the recognised means of demonstrating compliance with the Road Traffic Act and
the Construction and Use Regulations in the UK is by following the general guidance set out in
the Department for Transport Code of Practice Safety of Loads on Vehicles i (‘the Df T
guidance’). This states:
Friction alone cannot be relied upon to keep the load in place. When the vehicle is
moving, vertical movement caused by bumps will reduce any restraining force due to
friction. This can reduce to zero if the load even momentarily leaves the bed of the
truck.
And:
…the combined strength of the load restraint system must be sufficient to withstand a
force not less than … half the (total) weight of the load backwards and sideways.
And:
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The total load restraint system will generally consist of a combination of:
a. lashings secured to anchorage points attached to the vehicle chassis, which
includes cross bearers, outriggers etc;
b. bulking arrangements including headboards, bulkheads, spigots, transverse
beams, shoring bars etc which are securely attached to the vehicle;
c. friction between the load and the vehicle platform.
In most circumstances it would be appropriate to obtain the majority of the total
restraint required from (a), and the remaining part from (b). Benefits accrued from (c)
should be regarded as a bonus.
This means that the load restraint system should be capable of restraining the entire rated
payload of the vehicle in the forward direction and 50% of the rated payload on each
sidewall. If the load is loaded closely against the front bulkhead, it can be assumed that part
of the forward restraining force is provided by the bulkhead. If a gap is left, the bulkhead
cannot be considered to be part of the restraint system and the operator must ensure that
other methods are used to restrain the entire rated payload in the forward direction. Ideally
the load should always be loaded tight against the front bulkhead, however this may not
always be possible. The DfT guidance states:
If practicable … the load should be placed in contact with a headboard. Where this is
not practicable then additional means of securing must be used. Possible methods
include:
a. Effectively moving the headboard rearwards, i.e. fitting an obstacle across
the vehicle platform which should be firmly attached to the chassis frame;
b. Blocks, scotches, bolsters or wedges to prevent individual items of a load
moving in any direction. Care must be taken to ensure that these are adequately
secured to the vehicle platform;
c. Additional lashing
Driving Standards Agency guidanceii states:
When securing a load you need to take into account
• The nature of the load
• The suitability of the vehicle
• The stability of the load
• The type of restraint
• Protection from weather
• Prevention of theft
• Ease of delivery
…
A load may consist of large heavy pieces of machinery but that doesn’t mean it will stay
in place throughout a journey. Fatal accidents have occurred through such items falling
from a vehicle or shifting under braking or cornering, therefore they should always be
secured solidly and carefully.
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The European Best Practice Guidelines on Cargo Securing for Road Transportiii produced by
the European Commission generally echo the requirements of the DfT guidance. The Guidelines
state:
Legal requirements and common sense demand that all loads carried on vehicles are
secured, whatever the journey. This is to protect the people involved in loading,
unloading and driving the vehicle, together with other road users, pedestrians, the load
itself and the vehicle.
…
Friction alone cannot be relied upon to prevent unsecured cargo from sliding.
When the vehicle is moving, vertical movements caused by bumps and vibrations from
the road will reduce the restraining force due to friction. Friction can even be reduced
to zero if the load momentarily leaves the bed of the truck.
…
The cargo should be blocked against the headboard either directly or by the use of filler
material in between.
And:
The higher the centre of gravity of a cargo, the more it tends tip over when subjected to
horizontal forces. If the centre of gravity of a cargo is vertically off centre relative to
the cargo’s “footprint”, the cargo will tend to tip over in the direction where the centre
of gravity is closest to the footprint limits. For very heavy cargo, the centre of gravity
position may be important for correctly positioning and securing this load on the
vehicle to ensure an adequate load distribution.
The higher the centre of gravity of the vehicle/load combination considered as a whole,
the more likely the combination is to roll over.
And:
Check the cargo securing equipment is commensurate with the constraints it will
encounter during the journey. Emergency braking, strong cornering to avoid an
obstacle, bad road or weather conditions have to be considered as normal
circumstances likely to happen during a journey. The securing equipment must be able
to withstand these conditions.
Each time cargo has been (un)loaded or redistributed, inspect the cargo and check for
overload and/or poorly balanced weight distribution before starting. Ensure that the
cargo is distributed in such a way that the centre of gravity of the total cargo lies as
close as possible to the longitudinal axis and is kept as low as possible: heavier goods
under, lighter goods above.
The European Guidelines recommends that trailers are constructed to the standards set out in the
European Standard EN 12642 (BS EN 12642:200610 in the UK), which specifies performance

10

BS EN 12642:2006; Securing of cargo on road vehicles – Body structure of commercial vehicles – Minimum
requirements; British Standards Institution
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criteria for the trailer structure. For the headboard, the Guidelines give the example shown in
Figure 1 below:

Figure 1 – Example performance criteria
With respect to curtain-sided body types, the Guidelines state:
As a general rule, goods carried within curtain-sided vehicles should be secured as if
they were being carried on a flat, open-bed vehicle. If the loading configuration, or its
securing, would cause concern when used on an open vehicle, then it should be
considered equally unacceptable with a curtainsided vehicle.
And:
Unless they are purposely designed according to EN12642-XL, the curtains of curtainsided vehicles MUST NOT be considered as part of any load restraint system. If the
curtains have been designed as a restraint system, the load capability should be clearly
marked on the vehicle – if no mark can be seen, then it should be assumed that the
curtain has NO load-bearing function.
Similarly, where vertical inner curtains are fitted and they are not purposely designed
for a specific load, they also MUST NOT be considered as part of the load restraining
system. Curtains and vertical inner curtains should be considered purely as a means of
containing within the vehicle any small, loose items that may have become dislodged
during the journey.
6.2.3

British and European Standards

BS EN 12195 iv states in Part 1:
The general requirements for safe transport are:
-

the sum of forces in any direction equals zero
the sum of moments in any plane equals zero
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Generally, load securing consists of balancing the forces of a load by locking, blocking
and/or lashing. Locking, a completely positive connection, is mainly used in the
transport of containers and is not usually combined with lashings. Blocking results in a
positive connection in the blocked direction only and therefore is often combined with
lashings.
…
The two basic lashing methods are:
-

frictional lashing is characterized by a restraint that is produced by
force on the loading area and a positive connection in the direction
vertically down;
direct lashing is a completely positive connection which permits the
load to make small movements, the magnitudes of which depend on the
flexibility of the lashing and forces acting on the load.

The Standard provides a series of formulae to allow the number of lashings required to secure a
load.
The Standard applies to goods transported by road, rail and sea, and lists a series of what are
known as acceleration coefficients to take account of the different modes of transport. For road
transport, the forward acceleration coefficient is 0.8. This means that 80% of the load weight
should be secured against forward movement. Usually, the sideways coefficient is 0.5, meaning
that half the weight of the load should be secured against sideways movement. However, in the
case of an unstable (top heavy) load, or in the case of intermodal transport (for example, where
a vehicle has undertaken a ferry journey), the sideways coefficient is 0.7 (70% of the load
weight).
BS EN 12642 states:
Lashing points for securing of cargo are mandatory for vehicles with curtainsiders.
Such fittings shall fulfil the requirements of EN 1264011. The tarpaulin need not to be in
compliance with EN 12641-2, but provides weather protection only and is not designed
to take forces for securing of the cargo.
The Standard allows for two types of trailer structure: L and XL. For the L-type, the curtain
should not see any loading. A trailer designed and tested to the XL-type can utilise the curtain to
provide a degree of load containment. The strength of the structure is proved by calculation,
static testing and dynamic (driving) testing.
With regard to double-deck trailers, the Standard states:
Where body structures are constructed to carry cargo on two different decks at two
different levels, the stress on the side wall and thus the test force can vary depending on
the design concept and on the type of body structures. On the top loading level at half
the height of the body it is permitted to carry ≤ 50 % of the total payload. Where cargo
loads on the upper deck depart from this or where the height position of the second
cargo level differs, the percentage portion changes accordingly.
11

BS EN 12640:2001; Securing of cargo on road vehicles. Lashing points on commercial vehicles for goods
transportation. Minimum requirements and testing (British Standards Institution)
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The Standard gives specific performance criteria for different types of trailer, stating:
5.4.2 Box type body
Depending on the construction of the inserted deck, the following test force shall be
applied on the side wall to be tested:
1) 0,4 P, where the supporting cross member or the inserted deck is to be
connected to the right and to the left side walls such as to transmit forces in a
horizontal direction at a right angle to the longitudinal axis of the vehicle. The
test shall be carried out without the intermediate deck.
2) 0,5 P, where the supporting cross member is of telescopic design and no
forces are transmitted in axial direction or where the inserted deck is supported
only in vertical direction. The test shall be carried out without the intermediate
deck.
5.4.3 Curtainsider construction
Depending on the construction of the inserted deck, the following test force shall be
applied on the side wall to be tested:
1) 0,45 P, where the supporting cross member or the inserted deck is to be
connected to the right and to the left side walls such as to transmit forces in a
horizontal direction at a right angle to the longitudinal axis of the vehicle. The
test shall be carried out without the intermediate deck.
2) 0,55 P, where the supporting cross member is of telescopic design and no
forces are transmitted in axial direction. The test shall be carried out without
the intermediate deck.
where P is defined as the weight force (in daN) of the vehicle to be tested at the authorised
payload.
It can be seen from the above that the requirements of the Standard do not necessarily ensure
compliance with the Code of Practice in resisting a force equal to half the weight of the load. In
addition, containment within the trailer structure does not necessarily mean that the load will
remain in a stable condition, and all or part of the load may topple when the trailer is opened for
unloading.
6.3

