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Preface
“What is practicable and reasonable?” The defining legal 
$64,000 question.

Few people involved in business today are unaware of the duties that 
companies hold for their employees, their customers or the general public. 
Many of the duties are now enshrined in an ever increasing range of legislation 
which we all attempt to keep abreast of and comply with despite the difficulties 
of interpretation and compliance. 

Defining what are reasonable and practicable measures to minimise risks in road 
traffic accidents takes businesses into uncharted waters. As soon as a vehicle 
exceeds 25mph serious injury and death becomes a significant possibility; 
above 40mph it becomes a significant probability. Assessing what is reasonable, 
particularly when the very process of driving a vehicle at normal road speeds 
would not be condoned if the automobile and its cousin the commercial vehicle 
were invented today, is not a simple task.

Reassuringly, an understanding is emerging from Government and enforcement 
agencies that those companies that implement a structured methodology 
which ensures compliance should be recognised and encouraged, even if they 
have suffered a significant incident. Sanctions, penalties and jail should only be 
reserved for those who fail to employ reasonable and practicable solutions to 
the legislative framework and duty of care that we should operate within in 
our daily activities. Making examples of companies who have endeavoured to 
meet these challenges will inevitably lead to a view that compliance has little 
reward.

I am pleased to say that there are groups of people who are prepared to engage 
these difficulties and are attempting to apply their considerable foresight in 
addressing them. They are trying to define the basis that best practice should be 
built on, the limits of current reasonableness and seeking out the level of practicality 
that the man in the Clapham omnibus would recognise as being acceptable.

Collaboration and discussion leading to the commissioning of this document has 
brought together Government, industry and manufacturers in a common goal of 
producing a reference document that identifies the parameters that should be 
considered when designing, selecting or using a vehicle that carries cargo, materials 
and/or tools. Importantly, it has identified the limits of reasonableness and practicality 
when considering a range of issues including the dissipation of energy.

Having led the process, I am delighted to report that the Technical Reference 
has been recognised by the Health and Safety Executive (HSE) as the basis for 
the development of specific non-technical driver guidance on day-to-day activity. 
I applaud the HSE for recognising this work and its value in giving industry a basis 
for understanding a very difficult subject and taking the lead in accepting that these 
issues must be defined to give some certainty in a very uncertain world.

Paul Wood
Fleet Services Director
TransLinc Ltd
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1 Introduction 
Current UK Health and Safety at work regulations place a ‘duty-of-care’ upon employers to take 
reasonable and practical steps to assess and manage the risks to their employees whilst at work and 
others that may be affected by their work activities. Under this legislation vehicles used for business 
purposes are considered to form part of the ‘workplace’ and as such it is necessary for employers to 
assess and manage the risks associated with the commercial use of their vehicles. 

Accidents are a principal risk associated with road vehicles and result in many deaths and serious 
injuries on UK roads each year. It is estimated that work-related road traffic accidents account for 200 
road deaths and serious injuries each week (www.dft.gov.uk/drivingforwork/), while the incident of 
work-related road accidents in which a person was injured and a van was involved is approximately 
16,000 per annum (Lang and Rehm, 2006). 

In an accident cargo carried on vehicles has the potential to cause death and serious injuries to the 
vehicle occupants and other road users if it is not adequately restrained. Despite an appreciation of 
this risk there is a limited understanding and consensus on the reasonable and practical steps that 
employers should take to restrain and manage the risks posed by carried cargo. Inevitably this 
situation has on the one side contributed to road accident deaths and serious injuries that could 
possibly have been avoided, while on the other hand this has led to successful prosecutions of fleet 
operators and employers based on unreasonable expectations of what is reasonable and practical in 
terms of adequately restraining cargo for the specific accident condition. 

The objective of the Technical Reference (TR) is to provide practical advice and understanding on the 
reasonable and practical steps that can be taken to restrain cargo under accident conditions. The TR 
focuses on the restraint of cargo carried by Light Commercial Vehicles (LCVs) that have a Gross 
Vehicle Weight (GVW) equal to or lower than 3.5 tonnes. Although it is currently considered that 
LCVs have a reasonably good and rapidly improving accident record per kilometre travelled the 
principal reason for the TR concentrating on LCVs is attributed to the practical difficulties that exist 
in restraining cargo carried by heavier vehicles under accident conditions. It is considered that the 
mass of the restraints that would be needed to adequately restrain cargo carried by heavier vehicles 
would severely reduce the capacity of the vehicle’s payload. This could lead to a demand for a greater 
number of heavy vehicles and/or heavy vehicle journeys, which in turn could have adverse 
consequences on congestion, the environment and possibly the number and frequency of accidents. 
However, many of the principles presented in the TR could be applied to the restraint of cargo on 
vehicles with a GVW greater than 3.5 tonnes. 

It is anticipated that the TR will provide an authoritative reference for fleet operators and employers 
on how to assess and manage the risks associated with cargo carried by LCVs under accident 
conditions. The TR will also provide the necessary consensus of understanding that is needed by fleet 
operators, employers, law enforcement agencies and the legal profession on the reasonable and 
practical limits that cargo can be safely restrained in an accident. Finally, manufacturers and installers 
of cargo restraint systems should have a duty to provide safe products that are ‘fit-for-purpose’ in 
terms of crash safety and should be able to provide supporting evidence on the crash performance of 
their restraint systems. In this respect the TR can also be used to provide understanding on the crash 
safety requirements of restraint systems that may be retrospectively fitted to commercial vehicles such 
as internal or external racking systems. 

1.1 Why is the Technical Reference needed? 

Guidance on restraining cargo on all classes of vehicles is provided in the UK Department for 
Transport Code of Practice – Safety of Loads on Vehicles (2002) and the European Guidelines on 
Cargo Securing (2004). Both these documents provide a broad understanding on the principles of 
restraining cargo, but this advice is based on the restraint of cargo under normal driving conditions i.e. 
when the vehicle is accelerating, braking and cornering. Under accident conditions the forces acting 
on the cargo can be many times greater (e.g. 20 times greater) than those experienced under normal 
driving conditions. Consequently, the guidance that is currently available provides limited 
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understanding on what is reasonable and practical to expect in terms of restraining cargo under 
accident conditions. The intention of the TR is to provide supporting information to the current 
guidance covering the reasonable and practical expectations of restraining cargo in an accident. 

Within the industry there is also concern that unreasonable interpretations of current transport 
legislation are exposing fleet operators and employers to the possibility of unfair prosecutions. For 
instance, it is possible to interpret from The Road Traffic Act that cargo should not pose a risk to 
individuals under any circumstance, while it is possible to interpret from the Road Vehicles 
Construction and Use Regulations that cargo should not move relative to the vehicle under any 
circumstance. In these two instances the reasonable and practical limits of restraining cargo under 
accident conditions is not taken into consideration. For example, in a very severe head on impact (e.g. 
an LCV impacting a solid brick wall at 70 miles per hour [mph]) it may not be reasonable to expect 
that practical steps could be taken to prevent cargo from shifting forward and fatally or seriously 
injuring the vehicle occupants. Alternatively, for an LCV in a lower severity impact (e.g. a 20mph 
head on impact with an equivalent size of vehicle) it may be reasonable and practical to expect that 
steps could be taken to mitigate the risks posed by the carried cargo. However, with the exception of 
the extreme examples proposed here, it is very difficult to define limits for all possible accident 
conditions under which cargo should be safely restrained; principally because of the wide variety of 
parameters influencing accident severity e.g. the impact speed, impact direction, the speed of the 
object that was struck, the size and structure of the object that was struck etc. Defining limits for all 
possible accident conditions would possibly lead to overcomplicated guidelines and impractical 
demands being placed on fleet operators, employers and restraint system manufacturers to assess and 
evaluate the performance of their restraint systems under a wide array of accident conditions. 
Conversely, setting simple accident rules of thumb based on a limited number of accident parameters 
such as impact speed would be too ambiguous and open to exploitation by both fleet 
operators/employers on the one hand and law enforcement agencies on the other. 

In terms of assessing an employers ‘duty-of-care’ with regard to cargo restraint in an accident, it is 
proposed that the emphasis should be placed on the ability of the operator to demonstrate their 
adherence to available guidance, which this document will hopefully form, rather than on the 
outcomes from any one particular accident that can be influenced by a broad array of parameters. 
Such an approach would draw parallels with the automotive industry where passenger safety is based 
on crash testing under a reasonable and practical set of accident conditions rather than an expectation 
that vehicles should be unconditionally safe for every conceivable type and severity of accident. It is 
intended that an objective of the TR will be to provide the supporting documentation against which 
employers and operators can demonstrate their reasonable and practical intentions concerning the 
assessment and management of the accident risks posed by carried cargo on their commercial 
vehicles, in addition to providing the understanding needed by law enforcement agencies to evaluate 
cargo restraints on LCVs. 

1.2 What are the implications of work-related road accidents? 

It is estimated that the cost of work-related road accidents on employers is approximately £2.7 billion 
per annum (Lang and Rehm, 2006). On an incident by incident basis the consequences of work-
related road accidents on an individual employer are numerous and include: 

• a loss of company reputation and contracts; 

• damage to products/ plant/ buildings and equipment; 

• staff down time for medical appointments/attendance at court; 

• replacement staff costs and sick pay; 

• loss of production or production delays; 

• increased insurance premiums and excess; 

• accident investigation and paperwork; 
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• repairs to damaged equipment; 

• alternative transport for repair duration; 

• inconvenience; 

• re-delivery; 

• management and administrative time. 

In addition to the prospective financial and time penalties associated with work-related road accidents 
employers may also need to tackle their moral conscience over whether they did enough to prevent 
the death or serious injury to an employee. Appropriate steps and procedures can be taken to manage 
the contributory factors of road-traffic accidents such as the routes and scheduling of journeys, the 
maintenance and type of vehicle used and the competence of drivers to carry out their duties. Further 
information relating to the assessment and management of this risk can be found at 
(www.dft.gov.uk/drivingforwork/) and is an area where much is already being done by employers to 
meet Health and Safety requirements. 

Despite efforts to limit the likelihood of accidents occurring there is still the risk that these will still 
occur as a consequence of factors that may be beyond the control of the employer. However, 
employers still have a ‘duty-of-care’ to take reasonable and practical steps to manage and limit the 
potential risks to employers and others in the event of an accident. The implications of not taking 
reasonable and practical steps to manage this risk may possibly have greater significance after 
April 2008 following the introduction of the Corporate Manslaughter and Corporate Homicide Act 
2007. The offence of Corporate Manslaughter (Corporate Homicide in Scotland) has traditionally 
been notoriously difficult to prosecute; the new Act changes this and will make companies who do not 
take appropriate measures to mitigate the risk of death to their employees, whilst driving, open to very 
large fines, as well as other penalties including being required to nationally publicise their conviction, 
being forced to cease operating or even a custodial sentence. 

1.3 Structure of the Technical Reference 

The main objectives of the TR are to: 

• Provide an understanding of the extent of the risk of work-related road accidents. 

• Highlight the risks posed by poorly restrained cargo in an accident. 

• Provide reasonable and practical advice that employers can use to restrain cargo and limit the 
risks cargo can pose in an accident. 

To fulfil these objectives the TR is divided into a number of chapters covering background 
information and specific issues relating to the restraint of cargo on LCVs. 

Chapter 2 of the TR provides definitions on specific terms presented throughout the TR, while 
Chapter 3 provides an overview of the scope of the document defining what the TR does and does not 
cover. 

An overview of the risks of work-related road accidents is provided in Chapter 4. This Chapter 
provides an understanding of, the risks posed by poorly restrained cargo and the need there is to 
balance risks i.e. the effects that remedial actions to resolve one particular risk can have on other risks 
concerning an employers work activities. A large part of the chapter covers the statistics on the types 
and extent of accidents involving LCVs. 

The mechanics of accidents is presented in Chapter 5 providing a detailed understanding of the forces 
and variables that influence accident severity, in addition to formulae for calculating restraint loads 
and the loads on cargo in an accident. 

Chapter 6 provides an overview of the guidance that is currently available relating to the restraint of 
cargo on vehicles. This includes an understanding on the legislation and guidance there is covering 
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the restraint of cargo on vehicles, the global standards for assessing restraint systems and details of 
past research that has been carried out investigating cargo restraints and the hazards posed by the 
cargo carried by vehicles. This is followed in Chapter 7 with practical guidance on, the safe loading of 
LCVs and the use and rating of restraint systems such as partitioning systems, lashings, anchor points 
and racking systems. 

Guidance on the factors to consider in carrying out a risk assessment for loading and restraining cargo 
in LCVs is provided in Chapter 8. This also includes a worked example to provide a direct 
understanding of the extent and level of the issues and remedial actions that should be considered in a 
risk assessment of cargo restraint in LCVs. 

Finally guidance is provided in Chapter 9 on the information that operators should obtain from 
internal and external racking system manufacturers and installers to have confidence that their 
vehicles will be fitted out with systems that are ‘fit-for-purpose’ in terms of accident safety. 
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2 Definitions and glossary 

2.1 Definitions 

Anchor point That part of a vehicle designed to transfer loads from a 
restraint system to the vehicle. 

Cargo Tools, equipment, materials, goods and luggage that could be 
carried on or in a vehicle. 

Cargo compartment area That area of the vehicle in which cargo is stored for transit. 

Delivery van Vehicle for the transport of cargo, the cabin and loading space 
of which form one unit. 

Dunnage Packing material or structures for protecting cargo from 
damage. 

Hazard Anything that can cause harm. 

Lashing Device which is designed to be attached to the lashing points 
in order to restrain cargo on the vehicle. 

M1 Vehicles Vehicles used for the carriage of passengers and comprising 
not more than eight seats in addition to the driver’s seat. 

N1 Vehicles Vehicles used for the carriage of goods and having a 
maximum mass not exceeding 3.5tonnes. 

Occupant compartment area The areas of the vehicle in which occupants sit in transit. 

Partitioning system Restraint system (i.e. bulkhead, grill or cargo barrier) 
designed to fully or partially separate the occupant 
compartment area of the vehicle from the cargo compartment 
area. 

Primary restraint Mechanism designed to prevent uncontrolled movement of 
the cargo during normal transportation and accidents 

Racking systems Storage equipment, such as shelves, cabinets, toolboxes, 
cupboards, specifically designed to be restrained in the cargo 
compartment area to provide safe stowage for the cargo. 

Risk The chance, high or low, that someone will be harmed by the 
hazard. 

Restraining system Structures such as racking systems, partitioning systems, load 
rails etc. that may be fitted to a vehicle in order to restrain 
cargo. 

Secondary restraint Mechanism designed to mitigate uncontrolled movement of 
the cargo if the cargo should break free from the primary 
restraint mechanism. 

Stowage The act or method of stowing cargo. 

Shall Indicates that a statement is mandatory. 

Should Indicates a recommendation. 

Tether Device which is designed to be attached between a vehicle 
anchor point and directly to the restrained cargo. 
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2.2 Glossary 

AS     Australia 

CCIS     Cooperative Crash Injury Study 

CDC     Collision Damage Classification 

CDV     Car Derived Van 

DfT     Department for Transport 

EC     European Commission 

ETS     Estimated Travel Speed 

EuroNCAP    European New Car Assessment Program 

FSP     Front Seat Passenger 

GVW     Gross Vehicle Weight 

GB     Great Britain 

HGV     Heavy Goods Vehicle 

HSE     Health and Safety Executive 

HVCIS     Heavy Vehicle Crash Injury Study 

LCV     Light Commercial Vehicle 

LGV     Light Goods Vehicle 

LPV     Large Passenger Vehicle 

MPH     Miles per Hour 

MPV     Multi-Purpose Vehicle 

NSW     New South Wales 

NZ     New Zealand 

OMV     Other Motor Vehicles 

PPE     Personal Protective Equipment 

SUV     Sports Utility Vehicle 

TCIS     Truck Crash Injury Study 

TR     Technical Reference 

UK     United Kingdom 

UNECE    United Nations Economic Commission for Europe 

∆v     Change in impact velocity 
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3 Scope of the Technical Reference 

3.1 Intended readers of the Technical Reference 

The TR is principally intended for fleet operators and employers. Its purpose is to inform fleet 
operators and employers on the reasonable and practical limits of restraining cargo on their 
commercial vehicles and the practices to which they should aspire to in order make the cargo carried 
on their vehicles safe within reasonable and practical limits. However, the principles presented in the 
TR provide a general understanding on restraining cargo under accident conditions and as such the TR 
is equally applicable to road vehicles used for private use that may be used to carry cargo or loaded 
with items that could pose a risk to the vehicle occupants or other road users in the event of an 
accident. Law enforcement agencies and the legal profession should also find the TR useful in terms 
of defining the reasonable and practical steps that can be taken to restrain cargo under accident 
conditions. 

3.2 Vehicle types covered by the Technical Reference 

The TR focuses on the restraint of cargo carried by vehicles with a GVW less than 3.5tonnes (LCVs). 
In terms of the Economic and Social Council (1999) - ‘Classification and Definition of Power Driven 
Vehicles and Trailers’ the categories of vehicles specifically considered in the TR include: 

• M1 vehicles – Vehicles used for the carriage of passengers and comprising not more than 
eight seats in addition to the driver’s seat i.e.: 

o Saloon cars; 

o Hatchbacks; 

o Estate cars; 

o Convertibles; 

o Multi-purpose vehicles (MPVs); 

o Sport-utility vehicles (SUVs). 

• N1 vehicles – Vehicles used for the carriage of goods and having a maximum mass not 
exceeding 3.5 tonnes. Examples of the typical variants covered under the N1 vehicle class are 
provided in Table 3.1. 

Because of practical difficulties in restraining the mass of cargo that can be carried by heavier 
vehicles the TR focuses on the restraint of cargo carried by vehicles with a GVW lower than 3.5 
tonnes. It is considered that the mass of the restraints that would be needed to adequately restrain 
cargo carried by heavier vehicles could severely reduce the capacity of the vehicle’s payload. This 
could lead to a demand for a greater number of heavy vehicles and/or heavy vehicle journeys in order 
to deliver the same amount of freight, which in turn could have adverse consequences on congestion, 
the environment and possibly the number and frequency of accidents. In contrast it is considered that 
the mass of the restraints that would provide adequate restraint on LCVs would have a minimal 
impact on the vehicle’s payload and on the operations of this class of vehicle. Furthermore, vehicles 
above 3.5 tonnes are already recognised by society as a different class of vehicles in terms of driving 
speed limits, driver licensing, the necessity for driver medicals, operator licensing requirements and 
the extensive legislation that already covers this class of vehicles. As such it seems appropriate to also 
differentiate them in terms of cargo restraint. 

Differences in the accident conditions of LCVs and heavier vehicles also provide additional 
arguments for why the TR concentrates on LCVs. For instance, with larger vehicles there is an 
increased likelihood that accidents will be with much lighter vehicles such as passenger cars. 
Consequently, heavier vehicles will typically experience lower severity impacts than LCVs and will 
pitch considerably less than an LCV in an accident. As such different considerations are needed in 
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how cargo should be adequately restrained for these varying accident conditions. However, despite 
the TR concentrating on the restraint of cargo on LCVs the principles presented are described in a 
general sense. As such there exists the possibility of extrapolating and interpreting the TR principles 
to the restraint of cargo on all types of vehicles both large and small. 

Table 3.1. Variants covered under the N1 vehicle class. 

   
Car derived van (CDV) Small panel van Panel van 

   

Luton van Box van Pickup 

   

Chassis cab Flat bed Drop side 

  

Tipper Hiab/Crane Recovery vehicle 
Note: other variants include double-cab derivatives of those in Table 3.1, short/medium/long wheelbase derivatives, 
front or rear-wheel drive derivatives and specialised vehicles such as ambulances, hearses, armoured vehicles and 
horse boxes. 

Motorcycles are often used as commercial vehicles and have a mass that is below 3.5tonnes. 
However, this class of vehicle is not specifically covered in the TR because of the very different risks 
typically experienced by this class of vehicle. For instance, riders can fall off motorcycles and in an 
impact with another vehicle the principal risk is posed by the rider being struck by the opposing 
vehicle and striking the road surface. Comparable risks are not typically encountered by LCV 
occupants. However, employers who use motorcycles need to be aware that they still need to assess 
and manage the specific risks associated with the commercial use of this class of vehicle. 

3.3 Cargo types covered by the Technical Reference 

LCVs can be used to transport a wide variety and types of cargo and all have the potential to cause 
serious and fatal injuries in an accident if they are not adequately restrained. Examples of some of the 
types of cargo that can be carried by LCVs are presented in Table 3.2. It is beyond the scope of the 
TR to provide specific advice on the restraint of all the possible varieties and types of cargo that could 
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be carried by LCVs. As such the TR concentrates on providing general advice and understanding that 
can be applied to the restraint of as broad a range of cargo types as possible. 

3.4 Restraint types covered by the Technical Reference 

There are a variety of both general and purpose designed restraint systems for restraining cargo on 
LCVs. In general the TR does not provide specific advice on the types of restraints that should be 
used for specific cargo types. It is considered that this approach could be misleading if proper 
consideration is not allowed for the specific size and intricacies of the cargo being carried and it may 
also stifle innovations in restraint system designs and methodologies. However, the TR does provide 
general advice and understanding on the use of a variety of different types of restraints such as: 

• Partitioning systems; 

• Racking and shelving; 

• Lashings and tethers; 

• Netting and sheet; 

• Anchor points. 
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Table 3.2. Examples of typical cargo carried by LCVs. 

Fasteners 
and fixings 

Materials Tools Equipment Electrical 
equipment 

Small light 
plant 

Waste 
material 

Goods 

Bolts Bricks, paving 
slabs 

Small power 
tools (saws, 
drills, hedge 
trimmers, 
jigsaws) 

Portable 
winches 

PCs, Laptops, Portable petrol 
generators 

Scrap metal and 
wood 

Perishable 
foodstuffs 
(frozen, 
refrigerated, 
fresh) 

Washers Fluids (water, 
fuel, oil, 
lubricating oil, 
chemicals) 

Large hand tools 
(shovels, spades, 
pick axe, bolt 
croppers, sledge 
hammer, forks) 

Scaffolding 
(tubes, bars and 
boards) 

Diagnostic 
equipment 

Pumps Waste liquid Tinned and 
bottled goods 

Screws Timber (planks, 
sheets, posts, 
joists, boards), 
plasterboard 
glazing 

Small hand tools 
(screw drivers, 
spanners, keys, 
hand hammers, 
wrenches, pry-
bars) 

Tool boxes, tri-
pods, welding 
equipment 

 Cement mixers Waste aggregate 
(concrete and 
gravel) 

White goods 
(washing 
machine, 
fridges, freezers) 

Cable and pipe 
connectors and 
joints 

Concrete, sand, 
shale 

Large power 
tools 
(lawnmowers, 
hammers, band 
saws, breakers) 

PPE (Helmets, 
footwear, high 
visibility 
jackets) 

   Grey goods 
(TVs, stereos, 
PCs) 

Machine 
components 

Fiberglas 
(insulating 
cladding, wool) 

 Signs, barriers, 
cones 

   Parcels and mail 
delivery 

Resins and 
compounds 

Flexible ducting  Lighting 
equipment 

    

 Inflexible pipe 
and Stand pipes 

 Wheel barrows, 
hand trolleys 

    

 Cable and wire  Gas bottles     
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4 Review of the risk environment 
It has been estimated that up to a third of all road traffic accidents involve someone who is at work at 
the time (HSE, 2003). This accounts for approximately 200 fatal and serious injuries each week. The 
review of the risk environment concentrates on the trends associated with work-related road traffic 
accidents. In particular, it attempts to establish the incidences of work-related road traffic accidents 
involving LCVs for which the cargo was found to be a direct contributory factor to fatal and serious 
injuries. 

The contents of the chapter are covered under the following set of headings: 

• The potential injury risks (Section 4.1); 

• The factors influencing the overall injury risk (Section 4.2); 

• GB accident statistics for road vehicles (Section 4.3) in terms of: 

o Overall GB accident statistics for road vehicles (Section 4.3.1); 

o Distribution and utilisation of LCV vehicles (Section 4.3.2); 

o LCV accident statistics (Section 4.3.3); 

o Cargo causation of injury in LCV statistics (Section 4.3.4); 

o Case examples of cargo causation of injury in LCVs (Section 4.3.5). 

Prior to reviewing the data from the accident statistics it is important to draw a distinction between the 
definition of an LCV used in the TR (Section 3.2) and that typically adopted in the accident statistics 
reviewed in this section of the TR. In terms of the TR the term LCV effectively covers all commercial 
vehicles with a GVW less than 3.5 tonnes and includes passenger cars, but excludes motorcycles. In 
contrast the term LCV in the accident databases refers to N1 vehicles (Section 3.2) excluding car 
derived vans unless specified otherwise. 

4.1 The potential injury risks 

With respect to kilometres travelled LCV’s (as defined above) have a reasonably good accident record 
that appears to be rapidly improving based on current accident statistics (Smith and Knight 2005). 
However incidences do occur in which cargo directly causes or contributes to the injuries of LCV 
occupants in an accident. Better management and specification of cargo restraints can help to mitigate 
the risks posed by cargo in an accident, but in order to apply appropriate remedial actions it is 
important to understand the full extent of the risks posed by the cargo. 

In an accident inadequately restrained cargo has the potential to cause serious and fatal injuries. The 
principal risk concerns the possibility of the cargo striking the vehicle occupants, but in the situation 
where cargo is carried on the top or side of an LCV there is a possibility that the cargo could become 
detached and strike the occupants of other road vehicles or strike vulnerable road users such as 
pedestrians or cyclists. 

Further to the possibility of vehicle occupants being struck directly by the cargo that they are 
transporting it is also possible in frontal accidents for the cargo to overload the seat backs crushing the 
occupants sat in the front of the vehicle. This can also push the occupants forward within the vehicle 
increasing the likelihood of them striking hazardous structures in the occupant compartment area such 
as the dashboard or A-pillar. 

Features retrospectively fitted into occupant compartment areas such as electronic aids, phones or 
navigation equipment have the potential to cause injuries if these were to be struck by the occupants 
in an impact. Alternatively, there is the potential for these structures to strike the occupants if there is 
adequate deformation of the vehicle in an accident. Furthermore, it is important that any structures 
retrospectively fitted into the occupant compartment area of a vehicle do not interfere with the 
operation or performance of the vehicle’s safety systems such as the seatbelts and airbags if fitted. 
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This is especially important because this is likely to compromise the potential protection afforded to 
the vehicle occupants in the event of an accident. 

The extent of the risks posed by cargo in an accident is influenced by the severity of the accident 
condition, which is in turn affected by a variety of factors, including: 

• The speed of the vehicle transporting the cargo; 

• The direction of the impact (e.g. front, rear or side); 

• The speed of the object that was struck (e.g. head on impact into an opposing vehicle or 
impact into a tree); 

• The mass of the object that was struck; 

• The structure of the object that was struck (e.g. rigid brick wall or deformable structures on 
the front of an opposing vehicle). 

• The geometry of the object that was struck (e.g. an impact into a narrow stiff object such as a 
tree may be more severe than an impact into a brick wall) 

• The relative height of the structures that engage during the impact (e.g. the high structures of 
a lorry may override the lower structures of a passenger car increasing the accident severity). 

Although the types and severities of accidents can be anticipated, the extent and severity of the 
possible accidents that can occur means it is not reasonable or practical to expect cargo to be safely 
restrained under all possible accident conditions, i.e. it is not practical to completely eliminate the 
risks posed by cargo in an accident. This would be a more arduous requirement than that required in 
comparable industries such as passenger safety in the automotive industry, which is already 
considered to provide a leading example of managing passenger risks in an accident. 

Within the automotive industry the risk of injury to vehicle occupants is legislated for in a few select 
crash test conditions (Section 6.4). These tests represent the most common accident conditions for 
which it is considered that reasonable and practical steps can be taken to limit the maximum numbers 
and severities of injuries, as opposed to being representative of all possible accident conditions. 
Furthermore, they are not representative of the most severe accident conditions because of practical 
limits on the injury tolerance of the human body and typical mechanical and structural limits of the 
vehicles (e.g. steel structures and maximum crush depths). As such within automotive passenger 
safety there is already an inherent expectation that there are risks associated with travelling in 
passenger cars that cannot be eliminated within reasonable or practical means. In terms of reducing 
the accident risks posed by cargo carried by LCVs parallels should be drawn with the management of 
occupant injury risk in the automotive industry. 

4.2 The factors influencing the overall injury risk 

Identifying the accident risks posed by cargo is part of the process of carrying out at a risk assessment. 
This should be followed by taking remedial action where appropriate to counteract or mitigate any 
identified risks. However, it is important to ensure that any remedial action taken does not introduce 
additional problems or compromise existing systems and procedures leading to an overall increase in 
injury risk. In simple terms, there is a need to take a global consideration of the risk environment 
which may sometimes involve balancing the extent of one risk against the demands of another. A 
number of examples of remedial actions that could influence other injury risks are provided in the 
following parts of this section to provide a general understanding of the global issues that influence 
and should be considered in terms of managing the risk environment. 

4.2.1 The fitting of a vehicle partitioning system 

One reason for fitting a partitioning system in a vehicle will be to limit the risk of the vehicle 
occupants being struck and injured by cargo in an accident. However, it is important that the position 



 

 13TRL Limited 13 CPR057

Unpublished Project Report  Version:  Final

of a partitioning system does not compromise the performance of other safety systems fitted in the 
vehicle leading to an overall increase in the occupants’ accident injury risk. For instance, the 
partitioning system should not be positioned so that it interferes with the effectiveness of seatbelts or 
side airbag systems to protect occupants in an accident. Furthermore, the driver should be able to 
adjust the seating position along with the head restraint to ensure appropriate control of the vehicle, 
minimise the possibility of whiplash injuries in accidents and optimise driver comfort in the vehicle. 
However, it is common if not universal to find that partitioning systems provided by vehicle 
manufacturers prevent full rake and associated rear ward adjustment of the seat. For most vehicle 
occupants this compromise will not affect their comfort or safety. Larger drivers may experience 
difficulty in this area as many have to use excessive seat back rake (over 10 degrees) to accommodate 
their larger body size in many vehicles. In these cases a risk assessment would look into the problem 
and establish the best course of action. It should be noted that if the problem cannot be resolved it 
could have a considerable impact on driver fatigue, which in turn could be a contributory factor in 
accident causation. Choosing an alternative appropriate design of partitioning system could be a way 
to resolve these conflicts of risk. However, it is considered that some of the identified problems 
associated with partitioning systems may be unavoidable because of the designs of partitioning 
systems and vehicles available from manufacturers. Ultimately very large employees unable to be 
accommodated safely in company vehicles may have to be considered as unsuitable for the driving 
aspects of their job and found suitable alternative work. 

A partitioning system may also introduce changes in working practices that could introduce 
alternative risks. A full-width partitioning system would restrict direct access to the cargo 
compartment area of the vehicle from the passenger compartment area. This could increase the 
vehicle operator’s risk of being struck by passing traffic because they would need to dismount the 
vehicle on the off-side to access the cargo compartment area. Direct access to the cargo compartment 
area may provide the option of exiting the vehicle on the near-side of the vehicle and remove this 
exposure risk. It is therefore important to consider the additional safety benefit from fitting a full 
width partitioning system whilst also taking account of any changes in operating procedures that this 
may introduce. This situation may be particularly relevant for electricity and gas meter readers for 
instance, who may carry little or no cargo in the rear of their vans. For them the risk of being struck 
by cargo in a crash situation is far smaller than the risk of being hit by a moving vehicle whilst exiting 
the vehicle from the offside door instead of a nearside exit. A possible solution to balancing these 
risks could be to fit either a partial partitioning system or one that is fitted with a door. This in turn 
could lead to the fitment of a partitioning system that is not as effective as a full-width partitioning 
system at restraining cargo and protecting the vehicle occupants in an accident. However, the fitment 
of a partial or full-width partitioning system may provide the best compromise for reducing the 
overall environmental risk. 

4.2.2 Carrying cargo on the roofs of vehicles 

Loading and unloading cargo on the roof of vehicles can introduce its own risks in terms of manual 
handling injuries (e.g. back injuries, items being dropped onto the head or foot). It also has the 
potential to encourage vehicle operators to access the roof of vehicles to ensure that roof cargo is 
restrained correctly or to assist in lifting onto or lowering cargo from the vehicle’s roof. This 
introduces a potential working at height risk with the potential for individuals to fall off the vehicle 
and sustain serious or fatal injuries. 

Wherever possible cargo should be restrained within the confines of the vehicle as this offers a 
number of benefits: 

• It effectively eliminates the risk the cargo could pose to other road users; 

• Improves vehicle stability by keeping the centre of gravity of the vehicle as low as possible 
reducing the risk of an accident occurring in the first place; 

• Reduces the vehicle’s drag and improves the fuel efficiency of the vehicle; 
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• Improves the overall security of the cargo reducing the risk of theft. 

Where there is a need to restrain cargo on the roof of a vehicle a solution to resolve the manual 
handling and working at height risk would be to fit a sliding racking system that enables operators to 
access and load roof mounted cargo from the ground. 

4.2.3 Positioning of vehicle cargo for transit 

It is often advised that heavy items of cargo should be placed next to partitioning systems during 
transit because this can help to reduce the risk that cargo can pose in an accident1, However poor 
positioning of cargo in vehicles can lead to manual handling problems resulting in increased risks of 
operators suffering chronic injuries and carrying out less efficient working practices. As such, the 
positioning of cargo in vehicles needs to be optimised according to the risks it presents in an accident 
with those associated with manual handling requirements and the frequency with which the cargo will 
be accessed during the working shift. For instance, it might be impractical from a manual handling 
perspective to place heavy items against the partitioning system of a panel van that has no side door. 
However, this dilemma could be resolved by choosing a vehicle with a side door or fitting a purpose 
designed bracket at the rear of the vehicle’s cargo compartment area that could be used to restrain the 
heavy item of cargo during transit. 

Internal racking systems fitted in vehicle cargo compartment areas can be used to safely restrain 
cargo, but these can present their own risks especially in small Car Derived Vans (CDVs) which 
provide limited and cramped access for placing items on the racking system. Operators could be 
subject to an increased risk of developing chronic injuries as they scrabble into the confines of the 
restricted cargo compartment area of the vehicle. The uncomfortable process of accessing the 
vehicle’s cargo compartment area may also put operators off from correctly stowing cargo on the 
supplied racking system negating the intended benefits of fitting the racking system in the first place. 
Racking systems that slide out from the internal confines of the vehicle could be used to resolve these 
conflicting problems. This would provide operators with better access to the internal racking systems, 
which could possibly encourage correct loading of these systems. 

4.2.4 Cargo size 

The risks posed by cargo in an accident can be reduced by limiting the size of cargo that is carried in a 
vehicle at any one time. In this instance it is necessary to balance the risk associated with one driver 
transporting a single large cargo or two drivers transporting two smaller loads of cargo. Here a 
number of factors would need to be considered in terms of risk as follows: 

• The additional mileage being driven; 

• The particular routes to be covered; 

• The additional risk of injury to one driver from carrying twice the load; 

• Whether different vehicle types are required for dealing with each quantity; 

Generally, if there is not an excessive risk to the driver from taking twice the amount of cargo and no 
payload limits are exceeded for the vehicle, it would make sense to reduce mileage driven and have 
one driver make two drops. However, the point remains that this may not always be the case and may 
need to be reviewed for particular conditions. For instance, the delivery schedule for a single driver 
may cause them to feel under pressure, in turn causing them to drive too fast for the road conditions or 
exceed the road speed limits. Such factors could lead to an increase likelihood of an accident 
occurring. 
                                                           
1 Placing cargo against a partitioning system may not always provide the most appropriate means of restraining 
cargo and should principally be used as a secondary means of cargo restraint. As inferred in Section 5.1.2 
additional benefits can be achieved by using alternative restraint systems to restrain cargo away from the 
partitioning system. 
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4.2.5 Vehicle type 

Passenger cars are usually designed with a much larger emphasis on occupant safety than commercial 
vehicles and generally have very good performance in both primary and secondary safety areas. 
Typically these same safety technologies filter through to the commercial vehicle sector helping to 
improve the overall safety of the vehicle occupants in the event of an accident. As part of vehicle 
procurement the specification of the safety systems on vehicles is an issue that could be considered in 
terms of managing the accident risk of vehicle occupants. 