HEALTH AND SAFETY AT WORK

6.3.1

Legislation

The Health and Safety at Work etc. Act 1974 places specific duties on employers to ensure the
safety of their employees. The Act states:
2 General duties of employers to their employees.
(1)It shall be the duty of every employer to ensure, so far as is reasonably
practicable, the health, safety and welfare at work of all his employees.
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(2)Without prejudice to the generality of an employer’s duty under the
preceding subsection, the matters to which that duty extends include in
particular—
(a)the provision and maintenance of plant and systems of work that are,
so far as is reasonably practicable, safe and without risks to health;
(b)arrangements for ensuring, so far as is reasonably practicable,
safety and absence of risks to health in connection with the use,
handling, storage and transport of articles and substances;
(c)the provision of such information, instruction, training and
supervision as is necessary to ensure, so far as is reasonably
practicable, the health and safety at work of his employees;
(d)so far as is reasonably practicable as regards any place of work
under the employer’s control, the maintenance of it in a condition that
is safe and without risks to health and the provision and maintenance of
means of access to and egress from it that are safe and without such
risks;
(e)the provision and maintenance of a working environment for his
employees that is, so far as is reasonably practicable, safe, without
risks to health, and adequate as regards facilities and arrangements for
their welfare at work.
(3)Except in such cases as may be prescribed, it shall be the duty of every
employer to prepare and as often as may be appropriate revise a written
statement of his general policy with respect to the health and safety at work of
his employees and the organisation and arrangements for the time being in
force for carrying out that policy, and to bring the statement and any revision
of it to the notice of all of his employees.
Employers and the self-employed also have duties towards persons who are not employed by
them. The Act states:
3 General duties of employers and self-employed to persons other than their employees.
(1)It shall be the duty of every employer to conduct his undertaking in such a
way as to ensure, so far as is reasonably practicable, that persons not in his
employment who may be affected thereby are not thereby exposed to risks to
their health or safety.
(2)It shall be the duty of every self-employed person to conduct his undertaking
in such a way as to ensure, so far as is reasonably practicable, that he and
other persons (not being his employees) who may be affected thereby are not
thereby exposed to risks to their health or safety.
The Management of Health and Safety at Work Regulations 1999 place specific duties on
employers and the self-employed to assess the risk of their work activities, stating:
3.—
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(1) Every employer shall make a suitable and sufficient assessment of—
(a)the risks to the health and safety of his employees to which they are
exposed whilst they are at work; and
(b)the risks to the health and safety of persons not in his employment
arising out of or in connection with the conduct by him of his
undertaking,
for the purpose of identifying the measures he needs to take to comply with the
requirements and prohibitions imposed upon him by or under the relevant
statutory provisions and by Part II of the Fire Precautions (Workplace)
Regulations 1997.
(2) Every self-employed person shall make a suitable and sufficient assessment
of—
(a)the risks to his own health and safety to which he is exposed whilst
he is at work; and
(b)the risks to the health and safety of persons not in his employment
arising out of or in connection with the conduct by him of his
undertaking,
for the purpose of identifying the measures he needs to take to comply with the
requirements and prohibitions imposed upon him by or under the relevant
statutory provisions.
One provision of the Regulations which may have particular relevance within the haulage and
distribution industry, where there may be two or more companies or self-employed persons
involved in the transport of goods, is:
12.—
(1) Every employer and every self-employed person shall ensure that the
employer of any employees from an outside undertaking who are working in his
undertaking is provided with comprehensible information on—
(a)the risks to those employees' health and safety arising out of or in
connection with the conduct by that first-mentioned employer or by that
self-employed person of his undertaking; and
The requirement for “comprehensible” information may mean, for example, that information for
warehouse staff and drivers who may not have English as a first language may have to be
translated or provided in pictorial form.
Employers also have duties to ensure that employees are competent to carry out the tasks given
to them and have received appropriate training. The Regulations state:
13.—
(1) Every employer shall, in entrusting tasks to his employees, take into account
their capabilities as regards health and safety.
(2) Every employer shall ensure that his employees are provided with adequate
health and safety training—
(a) on their being recruited into the employer’s undertaking; and
(b) on their being exposed to new or increased risks because of—
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(i)their being transferred or given a change of responsibilities
within the employer’s undertaking,
(ii)the introduction of new work equipment into or a change
respecting work equipment already in use within the
employer’s undertaking,
(iii)the introduction of new technology into the employer’s
undertaking, or
(iv)the introduction of a new system of work into or a change
respecting a system of work already in use within the
employer’s undertaking.
The Work at Height Regulations 2005 place specific duties on employers to control the risks of
working at height. They state:
4.—
(1) Every employer shall ensure that work at height is—
(a)properly planned;
(b)appropriately supervised; and
(c)carried out in a manner which is so far as is reasonably practicable
safe,
5—
Every employer shall ensure that no person engages in any activity, including
organisation, planning and supervision, in relation to work at height or work
equipment for use in such work unless he is competent to do so or, if being
trained, is being supervised by a competent person.
6.—
(1) In identifying the measures required by this regulation, every employer shall
take account of a risk assessment under regulation 3 of the Management
Regulations.
(2) Every employer shall ensure that work is not carried out at height where it
is reasonably practicable to carry out the work safely otherwise than at height.
(3) Where work is carried out at height, every employer shall take suitable and
sufficient measures to prevent, so far as is reasonably practicable, any person
falling a distance liable to cause personal injury.
Of particular relevance to haulage and distribution are the responsibilities placed on employers
to control the risk of falling objects. The Regulations state:
10.—
(1) Every employer shall, where necessary to prevent injury to any person, take
suitable and sufficient steps to prevent, so far as is reasonably practicable, the
fall of any material or object.
(2) Where it is not reasonably practicable to comply with the requirements of
paragraph (1), every employer shall take suitable and sufficient steps to prevent
any person being struck by any falling material or object which is liable to
cause personal injury.
“Falling objects” may include items falling from a trailer or from a tail lift or other
loading/unloading platform.
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Guidance

6.3.2

The Health & Safety Executive (HSE) website gives specific guidance12 for the haulage industry
to help operators comply with their legal duties. The free guidance leaflets Health & Safety in
Road Haulage13 and Workplace Transport Safety14 and the information sheet Delivering safely:
Co-operating to prevent workplace vehicle accidents15 are available on the HSE website. A joint
HSE/DfT publication, Driving at work: Managing work-related road safety16, is also available
on the HSE website. This states:
The Health and Safety at Work etc Act 1974 requires you to ensure, so far as is
reasonably practicable, the health and safety of all employees while at work. You also
have a responsibility to ensure that others are not put at risk by your work-related
driving activities. (Self-employed people have a similar responsibility to that of
employers.)
Under the Management of Health and Safety at Work Regulations 1999, you have a
responsibility to manage health and safety effectively. You need to carry out an
assessment of the risks to the health and safety of your employees, while they are at
work, and to other people who may be affected by their work activities. The Regulations
require you to periodically review your risk assessment so that it remains appropriate.
…
Risk assessments for any work-related driving activity should follow the same principles
as risk assessments for any other work activity. You should bear in mind that failure to
properly manage work-related road safety is more likely to endanger other people than
a failure to properly manage risks in the workplace.
Risk assessment of work activities is an important part of complying with the legal requirements
of the Health & Safety at Work Act and HSE produces a simple guide to the process, Five steps
to risk assessment 17. This states:
The law does not expect you to eliminate all risk, but you are required to protect people
as far as ‘reasonably practicable’.
…
A risk assessment is simply a careful examination of what, in your work, could cause
harm to people, so that you can weigh up whether you have taken enough precautions
or should do more to prevent harm. Workers and others have a right to be protected
from harm caused by a failure to take reasonable control measures.
There is also specific HSE guidance on load security18. This states:
Even if the load was packed carefully, if it is not secured and shifts in transit, it presents
a risk on the road and when it arrives at its destination.
12