Motorbikes can be used as an alternative to delivery vans in busy towns and cities. On the basis of 
safety, there is very little argument for the use of delivery bikes. In terms of kilometres travelled 
motorcycle riders are more frequently injured or killed than drivers of cars or vans. However, based 
on the economics and functional requirements of certain delivery services there may be no practical 
alternative. In this case the business has little option but to use delivery bikes; however, this does not 
make the operator exempt from having to declare and document that risk assessment and decision. 

In a similar manner, off-road vehicles are often used where off-road access is a key function of the 
work. In general, off-road vehicles are more susceptible to roll-over than ordinary passenger cars 
because of their higher centre of gravity. However, it may well be that neither normal road vehicles 
nor tracked off-road vehicles are more suitable. In this situation the off-road vehicles are the clear 
choice for the operator. Again, this potential compromise of safety based on the functional necessity 
should be documented. 

The use and type of vehicle could have a considerable influence on the balance and level of accident 
risks that need to be considered in terms of the cargo that is being carried. For instance, electric milk 
floats and hearses tend to travel at low speed which may reduce the likelihood of them being involved 
in severe accidents. As such the adequacy of the cargo restraints in these vehicle types may not need 
to be as stringent as they are for a typical construction worker or utility operators van. The transport of 
glazing, along with a number of other trades and activities, poses a particular problem in terms of 
cargo restraint because of its fragile nature, mass and awkward shape. In this instance the reasonable 
and practical methods of restraining glazing may be limited presenting an unavoidable elevated risk to 
operators that transport glazing compared with operators in other industries transporting more 
manageable cargo that can be better restrained for accident conditions e.g. tools and equipment that 
can be restrained in purpose designed crashworthy racking systems. 

4.3 GB accident statistics for road vehicles 

Data on road traffic accidents occurring on GB roads are collected in a number of ways. To provide 
an overall picture of the accident situation in GB, a large programme of accident reporting has been 
implemented. At the top level is STATS19, the database produced by the national (Great Britain) 
police-reported, accident investigation scheme. STATS19 involves the collation of a questionnaire 
completed by the reporting police officer for every injury accident where there is a police presence. In 
theory this should involve all accidents where somebody is injured. However, it is known that the 
police do not attend all accidents where somebody receives a slight injury. As such there is a level of 
under-reporting of minor accidents. The results of STATS19 are published annually by the UK 
Department for Transport (DfT) in the publication Road Casualties Great Britain. These results are 
published retrospectively; therefore the most recent complete year’s worth of data is for 2006 (DfT, 
2007). 

To compliment the overall accident picture, several in-depth studies have been implemented as well. 
These provide a detailed investigation of accidents, with consideration of police reports, medical 
notes, and sometimes inspections are carried out on the accident vehicles. However, because of the 
effort involved in reporting each case, these in-depth accident investigations tend not to cover the 
whole of GB and do not investigate every accident. Therefore, whilst they provide an invaluable level 
of detail for some cases, they cannot be directly used to draw statistical conclusions for the whole of 
GB. 
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The additional GB accident databases accessed as part of the review of the risk environment were as 
follows: 

• Cooperative Crash Injury Study (CCIS) - The CCIS is one of the world's largest studies of 
passenger car occupant injury causation. Each year the project investigates more than twelve 
hundred UK accidents involving passenger cars and car derived vans (CDVs) only. For 
instance, if a car struck a van (not car-derived) then no details on the injuries to the van 
occupant(s) would be recorded in the database. The study reports on all fatal accidents, most 
accidents involving a serious injury and many accidents involving a slight injury occurring 
within the regions of the UK where a CCIS team resides, i.e. the police authority districts of 
West Mercia, West Midlands, Leicestershire, Nottinghamshire, Derbyshire, Manchester, 
Staffordshire, Warwickshire, Avon and Somerset, and Hampshire. Collation of the police 
accident file, detailed injury descriptions from hospital records and an investigation of the 
crashed cars by specialist accident investigators, comprise a case file for each accident. With 
this information it is possible to review the conditions of the accident whilst also considering 
the consequences for the injured persons, and where sensible the mechanism responsible for 
the injuries. The current CCIS database, release version 6z7r8f, contains information on a 
total of 17,314 occupants in 11,159 vehicles. Selecting CDVs gave a sample of 331 occupants 
in 268 vehicles for the purposes of the review of the risk environment. 

• Heavy Vehicle Crash Injury Study Fatal accident database (HVCIS Fatals) - The HVCIS 
Fatals database contains information extracted from police fatal accident files on fatal 
collisions involving, HGVs, LCVs (as defined in Section 4), other motor vehicles (OMVs, 
e.g. fire engines, ambulances, military vehicles etc.), agricultural vehicles, large passenger 
vehicles (LPVs, e.g. buses coaches etc.) and minibuses. LCVs were initially included in the 
database as a pilot study for accidents occurring onwards of 1995. Subsequently, within 
Phase 1 of HVCIS looking at accidents from 1999-2002, LCVs were only included when in a 
collision with one of the other vehicles of interest covered in the database. LCVs were re-
instated in the project alongside the other vehicles of interest at the start of Phase 2 of the 
project looking at accidents from 2002-2006. Consequently the data that is currently available 
from Phase 1 and intermediate releases from Phase 2 of the HVCIS Fatals database relating to 
LCVs is considered in no way representative of national accident patterns and therefore 
cannot be used to make estimates of national benefits. For the review of the risk environment 
the Phase 2d release of the HVCIS database was analysed and contained 478 accidents 
involving LCVs which resulted in 525 fatalities occurring between 1995 and 2005. To 
provide an understanding of the structure of this dataset Figure 4.1 provides details on the 
annual occurrence of the 478 accidents. As shown in the figure the yearly totals for the 
accidents in the database vary considerably. This effect is a consequence of the periodic 
nature of how the HVCIS Fatals project operates and the delays (up to three to six years) 
typically experienced in receiving the police fatal accident files for coding rather than being 
reflective of the actual annual LCV accidents occurring on GB roads.  
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Figure 4.1: Distribution of LCV accidents by year, from the HVCIS Fatals database. 

• TCIS (Truck Crash Injury Study) - The Truck Crash Injury Study (TCIS) is part of the 
Heavy Vehicle Crash Injury Study (HVCIS). The data is collected by the Vehicle Operator 
and Standards Agency (VOSA) based upon retrospective examination of HGVs, LCVs (as 
defined in Section 4), LPVs and OMVs that have been involved in an accident where at least 
one road user was injured. The examiners record details of all vehicles and their occupants, 
including the occupants’ injuries, which are entered onto a database that is released 
periodically. Previous analysis has shown the TCIS sample to be biased towards single 
vehicle and HGV-to-other-large-vehicle accidents. Analyses within accident categories are 
valid and unaffected by this bias; however the relative importance of those categories within 
the national accident situation may be misrepresented. The scope of the TCIS was changed in 
phase 1 of the HVCIS project to include LCVs, LPVs and fatalities and therefore the 
distribution of casualties across the vehicle types and severities further prevents analysis of a 
data set that represents the national accident situation. For the purpose of the investigations 
carried out here the P2i release of the TCIS database was analysed and contained 77 accidents 
involving LCVs. 

4.3.1 Overall GB accident statistics for road vehicles 

In 2006 there were approximately 189,000 accidents recorded in STATS19. These accidents resulted 
in injuries to 211,000 vehicle occupants (2,300 fatally and 22,350 seriously injured) and 47,000 
pedestrians and pedal cyclists (800 fatally and 9,500 seriously injured). More than half of these 
accidents involved two vehicles (112,000) of which the overwhelming majority involved a passenger 
car (105,500). About 60,000 accidents each year involve only one vehicle and this figure can be split 
approximately 50:50 with those accidents where a pedestrian is struck and other single vehicle 
accidents, such as where there is a loss of control of the vehicle without the involvement of any other 
road user. 
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4.3.2 Distribution and utilisation of LCV vehicles 

Over the last decade the panel van population has increased by a third and panel van traffic by 40% 
(DfT, 2005). This is compared with increases of 15% in car traffic and nearly 20% in HGV traffic 
over the same period. In addition to their traditional use by tradesmen and as construction site 
vehicles, there has been an increase in the use of vans by courier, express, mail and company delivery 
services (Lang and Rehm, 2006). It has been suggested (Lang and Rehm, 2006) that short delivery 
times, mail order services and orders placed via the internet or telephone have fuelled this trend. The 
ten year trend in new registrations of panel vans (LCVs) is shown in Figure 4.2, together with “all 
commercial vehicle” registrations. The “all commercial vehicle” totals include vehicles over 
3.5tonnes and buses and coaches, as well as the LCVs. Neither figure includes non-private car or 
motorbike registrations. 

The distribution of commercially owned van types, according to the vehicle kilometres driven, is 
highlighted in Figure 4.3 (DfT, 2005). From this figure it can be seen that panel vans and CDVs are 
the most common van types used commercially. It is understood that the average annual distance 
covered by each van type does not vary greatly between van types. Therefore, the percentages shown 
in Figure 4.3 provide an approximate understanding on the van types in the UK (Lang and Rehm, 
2006). 
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Figure 4.2. Ten year annual LCV and overall commercial vehicle registrations (SMMT, 2007). 
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Figure 4.3. Distribution of vehicle kilometres driven by van type (DfT, 2005). 

The GB utilisation capacity of commercially owned vehicles, based on vehicle kilometres driven is 
shown in Figure 4.4. This shows that more than half of the vehicle kilometres involve commercially 
owned vehicles carrying at least one quarter of the permissible payload, while approximately a third 
of the vehicle kilometres are driven with over half of the permissible payload being carried. 
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Figure 4.4. Utilisation of commercially owned vehicle payload according to kilometres driven 

(DfT, 2004). 
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4.3.3 LCV accident statistics 

4.3.3.1 LCV accident and injury statistics 

In 2006, there were 14,790 accidents involving LCVs2 as recorded in STATS19. As with the general 
accident case (Section 4.3.1), the majority of these were two vehicle accidents (9,500) of which the 
majority involved a collision with a car (6,500). Table 4.1 provides a breakdown of the accidents 
according to the injury severity and distribution of casualties in the accident vehicles. As shown in the 
table approximately 6000 LCV casualties were recorded in 2006 of which 563 were fatal and serious. 

Table 4.1. LCV accidents and occupant casualties (STATS19 data, 2006). 

 Accidents Casualties 
LCV occupant 

casualties 
Fatal 257 280 52 
Serious 1,734 2,042 512 
Slight 12,799 18,548 5,350 
Total 14,790 20,870 5,914 

As shown Figure 4.5 there has been a general trend of decreasing casualty rates (fatal, serious and 
slight) for both cars and LCVs (vans) since 1995. In terms of passenger kilometres travelled the risk 
of injury in an LCV is consistently around one third of that for passenger cars. At the other extreme 
(and not reported here), the casualty rates for motorcycles follow a very similar decreasing trend over 
the same time period. However, the casualty rates and so the risk of injury for motorcyclists is 
approximately 20 times greater than it is for passenger cars. 
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Figure 4.5. Passenger casualty rates (fatal, serious and slight) for passenger cars and LCVs 

(vans) per billion passenger km (DfT, 2007). 

In terms of accidents involving at least one LCV the distribution of the fatalities by road user type, as 
found in the HVCIS database, is shown in Figure 4.6. Overall there were 150 LCV occupant fatalities 
                                                           
2Light goods vehicles only with a gross vehicle weight ≤ 3.5 tonnes. Includes car derived vans but not 
commercial passenger cars. 
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in this release of the database. The 150 LCV occupants were in 135 vehicles that were involved in 134 
accidents. Of the 135 LCVs, 114 were panel van type LCVs. 
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Figure 4.6. HVCIS database distribution of fatalities by road user type for accidents where at 

least one LCV was involved (N=525). 

4.3.3.2 LCV accident severity 

The severity of a collision is a measure of the violence of the crash and is usually described in terms 
of either the change in velocity of a vehicle during an accident (∆v) or the amount of energy 
dissipated in the crush of the vehicle (e.g. via a parameter such as Equivalent Test Speed, ETS). 

In accident investigation there is no way of ensuring that the pre- and post-impact velocities of the 
vehicles involved are known. However, there are two basic methods of estimating the change in 
velocity for a vehicle based on some simple assumptions. One method is known as work energy 
analysis and the other as deformation energy analysis. The work energy analysis method utilises 
trajectory data and the principle of conservation of linear momentum. Most of the trajectory 
information is ‘volatile’ and has to be collected at the scene (skid marks on the road surface and 
debris that can indicate the point of contact). The other method commonly used is deformation energy 
analysis. For this type of calculation the principles are based on conservation of energy and 
momentum, and vehicle damage. 

In order to calculate a ∆v retrospectively, it is accepted that the change in kinetic energy is equal to 
the energy dissipated by the crashed vehicles, i.e. the ‘energy of deformation’. The assumed energy of 
deformation is based on crash tests that provide vehicle damage profiles from a known velocity and 
direction. Consequently, any crash configurations that are not complimentary to the tests, cannot be 
compared. This is the case for ‘side-swipes’ and ‘glance-off’ collisions where very little of the vehicle 
is involved in contact with a crash partner and ‘non-horizontal’ crashes or rollovers. 

The ETS assumes that the severity of crash observed by the case vehicle can be approximated as an 
impact into a solid, immovable barrier. Based on this assumption, ETS provides an estimate of the 
initial velocity that would be required to cause the damage observed on the case vehicle. It uses only 
part of the information from a crash system (i.e. details from only one of the vehicles involved) and 
can therefore be misleading sometimes, especially when the crash configuration or vehicle 
interactions are atypical. As with the ∆v calculations, the energy dissipation potential of the vehicle 
structure is assumed based on crash tests conducted previously. 
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Cumulative percentages on the changes in velocity (∆v) and ETS for car and CDV accidents, as taken 
from the CCIS database, are shown in Figure 4.7 and Figure 4.8. Using these figures it is possible to 
estimate ∆v or ETS limits at which a certain percentage of the accidents would be covered. For 
instance, five percent of cars in this sample underwent a ∆v of 12km/h (7.5mph) or less. Therefore, if 
a specific vehicle safety measure was introduced to be effective for cars undergoing a change in 
velocity of 12km/h (7.5mph) or less, then this would be effective for only five percent of the cars in 
this sample. To be effective in half of the cases, then the effective speed would need to be 27km/h 
(17mph), for 75% then it would need to be 38km/h (24mph), etc. 

On the whole the cars in this sample appear to undergo a slightly lower ∆v than the CDVs. Half of 
CDV accidents occur at an estimated ∆v of 29km/h (18mph) or lower whereas for the cars the 50% 
value is marginally slower at 27km/h (18mph). Similarly 50% of CDV accidents have an ETS of 
about 28km/h (17mph) or lower whereas the car value is about 25km/h (16mph). This suggests that 
CDVs are involved in slightly more severe accidents. However, the number of cases where the ∆v or 
ETS has been established for the CDV is small, which limits the robustness of this conclusion. 
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Figure 4.7. Change in velocity (∆v) in collisions where a single severe impact can be identified 

(CCIS). 
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Figure 4.8. Equivalent Test Speed (ETS) of the CCIS serious injury and fatal accidents. 

4.3.3.3 LCV accident road type and speed limits 

Figure 4.9 and Figure 4.10 provide a breakdown of the road categories where accidents occurred as 
recorded in STATS19 and CCIS3 respectively. Figure 4.11 provides a further breakdown of the speed 
limits of the roads on which the accidents in STATS19 were recorded. As shown in the figures the 
road type and speed limits on which LCV accidents occurred follow a closer trend with cars than for 
HGVs (Figure 4.9 and Figure 4.10). Overall it is shown that approximately 50% of all LCV accidents 
occur on ‘A’ roads with speed limits of 30mph (48km/h). 

The proportions of casualties, separated by police-reported severity, were also compared, although not 
reported here, by road category and speed limit for car, LCV and HGV accidents. This was to ensure 
that there were no unexpected results where a particular road category or speed limit was causing 
more injuries, or more severe injuries, in LCV accidents, than might otherwise be expected from the 
car accident statistics. It was found that the distribution of casualties was as expected, and similar, for 
car and LCV occupants. 

                                                           
3 Car derived LCV vehicle types only. 
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Figure 4.9. Road category where accident occurred for each vehicle, as a proportion of all 
vehicles of that type reported in the accident data (STATS19, 2006). 
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Figure 4.10. Road class where CCIS accidents occurred. 



 

 25TRL Limited 25 CPR057

Unpublished Project Report  Version:  Final

0%

10%

20%

30%

40%

50%

60%

70%

30 40 50 60 70

Speed limit (mph)

Pr
op

or
tio

n 
of

 v
eh

ic
le

s
Car

LGV

HGV

LCV

0%

10%

20%

30%

40%

50%

60%

70%

30 40 50 60 70

Speed limit (mph)

Pr
op

or
tio

n 
of

 v
eh

ic
le

s
Car

LGV

HGV

LCV

 
Figure 4.11. Speed limit of road where accident occurred for each vehicle, as a proportion of all 

vehicles of that type reported in the accident data (STATS19, 2006). 

4.3.3.4 LCV accident time 

Within the CCIS database it is possible to determine the time at which accidents occurred. For CDVs 
only it was found that the time that accidents occurred was no different to the trend for cars with a 
peak time for a collision being during the hours of the day, although the CDVs showed a slightly 
increased peak at around 6-8 am and 6-8 pm when compared with passenger cars. The day of the 
week the collision took place was also analysed and this was found to be an approximately even 
distribution for each day of the week. 

4.3.3.5 LCV accident collision partner 

As taken from CCIS the vehicle or object that CDVs collided with in accidents is shown in Figure 
4.12. This shows that over 60% of CDV accidents involved a collision with an opposing car or CDV 
for the situation in which at least one occupant of the CDV or the opposing vehicle sustained fatal or 
serious injuries. It is also noticeable that the collision partner trend for CDVs is comparable to that for 
passenger cars. The ‘Nothing’ category in Figure 4.12 indicates accidents where no obvious opposing 
object was contacted such as where the vehicle has left the road and come to rest, or rolled over in a 
verge or ditch. 