http://www.hse.gov.uk/haulage/index.htm
INDG379 Health & Safety in Road Haulage; Health & Safety Executive
14
INDG199 Workplace Transport Safety, Health & Safety Executive
15
WPT06 Delivering safely: Co-operating to prevent workplace vehicle accidents, Health & Safety Executive
16
INDG 382 Driving at work: Managing work-related road safety, http://www.hse.gov.uk/pubns/indg382.pdf
17
INDG163 Five steps to risk assessment, http://www.hse.gov.uk/pubns/indg163.pdf
18
http://www.hse.gov.uk/workplacetransport/loadsafety/index.htm
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…
If there is a gap between the load and the headboard, the load can shift forward under
braking, risking the life of the driver, other road users and people involved in
unloading.
The headboard should be sufficiently robust to resist movement of the load.
Wherever possible, trailers should be filled tight to the front headboard or bulkhead.
Never the less it is important to consider the distribution of weight of the load on the
vehicles axles.
If it is not possible to fill the load to the front bulkhead, intermediate bulkheads or other
methods of restraint should be used, again considering the distribution of weight on the
vehicles axles.
For double-deck trailers, another area of concern is the risk of falling from the trailer during
loading or unloading. Guidance produced by HSEv states:
In 2005/06 falls from height accounted for 46 fatal accidents at work and around 3350
major injuries. They remain the single biggest cause of workplace deaths and one of the
main causes of major injury.
…
The Work at Height Regulations 2005 apply to all work at height where there is a risk
of a fall liable to cause personal injury. They place duties on employers, the selfemployed, and any person who controls the work of others (eg facilities managers or
building owners who may contract others to work at height) to the extent they control
the work.
The guidance provides an illustration of the hierarchy of control measures for managing and
selecting equipment for work at height, reproduced on the following page:

Wherever possible, the need to work at height should be removed (for example, through loading
by fork lift truck rather than manually). If it is necessary for people to work at height on the
trailer bed, measures such as edge protection or barriers should be used to prevent people falling
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from the trailer. Fall arrest equipment, airbags and netting should only be used to manage the
consequences of a fall if all other measures are impracticable.
6.4

RESEARCH, ARTICLES & COMPANY INFORMATION

Two areas were identified of being of interest in relation to the operation of double-deck
trailers: the loading/unloading operation itself (workplace safety) and the stability of the vehicle
(road safety). For clarity, these two areas have been discussed separately. It should be noted
that, although much of the previous research does not directly relate to double-deck trailers, the
general issues identified are likely to be common across trailer types.
6.4.1

Loading and unloading

Johansson (2008)vi defined the goal of safe loading and securing:
Vehicles must be loaded correctly and safely, with the right weight of cargo and with
the cargo properly secured. This contributes to legal and safe cargo traffic on the road
and to competition on equal terms.
The primary issues surrounding loading and securing are described:
There are many good initiatives in the haulage sector, forms of agreement, handbooks,
brochures and so on, all of which are intended to contribute to the correct loading of
vehicles.
However, there has been no overall understanding of cause and effect, nor of how the
problem of overloading and inadequate securing of loads should be overcome. The lack
of overall understanding may lead to under-optimisation and unilateral demands being
placed on the wrong party, which may not have caused the problems.
Johansson suggests a number of measures that could be implemented at a European level to
improve general loading and securing practice. One measure is a defined division of
responsibility for the load. Johansson states:
Where cargo haulage is concerned, the EU should introduce legislation to redistribute
the responsibility for the correct securing of loads and for correct load weight to all
those who professionally exercise control in a cargo chain
…
The complexity and the difficulty for truck drivers to know and apply all the rules is
underestimated. When problems arise, usually the driver alone is regarded, to an
excessive degree, as being liable for the mistakes and shortcomings of others. Measures
to ensure that vehicles are correctly loaded cannot be fully effective unless more parties
in the haulage sector cooperate and responsibility under the criminal law is shared
more fairly between the various players that have control over loading.

…
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A driver usually has no opportunity to check load weight or load securing in a readyloaded vehicle. However, legislation and penalties regarding overloading and load
securing are directed solely to the driver and the transport company.
Johansson also suggests that vehicle purchasers should take more account of load securing when
specifying new trailers.
Sales material produced by double-deck trailers manufacturers tends to focus on the ability to
transport more product in the same vehicle footprint as a conventional trailer and, in the case of
curtain-sided double-decks, the ability to load from the side of the trailer.
An article in Transport Engineer magazine in 2006vii described the growing use of double-deck
trailers (fixed or lifting upper deck).
Lifting-deck trailers (Argos calls them “multideck”) were specified originally for
trunking work (…) but now they are being used increasingly on store deliveries too.
…
Last year Argos multi-deck trailers covered a total of 17.3 million kilometres. Using
conventional single-deck trailers would have entailed 28.6 million kilometres.
The importance of good loading of double-deck trailers is highlighted by reference to an
incident that occurred on a vehicle carrying empty rollcages:
The latest design of Argos lifting deck has a sturdy gate at the front. This is a direct
response to an accident caused by loaders failing to ensure adequate restraints were
used on nested, empty roll-cages on the upper deck of a trailer. The upshot was that
eight tonnes of roll-cages broke through the restraint at the front of the deck, gathered
speed across four metres of empty deck above the trailer’s swan-neck, and burst
through the trailer’s front bulkhead. They took the tractive unit’s cab clean off its
hinges. And all this happened only minutes after the truck had left the distribution
centre.
The article also describes specific issues with lifting decks that require further consideration,
including the following issue and its solution:
Translucent trailer roofs are favoured by John Lewis, to let in as much natural light as
possible. But a translucent roof is inevitably fragile and easily can be pierced in a
lifting-deck trailer by almost anything poking out of the top of a rollcage.
John Lewis’s answer is a photo-cell system in the trailer roof. Infra-red light ray
emitters and sensors at both ends of the trailer produce 84 infra-red beams, 30mm
apart, to form a protective blanket just beneath the roof. If anything interrupts one of
the beams, power to the lift’s ‘up’ button is cut within 30 milliseconds.
However, issues with double-deck trailers may not necessarily be due to the lifting deck/s, and
there may be other issues that necessitate additional considerations. An FTA case studyviii on
Boots retail delivery states:
The result was a 10m long vehicle with two floors, and a load carrying capacity of 66
roll cages. This is a 50 per cent increase in capacity over a traditional 10m urban
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trailer, which normally carries 44 roll cages, and an 83 per cent increase in capacity
over a standard store delivery rigid vehicle of similar length.
An additional design challenge was how to unload a two-deck vehicle safely on the
retail high street. The design incorporates a special door rear access configuration that
prevents the public in the high street from walking beneath the vehicles tail lift when it
is positioned to unload the top deck.
Using taller vehicles may present difficulties in the loading/unloading area if the site is not
designed to accommodate double-deck trailers. An article in Storage Handling Distribution
magazine in May 2011ix states:
One of the most common loading bay problems faced by users has arisen through the
introduction of double or multi-deck trailers. Designed to maximise space utilisation
within the vehicle, reduce the number of vehicles required and, thus, fuel bills for the
user, the increased height of these innovative trailers can cause damage to conventional
dock shelters.
…
Another common problem associated with double or multi-deck trailers is that lips on
existing dock levellers are often too short to reach the upper decks on the trailers
which, in many cases, are inset slightly.
This may not be an issue if the site has been designed with double-deck vehicles in mind,
however problems may arise on sites not designed for double-decks, or where both doubledecks and conventional vehicles are used and the varying requirements of the two types of
vehicle have not been fully considered.

Vehicle stability

6.4.2

Kharrazi & Thomson (2008)x carried out an analysis of HGV accident data using the US Large
Truck Crash Causation Study (LTCCS) database. LTCCS includes accidents involving at least
one heavy truck which caused an identifiable injury. They stated:
About 20% of heavy truck accidents are due to loss of control (loss of control refers to
yaw instability19 and turn-over in this paper) which is believed to be significantly
reduced by implementation of active safety systems such as ESC, active steering or even
further by integrated braking and steering.
…

Loss of control accidents were analyzed (sic) with respect to the accident type, loss
of control type, critical maneuver (sic), vehicle combination type and different road
characteristics (such as road surface, road profile and road alignment).