The high proportion of accidents between passenger cars and CDVs follows similar trends to that 
observed in other accident databases. For instance, from national STATS19 data (DfT, 2007) 45% of 
LCVs involve collisions with cars (6,811 out of 15,211 cases). 
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Figure 4.12. Collision partner for cars and CDVs where at least a car or CDV occupant was 
fatally or seriously injured (CCIS). 

4.3.3.6 LCV accident direction 

From STATS19 it was found that at least half of all LCV accidents (approximately 51%) are frontal 
impacts, Figure 4.13. The direction of the remainder of the accidents is almost equally split between 
rear impacts (Back) at 23% and side impacts (OS – Offside and NS – Nearside) at 23%. 

Figure 4.14 shows the primary impact locations for cars and CDVs as taken from the CCIS database. 
The Collision Damage Classification (CDC) letter codes, B, F, L, and R correspond to the Back, 
Front, Left or Right of the vehicle being hit first in the impact event. It can be seen that the 
distribution is broadly the same for cars and CDVs and that for both these vehicle types over half of 
the recorded impacts are frontal impacts. Further investigations of the CCIS data have looked at 
rollover and no rollover cases, Figure 4.15. It was found that the proportion of car and CDV accidents 
involving a rollover is about the same, at about 14%. 
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Figure 4.13. Primary impact direction for vehicles with LCV occupant injury (STATS19, 2006). 
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Figure 4.14. Impact location based on CDC (CCIS). Note: B – Back, F – Front, L – Left, R – 

Right. 
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Figure 4.15. Distribution of Rollover and no-rollover cases (CCIS). 

4.3.3.7 LCV occupancy in accidents 

Figure 4.16 shows the number of occupants of the vehicles involved in collisions as taken from CCIS. 
It can be seen that CDVs involve a greater proportion of single-occupancy accidents and very few 
accidents with more than two occupants compared with passenger cars. Overall 60% of CDV 
accidents occur with only one occupant in the CDV and approximately 27% occur with only two 
occupants in the CDV. The case with zero occupants in the vehicle, as indicated in Figure 4.16, can 
occur when an empty parked vehicle is hit by another. 



 

 28TRL Limited 28 CPR057

Unpublished Project Report  Version:  Final

0%

10%

20%

30%

40%

50%

60%

70%

0 1 2 3 4 5 6 7 8

Number of Occupants in Vehicle

Car Derivative (n = 331)

Cars (n = 16463)

 
Figure 4.16. Number of occupants in vehicle (CCIS). 

4.3.3.8 LCV accident belt use 

The use of the seat belt was compared, by occupant, for the cars and CDVs from the CCIS database 
sample, as shown in Figure 4.17. It can be seen from this figure that the belt wearing rate in CDVs is 
lower than in cars (by approximately ten percent). The effectiveness of seatbelts for preventing and 
mitigating injuries in road traffic accidents is well established. Therefore, it is possible to state that the 
lower belt wearing rates in CDVs is likely to have a considerable effect on the injury outcome for 
CDV occupants. 
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Figure 4.17. Belt use from the CCIS accident data. 
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4.3.4 Cargo causation of injury in LCV accidents 

Analysis of the accident data gathered from the separate databases was carried out to establish the 
influence that cargo has on the injury outcome of LCV accidents. The results from these 
investigations, according to the separate databases that were analysed, were as follows: 

4.3.4.1 STATS19 (2006) statistics on cargo injury causation in LCVs 

When completing the questionnaire used to collate information for STATS19, the police are required 
to confirm if a ‘Contributory Factor’ was evident in the cause or outcome of the accident. One of 
these contributory factors (CF206) relates to whether the vehicle was, ‘Overloaded or poorly loaded.’ 
The number of occupant casualties where either no contributory factor, any of the contributory 
factors, or this particular loading factor was present, is shown in Table 4.2. For 29 of the CF206 coded 
accidents Figure 4.18 shows that the principal impact direction to the LCV was to the front. Further 
analysis of the 35 cases where the LCV was considered to have been ‘overloaded or poorly loaded’ 
was not considered appropriate because the outcome from such investigations would lack robustness 
due to the limited sample size. 

Table 4.2. LCV occupant casualties where a contributory factor (CF) was present, including 
CF206: Overloaded or poorly loaded (STATS19 data, 2006). 

 No CF for LCV CF (any) for LCV CF206 for LCV 
Total 2,875 3,039 35 

 

NI, 4

Front, 17

Back, 1

OS, 4

NS, 3

 
 

Figure 4.18. First point of impact for vehicles with LCV occupant injury and CF206 
(Overloaded or poorly loaded). Note: OS = offside, NS = Nearside, NI = no impact e.g. vehicle 

rollover. 

4.3.4.2 CCIS statistics on cargo injury causation in LCVs 

The occupant contact field in the CCIS database was analysed for all occupants of CDVs to see how 
many, if any, had been struck by ‘luggage’ in the rear of the vehicle, as reported by the accident 
investigators. It was found that 38 out of 295 CDVs involved in accidents were found where there was 
a possibility that cargo could have contributed to the injuries of the vehicle occupants. Of these 38 
vehicles, eight of them were coded as having occupants whose injuries were caused through loading 
by ‘luggage’ and 2 were coded that the injuries were caused by an unknown object in the vehicle. The 
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remaining 28 vehicles contained occupants whose injuries were cited as being caused by the 
occupant’s own seat. This loading from the seat could be caused by another object (e.g. poorly 
restrained cargo) forcing the seat forwards, although it could also be because of the occupant and the 
seat coming into contact by another mechanism. As mentioned in Section 4.3, the CCIS database is 
not representative of the overall GB accident situation because of the sampling strategies used in the 
data collection. Despite this it is clear to appreciate that if 13%, or thereabouts, of accident injury 
outcomes for LCVs occupants were related to cargo movement, then it would represent a considerable 
injury problem on the roads. 

4.3.4.3 HVCIS statistics on cargo injury causation in LCVs 

Investigations of the HVCIS fatal database found that there were no incidences where there was 
known to be cargo movement prior to the accident impact. It was reported that cargo moved either 
during or after the impact in 26 out of 478 (5% of) accidents involving LCVs. Analysis of whether the 
cargo movement contributed to the severity of the injuries sustained showed that there were five 
accidents resulting in seven fatalities where the cargo movement was considered contributory to the 
severity of the injuries. 

4.3.4.4 Contributory factors of LCV accidents 

Although there is limited information and understanding of the influence that inadequately restrained 
cargo has on the direct injury outcome in an accident, there is greater understanding on the 
contributory factors that lead to LCV accidents. For instance Smith and Knight (2005) investigated 
fatal accidents involving LCVs. Data were taken from the STATS19 and analysed for accidents that 
occurred between 1993 and 2003. Smith and Knight found that there are a number of factors that can 
influence the cause of accidents. Two of these factors are the vehicle driver and the roadworthiness of 
the vehicles involved. 

When looking at the fatal accidents involving LCVs, Smith and Knight found that out of 314 LCVs 
involved in these accidents, 37 (1%) of the vehicles had 54 defects. In twelve of these accidents (22%) 
it was considered that the vehicle defect had contributed to the accident. Eight vehicles were judged to 
have contributory tyre defects, three had brake defects and there was also one accident where the wing 
mirror was incorrectly repaired. Smith and Knight comment that the defects were not strongly related 
to the age of the vehicle, with most arising from negligence with respect to maintenance. 

The behaviour of 44% of the LCV drivers was considered to have contributed to the accidents. Lack 
of attention was the most frequent behaviour and was displayed by 24% of the LCV drivers. 

4.3.5 Case examples of cargo causation of injury in LCVs 

It would be useful in this TR to highlight particular accident cases where good practice in terms of 
cargo restraint had been followed, leading to a more favourable injury outcome in the accident for the 
vehicle occupants and other road users. However, cases of good cargo restraint practice are very 
difficult to search for in the available accident databases. If cargo has been appropriately restrained so 
as not to break free and cause injury then no record of this would be expected in the STATS19 
database. Equally in the CCIS cases, no injuries would have been caused by the cargo and therefore 
there will be no mention of cargo in the searchable fields of the database. In the HVCIS Fatal database 
it could be shown that the cargo had not moved in a number of the cases but the good performance of 
the cargo restraint could not be shown to be effective because by definition all cases in the database 
involve a fatality. 

As noted in Section 4.3.4 there is some information in the accident statistics that suggests that shifting 
of the cargo in an accident has contributed to the injury outcome in a number of LCV accidents. 
Further information on the details of some of these accident cases is presented to provide a ‘real-life’ 
appreciation of the risks posed by inadequately restrained cargo in LCV accidents. 
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Altogether eight CDV accident cases in the CCIS database were found where there were strong 
indications that the cargo had possibly contributed to the injury outcome of the accident. It was found 
in three of these cases that the occupants of the CDV were not wearing seatbelts which possibly had a 
bigger influence on the injury outcome than the movement of the cargo during the accident. In a 
number of the accidents, investigators have suggested that forces transmitted through a partitioning 
system or the occupant’s seat by unrestrained cargo could have contributed to the severity of the 
injuries sustained. Table 4.3 provides three examples from the CCIS database where it is thought that 
poorly restrained cargo overloaded the seat back of CDV occupants and contributed to the injuries 
sustained. 

In the HVCIS database four accident cases were found in which cargo was considered to have 
contributed to the severity of the injuries. However, in these cases there was only found to be one 
where the occupant was wearing their seatbelt and the outcome of the accident was fully understood. 
In this particular accident case a driver was fatally injured when the LCV they were driving collided 
with the rear of a slow moving car. The cargo of fruit and vegetables in the rear of the LCV was not 
restrained adequately and shifted forward in the accident trapping the driver against the steering 
wheel. 

Ten examples were found in which the cargo moved during the accident in the TCIS database. In 
several of these cases, the cargo moved during the accident but no injuries were attributed to the cargo 
movement. Interestingly in two of the accident cases a partitioning system was fitted in the LCV but 
failed to prevent cargo from bursting through into the occupant compartment area and contribute to 
the injuries sustained by the vehicle occupants. In the first of these incidences an LCV had a head-on 
impact with a HGV. During the accident the 10mm thick plywood headboard fitted behind the driver 
was destroyed by unrestrained plumbing equipment in the rear of the LCV bursting through in to the 
occupant compartment area. The driver of the LCV suffered fatal injuries consisting of head injuries 
and multiple internal injuries. It is most likely in this instance that the cargo was a contributory factor 
in the injury outcome in this case. In the second case an LCV had a head on collision with a car. The 
LCV was fitted with additional seats and a partition system behind the additional seats. In the accident 
unrestrained tools and equipment overloaded the partitioning system causing it to collapse. Three of 
the LCV occupants were slightly injured and one (front seat passenger) was seriously injured 
(fractured foot). In this case it seems as though the partition was not of sufficient strength to protect 
the occupants in the accident. It is probable that in these cases the partitioning system was being used 
as the primary means of restraint for the cargo rather than as a barrier of “last resort” i.e. as a 
secondary restraint. It is a common misconception that partitioning systems in isolation can provide 
sufficient restraint for cargo in an accident. The recommended approach is to consider the appropriate 
primary restraint requirements for the cargo such as load rails, lashing points and racking systems and 
allow the partition, if appropriately designed and engineered, to restrain small light “escaped” items 
which the partitioning system can cope with more than adequately. 
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Table 4.3. CCIS example cases of cargo causation of injury in LCVs. 

 CCIS cases 
 Example 1 Example 2 Example 3 
Accident 
condition 

Seat Inca Van lost control on a bend 
and collided head-on with a large 
tree 

Honda Accord collided 
head-on with a Ford Fiesta 
van. 

Nearside to nearside impact 
between Citroen expert van 
and HGV 

CDV 
occupants 

Driver - 31 year old male, seat 
belted. 
FSP - 26 year old male, seat belted. 

Driver – 57 year old male 
seat belted. 

Driver 26 year old male, seat 
belted. 

Injuries Driver - 1cm small cut to the back of 
his head probably caused by 
unrestrained luggage. 
FSP – Fatally injured, including 
severe head injuries from contact 
with tree. Total destruction of the 
left side of the pelvis, rib fractures 
and internal bleeding, tear in 
diaphragm, extensive bruising to 
both lungs. Cuts to the pulmonary 
vein and artery. 

Driver seriously injured. 
Suffered deep cut to scalp 
caused by steering wheel 
rim, deep cut to the right 
elbow from contact with 
luggage, abrasion to right 
upper anterior leg from 
contact with facia panel, 
fracture of the right femur 
through contact with facia 
panel. 

Driver slightly injured, 
including bruising to the front 
of the chest, cuts and bruising 
to the right knee principally 
caused by contact with the 
internal front structures of the 
vehicle. 
 

Notes Although the FSP sustained a 
serious head injury, it was unlikely 
to have resulted in the fatal outcome 
alone. The massive chest abdomen 
‘crushing injuries’ are collectively 
the most likely cause of death of 
which the cargo is believed to have 
contributed to the injuries by 
overloading the back of the FSP seat 
and crushing the pelvis and chest 
against the seat belt webbing. 

The most significant injury 
was the fracture to the right 
femur. It was principally 
thought that this injury was 
due to contact with the 
facia panel. It is possible 
that the unrestrained cargo 
in the vehicle could have 
contributed to the injury by 
overloading the driver’s 
seat back during the 
accident trapping the 
driver’s leg against the 
facia. 

It is possible that these injuries 
were also associated with the 
seat back being forced forward 
by the unrestrained cargo, as 
shown in the first photo. The 
internal vehicle photo clearly 
shows that the seat has been 
loaded from the rear by the 
unrestrained luggage. 

 

Photos 

 

4.4 Summary of the risk environment review 

In terms of the review of the risk environment for LCV accidents the principal findings are as follows: 

Overall work-related road traffic accident situation: 

• Approximately one third of all road traffic accidents involve someone who is at work at the 
time. 
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• Work-related road traffic accidents result in 200 fatal and serious injuries each week to 
individuals who are at work at the time. 

Overall GB statistics: 

• In 2006 there were 189,000 road traffic accidents with injuries to 211,000 vehicle occupants 
and 47,000 vulnerable road users such as pedestrians and cyclists. 

• More than half of road traffic accidents involve two vehicles (112,000) of which the 
overwhelming majority involved a collision with a car (105,500). 

Distribution and utilisation of LCV vehicles: 

• Panel van traffic has increased by 40% over the last decade. 

• Panel vans and CDVs are the most common van types found on UK roads respectively 
forming 26% and 25% of the UK van population. 

• More than half of the vehicle kilometres driven by commercially owned vehicles are done so 
while carrying at least one quarter of the vehicle’s permissible payload, while approximately 
a third of the vehicle kilometres are driven with over half of the permissible payload being 
carried. 

Overall LCV accident and injury statistics: 

• According to STATS19, in 2006 there were 14,790 accidents involving LCVs (excluding 
commercial passenger cars). 

• The majority of the 14,790 accidents involving LCVs were two vehicle accidents (9,500) of 
which the majority involved a collision with a passenger car (6,500). 

• The 14,790 accidents involving LCVs resulted in 6000 LCV occupant casualties of which 563 
were fatal or serious. 

• For each passenger kilometre travelled the risk of injury in a passenger car is three times 
greater than it is in an LCV. 

LCV accident severity: 

• Based on the sample of data taken from the CCIS database, half of the CDV accidents 
occurred at an estimated ∆v of 29km/h (18mph) or lower and an estimated ETS of 28km/h 
(18mph) or lower. Equivalent ∆vs and ETS limits for passenger cars are slightly lower at 
27km/h (17mph) and 25km/h (16mph) respectively. 

• In terms of data from the CCIS database approximately 80% of CDV accidents occurred at an 
estimated ∆v and ETS of 40km/h (25mph) or lower. 

LCV accident road type and speed limits: 

• It is implied from the information in the databases that approximately 50% of all LCV 
accidents occur on ‘A’ roads with speed limits of 30mph (48km/h). 

• In general LCV accidents follow a very similar trend to passenger cars in terms of the road 
types and speed limits where they occur. 

LCV accident collision partner: 

• Approximately half of all LCV road traffic accidents involve a collision with a passenger car. 

• It is indicated that the trend in the distribution of collision partners for LCVs is comparable to 
that for passenger cars. 

LCV accident direction: 

• At least half of all LCV accidents are frontal impacts. 



 

 34TRL Limited 34 CPR057

Unpublished Project Report  Version:  Final

LCV occupancy in accidents: 

• Based on the sample of CDV accidents taken from the CCIS database, over 60% had one 
occupant in the CDV at the time of the accident and approximately 27% of the accidents had 
two people in the CDV at the time. 

Cargo causation of injury in LCV accidents: 

• It is estimated that in 13% of all LCV accidents cargo is a contributory factor in the injuries 
(all severities) sustained by LCV occupants. 
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5 Principles of accident dynamics 
This chapter of the TR presents the fundamental principles of accident dynamics according to the 
physical laws of motion and energy conservation. The objective of the chapter is to provide an 
understanding on the accident process and the fundamental principles influencing the cargo and the 
performance of cargo restraints in an accident. It is expected that by applying the general principles 
presented in this chapter assessments of the accident risks posed by specific types of cargo can be 
made and appropriate cargo restraints determined and applied in order to manage the identified risks. 

For the purposes of clarity the fundamental principles are described in terms of idealised head-on full 
frontal impact conditions (i.e. Figure 5.1). However, the principles are also relevant for impacts from 
other directions such as from the rear or side, or offset impacts in which only part of the vehicle 
interacts in the impact, e.g. Figure 5.1. 

LCV 1 LCV 2

Velocity LCV1 Velocity LCV2

LCV 1 LCV 2

Velocity LCV1 Velocity LCV2

 

LCV 1

LCV 2

Velocity LCV1

Velocity LCV2

LCV 1

LCV 2

Velocity LCV1

Velocity LCV2

 
Head on full-frontal impact Head on offset impact 

Figure 5.1. Plan view of example frontal impacts. 

5.1 The accident process 

5.1.1 Accident response of the vehicle 

Figure 5.2 provides an idealised representation of the velocity and deceleration of a vehicle in a head 
on frontal accident. This shows that during an accident the velocity of the vehicle drops to zero from 
the speed that it was initially travelling at (v), while the deceleration peaks towards the middle of the 
impact with respect to time and then subsides to zero. All this typically takes place over a time frame 
of approximately 0.1 to 1 second depending on the severity of the accident, which is dictated by such 
factors as the speed that the vehicle was initially travelling at, the object that it strikes (e.g. an 
opposing vehicle or tree) or the overlap of the impact (i.e. full-frontal or offset). 

In an accident the deceleration levels of a vehicle can peak at values of up to 20 to 50g and the 
velocity and deceleration of the vehicle will typically be more erratic than the idealised uniform 
responses presented in Figure 5.2. For instance, sharp rises and falls in the velocity and deceleration 
response will typically occur in a real accident. However, for the purposes of describing the 
fundamental vehicle response in an accident Figure 5.2 provides all the necessary understanding that 
is needed. 
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Figure 5.2. Idealised velocity and deceleration response of a vehicle in a frontal accident. 

In terms of the vehicle’s kinematics it is possible to identify a number of separate events that 
contribute to the overall accident response. For a full-frontal head-on-impact with an opposing 
vehicle, an idealised accident process is presented in Figure 5.3. This provides representations of the 
vehicles behaviour with indications of the vehicles’ global velocities and decelerations at the time that 
these vehicle behaviours occur. Looking at Figure 5.3 the separate accident events can be considered 
as follows: 

• First contact – The front structures of the vehicles meet. At this point in time the vehicles are 
travelling at their maximum accident velocity and have zero deceleration. 

• Vehicle deformation – As the vehicles continue to move towards each other the front 
structures of the vehicles’ deform. This deformation absorbs and reduces the energy that the 
vehicles possess as a consequence of their motions (i.e. kinetic energy, see Section 5.2.2), 
which in turn reduces the vehicles’ velocities. The amount of energy absorbed by the 
vehicles’ front structures is dependent on the force that is required to deform the structures 
and the extent or distance to which the structures are deformed. Further details on the energy 
of deformation are presented in Section 5.2.3 of this chapter. However, in simple terms it is 
easier to appreciate this process by visualising the reduction in the length of a spring when it 
is compressed. The force needed to compress the spring and the reduction in the spring’s 
length defines the amount of energy that has been absorbed by the spring. 

• Maximum vehicle deformation - As the vehicles’ front structures deform they become stiffer, 
increasing the resistance to the overall motion of the vehicles. This leads to considerable 
increases in the vehicles’ decelerations and considerable reductions in their velocities. 
Eventually a point is reached where the kinetic energy possessed by the vehicles is no longer 
sufficient to cause any further deformation in the front structures. At this point the maximum 
deformation of the vehicles is reached and generally this coincides with the peak deceleration 
in the vehicles’ motions. 

• Vehicle pitching – During the accident the vehicles will typically pitch on their front 
suspensions as characterised by the front ends of the vehicles dropping towards the ground. 
Furthermore, it is also possible for the rear wheels of the vehicles to rise off the ground 
especially if there is no further travel available in the front suspension and the stiffnesses of 
the vehicles’ front structures has risen to a level where the energy possessed by the vehicles’ 
is not able to cause any further deformation of the front structures. The pitching of the 
vehicles is a transformation of the vehicles linear kinetic energy into rotational kinetic energy 
as the vehicles effectively rotate about their front wheels. This rotational kinetic energy is 
then absorbed by the rear suspension dampers as the rear wheels of the vehicles land back on 
the ground and the vehicles’ come to rest. 
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Figure 5.3. Change in vehicle kinematics, velocity and acceleration in an idealised head-on 
frontal accident. 

5.1.2 Accident response of the cargo and restraint systems 

During an accident the impetus of the carried cargo will be to shift towards the front of the vehicle in 
a frontal impact. With no restraint in place the cargo will continue to move forward at a velocity equal 
to that that the vehicle was originally travelling at before the accident. Furthermore, pitching of the 
vehicle in the impact will cause the cargo to lift off the cargo bed of the vehicle. In terms of cargo 
carried within vehicles the motion of the cargo will only be stopped once it impacts other structures or 
items in the vehicle, which could include the vehicle occupants. Cargo carried on the roof or sides of 
vehicles, that break free during an accident, will only be stopped by structures or items external to the 
vehicle. This could include occupants of other road vehicles or vulnerable road users such as 
pedestrians or cyclists. 

The purpose of cargo restraints in an accident should be to limit rather than totally prevent the cargo 
from shifting. For instance, within the confines of an LCV the safe limits within which the cargo 
could be expected to shift would be effectively defined by the confines of the cargo area of the vehicle 
and not extend into the occupant compartment area of the vehicle. Alternatively, for cargo carried 
external to the vehicle in a frontal accident the intention should be to limit the extent that the cargo 
can shift forward so as to limit the likelihood of it striking other road users in an accident (e.g. 1-2m). 

The use of cargo restraints that stretch and deform to control the shifting of the cargo in an accident 
can be used to absorb the kinetic energy of the cargo similar to the manner in which the front 
structures of a vehicle deform to absorb the kinetic energy of the vehicle (Section 5.1.1). Absorbing 
energy in the restraints has a considerable influence on the dynamic response of the cargo in an 
accident and on the size of the force required to restrain the cargo to the vehicle. For instance, Figure 
5.4 provides three different methods of restraining cargo with a partitioning system in addition to 
details of idealised accident velocity and deceleration responses for the cargo in these three situations. 
With the cargo placed adjacent to the partitioning system the cargo will exhibit a very similar velocity 
and deceleration response as the vehicle. Moving the cargo away from the partitioning system the 
cargo is not restrained in the initial phases of the accident. However as the cargo shifts forward it 
impacts the partitioning system leading to dramatic decreases in the cargo velocity and higher 
decelerations of the cargo (e.g. 10 times greater than if the cargo was placed next to the partitioning 
system). Finally if energy absorbing dunnage is placed between the cargo and the partitioning system 
then the velocity of the cargo is reduced over a longer time frame and the peak deceleration is less 
(e.g. 50% lower) than when the cargo is placed next to the partitioning system. As the deceleration is 



 

 38TRL Limited 38 CPR057

Unpublished Project Report  Version:  Final

directly related to the force required to restrain the cargo (Section 5.3) it is possible to understand 
from Figure 5.4 that the restraint forces will be greatest for the situation where the cargo is placed 
away from the partitioning system with no additional restraint and least where energy absorbing 
dunnage, or some other form of adequately specified restraint, is used to restrain the cargo. 

In the DfT Code of Practice (2002) it is recommended that cargo should be placed next to partitioning 
systems. In the absence of not having any purpose designed restraint system to restrain the cargo (e.g. 
lashings, racking systems etc.) then placing cargo next to the partitioning system should still be 
considered a minimum Best Practice (Assuming the barrier is designed and engineered to 
accommodate the forces generated in an accident). However, Figure 5.4 does provide a relative 
understanding of the benefits that can be achieved by using additional energy absorbing structures 
with partitioning systems to limit the forces presented by cargo in an accident. It further demonstrates 
the benefits offered by allowing cargo to move relative to the vehicle in an accident situation. 

Cargo placed adjacent to 
vehicle partitioning system 

Cargo placed away from 
cargo partitioning system 

Energy absorbing dunnage 
placed between cargo and 

partitioning system 
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Figure 5.4. Idealised cargo velocity and acceleration responses for three partitioning system 
restraint methodologies. 

5.2 Fundamental principles influencing the cargo and cargo restraints 

5.2.1 Relative movement between the LCV and the cargo 

According to Newton’s third law of motion: 

 “The forces of action and reaction between interacting bodies are equal in magnitude, 
opposite in direction and collinear” 
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One interpretation of this law is that for the simple situation of an unrestrained cargo settled on the 
cargo bed of a stationary LCV (e.g. Figure 5.5) the weight of the cargo is counterbalanced by an equal 
and opposite reactive force provided by the LCVs cargo bed. Under these conditions the cargo will 
not move with respect to the LCV unless acted on by an external force. 

Weight of cargo

Reactive force

Weight of cargo

Reactive force  

Figure 5.5, Forces acting on an unrestrained cargo settled on the back of an LCV. 

For an LCV travelling in a straight line at a constant velocity the forces acting on its cargo will be 
equal to that when the LCV is stationary, Figure 5.5. Under this circumstance the cargo will not move 
relative to the LCV according to Newton’s first law of motion, where: 

“An object remains at rest or continues to move in a straight line with a constant velocity if 
there is no unbalanced force acting on it” 

However, when the LCV accelerates or brakes and/or its motion deviates from the straight course in 
which it was originally travelling (corners for instance); the impetus of the cargo will be to continue at 
the same speed and direction it was originally travelling at. An idealised representation of this concept 
is presented in Figure 5.6. Here a trolley that has a velocity of ‘v’ is carrying an object that also has 
the same velocity as the trolley. At some point, the trolley stops abruptly and assuming negligible 
restraint the object will continue to travel at the same velocity that it was originally travelling at. If it 
is considered that the object in Figure 5.6 is cargo carried on an LCV then the use of cargo restraints 
should be to limit the forward displacement of the cargo as the LCV comes to a stop. 

 

v

v

v

0

vv
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vv

 

Figure 5.6. Object mounted on a moving vehicle that subsequently comes to rest. 

5.2.2 Kinetic energy 

An object travelling at speed possesses kinetic energy. The magnitude of this energy can be estimated 
according to the relationship: 

2

2
1 mvE =         Equation 5.1 

Where: 

E = Kinetic energy; 
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m = mass of the object; 

v = velocity of the object. 

As indicated the kinetic energy of an object is directly related to its mass and velocity: the greater the 
mass and velocity of an object the greater its kinetic energy. A relative understanding of how mass 
and velocity influence the kinetic energy of an object is provided in Figure 5.7. This shows that the 
velocity of an object has a greater influence on the kinetic energy of an object than its mass, i.e. an 
object with twice the mass of another will have twice the kinetic energy, whereas an object with twice 
the velocity of another will have four times the kinetic energy. In practical terms this means that 
impact velocity is not linearly related to impact energy or the work (Section 5.2.3) that is required to 
bring a vehicle to a stop. For instance, to bring a vehicle to a stop from 40mph will require dissipation 
of four times the kinetic energy (i.e. four times the force or four times the retarding distance) than it 
does to bring the same vehicle to rest from 20mph. Also the required kinetic energy dissipation to 
bring about the same drop in velocity increases with initial travelling velocity. For example, as shown 
in Figure 5.8 the amount of kinetic energy that needs to be dissipated to reduce a vehicle’s velocity 
from 50mph to 20mph is over twice as large as it is to bring the same vehicle to a stop from 30mph. 

The change in energy with velocity has considerable implications on the forces required to restrain 
cargo in an accident with greater impact velocities having an ever increasing influence on the required 
forces needed to restrain cargo under accident conditions for the same retarding distance. It is also 
possible that for what would appear comparably similar accident conditions (same impact velocity 
and retarding distance) that the energy dissipation (i.e. accident severity) can be very different 
because of further compounding differences such as the shape, size, mass and stiffness of the 
interacting structures. This can result in different demands being placed on cargo restraints for what 
would effectively appear to be similar accident conditions and possibly failure of the restraint to 
restrain cargo under the higher severity conditions compared with the lower severity accident 
conditions.  
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Figure 5.7. Relative differences in kinetic energy with vehicle velocity. 

The principles of kinetic energy are applicable to cargo carried on an LCV, where the mass of the 
cargo and the speed of the vehicle that it is carrying the cargo will define the kinetic energy of the 
cargo. Safe restraint of the cargo involves absorbing and managing the kinetic energy of the cargo. 
Rigidly fixing the cargo in position to the vehicle structure would lead to all of the cargo’s kinetic 
energy being absorbed by the vehicle structure and the generation of large restraining forces, as 
already mentioned in Section 5.1.2. Using restraints and anchorages that deform and stretch, thus 
allowing the cargo to shift controllably with respect to the LCV, will help to absorb the kinetic energy 
of the cargo and result in lower restraining forces. 
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Figure 5.8. Kinetic energy dissipated with 30mph drops in velocity from different initial 

travelling velocities. 

5.2.3 Deformation energy 

To bring an object to rest it is necessary to dissipate the kinetic energy that it possesses. Work is 
needed to bring the object to rest and this can be estimated according to the relationship: 

fdw =         Equation 5.2 

Where: 

 w = Work; 

 f = Restraining Force; 

 d = Distance travelled along the action line of the restraining force. 

To bring an object to rest the magnitude of the work needs to be equal in magnitude to the kinetic 
energy possessed by the object. Consequently, by combining Equations 5.1 and 5.2 we obtain: 

 Work = Kinetic energy 

Or 

2

2
1 mvfd =         Equation 5.3 

Consequently, according to Equation 5.3 the greater the mass and velocity an object has the greater 
the force and/or distance that is needed to bring the object to rest. 

For cargo restrained on an LCV the restraining force is provided by the cargo restraint or cargo 
anchorage. The distance is effectively defined by the distance that the cargo moves with respect to the 
LCV in an accident. As such the distance also defines the extent to which the restraints or anchorages 
deform or stretch during an accident. Hence, stiff restraints that generate large restraint forces with 
limited stretching or crushing do not need to deform as much as softer restraints to dissipate the same 
amount of kinetic energy. It is necessary to understand these principles in order to correctly determine 
the size or stiffness of restraint that should be used to restrain a specific size of cargo within safe 
limits that it is allowed to shift under accident conditions. 
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5.3 Restraining forces 

The restraining forces required to prevent cargo moving relative to an LCV will be dependent on the 
mass of the cargo and the rate at which the van accelerates or the rate at which its line of travel 
deviates (e.g. cornering). As covered under Newton’s second law of motion: 

“The acceleration of an object is proportional to the resultant force acting on it and is in the 
direction of this force” 

The basic relationship used to describe this law mathematically is: 

maF =         Equation 5.4 

Where, in terms of restraining cargo the values represent: 

 F = the force on the cargo; 

 m = mass of the cargo; 

 a = acceleration of the cargo. 

Consequently, if we consider the situation in which an LCV is braking in a straight line, then the force 
required to prevent the cargo moving with respect to the vehicle would be proportional to both the 
mass of the cargo and the rate at which the van is decelerating while braking. Therefore, the larger the 
mass of the cargo and the higher the deceleration of the LCV the larger the restraining force that is 
needed to prevent the cargo from moving with respect to the LCV. 

Under normal braking the maximum rate at which a van could be expected to decelerate is around 1g. 
However, in a frontal impact for instance, the deceleration of the vehicle can be many times the 
deceleration experienced under normal braking conditions (e.g. more than 20 times greater). 
Consequently the restraining forces required to prevent a cargo from shifting in an accident situation 
will be many times greater than under normal braking. Figure 5.9 shows the relative differences in the 
restraining forces required to prevent cargo from shifting under braking and idealised accident 
conditions. As is shown in the figure the forces needed to prevent the cargo from shifting in the 
accident conditions are many times greater than that needed to restrain the same cargo under normal 
braking. Consequently, the restraint systems needed to restrain cargo under accident conditions need 
to be more robust than those that are only adequate for normal braking. However, as already discussed 
in Section 5.1.2 deformation and stretching of restraints and anchorages can be used to lower the 
forces required to restrain cargo as long as there is adequate space into which the cargo can safely 
shift during an accident. 
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Figure 5.9. Relative restraining forces needed for cargo under braking and accident conditions. 
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5.3.1 Friction 

Further restraining force can be provided by friction between the cargo and the cargo bed of the LCV. 
For an unrestrained cargo (i.e. not tied down or resting against a partitioning system of an LCV), the 
only force resisting relative movement between the LCV and cargo will be friction. 

Friction is the resistance to motion between two surfaces in contact. The magnitude of this friction 
force is proportional to the magnitude of the reaction force between the cargo and the LCV cargo bed 
and can be estimated according to the relationship: 

RFR µ=         Equation 5.5 

Where: 

 FR = friction force; 

 µ = coefficient of friction; 

 R = reactive force. 

Consequently, to increase the frictional resistance between two surfaces the coefficient of friction 
and/or the reactive force between the two surfaces needs to be increased. 

The coefficient of friction is a characteristic of the resistance offered by the two surfaces in contact. 
Typically it ranges in value between 0 and 1. For skates sliding on ice the coefficient of friction will 
be close to 0 while the friction between cargo and the LCV cargo bed may vary between 0.3 and 0.6 
depending on the type of cargo being restrained and the characteristics of the LCV cargo bed. For 
instance, different surfaces can be used on LCV cargo beds to increase the frictional resistance 
between the cargo and the LCV such as rubber mats. 

The reactive force ‘R’ will typically be equal to the weight of the cargo in the instance of cargo placed 
in a van. However, ‘R’ can be less than the weight of the cargo if it is placed on a surface that is not 
horizontal. For example, with a van on a steep incline, as represented in Figure 5.10, the reactive force 
is not equal and opposite in magnitude to the weight of the cargo. In this instance the magnitude of the 
reactive force will be equal to some fraction of the cargo weight depending on the steepness of the 
incline that the van is on, i.e. the steeper the incline the lower the value of ‘R’. 

Conversely the magnitude of the reactive force can be increased above the weight of the cargo by 
using for instance tightened straps to pull the cargo down onto the bed of the LCV, as indicated in 
Figure 5.10. In this instance the reactive force will be equal to the weight of the cargo plus the force in 
the straps normal to the bed of the LCV. 

Friction alone is not adequate for restraining cargo even under normal driving conditions. Even if 
strapping is used to increase the friction between the cargo and the bed of the LCV, as shown in 
Figure 5.10, friction alone is unlikely to resist the relative motion between the cargo and the vehicle. 
Similarly cargo with a relatively large mass that may appear to be rigidly fixed in position by friction 
alone would experience large inertial forces in an accident and even under normal braking, which 
would cause the cargo to shift (Section 5.3). Furthermore, if an LCV pitches in an accident 
(Section 5.1.1) then the likelihood is that the cargo will lift off the bed of the LCV and friction will 
offer no resistance to the motion of the cargo with respect to the LCV. In general it is recommended 
that the cargo restraining force offered by friction in an accident situation can largely be neglected and 
effort should concentrate on using restraints that positively fix the cargo to the vehicle rather than 
relying on the secondary effects of friction. 
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Figure 5.10. Influence that vehicle orientation and strapping has on the reactive force between a 
vehicle and the carried cargo. 
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6 Review of existing guidance on cargo restraint 
The objective of the review of existing guidance is to provide an overview of the legislation and 
knowledge that currently exists on the restraint of cargo on road vehicles. The information in this 
chapter provides an understanding on what is the current ‘state-of-the-art’ knowledge and Best 
Practice on cargo restraint in LCVs and as such provides indications as to what the reasonable and 
practical expectations should be concerning the restraint of cargo on LCVs under accident conditions. 
The chapter also provides an understanding of the limitations and shortfalls in knowledge that exist on 
the restraint of cargo under accident conditions, highlighting where future work is needed to improve 
the accident safety of cargo on LCVs. 