19

Yaw instability means understeer, oversteer, trailer swing or any other yaw motion
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Loss of control was associated with 18.7% of trucks involved in accidents. 54.6% of
these trucks turned-over, 30.8% had yaw instability and 14.6% were attributed to
both yaw instability and turn-over.
Kharrazi & Thomson identified negotiating a curve as a primary factor in loss of control
accidents (59.4% of accidents). Avoidance manoeuvres and road edge recovery (typically, the
‘S’ manoeuvre) both accounted for a further 22% of accidents. Typically the HGV was the only
vehicle involved in the accident and the majority of accidents analysed overall occurred in dry
weather conditions. Kharrazi & Thomson noted that exit/entrance ramps (sliproads) were a
significant risk factor.
Gothié (2006)xi examined two studies on accidents in France (Calma,T, 2002, and Briet, F.
2003) to identify common factors. 37% of the accidents studied that involved only one vehicle
occurred while the vehicle was negotiating a curve. As per the US study, the majority of
accidents occurred in dry weather conditions.
Berrington et alxii reviewed vehicle rollover risk in the haulage industry in general and in the
paper industry specifically, with a focus of high centre of gravity loads. They state:
Many factors can contribute to an accident, for example the driver's actions, the road
conditions, the vehicle and its load. An interesting feature of lorry rollovers is that, by
contrast to many other types of accidents, the roll can occur at relatively low speeds on
bends.
The static stability factor (SSF) – the lateral acceleration required for rollover in a rigid body
model – was explored. The SSF depends on the track width of the vehicle and the height of the
centre of gravity of the vehicle and its load, using the equation:

where T is the track width and H is the height of the centre of gravity.
Cerezo & Gothié (2006)xiii looked at rollover and road run-off accidents of HGVs on
roundabouts, stating:
These kinds of accidents (rollover or run-off) most often involve a HGV and no other
vehicle, occur at low speed and rarely entail injuries. Nevertheless, they have economic
consequences due to road damage, trucks damage and subsequent major traffic jams.
A 3D simulation was carried out, using a roundabout between St Quentin and Amiens that had
been identified as a junction with a significant number of accidents. It was determined that the
crossfall (camber) of the junction could be a significant factor in loss of control when the
friction between the vehicle and the road surface (the skid resistance) was low. HGVs tended to
skid and run off road when the friction was low, rather than rollover. Camber had less of an
effect when skid resistance was higher.
De Pont et al (2004)xiv carried out three investigations into vehicle speed through curves and
proposed strategies for improving vehicle stability. The commonality of the causes of HGV
rollover accidents is highlighted:
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A study undertaken in the Netherlands in 1997 (Hoogvelt et al., 1997) found that, based
on the Police reports, 61% of heavy vehicle rollover crashes could be attributed to
speed through curves, 26% are caused by the vehicle running onto the soft shoulder and
10% are related to evasive manoeuvres.
In New Zealand the Log Transport Safety Council maintains a database of all log-truck
rollover crashes. Analysis of these data shows that for log trucks in New Zealand, 55%
of rollovers are from speed through curves, 21% from running onto the soft shoulders
and 6% from evasive manoeuvres.
The similarities between these two sets of figures are remarkable given the substantial
differences in vehicle type, roading conditions and terrain. The New Zealand log-truck
fleet consists primarily of truck and full trailer combinations; more than half the New
Zealand highway network is classified as mountainous or hilly and the travel is almost
entirely on two-lane roads with very little multi-lane divided highway. In the
Netherlands the fleet is dominated by tractor semi-trailer combinations, the highway
network is almost all flat and most of the travel is on multi-lane motorways. Although
no data have been found from other countries on the cause of their rollover crashes, it
would seem likely that the pattern would be similar.
The study concluded that perception of the appropriate speed through curves was poor:
Truck drivers in New Zealand do not appear to have a good understanding of the
stability limits of their vehicles and travel too fast through curves, particularly on more
severe curves
However, perceptual features of warning signs, such as chevrons, were found to be effective in
reducing speeds through curves.
Sellami et al (2008)xv evaluated the rollover risk of heavy goods vehicles using a reliability
approach and proposed a mathematical model to address the risk. They stated:
Most of the current prevention systems have some limitations, because they are based
on real time measurements without any prediction of the vehicle dynamics.
…
Rollover risk evaluation is based on a load transfer metric, namely load transfer ratio
(LTR), that estimates the difference in tire (sic) normal forces acting on each side of the
vehicle.
Prem et al (2006)xvi examined the correlation between theoretical predictions of vehicle rollover
stability and measured values during static tilt testing of actual vehicles. Good agreement was
found between the mathematical model and experimental results.
Training material produced by BPxvii indicated that excessive speed and crash avoidance were
the most significant factors in vehicle rollover within the company. It states:
Many rollovers occurs (sic) when a driver suddenly swerve to avoid an obstacle such as
a stopped car in the road or when a driver accidentally veered off the road. Excessive
speeding contributory factor in about 40% of fatal rollovers. More than 80% of the
rollovers involve no other vehicle besides the one that rolls over.
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However, the following factors are also listed:
•

Shape of the road (curve)

•

Overshooting then correcting

•

Roll and steer frequencies coinciding

•

Adverse camber

•

Hitting a kerb or depression

•

Sudden braking or acceleration

•

Recovery from partial jack-knife

•

Driver inexperience in transporting loads with a high center (sic) of gravity

•

Failure to anticipate sharp ramp or curve

•

Entering a turn or ramp too fast

•

Swerving to avoid another vehicle

•

Load shift

It goes on to state:
The speed at which a vehicle will reach the actual rollover threshold will be determined
by:
•

Vehicle design characteristics

•

Load

•

Roadway design characteristics

•

Driver handling of the vehicle

•

Weather conditions

Specific road layouts that may contribute to vehicle rollover are listed as:
•

Curbs on the outside of curves

•

Downhill stretches leading into ramps

•

Elevated and/or lower road shoulders

•

Unrealistic speed limits for ramps off of high speed highways

•

Curves with a negative camber (usually for drainage purposes)

•

Muddy/soft road surface

The material goes on to describe methods of mitigating the risk of rollovers that have already
been implemented, such as specifying vehicles to lower the centre of gravity, using stability
systems fitted to the vehicles, and driver training to avoid rollover.
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7

LOADING AND UNLOADING

TYPES OF LOAD

7.1

Loads carried on double-deck vehicles can be as varied as those carried on conventional
vehicles and over the course of the project load types such as plastic pipe product and white
goods were observed being transported on double-decks. However, the two primary load types
encountered were:
•

Palletised loads (primarily retail goods or parcels, transported on either curtain-sided or
box-sided vehicles)

•

Rollcages (primarily retail loads, transported on box-sided vehicles)

Two distinct journey types were noted:
•

Distribution centre to distribution centre or a single large delivery site

•

Distribution centre to multiple delivery locations

The former journey type appeared to be most common, with double-decks used to transport
large quantities of goods for later onward distribution by smaller vehicles.

7.2

LOADING AND UNLOADING METHODS

Loading and unloading of double-decks is typically complicated by the need to access the upper
deck. Restricted access to the upper deck, and any limitations on headroom on the upper deck,
can make loading and unloading difficult.
The method of loading and unloading used may vary according to what facilities and equipment
are available at the loading and delivery sites. Box-sided vehicles can only be loaded and
unloaded via the rear doors, and curtain-sided vehicles may also often be loaded and/or
unloaded via the rear doors. In a distribution centre, it is possible to build dedicated facilities for
double-decks that incorporate a lifting loading deck, or provide an area to which access is
strictly controlled where the vehicle's tail lift can be used with minimal risk. However, this
involves a significant investment and may not be possible at many sites.
In distribution centres, vehicles are typically loaded using either pedestrian lift trucks or manual
loading. One site operator voiced concern at the possibility of unauthorised personnel gaining
access to the vehicle during loading, with the potential for personal injury. In that case, the site
operator had invested in an interlock system for the lifting deck that prevented access once the
vehicle loader was inside the vehicle.
Curtain-sided vehicles may also be loaded and/or unloaded via the sides, normally by using a
fork lift truck. This method of loading and unloading is particularly suited to sites that do not
have a dedicated loading bay facility for double-decks and allows access to the entire length of
the vehicle. It also means that there is no need for site personnel to access the vehicle load bed
during loading and unloading.
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7.3

EQUIPMENT USED TO SECURE LOADS

7.3.1

Common methods of securing and common problems

Methods for securing loads for road transport can be split into two main categories: containment
and restraint. What is appropriate for one load may not be appropriate for others.
This section deals with methods of securing and common problems. To illustrate the issues, a
number of the photographs are of single-deck vehicles, however the situations described are
equally applicable to double-deck vehicles.
Friction between the load and the trailer bed helps to prevent the load from moving; however it
should not be relied upon. It is difficult to ensure a consistently high coefficient of friction if the
trailer bed becomes wet or contaminated with oil and other substances, and the load may not be
in contact with the trailer bed at all times in transit, i.e. as the vehicle travels over bumps in the
road. Friction should therefore generally be seen as an aid to restraint rather than restraint in its
own right.
Containment can be further split into two categories: direct containment (blocking), where the
load is packed so it cannot move in one or more directions, and indirect containment, which
should be used as a secondary measure for hazardous loads in case of failure of the primary
restraint. For blocking to be effective, a load should be in contact with the physical restraint.
Chocks or cradles used with steel coil or paper reels are a good example of direct containment.
Positive fit, where a box-sided trailer is completely filled with the load, is also a good method of
containment.
A blocking system is shown in Figure 2 below.

Figure 2: Blocking system for a box-sider
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Some trailer types, such as flatbeds and curtain-sided trailers, are not suitable for containment
because either there is no structure or the structure is not load bearing.
On any trailer with a headboard, the load should be loaded as close to the headboard as possible
or, if there is a gap, packing, dunnage or an intermediate bulkhead should be used. The
headboard is, literally, the last line of defence for the driver against ingress of the load into the
cab, and hence it should be strong enough to resist movement of the load. The poor condition of
a number of headboards observed was stated by the operators to be a result of the load
repeatedly moving forward and striking the headboard. Figure 3 below shows an example of a
load not being loaded to the headboard, and over the height of the headboard. Sections of the
load have already slid forward in transit.

Load movement

Figure 3: Load not loaded to the headboard

Figure 4: Fatal load shift incident
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Figure 4 shows the lethal results of not loading to the headboard and securing the load. The load
of steel sheet was being moved around a dock road in Liverpool, a journey of less than one
mile, at a speed of approximately 30 kmh. As the driver braked for a roundabout, the load –
which was not secured and which had been loaded back from the headboard – slid forward and
the driver died from his injuries at the scene.
The double-deck trailer shown in Figure 5 was transporting empty rollcages from a distribution
depot. The rollcages had been loaded back from the headboard on the upper deck. As the driver
braked at a junction, the rollcages moved forward and impacted the headboard.

Figure 5: Double-deck trailer transporting rollcages
The rigid sides of a box-sided trailer will usually be sufficient to prevent the load from being
ejected, however operators should be aware that this will not prevent the load from moving
inside the trailer. Figure 6 shows this situation in a single-deck box-sided trailer stopped by
VOSA in North Wales in 2009. The vehicle originated in Ireland and had recently undertaken a
ferry journey from Dublin Port to Holyhead. The load had moved in transit, causing significant
product damage.
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Figure 6: Load movement inside a box-sided trailer
Load restraint means securing the load directly to the trailer. Examples of load restraint
measures include: frictional lashing with webbing straps or chain, direct and loop lashing, and
nets or tarpaulins rated for load restraint. EN 12195 gives examples of how lashings can be used
to secure loads. The number of lashings required depends on the method of lashing, the strength
of the lashing, the weight of the load, the friction between the load and the trailer bed and the
angle of the lashing.
The load rating of a webbing strap may not correspond to the weight of load it can restrain. The
value shown in a measure of how much force can be applied to the strap in a straight line test
without any resultant permanent damage or deformation. In use, the load securing strength of
the strap depends on several factors including the angle at which it is secured over the load, the
number of tensioners used, and the friction between the load and the trailer bed.
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Figure 7: Suspended straps in a curtain-sided trailer
Curtain-sided trailers are often supplied with webbing straps suspended from rails affixed to the
roof (Figure 7). These straps are not suitable for load restraint: they are rarely rated for a load
greater than 700kgf, they cannot be locked in the closed position as a ratchet strap is, and they
are attached to the unrated superstructure of the trailer.
High-risk loads that could cause serious harm if they were to be ejected from the vehicle may
need to be secured through more than one method, so that the failure of one does not endanger
either the driver or other road users. This would apply to loads such as steel, construction
material and kegs or reels. This follows on from the redundancy principle set out in the
European Commission Machinery Directivexviii that there should be no single fault that leads to
a dangerous condition20.
7.3.2

Securing systems for double-deck vehicles

Securing systems developed specifically for double-decks are, at the present time, not
particularly common for palletised loads. Rollcages generally appear to be secured more
robustly, however rollcages are typically transported in box-sided vehicles and can be readily
secured against movement using either retaining bars that slot into rails mounted on the vehicle
sidewalls or webbing straps similarly attached to the rails.
For box-sided vehicles, the body structure can be the most important part of the load securing
system. The example shown in Figure 8 on the following page is of a box-sided fixed upper
deck double-deck trailer, loaded and waiting for securing bars to be fitted across the rear of the
load.
20

It should be noted that, while vehicles are specifically excluded from the requirements of the Machinery Directive,
the general principles of design set out in that document are felt to be informative in this instance.
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Figure 8 – Rollcages loaded in a box-sided double-deck
Curtain-sided vehicles present a particular challenge in terms of securing the load for transport,
particularly if the vehicle is loaded by forklift truck from the side. The upper deck may not be
fitted with any suitable attachment points for lashings and working on the upper deck involves a
risk of falling from height. However, there are products that allow lashings to be placed on
loads on double-deck vehicles from ground level and other systems where lashings or load
securing tarpaulin systems can be suspended in the roof of the vehicle and let down over the
load once loading is complete. An example of such a system fitted to a conventional trailer is
shown in Figure 9 21 below:

Figure 9 – Example of suspended securing system
21

Photograph ©nwe.fi
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The appropriate method of securing may depend partly on whether the system is specified as
part of a new build or whether the system is required to be retrofitted to an existing fleet. In the
UK market, trailer builders tend to offer highly customisable vehicles depending on the
customer’s specific requirements and hence there is considerable potential for vehicle buyers to
specify a design that facilitates both easy loading and easy load securing.
Retrofitting a load securing system may be a more complex process and it is important to ensure
that the vehicle structure is strong enough to support the installed system. HSE’s guide to
workplace transport safety xix states:
Retrofitting must not significantly weaken the chassis or body structure;
In particular you should not consider drilling holes in the chassis and welding to it
without the approval of the original manufacturer;
Retrofitting should also take account of the structure of the vehicle. Sensitive points
such as fuel tanks will need to be avoided.
Modifications made without an assessment of their effect on their vehicle structure may increase
the overall risk of injury.

7.4

ACCESSING THE TRAILER BED

7.4.1

Falls from vehicles

Falls from vehicles are one of the most common types of workplace transport accidents and can
occur due to factors such as slipping from the load bed or access equipment, tripping over part
of the load or another obstruction on the load bed, moving to avoid a falling or collapsing load,
or a lack of awareness of edge proximity. HSE’s workplace transport guidance states:
By law, employers must take suitable and effective measures to:
•

Prevent anyone from falling a distance that is likely to hurt them, and;

•

Prevent anyone from being hit by a falling object that is likely to hurt them

…
By law employers must consider a hierarchy of different ways of controlling the risks
from working at height so they choose the safest option for the work.
The hierarchy of controls is discussed further in Section 6.4.3.
7.4.2

Access equipment

As previously mentioned, systems such as dedicated loading bays and lifting docks can make
the loading and unloading of double-deck trailers easy and minimise the risk to loading bay
personnel. However, provision of these facilities is not necessarily practicable and other
methods of access may need to be considered.
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Tail lifts are commonly used when there is no means of loading or unloading at sites. The tail
lift of a double-deck vehicle is necessarily raised to a height much greater than the tail lift of the
standard vehicle and for that reason edge protection is important to reduce the risk of falling
from the raised tail lift. An example of handrails fitted to a double-deck tail lift is shown below
in Figure 10.

Figure 10 – Tail lift handrails on a double-deck trailer
If there is no tail lift, other means of accessing the load bed may need to be considered if access
is necessary. This could take the form of working platforms or gantries if the site is suitable, or
ladders or mobile elevating work platforms (MEWPs) if necessary. Some fork lift trucks can be
used to lift people on purpose-built working platforms. Pallets should not be used as working
platforms as they are not designed for that purpose.
7.4.3

Edge protection and fall-arrest

The risk of falling from the vehicle is particularly acute when working on the upper deck of a
curtain-sided vehicle with the curtains open. A fall from the upper deck could result in serious
injury or even death. There are three approaches to dealing with the risk, listed below in order of
preference:
•

Removing the need to work at height

•

Providing physical barriers to falls such as handrails

•

Fall arrest

Removing the need to work on the upper deck using systems such as those mentioned in Section
6.3.2 completely removes the risk of falling and is the preferred option. If the risk cannot be
removed completely, then physical barriers to falls such as handrails or guards can be
considered. The HSE information sheet Safe access to road-going vehicles: Specifying the right
equipment xx states:
How often workers need to get on and off the load area will vary according to the type
of vehicle, type of load, method of loading/unloading and the need for sheeting etc.
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Where possible, choose a vehicle/loading system that minimises the need for access to
the load area, using the hierarchy of controls for work at height.
If work at height is unavoidable, safe access should be provided, with preference to
vehicle-based equipment
…
If vehicle-based access is not possible, then a site-based provision may be a solution,
such as pairs of platforms with access steps and handrails to provide access to the
vehicle and a place to work from. If your vehicle is visiting sites run by other companies
then you will need to discuss this with them to ensure that the necessary facilities to
allow drivers safe access are available.
Fall arrest equipment is a potential solution to the dangers of working on the upper deck,
however it does introduce additional issues. Fall arrest equipment relies on a suitable attachment
point being available in the vehicle and an inspection regime to ensure that it continues to be
suitable for use. From a behavioural perspective, a safety measure that relies on the user using it
correctly will always have the potential for misuse that a fixed handrail system would not. HSE
workplace transport guidance states:
In some workplaces it may be practical to fit a harness system to protect people
working at height, such as a ‘work restraint’ or an ‘inertia-reel fall-arrest’ system,
where harnesses are worn linked to overhead rails.
If you provide ‘fall-arrest’ systems, you should consider using signs to show that they
must be used. You must also supervise and monitor their use. You must consider
maintenance and provide training to users.
Management and direct supervision of the use of fall-arrest equipment is relatively
straightforward on a fixed site but is considerably more difficult for drivers delivering ‘off site’
i.e. to premises outside the direct control of the driver’s employer. For this reason, either
removing the need to access the load bed entirely or providing a physical barrier to falling from
the load bed that is not easy to circumvent may be a more practicable solution that the use of
fall-arrest systems.
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SUMMARY OF LOADING AND UNLOADING ISSUES