Brief information is provided in the chapter on a variety of documents reviewed, highlighting the 
main points of specific interest. References to these documents are provided in the References section 
of the TR if interested readers require a more detailed understanding of the reviewed documents’ 
contents. 

The information reviewed on existing guidance is covered under the following headings: 

• Legal requirements on restraining cargo (Section 6.1); 

• Current guidance on restraining cargo (Section 6.2); 

• Strength requirements for restraint systems and test methods (Section 6.3); 

• Crash safety legislation (Section 6.4). 

6.1 Legal requirements on restraining cargo 

UK legislation that can be applied to the safe restraining of cargo on road vehicles includes: 

• The Road Traffic Act (Section 6.1.1); 

• The Road Vehicles (Construction and Use) Regulations (Section 6.1.2); 

• The Health and Safety at Work Act (Section 6.1.3); 

• The Management of Health and Safety at Work Regulations (Section 6.1.4); 

• The Provisions and Use of Work Equipment Regulations (Section 6.1.5); 

• UNECE Regulation 17 (Section 6.1.6). 

6.1.1 The Road Traffic Act 

The Road Traffic Act lists the potential offences relating to the use and condition of mechanically 
propelled vehicles on roads and other public places. The Act sets out the general requirements of what 
drivers need to abide by when using the roads. For instance, employers have a responsibility to ensure 
that their vehicles are road worthy, taxed and insured. However, ultimately the application of the Act 
falls on the individual or employee driving the vehicle to ensure that they abide by the rules of the 
road, do not cause a danger through their driving and that the vehicle is roadworthy. 

In terms of cargo restraint the Act states that “A person is guilty of an offence if they use, or causes or 
permits another to use, a motor vehicle or trailer on the road when:…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”. In the strictest sense it is suggested from this 
requirement of the Act that cargo should not present a danger to any individual under any 
circumstance. This interpretation of the Act makes no allowance for the reasonable and practical 
limits of restraining cargo under accident conditions. As already mentioned in Section 4.1 there will 
inevitably be accident conditions where it is not possible to adequately restrain cargo and prevent it 
from presenting a risk to vehicle occupants or other road users. It is further proposed in Section 4.1 
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that parallels on the reasonable and practical expectations of restraining cargo in an accident should be 
drawn with the representative accident conditions under which vehicle occupant safety is currently 
assessed. For example, it would be unreasonable to expect cargo not to pose a risk to occupants at 
accident severities above those currently used to assess occupant safety because the expectation is that 
there would be a high probability that occupants would suffer fatal or severe injuries irrespective of 
the cargo’s influence. Chapter 7 provides reasonable and practical recommendations on the accident 
conditions under which cargo restraints should be assessed along with the reasoning behind the 
recommendations. 

6.1.2 Road Vehicles (Construction and Use) Regulations 1986 

The construction and use regulations provide specific requirements on the safety of vehicles that 
should be adhered to by employees and employers. In essence the regulations provide the detail and 
the specific interpretations of the offences laid out in the Road Traffic Act, citing EC Directives 
relating to specific topics that have been adopted into UK legislation. Examples of the topics covered 
by the regulations concern the construction and use of seat belts, glazing and mirrors. 

Allowances are made for the risks posed by hazardous cargo in Regulation 44 of the regulations, 
which set out specific requirements for the carriage of dangerous substances. It is stipulated in this 
regulation that “No person shall use or cause or permit to be used on a road a minibus by which any 
highly inflammable or otherwise dangerous substance is carried unless that substance is carried in 
containers so designed and constructed, and unless the substance is so packed, that, notwithstanding 
an accident to the vehicle, it is unlikely that damage to the vehicle or injury to passengers in the 
vehicle will be caused by the substance”. 

General requirements on the safe transporting of cargo are provided in Regulation 100, which covers 
the maintenance and use of vehicles so as not to be a danger. Comparable to the Road Traffic Act this 
regulation requires that the weight, distribution packing and adjustment of cargo on a vehicle or trailer 
should not cause a danger to the vehicle occupants or any other person on the road. In terms of 
restraining cargo on road vehicles the regulation states that “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 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”. It is implied 
from this passage of the regulation that cargo should be restrained such that it will not move relative 
to the vehicle irrespective of the circumstances. As with the Road Traffic Act no specific allowances 
are made in this regulation concerning the reasonable and practical limits for safe cargo restraint; as 
described in Section 4.1, as such it is assumed that the regulations were drafted for loading conditions 
associated with normal driving rather than the accident situation. As discussed in Chapter 5 controlled 
displacement of the cargo with respect to the vehicle in an accident can be used to better manage the 
dissipation of the energy that the cargo possess as a consequence of its motion (i.e. kinetic energy). It 
is important therefore that these principles are fully appreciated by law enforcement agencies when 
interpreting the legislation and making their judgements following an accident. 

6.1.3 The Health and Safety at Work Act 

The Health and Safety at Work Act sets out the duties of the employer to ensure, so far as is 
reasonably practicable, the health, safety and welfare at work of all their employees and those who 
may be affected by their work activities. This duty extends to the safety concerning the provision and 
maintenance of plant, equipment and systems of work, the safety in handling, storing and transporting 
articles and substances, and providing adequate training and supervision of employees in their work 
activities. It also makes provision concerning the possession and use of dangerous substances. 

No specific references are made in the Act concerning the safe restraint of vehicle cargo in a road 
accident, but this is implied under the duties of the act set out for the employer. Principally it is stated 
in the Act that an employer takes all reasonable and practical steps to ensure the safety and welfare of 
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their employees and others that may be affected by their work activities. The requirement for 
“reasonable and practical steps” is particularly relevant for the safe restraint of cargo under accident 
conditions. It implies that specific risks may be unavoidable on the grounds that there are no 
reasonable and practical steps to completely eliminate the risk. For instance, there are inherent risks of 
falling associated with employees using ladders or flights of stairs in their work activities. It is 
impractical to consider that the risks from using ladders and stairs could be completely eliminated but 
appropriate measures should be taken to manage the risks by providing, appropriate training in the use 
of ladders and hand rails on stairwells. Similarly, in an accident it may not be possible to completely 
eliminate the risk posed by cargo carried by a vehicle as the potential accident severity may limit the 
reasonable and practical steps that could be taken to eliminate the risk of the cargo causing harm or 
injury, as already discussed in Section 4.1. 

6.1.4 The Management of Health and Safety at Work Regulations 

Similar to the manner in which the Road Vehicles Construction and Use Regulations provide the 
means by which the Road Traffic Act is exercised, the Management of health and safety at work 
regulations support the exercising of some of the powers within the Health and Safety at Work Act. 

Most of the document specifies the responsibilities for the employer, which include: 

• Making a suitable and sufficient assessment of the health and safety risks that employees are 
exposed to at work and the risks to other persons who may be affected by their work 
activities. 

• Providing employees with comprehensible and relevant information on the risks to their 
health and safety identified in the assessment and the preventive and protective measures to 
be taken. 

• Taking into account the employee’s capabilities as regards health and safety when entrusting 
tasks to them. 

The Regulations also include some requirements for the employee. For instance “Every employee 
shall use any machinery, equipment, dangerous substance, transport equipment, means of production 
or safety device provided to him by his employer in accordance both with any training in the use of 
the equipment concerned which has been received by him and the instructions respecting that use 
which have been provided to him by the said employer…”. 

The regulation does not contain any specific guidance on the safe restraint of cargo in vehicles under 
accident conditions. However, employees who drive for work are exposed to the risk of being 
involved in a vehicle accident and the likelihood that cargo could cause or contribute to fatal or 
serious injuries. As such, based on the responsibilities placed on the employer, it is their responsibility 
to manage this risk by periodically assessing the potential hazards and taking appropriate action to 
limit the risk. For instance, in assessing the risk from unrestrained cargo in a vehicle, the employer 
may identify that they need to provide a suitable means of restraint for the cargo. Together with 
provision of the restraint, training and instructions on how to correctly use the restraint would also 
need to be provided. It would then be the responsibility of the employee to use the restraint in the 
correct method, thereby reducing the health and safety risk to which they are exposed. 

6.1.5 The provision and use of work equipment regulations PUWER 

When a vehicle is used for work but is not used on the roads, the Road Traffic Act and the 
Construction and Use Regulations may not be applicable. Under these circumstances it is likely that 
the Provision and Use of Work Equipment Regulations, 1998 (PUWER), are more appropriate. The 
Regulations require risks to people’s health and safety, from equipment that they use at work, to be 
prevented or controlled. Similar to the Management of Health and Safety at Work Regulations, 
PUWER also requires that users of work equipment carry out risk assessments. 
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As with the previously described legislative documents there are no specific requirements set out in 
PUWER concerning the safe restraint of cargo for accident conditions, but elements of PUWER can 
be applied to this circumstance. In general terms, the regulations require that equipment provided for 
use at work is (as taken from the HSE Simple guide to PUWER 1998): 

• “suitable for the intended use 

• safe for use, maintained in a safe condition and, in certain circumstances, inspected to ensure 
this remains the case 

• used only by people who have received adequate information, instruction and training; and 

• accompanied by suitable safety measures, e.g. protective devices, markings, warnings” 

It is possible to infer from these points that vehicles should be suitable for the cargo that they are 
expected to transport and that the vehicles and cargo restraint systems are maintained and regularly 
inspected to ensure their continued safe operation. It could also be inferred from the first point above 
that restraint systems should be “fit-for-purpose” in terms of providing reasonable and practical levels 
of restraint for cargo under accident conditions. However, based on the information reviewed in this 
chapter there is an absence of understanding and consensus of opinion on the reasonable and practical 
limits of restraining cargo under accident conditions. 

6.1.6 UNECE Regulation 17 

Regulation 17 covers the strength and safety of seat anchorages and head restraints in passenger cars 
and all goods vehicles (M1 and all N category vehicles, Chapter 3). The regulation also sets out 
deceleration test requirements relating to the performance of rear seat backs and devices that are 
designed to prevent vehicle luggage displacing and harming vehicle occupants in a frontal impact. 
However, the deceleration test is mandatory for passenger cars only. 

The deceleration test involves positioning two 18kg, 300x300x300mm blocks, 200mm from the 
forward boundary of the luggage compartment and 25mm either side of the vehicle’s longitudinal 
median plane. Furthermore, if there is a partitioning system above the backrest of the rear seats then a 
further block (10 kg and 500x350x125 mm) is fitted to a fixed raised floor in the luggage 
compartment. This raised floor locates the centre of gravity of the block centrally between the top of 
the bordering seat-back (without taking account of the head restraints) and the bottom edge of the roof 
lining. Once the blocks are in position, the body of the vehicle is subjected to a deceleration test. The 
initial speed is 50km/h (31mph) and the deceleration of the vehicle body must fit within the 
deceleration envelope shown in Figure 6.1, which peaks at between 20 and 28g. The envelope is 
defined in the test procedure to allow for variability’s that can often arise in repeated tests and tests 
carried out across different laboratories using different facilities. The magnitude and period of the 
envelope is approximately representative of a vehicle to like-vehicle impact at approximately 30mph. 

Greater loads than the two 18kg blocks can be carried in the luggage compartments of passenger cars. 
However, it is considered that the two 18kg masses are used to provide a typical loading response for 
the rear seats rather than a worst case loading condition with a full load capacity for the luggage 
compartment, which may be an infrequent prospect based on the accident statistics. 

UNECE Regulation 17 is the only legal requirement in the UK concerning the physical testing of 
cargo restraints in vehicles and is only mandatory for passenger cars. The test procedure could be 
extended to assess the performance of partitioning systems in LCVs. However, the mass of the blocks 
used in the test may not provide an adequate assessment of the restraint systems fitted in LCVs, 
especially when compared to the maximum payloads that can be carried by this class of vehicle 
(e.g. 1000kg). However, the details of the test procedure do provide employers with an understanding 
of the restraint performance offered by the seat backs that form the boundary with the luggage 
compartment in passenger cars. This can be used to establish appropriate advice on the maximum 
mass of the cargo that should be carried in their passenger cars. 
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Figure 6.1. Acceleration envelope for UNECE Regulation 17 test of seat back strength. 

6.2 Current guidance on restraining cargo 

There are a number of published National and International documents providing advice on 
maintaining and restraining cargo on vehicles. These include: 

• The HSE Driving at work - Managing work related road safety (Section 6.2.1); 

• The Department for Transport (DfT) Code of Practice: Safety of loads on vehicles 
(Section 6.2.2); 

• European Best Practice Guidelines on cargo Securing (Section 6.2.3); 

• National Transport Commission and Roads and Traffic Authority New South Wales (NSW). 
Load restraint guide – guidelines and performance standards for the safe carriage of loads on 
road vehicles (Section 6.2.4); 

• Published information (Section 6.2.5). 

6.2.1 The HSE driving at work – Managing work related road safety 

This document provides guidance for employers, managers and supervisors on managing the risks to 
their employees or staff that drive for work. The guidance in the document identifies responsibilities 
from the Heath and Safety at Work Act and the Managing the Health and Safety at Work Regulations. 
On the basis of this legislation, the guide gives details on how to manage work-related road safety. 
The leaflet provides prompts on what should be presented in company procedures (e.g. Health and 
Safety policy, organisation and structure, etc.). It gives guidance on assessing risks on the road with 
simple steps for producing a risk assessment. This includes questions on the suitability of the driver, 

Time (ms)

Deceleration (g) 
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vehicle and the nature of the journey to be undertaken. There are no specific references in the 
document relating to the restraint of cargo in the accident situation, but the principles presented can be 
applied and extended to this circumstance. 

6.2.2 The Department for Transport (DfT) Code of Practice: Safety of loads on vehicles 

The Code of Practice provides a broad awareness of the risks posed by cargo on vehicles stating that 
“…all loads carried on vehicles are secured whatever the journey…to protect the people involved in 
loading, unloading and driving the vehicle, together with other road users and pedestrians”. It 
identifies that “drivers should be aware of the additional risk of the load, or part of the load, moving 
when the vehicle is being driven” and that this applies to all vehicles and to all types of cargo. As 
stated in the Code of Practice, the driver is ultimately responsible for the cargo carried on the vehicle, 
whether or not they were involved in the restraint of the cargo. 

The document goes on to set out practical advice, principles and guidance on how to restrain cargo on 
vehicles, providing technical understanding on the: 

• Choice of vehicle and arrangement of cargo; 

• Anchor points, headboards and internal partitions on vehicles; 

• Cargo restraining equipment available and general requirements for restraining cargo; this 
includes consideration of restraint types (i.e. lashings, sheeting, netting, blocking, dunnage, 
and friction). 

Many of the examples of cargo restraint presented in the document are specific to cargo carried on 
HGVs with no specific examples relating to the restraint of cargo on LCVs. However, it does state in 
the code that the principles are applicable to “…all vehicles from the smallest car derived van to the 
largest goods vehicle”. 

Specific guidance is provided concerning the provision and strength of partitioning systems in LCVs. 
On this issue it is stated in the Code that “Where ever possible, cargo should be carried separately 
from passengers. In the case of closed vans where the cab is an integral part of the body a bulkhead 
must be fitted, between the load compartment and the cab”. The code goes onto state that the 
partitioning system “should be designed to resist a uniform distributed horizontal force of at least 
half the weight of the load”. It is also recommended in the code that “…when an estate car is used to 
transport goods these too should have a bulkhead fitted to protect front seat personnel. If a bulkhead 
is not fitted then the load must be suitably restrained”. 

It is important to note that all the advice presented in the Code focuses on restraining cargo under 
normal driving conditions, i.e. when vehicles are braking and cornering and the forces acting on cargo 
would be relatively small compared with those acting on cargo in an accident. For instance, it is 
recommended in the code that cargo should be restrained so that it will not move relative to the 
vehicle under acceleration forces of 1g in the forward direction and 0.5g in the side and rear 
directions. In an accident situation the forces acting on the cargo can be as great as 20g and higher. 
Many of the principles presented in the document can be extrapolated to the accident situation but it is 
left to the devices and technical competencies of the reader to develop this understanding. 

6.2.3 European Best Practice Guidelines on Cargo Securing 

In general the advice given in the Best Practice Guidelines is comparable to that provided in the DfT 
Code of Practice. It provides practical advice and instructions to all persons involved in 
loading/unloading cargo and details methods and techniques for restraining cargo on vehicles. As with 
the DfT Code of Practice the restraint principles presented in the document focus on restraining cargo 
under normal driving conditions, recommending that cargo should be restrained so that it will not 
move relative to the vehicle under accelerations of 0.4g in the forward direction, 0.3g sideways and 
0.25g rearwards. 
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6.2.4 NSW - Load restraint guide – guidelines and performance standards for the safe carriage 
of loads on road vehicles 

According to the NSW guide, the safe loading of vehicles is vitally important in preventing injury to 
people and damage to property. It provides drivers, owners, operators, freight consignors, vehicle 
manufacturers and equipment manufacturers with the basic safety principles that should be followed 
to ensure the safe carriage of cargo on road vehicles. 

The information presented in the NSW guide is very similar to that presented in the DfT Code of 
Practice and European Best Practice documents and also focuses on restraining cargo under normal 
driving conditions. However, it is suggested, in contrast to the two earlier documents, that cargo is 
restrained so that it does not move relative to the vehicle under the following acceleration forces: 

• 0.8g in the forward direction; 

• 0.5g in the sideways and rearwards direction; 

• 0.2g in the vertical direction. 

The guide is split into two parts. The first part is for drivers and operators detailing general 
information, principles and concepts on restraining cargo on vehicles. The second part of the NSW 
guide is intended for engineers and designers, providing technical details to help calculate the 
necessary restraining forces and restraint types to use for different types of cargo. 

6.2.5 Published information 

Information on the restraint of cargo on road vehicles can be found in published company reports and 
the scientific literature. For instance, historical research on the restraint of cargo on LCVs was carried 
out by Bacon and Gazeley (1984, 1985). The objective of the work had been to quantify the problems 
of restraining miscellaneous cargo in light vans and CDVs with a view to developing specifications 
for anchorage points, partitioning systems, racking and restraint systems. The work lead to the 
creation of a document covering “Recommended practice for restraining loads in light vans” (Mira 
Project Group, 1985). This document provides technical advice on the set up, structure and load 
requirements for vehicle partitioning systems, cargo anchorages, storage bins systems and lashing 
systems. 

It is recommended from the work that partitioning systems should be tested according to the 
requirements of the Swedish standard (Section 6.3.1.1). In terms of anchorages it recommends that 
each floor anchorage should be capable of withstanding a force of 15kN applied at an angle of 30° to 
the horizontal. All upper fixing points in the vehicle such as those found in the cant-rail should be 
capable of supporting a combined force equal to the payload of the vehicle within the range 2kN to 
10kN. As such the force that each upper anchor point should be capable of supporting would be equal 
to the payload of the vehicle divided by the number of upper anchorage points in the vehicle. 
Recommendations were also made, based on the loading capacity of partitioning systems, that the 
total loose load in storage bins should not exceed one tenth of the vehicle’s maximum payload and 
that the limits of all the loading bin capacities in the vehicle should be clearly marked. 

Dalinkiewicz (1996) describes the results from full-scale crash tests of vans fitted with internal and 
external racking systems. Following frontal impact tests of a van fitted with a racking system and 
roof-rack subsequent tests in which the design of the racking system was improved lead to successful 
restraint of the racking system and loaded roof rack. This was achieved through improvements in the 
fabrication of the racking system, the introduction of energy absorbing straps attaching the racking 
system to the vehicle and improvements in the anchoring systems to the vehicle. On this latter point 
the redesign of an anchor plate for the cant rail lead to an increase in the perpendicular and horizontal 
pull out force for the plate of 17.2kN and 26.8kN from 7.2kN and 12.1kN respectively.  

The benefit of partitioning systems at preventing cargo striking occupants in frontal impacts was 
highlighted in work carried out by Zivkovic (1996). More recently work was presented by Rechnitzer 
et al (2001) concerning the protective benefits offered by cargo barriers in rear impacts. This work 



 

 52TRL Limited 52 CPR057

Unpublished Project Report  Version:  Final

highlighted some important issues, following a full-scale crash test, concerning the hazards posed by 
shelving and racking systems that extend along the full length of the cargo area in vehicles. In rear 
impacts these can be forced into the occupant compartment area and present a serious risk of injury to 
the vehicle occupants. Rechnitzer et al recommended based on the results of their investigations that 
racking and shelving should not extend along the full length of the cargo area of vehicles especially if 
it is positioned directly behind where vehicle occupants are likely to sit. An adequate gap should be 
provided between the end of the racking and the position where vehicle occupants will sit in order to 
limit the risk of the racking or shelving causing serious or fatal injuries in rear impacts. 

6.3 Standards on strength requirements for restraint systems and test methods 

There are a variety of standards relating to the strength and performance requirements of cargo 
restraints. Those standards of most relevance to the type of restraints that could be used to restrain 
cargo in LCVs under accident conditions have been reviewed. In particular, details on the strength of 
the restraints and the means of assessing their strength have been of most interest in the review of the 
standards. 

6.3.1 Partitioning systems 

Anecdotal evidence indicates that there is a common misconception that partitioning systems in 
vehicles provide the strongest anchor points for cargo restraint. This misconception prevails despite 
there being no currently available UK standards relating to the strength requirements of vehicle 
partitioning systems. However, a number of International Standards do exist that outline performance 
tests for partitioning systems. These include: 

• Swedish Standard - SS 2562 (Section 6.3.1.1). 

• German Standard - DIN 75410 (Section 6.3.1.2). 

• Australian/New Zealand Standard (AS/NZS 4034), Motor vehicles – Cargo barriers for 
occupant protection Part 1 and 2 (DRAFT) (Section 6.3.1.3). 

• ISO International Standard (ISO/TC22/SC12N) Road vehicles – Securing of cargo in delivery 
vans – Requirements and test methods (DRAFT) (Section 6.3.1.4). 

6.3.1.1 Swedish Standard - SS 2562 

The Swedish standard is applicable to goods vehicles with a covered cargo space and goods vehicles 
without a separate headboard. It covers the evaluation of the cargo dislocation protection between the 
cargo space and the passenger space. The objective from the loading tests specified within the 
Standard is that the maximum deformation of the partitioning system should be small enough so that 
no injury to a person in the driver’s or passenger’s seat would be expected. 

Two tests are specified in the standard. Firstly there is a quasi-static load test of the partitioning 
system based on load per unit area. In this test a 50mm square test piece is pressed onto the 
partitioning system at an arbitrarily chosen point, but avoiding points of reinforcement. The force 
used in the test is 0.3g times the maximum payload of the vehicle up to a maximum of 10kN and it is 
applied continuously for ten seconds. The partitioning system is considered to have passed the test if 
the permanent deformation of the partitioning system is less than or equal to 200mm and no fracture 
of the partitioning system or its anchorages occurred during the test. 

The second test specified in the standard is a dynamic impact test. It involves the use of a pendulum 
impactor that has, for vehicles with a gross vehicle weight of 3.5tonnes or less, an impact width of 
800mm by 300mm high. The impact energy is set at 0.4g times the payload up to a maximum of 30kJ. 
It is required that the drop height for the pendulum is set between 2 and 4m in order to ensure that the 
test will demonstrate dynamic behaviour. The partitioning system is considered to have passed the 
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dynamic test if its permanent deformation is less than or equal to 300mm. There are difficulties in 
carrying out the pendulum impact test in the enclosed space of a panel van. As such it is understood 
that vehicles with enclosed cargo areas, such as panel vans, are exempt from needing to meet the 
Standard in Sweden. 

6.3.1.2 German Standard - DIN 75410 

This Standard sets out requirements relating to the securing of cargo in goods vehicles with a GVW 
equal to or lower than 7.5tonnes. Within the document, details are given for the dimensions and 
strength of tie-down points as well test performance requirements for partitioning systems. 

Part 2 of the Standard specifies test procedures comparable to those set out in UNECE Regulation 17 
(Section 6.1.6) concerning the performance of rear seat backs and devices that are designed to prevent 
vehicle luggage displacing and harming vehicle occupants in a frontal impact. 

Part 3 of the Standard sets out a static loading test of partitioning systems comparable to that specified 
in the Swedish Standard (SS 2562) in which a 50x50mm force plate is pressed onto the partitioning 
system with a force equal to 0.3 times the maximum payload of the vehicle, with a maximum force 
for the test set at 10kN. 

6.3.1.3 Australian/New Zealand Standard (AS/NZS 4034), Motor vehicles – Cargo barriers for 
occupant protection Part 1 and 2 (DRAFT)  

This document is currently a draft Australian/New Zealand Standard released for public comment and 
is therefore liable to change. The Standard specifies a range of performance requirements including 
load ratings for partitioning systems and their design, installation and use in vehicles for the 
protection of occupants. It is set out in two parts with the first part covering the test requirements for 
full partitioning systems and the second part covering the test requirements for partial partitioning 
systems. In the Standard identical impact and penetration strength tests are specified under which both 
types of partitioning system should be tested. 

There is the option within the standard of dynamically testing partitioning systems either in horizontal 
based tests (full-scale crash test or sled based test) or in a drop test. However, irrespective of the 
method chosen the effective energy under which the partitioning system is tested is the same and is 
calculated according to the relationship: 

2

2
1 RFVE =         Equation 6.1 

Where: 

 E = Impact test energy (Joules); 

 R = Partitioning system rating (kg); 

 F = Test severity factor; 

 V = Velocity of 48km/h (30mph) as taken from ADR 69 (m/s). 

The partitioning system rating is a mass nominated by the manufacturer that the barrier can restrain 
under the dynamic test conditions. A minimum rating for partitioning systems is set at 60kg for full 
partitioning systems and 30kg for partial partitioning systems. Beyond these minimum requirements 
partitioning systems can be rated in increments of 10kg and 5kg above these minimum levels for full 
and partial partitioning systems respectively. 

The severity factor in Equation 6.1 provides an added safety factor into the impact test conditions. 
This safety factor is set at 1.1 if the partitioning system is fixed into a full vehicle or vehicle body 
shell for the test or is set at 1.15 if the partitioning system is fitted into a purpose designed frame for 
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the dynamic test. Having determined the energy level for the dynamic test then the actual mass used 
in either the horizontal or dynamic drop test can be determined according to the relationships: 

 

2

2
v
Em =  for the horizontal test     Equation 6.2 

 

and 

 

gh
Em =  for the drop test      Equation 6.3 

 

Where: 

 m = total mass of the test mass (kg); 

 E = Energy of the dynamic test as determined in Equation 6.1 (Joules); 

 V = Impact velocity of horizontal test (m/s); 

 g = acceleration due to gravity (9.81m/s); 

 h = height above the cargo barrier that the test mass is dropped from (m). 

It is important to note that in the separate dynamic tests, the test mass is placed adjacent to the 
partitioning system in the horizontal tests and ‘h’ in Equation 6.3 should be at least equal to 3m for 
the drop test. As such it is anticipated that the drop test will provide a more rigorous assessment of the 
partitioning system as the energy dissipation is likely to occur over a shorter time frame than in the 
horizontal test setup. However, irrespective of the type of dynamic test carried out the success of the 
partitioning system is determined against specific outcomes from the test, the principal one being that 
the partitioning system should not deform more than 350mm. Having successfully passed the dynamic 
test then the partitioning systems specified in this Standard are marked with a rated single mass 
capacity for cargo positioned against the cargo partitioning system. For instance, a partitioning system 
that passes with a nominated mass of 70kg will have a rated mass of 70kg. 

The penetration test set out in the standard requires that a force is applied via a force ram, sequentially 
to upwards of six positions on the rear face of the partitioning system. The force ram has a cylindrical 
head with a diameter of 32mm and a pointed nose with an included angle of 150 degrees. The force 
applied is 3kN for a fixed part of the partitioning system and 2kN for a moveable section. The force is 
to be maintained for at least ten seconds. A successful measure of the test is that the partitioning 
system should not deform more than 200mm. 

6.3.1.4 ISO International Standard (ISO/TC22/SC12N) Road vehicles – Securing of cargo in 
delivery vans – Requirements and test methods (DRAFT) 

This draft ISO standard provides general requirements and test procedures for vehicle partitioning 
systems and lashing points in delivery vans (N1 and N2 vehicles) and car derived delivery vans (M1) 
with a GVW up to 7.5 tonnes. It is explicitly stated in the document that “extreme loads that may 
occur during an accident are not taken into account by this standard”. Hence, it is understood from 
this statement that the Standard considers requirements for restraining cargo under normal driving 
conditions only. 

In terms of testing partitioning system strength the Standard sets out two static plunger piston tests. 
The first test uses a plunger with a square loading face of 1m side length. The force applied is set 
equal to half the maximum payload of the vehicle and is applied for at least 10s. The second test is 
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with a plunger with a flat square surface of 50mm side length that is applied at any point on the 
protection device within the passenger protection zone at a force of 0.3 multiplied by the maximum 
vehicle payload. In both tests the deformation of the partitioning system should not exceed 300mm. 
With respect to the second test this is identical to the Swedish penetration test with the exception that 
the deformation is 300mm as opposed to 200mm in the Swedish test. 

6.3.2 Lashings and anchor points 

The draft ISO Standard concerning the securing of cargo in delivery vans (Section 6.3.1.4) provides 
recommendations on the strength, number and layout of lashing points in delivery vans. It is 
recommended in the standard that floor lashing points in vans with a GVW between 2.5 and 5.0 
tonnes should have a nominal tensile force capacity equal to a third of the vehicle’s maximum 
payload, but should be at least 3.5kN and lower than 5.0kN. It is also required that information on the 
lashing strength should be provided in the owner’s manual of the vehicle and clearly advertised in the 
vehicle’s cargo area. 

For vans with a GVW lower than or equal to 2.5 tonnes the lashing tensile strength should be equal to 
half the vehicle’s maximum payload, but at least between 3.0kN and 4.0kN. It is recommended that 
lashing points along the length of the cargo area should be spaced at intervals of at least 700mm and 
not greater than 1200mm. Based on these values the number of lashing points required in a van can be 
determined according to the relationship: 

1
800

2502
+

−
=

xLY        Equation 6.4 

Where: 

 Y = Number of lashing point pairs; 

 L = Length of loading area. 

It is important to remember that the information detailed in the draft ISO Standard is specific to only 
restraining cargo under normal driving conditions when the acceleration forces acting on cargo will be 
typically much lower than those experienced in an accident. 

More rigorous Standards for anchorage points in panel vans are set out in the Australian/New Zealand 
Standard (AS/NZS 4384). The basic premise set by this Standard is that two anchorage points should 
be able to support a 125kg item of cargo during a frontal impact deceleration equivalent to 20g for a 
period of 30ms. This severity of dynamic loading equates approximately to the lower boundary of the 
UNECE Regulation 17 crash pulse (Figure 6.1). As the load may not be equally distributed between 
two anchor points it is further required that a single floor anchor point should be able to support a load 
of 26kN applied at an angle of 35°. Further recommendations are made that supplementary anchor 
points in the walls of vans should be able to support loads of 10kN. 

The AS/NZS 4384 Standard provides anchorage requirements for restraining cargo under 
representative accident conditions and is above and beyond the requirements set out in the draft ISO 
Standard concerning the securing of cargo in delivery vans (Section 6.3.1.4). The AS/NZS 4384 
Standard also specifies strength requirements for anchorage points that are comparable to proposals 
made in the published literature (Section 6.2.5) where recommendations were made that floor 
anchorages should be capable of supporting loads of 15kN and wall anchorages can be designed to 
support loads above 10kN. 

There are a number of additional standards concerning the strength and construction of lashings and 
anchor points, some of which are briefly reviewed in Table 6.1. None of these standards provide 
specific guidance on the necessary construction and strength requirements for lashings and anchor 
points under accident conditions. Even so, as a minimum, best practice should be to fit and install 
restraints and anchor points that meet the requirements of relevant standards to at least ensure 
conformity of production. 
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Table 6.1. British Standards covering the use, construction and strength of cargo restraints. 

Publisher Title Identification 
number 

Comment 

BSI Load restraint assemblies 
on road vehicles – Safety – 
Part 2: Web lashing made 

from man-made fibres 

BS EN 12195-
2:2001 

This part of the standard specifies safety 
requirements for web lashing made from man-
made fibres for the safe surface transport of 
goods on road vehicles. 

BSI Load restraint assemblies 
on road vehicles – Safety – 

Part 3: Lashing chains 

BS EN 12195-
3:2001 

This Standard has been prepared to provide 
one means of conforming to the essential 
safety requirements on lashing chains in 
Europe. It specifies the Lashing Capacity (LC) 
for different sizes of chain components. 

BSI Load restraint assemblies 
on road vehicles – Safety – 
Part 4: Lashing steel wire 

ropes 

BS EN 12195-
4:2003 

This Part 4 of EN 12195 specifies safety 
requirements for lashing steel wire ropes and 
lashing combinations with steel wire ropes for 
the safe surface transport of loads on load 
carriers. 

BSI Netting and fibre rope load 
restraint systems in surface 

transport 

BS 6451:1984 This standard specifies requirements for 
nettings, made of fibre ropes or cords or of 
woven webbings, and for fibre rope lashings in 
load restraint systems. 

6.3.3 External cargo carrying systems 

British Standard BS AU 266-1 specifies minimum safety requirements for roof bars intended for 
mounting on or above the roofs of passenger cars or LCVs with a maximum GVW up to 3.5 tonnes. 
The standard sets out technical specifications and test methods that would offer both the user of roof 
bars and other road users a minimum level of safety when the roof bars are used in accordance with 
the manufacturer’s instructions. The British Standard was produced to be identical to ISO 11154-
1:1995 Road vehicles – Roof load carriers – Part 1: Roof bars. It was expected at the time that further 
parts 2 and 3 would be produced to cover: accessories and attachments to roof bars for special purpose 
applications and specific purpose roof devices. However, no such additional parts have yet been 
published. 

The standard BS AU 266-1 specifies three different types of tests: a resistance to lift test, a slide 
resistance test under a quasi-static forward force and a slide resistance test under a quasi-static force at 
20 degrees to the vehicle longitudinal axis. In the lift test the roof bars need to withstand for ten 
minutes a vertical force equivalent to 2.5kN plus half of the maximum allowable mass of the roof bar 
cargo multiplied by 1g. The nominal value of the longitudinal forward force for use in the slide 
resistance tests is given as 40 times the maximum roof bar cargo, which equates to a loading of 
approximately 4g. The requirement for the roof bars is that the forward deflection does not exceed 
10mm at half the nominal force level and 50mm at the whole force value. Testing at a force that is 
equivalent to approximately 4g implies that the roof bars would be safe for extreme driving 
manoeuvres or minor accidents. However, the loading is only 25% of the lower boundary defined for 
the UNECE Regulation 17 accident crash pulse (Section 6.1.6). It is expected that in the majority of 
accidents the vehicle acceleration would exceed 4g. However, it is useful to consider that these tests 
are performed under quasi-static loading conditions. The roof bars may well be able to sustain a 
greater level of force for the shorter time periods that occur in the accident situation. 

At present a draft European standard has been produced (European Standard, prEN 13035-2) 
concerning the safety requirements for the design and installation of equipment for the storage, 
handling and transportation (systems) of flat glass outside the factory. It applies to movable and 
mobile storage equipment and manual mechanical and automatic handling and transportation systems 
that are used for road transport and on construction areas. The standard suggests that for speeds 
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greater than 15km/h (9mph) the equipment shall be able to withstand a force which results from the 
dynamic forces of 0.8g in the driving direction (longitudinally) and 0.5g in the perpendicular direction 
(laterally). If the equipment, e.g. stillages, is not able to take the forces alone then it is necessary to 
give information on how the forces can be absorbed by installing a further (additional) restraining 
system. This implies that the standard is concerned with safety under the conditions associated with 
normal driving and not the accident situation. 