7.5

The aim of loading and securing goods for safe transport on double-decks is to ensure firstly
that the load does not fall out of the vehicle in transit or during unloading, and secondly to
ensure that risks from working at height are adequately controlled.
As with conventional vehicles, there appears to be no single ‘ideal’ solution to the loading and
securing of goods on double-deck vehicles, since the most practicable solution will reflect
parameters including but not limited to:
•

Access facilities at the loading site

•

Access facilities at the unloading site/s

•

Type of load

•

Equipment available to secure the load

•

Whether the load is to be loaded/unloaded via the sides or via the rear doors

The consequences of not loading and securing properly can be severe, both in terms of personal
injury and also economic impact in the form of vehicle and product damage, delay, and
reputational harm. A broad consideration of the most practicable approach to loading and
securing, informed by risk assessment, appear to have a strong cost benefit to operators.
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STABILITY OF DOUBLE-DECK TRAILERS

8
8.1

STABILITY AND THE STATIC STABILITY FACTOR

Heavy goods vehicles are typically much more vulnerable to rollover than a passenger vehicle
because the centre of gravity of the vehicle is higher above the road surface. The basic
principles of rollover were studied by Kemp et al (1978) and the findings were summarised by
McMahon et al xxi as:
The accident statistics showed that most LGV rollovers were single vehicle accidents
such that the cause was likely to be related to vehicle roll stability rather than the
consequences of a collision.
The proportion of accidents involving articulated vehicles that rolled over was twice the
proportion for rigid vehicles.
A large number of rollovers occurred that did not involve injury and were not reported
on STATS 19 but still caused severe traffic congestion and cost many thousands of
pounds in terms of damaged vehicles and loads.
Roll stability of both rigid and articulated vehicles can be accurately predicted from
static tilt table tests. A vehicle is likely to roll over when the lateral acceleration
(measured in units of “g”) exceeds the static stability factor. The height of the centre of
gravity of the combined vehicle and load is the dominant factor that determines roll
stability but other factors can have substantial effects, such as:
•

Track width

•

Longitudinal position of the centre of gravity (for articulated vehicles).
The further forward the load the less the stability

•

Suspension roll stiffness

•

Width and stiffness of the fifth wheel coupling for articulated vehicles

Due to the importance of the centre of gravity height heavier vehicles were less stable
than lighter vehicles for the same load density and the same length and width
restrictions.
Using the formula22 for the static stability factor presented in Section 5.4.2 of:

Assuming a track width T of 1.5m and a height of centre of gravity H of 1m23 for a passenger
vehicle, the SSF would be 0.75g. However, for an HGV the SSF would typically be much lower

22

It is recognised that this formula is a simplified method of calculating the SSF, since it takes no account of dynamic
factors such as vehicle suspension performance. However, it is used here for the purpose of comparison.
23
For many passenger cars, the height of the centre of gravity is likely to be lower than 1m, and hence the SSF will
be in excess of 1g.
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and some examples of this variation, calculated using an assumed track width of 2.5m, are
shown in Chart 5 on the following page:
Height of centre of gravity (m)

SSF

1.5

0.83g

2

0.63g

2.5

0.50g

3

0.42g

3.5

0.36g
Chart 5 – Calculated HGV SSF

The higher the centre of gravity above the road surface, the lower the SSF.

8.2

FACTORS INFLUENCING STABILITY

8.2.1

Changing direction

When a vehicle changes direction, for example by turning into a roundabout or swerving to
avoid an obstacle, the vehicle will roll away from the centre of the curve. Vehicles with a high
SSF will tend to slide rather than roll.
A vehicle that is changing direction is travelling around a theoretical circle of radius r.
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The vehicle has an angular velocity around the circle and a ‘straight line’ linear velocity v. The
angular velocity ω and the linear velocity are related by the equation:

(measured in radians/second)
The linear acceleration of the vehicle is

.

The Department for Transport Code of Practice stipulates that the load securing system should
be capable of withstanding an acceleration of 0.5g (4.91 m/s2) to prevent load movement. This
value has been used as an example of how the speed can be calculated.
When cornering on a 100m radius curve, the angular velocity would be:

The linear velocity v can then be calculated:

The velocity is 22.2 m/s or 49.7 mph. This is a speed greatly in excess of that which would
typically be expected when negotiating a corner or roundabout.
Using the ‘worst case’ SSF from Chart 5 using the same curve radius of 100 m, where the SSF
is 0.36g (3.532 m/s2), the vehicle would tend to rollover when the vehicle was travelling at 18.8
m/s or 42 mph. Chart 6 below shows the decrease in calculated rollover speed for a vehicle with
an SSF of 0.36g for decreasing curve radius.
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Chart 6 – Rollover speed of a low SSF vehicle by curve radius
As stated previously, the calculations were carried out for a rigid body model and do not take
account of dynamic effects which would have the effect of reducing the SSF still further.
Distribution of load and load movement

8.2.2

Winkler & Ervin (1999)xxii noted a strong relationship between the basic stability of an HGV
(SSF) and the likelihood of a single vehicle untripped 24 rollover accident. Increasing the SSF by
lowering the height of the centre of gravity significantly reduced the risk of a rollover accident.
Winkler & Ervin also noted that the dynamic SSF was likely to be much lower than the static
value, since there is likely to be lateral displacement of the centre of gravity due to roll motion
of the tyres and suspension as the vehicle tips. It is noted that:
The cargo can be placed off center (sic) and thereby contribute to the lateral
displacement of the cg.
…
Thus, a 1-cm lateral deflection results in a loss of stability equal to about 1 percent of
the original rigid-body stability of the vehicle.
When considering load distribution on a double-deck vehicle, it is important to consider the
distribution of weight between the decks as well as the distribution across the width of the
trailer. Loading the vehicle so that a significant proportion of the load weight is positioned on
the upper deck can raise the centre of gravity of the vehicle and hence lower the SSF. As
illustrated in Chart 5 in Section 7.1, raising the height of the centre of gravity of an example
vehicle from 2 metres to 3 metres can reduce the SSF from 0.63g to 0.42g.

8.3

TILT TESTS

To investigate the sensitivity of double-decks to rollover as a result of the increased load height,
HSL commissioned the Transport Research Laboratory (TRL) to carry out a series of
comparative tests using a double-deck and a conventional single-deck trailer in both unladen
and laden configurations.
Testing was carried out using a tilt table. Delislexxiii describes a tilt table as a device used to
determine the rollover threshold of heavy vehicles. It is essentially a laterally tilting platform on
which vehicles are installed and tilted until one or more high side tires (sic) are off the
platform. The test vehicle is shown on the tilt table in Figure 11.

24

Untripped means a rollover not precipitated by contact with a kerb or other object in the roadway
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Figure 11 – Tilt table testing (photograph ©TRL)
The gross vehicle weight (GVW) of the unladen single-deck trailer was 16,460kg; the GVW of
the unladen double-deck trailer was 18,440kg. The load weight for the single-deck trailer was
12,060kg, while the load weight for the double-deck trailer was 14,740kg 25. Chart 7 below
shows the static stability factor (SSF) obtained experimentally from each trailer type, which are
broadly comparable to the theoretical values calculated in Section 7.1.

Trailer

SSF (left)

SSF (right)

Average SSF

Single-deck (unladen)

0.88g

0.80g

0.84g

Single-deck (laden)

0.71g

0.72g

0.72g

Double-deck (unladen)

0.68g

0.69g

0.69g

Double-deck (laden)

0.44g

0.41g

0.43g

Chart 7 – Static stability factor for single-deck and double-deck trailers
It can be seen from Chart 7 that there is significant variation between the results for the singledeck and those for the double-deck. The SSF of the laden double-deck was just over half that of
the unladen single-deck. A graphical comparison of the vehicle rollover limits is shown in Chart
826 on the following page:
25
26

5,900 kg on the upper deck and 8,840kg on the lower deck
Comparison chart produced by TRL
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Chart 8 – Comparison of vehicle rollover limits
It can be seen from Chart 8 above that the resistance of both laden and unladen double-deck
trailers to rollover is much lower than the single-deck trailer, laden or unladen, and the
difference in performance increased with speed of the vehicle and radius of the turn.
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9
9.1

MITIGATION MEASURES

OVERVIEW

Previous sections have discussed the various issues surrounding loading/unloading and transport
of goods on double-deck trailers. In this section measures of mitigating the risks inherent in the
transport operation are discussed, from the initial planning stage to dealing with problems that
arise during loading, transport, or unloading.
As with the issues themselves, many of the mitigation measures can be applied to a wide variety
of trailer body types, not only to double-decks. However, the use of double-decks introduces
certain issues that may not be relevant to other trailer body types.

9.2

LOADING AND UNLOADING

9.2.1

Risk assessment and loading plans

Risk assessment is a legal requirement for employers but it can also be a tool to identify
potential issues before they become problems. Risk assessment does not have to be a
complicated or time-consuming procedure; it is simply the process of thinking through each
stage of the operation, what could go wrong at each stage, and whether the risks of something
going wrong can be mitigated in a reasonably practicable way. Reasonably practicable is the
key phrase; the aim should be to control risk sensibly and proportionately.
When carrying out a risk assessment of loading/unloading, it is very important to look at the
operation as a whole rather than discreet components. During the compiling of this report,
instances were noted of companies implementing new equipment or working practices to
address one issue, typically working at height, and as a result introducing new and potentially
more serious hazards in other areas, such as load securing or the risk of falling objects.
Considering the operation as a whole not only avoids introducing unforeseen hazards but may
also reduce the cost of new equipment and any training that may be required if one solution can
be used to fulfil a number of functions; for example, side protection structures that function both
as load containment and edge protection for working at height.
The HSE publication, Five steps to risk assessment xxiv, states:
A risk assessment is an important step in protecting your workers and your business, as
well as complying with the law. It helps you focus on the risks that really matter in your
workplace – the ones with the potential to cause real harm.
…
A risk assessment is simply a careful examination of what, in your work, could cause
harm to people, so that you can weigh up whether you have taken enough precautions
or should do more to prevent harm.
The five steps are shown on the following page:
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For a consignor, the risk assessment should take account of the entire transport operation, from
loading the vehicle to how it will be unloaded. This will be discussed further in 8.2.3.
9.2.2

Planning loading and access to the vehicle

For some companies, the loads carried on their vehicles may vary from day to day, and even
during the working day as loads are delivered and picked up. However, where companies carry
the same or similar loads day in, day out, a standard loading plan can be used to ensure that
loaders load vehicles in a consistently safe manner. This is likely to be of particular relevance
on double-deck trailers, where the vehicle is usually running with similar loads to the same
destination on a regular basis.
A suitable loading plan, prepared by a competent person who may or may not be employed
directly by the consignor, can speed up loading considerably by reducing the level of decisionmaking required by the loaders. Providing the driver with documentation to show how the
vehicle has been loaded, and how the load has been secured within the vehicle, may assist the
driver in demonstrating that the load is in a safe condition if the vehicle is subject to inspection
by the police or VOSA.
A good loading plan should take into account the drop order, if more than one delivery is
planned, and the weight distribution of the load, not only between the axles but also between the
decks. This may require careful consideration for multi-drop loads, and it may be necessary to
re-plan the route or arrange for the vehicle to be reloaded at intermediary sites in order to ensure
that the vehicle does not become dangerously top-heavy.
As part of the overall risk assessment, the means of accessing the trailer and controlling access
to the trailer should be carefully considered. Some companies provide dedicated loading bays
for double-deck trailers, but vehicles may be delivering to sites without such loading bays or
even at the roadside. A driver or loader working on the upper deck can suffer serious injuries if
they fall from the deck. In a box-sided trailer, loaded via the rear doors on a dedicated loading
bay, there is little risk. In a curtain-sided trailer, loading via the side by forklift truck in an open
yard, there is a high risk of injury. If there is no reason to access the decks from the side, a boxsided trailer may be a more suitable vehicle for the load.
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Securing the load on the upper deck of a double-deck trailer may not be straightforward,
particularly if the upper deck has restricted headroom. Again, it is worth considering whether a
curtain-sided trailer is necessary or whether a box-sided trailer can be used instead. If the load is
loaded to the headboard or a suitable bulkhead on the upper deck, and is packed across the
width of the trailer with appropriate restraints to rearward movement, then it should be
adequately constrained by the trailer structure as long as there is sufficient structural strength in
the trailer. This removes the need for loaders to access the upper deck in order to fit load
restraints.
9.2.3

Communication

Good and open communication between consignors, hauliers, delivery sites and any other party
involved in the transport operation appeared to be a significant factor in safe and efficient
deliveries. The number of parties involved in a typical transport operation means that
responsibility for loading may become confused, particularly if the driver and loading bay staff
are not employees of the company despatching the goods. Examples were observed of transport
chains comprising four or more companies that appeared to work well, and transport chains
comprising only two companies that did not appear to work well. The most significant
differential factor was the level of communication between the parties in each case.
Five steps to risk assessment specifically discusses situations where different parties share a
workplace. It states:
What if the work I do tends to vary a lot, or I (or my employees) move from one site to
another?
Identify the hazards you can reasonably expect and assess the risks from them. This
general assessment should stand you in good stead for the majority of your work.
Where you do take on work or a new site that is different, cover any new or different
hazards with a specific assessment. You do not have to start from scratch each time.
And:
What if I share a workplace?
Tell the other employers and self-employed people there about any risks your work
could cause them, and what precautions you are taking. Also, think about the risks to
your own workforce from those who share your workplace.
In planning the load, and ensuring that the driver has all the information that he or she needs to
deliver safely, it is important that the consignor knows details such as what equipment is
available at the delivery site to unload the vehicle, whether staff at the delivery site will be
unloading the vehicle or whether the driver is expected to do so, where the driver is expected to
report to and whether there are specific rules on site, or whether there are any particular
characteristics of the delivery site, such as a sloping or constricted site, that might make
unloading difficult. Thinking about these aspects of the transport operation in advance reduces
the likelihood of delays during delivery and contractual disputes arising from, for example, a
lack of suitable equipment at the delivery site to unload the vehicle.
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9.3

IN TRANSIT

9.3.1

Information and communication

As discussed previously, it is useful if the driver is supplied with information about both the
load and how the load has been secured within the trailer. Information about the delivery site/s
and any particular requirements for arrival and delivery can also be useful. HSE workplace
transport guidance states:
As with other areas of workplace transport , employers have a legal duty to take all
‘reasonably practicable’ steps to ensure the safety of everyone affected by their work
activities and on their premises, and to co-operate with other employers to ensure
health and safety.
Many delivery and collection accidents could be prevented if there was better cooperation between the people involved. A lack of any agreement about ‘who is
responsible for what’ in terms of safety is a common factor in delivery accidents.
…
All parties involved in deliveries should exchange and agree information to make sure
goods can be delivered and collected safely. Even for a ‘one-off’ delivery, everyone
involved should communicate to make sure safety responsibilities have been met.
For double-decks, which have relatively specialised needs in terms of access and equipment, it
is particularly important to pass on information such as any site restrictions, safe approach
routes to the site – avoiding, for example, low bridges – safe routes around the site, and
requirements for access or work equipment such as fork lift trucks or access gantries. HSE
workplace transport guidance states:
You should consider (and, if possible, agree) delivery safety arrangements before you
take or place orders. This will reduce the risk of accidents and the risk of wasting time
and money when a delivery is delayed or has to be sent back because a site can’t handle
the load or the vehicle carrying it.
It may be worthwhile setting up a system by which the driver can report problems with the way
in which the vehicle was loaded or the load secured. For example, in two of the companies
visited there was a recurring problem with roll cages not being secured properly within the
trailer. When drivers opened the rear doors to unload via the tail, cages were rolling back out of
the trailer.
Situations of this kind are not beneficial for any party in the loading chain. There was anecdotal
evidence of damage to product, the cages themselves, and to vehicles as the cages moved within
the vehicles in transit. Although no injuries had been reported, there was concern amongst the
drivers that they were being put at risk. As they were not employed by the same company as the
loaders who had loaded the vehicles, they did not feel they could influence the way in which the
vehicles were loaded.
Implementing a reporting system not only creates a record of a problem, but also identifies
where additional instruction and/or training needs to be provided to loading bay staff to ensure
that vehicles are loaded correctly, and whether additional supervision is required to ensure that
vehicles are loaded according to the loading plan.
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9.3.2

Driving for stability

Double-deck trailers are inherently more vulnerable to roll over than single-deck trailers due to
their higher centre of gravity relative to the road surface. While it is very important to load this
so that the centre of gravity is as low as possible, and to ensure that the load weight is
distributed correctly between the decks, it is also critical that drivers understand the importance
of driving at appropriate speeds to minimise the risk of rollover.
Dilich and Goebelbeckerxxv list a number of possible contributory factors for vehicle rollover,
including excessive speed at curve entry, counter-steering, high centre of gravity loads, top
heavy loads, under-inflated tyres, collapsed suspension, cargo distribution, load shift and curve
banking (camber). Contributory factors can be broken down into three primary areas: load
distribution, speed, driver behaviour and route planning, and vehicle condition.
9.3.2.1

Load distribution

As previously discussed, the height of the load has a significant effect on the basic stability of
the vehicle. Vehicles delivering to multiple sites may be loaded in drop order, which means that
the load distribution between the decks may not be optimal. There was anecdotal evidence of
double-deck rollovers that were believed to have occurred due to poor load configurations.
As part of the risk assessment for transporting the load, the distribution of weight both between
the decks and across the width of the vehicle should be carefully considered. The risk
assessment may also have to take into account any changes in the load distribution during multisite deliveries to ensure that the vehicle’s stability is not compromised.
9.3.2.2

Speed, driver behaviour and route planning

Speed is an important factor to take into consideration when assessing the stability of a laden
double-deck vehicle. As the calculations and the tests carried out by TRL demonstrate, the basic
stability of a double-deck vehicle is much less than that of a comparable single-deck vehicle.
Drivers with relatively little experience of double-deck trailers, or drivers who alternate between
driving single-deck trailers and double-deck trailers may misjudge the appropriate speed for risk
zones such as roundabouts and motorway slip roads and companies should consider the need for
additional training, mentoring from other drivers, or restricting drivers to one type of trailer.
Road layout is also an important factor to take into consideration. Routes that might be
acceptable using a single-deck trailer may result in an increased risk of rollover when using a
double-deck and generally routes should be planned to avoid, as far as possible, known problem
areas such as cambered slip roads and roundabouts.
9.3.2.3

Vehicle condition

The condition of the vehicle may significantly affect its stability and a good maintenance and
management regime to proactively identify defects and follow up driver-reported defects is
good business since the condition of the tyres and suspension, in particular, can contribute
significantly to the basic stability of the vehicle. HSE workplace transport guidance states:
By law, every employer must make sure that work equipment is maintained in an
efficient state, in efficient working order and in good repair.
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‘Good repair’ is ensured through a combination of the driver’s daily checks and regular planned
maintenance.
It was noted during the course of the project that box-sided double-decks transporting rollcages
secured by bars or webbing straps often suffered damage to the securing rails attached to the
vehicle side walls in the form of distortion to the bar sockets. It was also noted that bars were
relatively vulnerable to damage, particularly if they were not placed close against the load. An
inspection regime for this type of equipment is recommended in order to ensure that it remains
in serviceable condition.
9.3.3

Planning for the worst

Loads that have moved in transit can cause significant disruption and delay at the delivery site
and it is good practice to put into place a system for dealing with shifted loads so that the
situation can be dealt with as quickly and efficiently as possible. It was noted during the course
of this research that the prevalence of companies indicating that they would turn away vehicles
with shifted loads appeared to have decreased since HSL's initial research into load security in
2007. The majority of companies indicated that they had demarcated an area of the site where a
vehicle with a shifted load could be isolated and unloaded safely.
However, it is still important for both consignors and hauliers to consider what happens if a load
shifts in transit and put in place a system for the driver to access assistance and support in
resolving the problem. Drivers should not be left to attempt to stabilise or re-load a shifted load
themselves at the roadside, as this puts them at significant risk of harm.

9.4

NEAR-MISS REPORTING

Accidents do not necessarily occur in isolation and may be preceded by one or more “near
misses” i.e. an incident in which something goes wrong but no injury occurs. Examples of a
near-miss during loading/unloading would be an item unexpectedly falling from a trailer when
the doors were opened for unloading, or a driver reporting rollcages moving in the trailer in
transit. Effective reporting of near-misses can allow systemic issues at an early stage, allowing
mitigation without injuries to personnel or serious damage to both vehicles and infrastructure.
Companies use different systems of near-miss reporting depending on their loading/unloading
arrangements. Drivers and/or loading bay personnel may be asked to fill in an incident form, or
asked to make a note on the delivery document/s. Other companies operate a telephone
reporting system, so that drivers can report issues quickly.
Regardless of the reporting arrangements, a near-miss reporting system can only be effective if
reports are analysed for serious defects in operational procedures or recurring trends that
indicate that a change in procedure or the provision of additional training or instruction for
drivers and/or loading bay staff is required.
The safety culture within a company and, in particular, the operation of a “no blame” policy for
near-miss reporting is very important to the operation of an effective system. Self-employed or
agency drivers may be reluctant to report issues to the consigning company if they feel such
reporting would be detrimental to themselves with regard to future employment.
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Management engagement and active encouragement of reporting as a tool to improve work
practices also appears to be very important. A recurring theme in informal discussions with
drivers was their strong sense of self-reliance and desire to “get the job done”. These are
positive traits when combined with an employer’s determination to improve standards and
provide a safe work environment; however, for a number of drivers these traits worked against
them when combined with a less diligent employer or in environments where systems of work
had been inadequately cascaded down the management chain. These drivers exhibited low
morale both in terms of their own job satisfaction and their feelings towards their employer.
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SUMMARY

For both hauliers and society as a whole, double-deck vehicles offer clear benefits over
conventional single-deck vehicles as their increased payload allows goods to be transported on
fewer vehicles. For the haulier, this means a reduction in costs, and for society as a whole this
means fewer heavy goods vehicles on the road and a reduction in emissions, road wear and
congestion.
As the use of double-decks becomes more widespread, it is increasingly important for
consignors, hauliers and delivery sites to ensure that vehicles are loaded and unloaded safely in
order to reduce the risk of personal injury and also to reduce the economic costs of load shift
and vehicle instability in terms of vehicle and product damage, time delays and additional costs,
and reputational harm.
The aims of loading for safe road transport on double-deck heavy goods vehicles are, firstly, to
ensure that the load is loaded and secured in such a way that the risk of working at height is
minimised. Secondly, the load should be secured so that it does not move in transit. This helps
to reduce the risk of vehicle rollover. Thirdly, it should be possible to unload the vehicle in a
safe manner.
Good communication between all parties in the transport chain can avoid many problems. A
typical transport chain can involve three or more companies but simple information such as sitespecific instructions, site approaches that avoid obstructions such as low bridges, and ensuring
that appropriate infrastructure and equipment is available to accommodate a double-deck
vehicle helps to minimise delays and additional costs. It is suggested that information of this
nature should be routinely requested and supplied at the order stage to facilitate efficient
delivery.
A loading plan is suggested as a means of identifying potential problems and ensuring that
everyone involved in the transport chain is in possession of the necessary information. It is a
legal requirement to risk assess work processes and a loading plan can contribute to that risk
assessment.
This report identifies a clear reduction in the basic stability of a double-deck trailer, laden or
unladen, when compared to a conventional trailer. This means that double-deck vehicles are
more likely to experience rollover on the road, particularly when cornering or undertaking
manoeuvres such as swerving to avoid obstacles.
It is suggested that operators should carefully consider the distribution of the load weight both
across the width of the trailer and between the load decks to ensure that the centre of gravity is
kept as low as possible. This may require careful consideration for multi-drop loads, and it may
be necessary to re-plan the route or arrange for the vehicle to be reloaded at intermediary sites in
order to ensure that the vehicle does not become dangerously top-heavy.
Route planning to avoid risk spots such as cambered corners and roundabouts, and driver
training and awareness of the necessity to manoeuvre at lower speeds than would be expected
for a single-deck vehicle, may also help to reduce the risk of rollover.
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Load security on double-deck trailers

Over the last two decades, the proportion of goods
transported by road has steadily increased. The
majority of those loads are transported in heavy
goods vehicles (HGVs). The average length of haul for
GB-registered HGVs has increased over the same time
period despite rising fuel costs. Those fuel costs, along
with the demands for larger payloads and a desire to
see reductions in the number of vehicles on the road,
have led to many operators considering or introducing
the use of vehicles with more than one load bed.
The move towards double or multi-deck vehicles
has been partly driven by a change in the profile of
goods transported due to economic conditions. The
distribution model for these products is suited to
use of double-deck vehicles, hauling product from
distribution centre to distribution centre or retail stores.
This research has considered good practice in the
safe use of this type of vehicle and has identified
measures that operators can take to reduce the risks
inherent in using double-deck trailers. Safe loading,
delivery planning and consideration of issues such
as manual handling and working at heights can also
improve the efficiency of loading and unloading and
reduce economic loss in terms of damaged product
and damaged vehicles. Load placement and securing
have been identified as issues that can be addressed
through load planning, risk assessment, training and
communication between all parties in the transport
chain.
This report and the work it describes were funded
by the Health and Safety Executive (HSE). Its
contents, including any opinions and/or conclusions
expressed, are those of the author alone and do not
necessarily reflect HSE policy.
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