6.3.4 Standards for commercial vehicles above 3.5 tonnes 

Standards exist relating to the restraining of cargo on vehicles with a GVW above 3.5 tonnes. These 
have been included in the review to determine if principles from these documents can be used to 
define best practices for restraining cargo on smaller vehicles. 

BS EN 12642:2006 specifies the minimum strength requirements for the front, rear and side walls of 
commercial vehicles. These are defined in terms of the maximum authorised payload for the vehicle. 
For the front, rear and side they are 0.4, 0.25 and 0.3 times the payload, expressed in weight force. 
Clearly these strengths relate to the forces expected under normal driving conditions rather than the 
accident situation. 

BS EN 12640:2001 defines minimum requirements and test methods for lashing points fitted to 
commercial vehicles and trailers with flatbed body construction of maximum total mass above 
3.5 tonnes and intended for general use. This standard does not provide any obvious additional 
information on lashing requirements and strength beyond that already set out in the ISO draft standard 
concerning the securing of cargo in delivery vans (Section 6.3.1.4). 

6.4 Crash safety legislation 

It is mandatory for passenger cars and their fixtures to meet a wide variety of crash test requirements, 
as set out in legislation and consumer impact tests such as the European New Car Assessment 
Program (Euro NCAP). Some of these test requirements are reviewed to provide an understanding on 
the severity of the impacts under which cars and their fixtures are typically tested to determine if 
comparisons can be drawn between procedures that should be used to assess cargo restraints on 
LCVs. 

It has already been determined in Section 6.1 that UNECE Regulation 17 is the only mandatory crash 
safety requirement concerning the restraining of cargo in vehicles. As noted this is only mandatory for 
passenger cars and as such is not required of most LCVs. 

The envelope of the crash pulse used in UNECE Regulation 17 is shown in Figure 6.1 above and is 
identical to that used in UNECE Regulation 44 which covers requirements and test procedures for 
child restraint systems fitted in power driven vehicles. The initial impact speed for the test is 50km/h 
(31mph) and the impact pulse is based on the results from crash tests carried out on cars in the mid-
1900s. It is therefore not certain how accurately the impact pulse represents the typical accident 
response of LCVs or even modern passenger cars in road traffic accidents. However, it would appear 
that the impact pulse has achieved a certain level of acceptance as the conditions under which cargo 
restraints should be tested, for it is regularly used by racking system manufacturers to assess the crash 
performance of their products. The severity of the pulse is intended to approximately equate to a car-
to-like-car impact at 30mph. 

Regulation 44 also contains a further crash pulse for assessing the performance of child restraint 
systems under representative rear impact conditions. The impact speed of the trolley in this condition 
is 30km/h (19mph) and the envelope of the deceleration curve that the trolley must meet in this test is 
shown in Figure 6.2. It is possible to see that this crash pulse is not as severe as Regulation 17, having 
a possible maximum peak of 20g, which just overlaps the minimum peak envelope for Regulation 17. 

A further more severe frontal impact crash pulse is specified in UNECE Regulation 16, which covers 
the strength of seat belts and their anchorages. As part of the dynamic test of these systems the belts 
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and their anchorages must restrain a 75kg manikin under the crash pulse presented in Figure 6.3. As 
shown this pulse peaks at between 26g and 32g that is between 6g and 4g greater than the peak 
deceleration frontal impact pulse of UNECE Regulation 17 and 44. 

 
Figure 6.2. Crash pulse from UNECE Regulation 44 rear impact testing of child seats. 

 
Figure 6.3. Crash pulse from UNECE Regulation 16 frontal impact testing of seat belts and 

their anchorages. 

Static testing of safety-belt anchorages in passenger cars and LCVs is specified in UNECE Regulation 
14. In this test each anchorage is statically loaded up to an effective force of 6.7kN when loaded in an 
equivalent manner to how it would be loaded by a passenger in a frontal accident. It is interesting to 
note that this is greater than the anchorage strength recommended in the proposed draft ISO standard 
covering the restraining of cargo in LCVs (Section 6.3.1.4). The suggestion from the comparison with 
this information, in addition to other literature presented in the published literature (Section 6.2.5) is 
that anchorages can be practically designed to restrain larger loads for the crash condition. 
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In addition to the testing of the restraints and seat anchorages the crashworthiness of passenger cars 
are assessed in a variety of impact tests. UNECE Regulations 94 and 95 assess the crash performance 
of passenger cars in frontal and side impact tests respectively. The frontal impact test conditions are 
carried out at 35mph (56km/h) and the side impact at 31mph (50km/h). The tests are mandatory for 
passenger cars and CDVs, but larger vans are exempt from the tests. 

Consumer testing of cars as carried out by EuroNCAP cover a similar range of crash tests on vehicles 
but at a greater frontal impact speed of 64km/h (40mph) equating to a car to like-car impact at 55km/h 
(34mph). This higher speed was chosen in the consumer test program to cover the most frequent 
severity of crashes resulting in serious and fatal injuries. Deceleration levels in the EuroNCAP frontal 
impact tests typically peak at around 30 to 35g. 

It has been discussed in Section 4.1 that parity should be drawn between the accident severities under 
which occupant injury risk is assessed in the automotive industry and the accident conditions under 
which cargo could be expected to be reasonably and practically restrained in an accident. Based on an 
understanding of the human tolerance to injury the specified test conditions under which occupant 
injury risk is regulated and evaluated in the automotive industry (e.g. test speeds of between 50km/h 
and 64km/h) already takes into consideration the limits at which reasonable and practical measures 
can be taken to eliminate or mitigate injury risks. Above these limits the demands to eliminate or 
mitigate injury risk increases disproportionately making it impractical and unreasonable to regulate 
occupant safety at higher impact severities. As discussed in Section 5.2.2 even marginal increases in 
impact velocity can result in disproportionate increases in impact energy and as such disproportionate 
increases on the demands placed on restraint systems to restrain cargo in an accident. In view of these 
considerations the expectation is that the test severities under which automotive occupant safety is 
regulated and assessed provides reasonable and practical limits for the severities under which the 
crash performance of cargo restraint systems should be assessed. 

As determined in this section of the TR there are a variety of impact severities under which occupant 
injury risk is assessed in the automotive industry and these provide a possible selection of conditions 
under which the performance assessment of cargo restraint systems could be standardised. The most 
stringent test conditions are defined in UNECE Regulation 16 in which the defined crash pulse 
envelope peaks at between 26g and 32g. Recommending that cargo restraint systems should be able to 
restrain cargo under this dynamic loading condition would provide the most rigorous assessment, but 
may not be the most practically achievable. For instance, a number of cargo restraint system 
manufacturers have tested under the lower severity crash conditions defined in UNECE 
Regulation 17. Consequently, there is already evidence to suggest that restraining cargo under the 
UNECE Regulation 17 crash pulse severity is already practically achievable by a number if not all 
restraint system manufacturers. However, once the concept of testing and assessing cargo restraint 
systems under Regulation 17 test conditions has matured it may then be practical to expect that the 
crash performance of cargo restraint systems should be assessed at a higher crash severity, within 
limits possibly specified in current automotive test regimes. In terms of the accident statistics 
(Section 4.3.3.2) there are also indications that approximately 90% of all serious and fatal accidents 
involving CDVs are at a speed equal to or lower than the 50km/h test impact speed for UNECE 
Regulation 17. As such it is considered that the UNECE Regulation 17 impact test conditions would 
be at a severity equal to or greater than a considerable proportion of the severe and fatal LCV 
accidents. 

Finally, based on the typical accident conditions involving LCVs, the UNECE Regulation 16 crash 
pulse may not be the most relevant conditions under which to assess cargo restraints. For example, an 
LCV with a GVW between 2.0 and 3.5 tonnes will typically have a mass greater than the type of 
object it is likely to impact in an accident (i.e. an opposing passenger car, Section 4.3.3.5). As such it 
could be argued that the typical levels of deceleration experienced by a loaded LCV in an accident 
will be lower than that experienced by a passenger car. Consequently, a lower severity crash pulse, 
such as the one presented in UNECE Regulation 17, may provide a more representative condition 
under which to assess the crash performance of cargo restraint systems. 
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6.5 Summary 

The principal findings from the review of the existing guidance are as follows: 

Legal requirements for restraining cargo: 

• Employers have a legal and moral duty to provide reasonable and practical provision, 
assessment, maintenance and training on the use of the cargo restraints used on their vehicles. 

• Employees have a responsibility to ensure that cargo carried on the vehicles that they drive is 
safely restrained and in accordance with any training or instructions provided by their 
employer. 

• None of the current road, employer and equipment legislation that could be applied to the 
restraint of cargo on vehicles makes any specific provision concerning the safe restraint of 
cargo under accident conditions. 

• In the Road Traffic Act and the PUWER it is possible to interpret that cargo should not move 
relative to the vehicle or pose a risk under any possible accident conditions. These are 
reasonable requirements under normal driving conditions (i.e. when the vehicle is braking and 
cornering), but is an unreasonable expectation under all possible accident conditions when the 
forces acting on the cargo can be many times (e.g. 20 times) greater than under normal 
driving conditions. 

• The only specific legislation relating to the dynamic testing of cargo restraints is UNECE 
Regulation 17. This sets out the details of a dynamic test that should be carried out on the seat 
backs that border with the luggage compartment area of vehicles. The tests are only 
mandatory for passenger cars and require that the seat back can restrain two 18kg masses at a 
deceleration level peaking at between 20 and 28g. 

Current guidance on restraining cargo: 

• The existing established guidance specifically focuses on the restraint of cargo under the 
forces typically experienced under normal driving conditions i.e. when vehicles are braking, 
accelerating or cornering. The forces under crash conditions can be many times greater than 
under normal driving conditions e.g. 20 times greater. As such the current established 
restraint guidance provides minimum requirements for cargo restraint in LCVs and other 
vehicles. 

• It is stated in the DfT Code of Practice that closed vans must be fitted with a partitioning 
system to separate the passenger compartment area from the cargo compartment area. 

• It was found in the published literature that: 

o Previous recommendations have been made that floor anchorages in LCVs should be 
able to support a force of 15kN applied at an angle of 30° to the horizontal. 

o Cant-rail anchorages have been designed that are able to support perpendicular and 
horizontal pull out forces of 17.2kN and 26.8kN respectively. 

o Racking and shelving systems should not extend along the full length of the cargo 
area of vehicles as this has the potential to provide a direct load path to front seat 
occupants in the event of a rear impact. 

Standards on strength requirements for restraint systems and test methods: 

• Partitioning systems: 

o There are no UK standards that set out requirements for partitioning systems 
restraining cargo under accident conditions. 

o The DIN 75410 Standard provides a dynamic impact test requirement for partitioning 
systems that is effectively equal to the test requirements set out in UNECE 
Regulation 17 and is only applicable for passenger cars. 
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o Only the Swedish (SS 2562) and draft AS/NZS 4034 standards specify dynamic 
impact test requirements for partitioning systems fitted in LCVs with a GVW equal to 
or lower than 3.5 tonnes. 

o Figure 6.4 provides a comparison of the impact test energies for partitioning systems 
from the Swedish and draft AS/NZS Standards4. This shows that the payload of the 
vehicle in which the partitioning system is fitted has a direct influence on the severity 
of the test energy for the Swedish test, but no influence on the rated partitioning 
system from the draft AS/NZS Standard. 

o Figure 6.4 shows that below a payload of approx 1500kg the minimum rated 
partitioning system from the AS/NZS Standard provides a more rigorous test of the 
partitioning system than the Swedish standard. However, above a maximum vehicle 
payload of 1500kg the Swedish Standard provides a more severe test of a partitioning 
system compared with the minimum rated test conditions from the AS/NZS Standard. 

o Looking at Figure 6.4 a rated partitioning system of 80kg from the AS/NZS Standard 
would provide a more robust assessment of partitioning systems compared with the 
Swedish Standard for all vehicles with a GVW less than or equal to 3.5 tonnes. 

o A difficulty experienced with the Swedish Standard is that a pendulum is used to 
dynamically load the partitioning system. This can be an impractical proposition in 
the enclosed space of panel vans. The Swedish impact energies could be achieved 
using either the dynamic horizontal or drop test loading methodologies set out in the 
draft AS/NZS 4034 Standard. Alternatively, static loading such as with a ram or cable 
could be used to assess the structural integrity of partitioning systems. However, 
some correlation work may be required to establish how suitably the static loading 
conditions equate to the dynamic loading conditions specified in the Standards. 

o The penetration test of partitioning systems set out in the Swedish, DIN and ISO 
Standards are identical. In comparison the AS/NZS Standard specifies the use of a 
circular loading ram with a diameter smaller than the square faced loading ram 
specified in the other standards. 

o A constant force is specified for the penetration ram in the AS/NZS Standard such 
that for a maximum vehicle payload of a 1000kg the force applied in the Swedish 
penetration test is equivalent to that applied in the AS/NZS Standard. Above a 
payload of 1000kg the Swedish, DIN and ISO Standards require the application of 
larger loads on partitioning systems fitted in vehicles5. 

                                                           
4 It is important to note that these are only approximate comparisons because the severity of the loading 
conditions will also be influenced by the shape and structure of the objects loading the partitioning system, the 
manner in which the partitioning system is loaded and the level of deformation that is allowed in the partitioning 
system in order for it to pass the Standard. As such, an accurate understanding of the relative severity of the 
different test Standards can only be determined in a more rigorous study involving purposed designed testing. 
5 The severity of the tests will be influenced by further compounding factors (shape and structure of the loading 
rams for instance) that need to be investigated more thoroughly. The discussions here only provide a relative 
rather than absolute understanding on the differences in the severity of the test methods defined in the separate 
standards. 
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Figure 6.4. Comparison of the Swedish dynamic test energy standard versus rated partition 
systems from the Australian/New Zealand Draft Standard. 

• Lashings and anchor points: 

o The draft ISO Standard concerning the securing of cargo in delivery vans provides 
minimum requirements for the strength of anchor points in LCVs. It is specified in 
the standard that floor mounted anchorages should be able to support a force of 
between 3.0kN and 5.0kN. 

o The Standard AS/NZS 4384 specifies anchor point strengths for restraining cargo 
under representative accident conditions. It is specified in the standard that floor 
anchorages should be able to support forces of 26kN applied at an angle of 35° to the 
horizontal. Wall mounted anchor points in vans should be able to support forces of 
10kN. 

o As a minimum, best practice should be to fit and install restraints and anchor points 
that meet the requirements of relevant standards in order to at least ensure conformity 
of production. 

• External cargo carrying systems: 

o British Standard BS AU 266-1 specifies minimum safety requirements for roof bars 
mounted on passenger cars or LCVs with a maximum GVW up to 3.5 tonnes. The 
Standard specifies a static horizontal pull test at a force equal to 40 times the cargo 
carrying capacity of the roof-bar (i.e. 4g). 

Crash safety legislation: 

• UNECE regulation 17 and 44 specify equivalent crash pulse envelopes for testing passenger 
car partitioning systems and child restraint systems respectively. The deceleration envelope of 
this equivalent crash pulse envelope peaks at between 20 and 28g. The severity of the pulse is 
intended to approximately equate to a car-to-like-car impact at 30mph 

• Regulation 44 provides details of a further crash pulse envelope for assessing the restraint 
performance of child seats under rear impact conditions. This envelope has a maximum peak 
deceleration of 20g. 

• UNECE Regulation 16 specifies a crash pulse envelope for the testing of seatbelts and their 
anchorages that peaks at between 26 and 32g. 
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• UNECE Regulation 14 requires that safety-belt anchorages should be able to support a static 
force of 6.7kN when loaded in an equivalent manner to how it would be loaded by a 
passenger in a frontal accident. 

• The most severe frontal impact test is carried out by EuroNCAP with deceleration levels 
approaching 30 to 35g. The acceleration levels that occur in this crash test are comparable to 
those set out in the Regulation 16 crash pulse and are greater than the deceleration levels 
defined in the UNECE Regulation 17. 
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7 Review of Best Practice 
Under current UK Health and Safety at work regulations employers have a legal and moral obligation 
to take reasonable and practical steps to limit the injury risks posed by carried cargo, even under 
accident conditions. However, based on the findings from Chapter 6 of this TR it is apparent that there 
is no dedicated and nationally accepted advice relating to the required adequacy of restraining cargo 
on LCVs. It is also apparent that current road legislation could be interpreted to place impractical 
demands on employers to restrain cargo carried on their vehicles, which could leave them open to 
prosecution, despite their possible best intentions to restrain cargo on their vehicles. As already 
covered in Chapter 4 of this TR there are practical limits to which cargo can be safely restrained in an 
accident as dictated by the severity of the accident conditions. 

The intention of this Chapter of the TR is to propose reasonable and practical Best Practice principles 
relating to the restraint of cargo on LCVs for the accident situation. It is hoped that these principles 
may eventually be manipulated into a nationally accepted document to which employers and law 
enforcement agencies can work to in order to have a unified understanding on the reasonable and 
practical limits of restraining cargo for the accident situation. 

The proposed principles draw on the knowledge presented in earlier Chapters of the TR, in addition to 
the results from purpose designed laboratory tests carried out as part of the work that has gone into 
developing the TR. Details and results from these tests are provided in the Appendices. Feedback and 
advice on these principles has also been received from a number of leading fleet operators to ensure 
that the principles are practical and relevant to the conditions to which they will be applied. 

Because of the numerous types and sizes of cargo, restraints and vehicles it is not possible to provide 
specific advice on the restraint of specific types of cargo carried by particular vehicles. As such the 
proposed principles do not provide an exhaustive or exclusive understanding on the subject of cargo 
restraint. Further development of these proposed principles may therefore be appropriate in the future. 
However, it is intended that the proposed principles provide a general understanding of Best Practice 
for cargo restraint that can be interpreted and extrapolated to specific cargo types carried on LCVs. 
Furthermore, as the forces experienced under accident conditions are considerably greater than those 
experienced under normal driving conditions then the guidance presented in this Chapter can be 
assumed to compliment guidance presented in the DfT code of practice and EC Best Practice Guide 
for securing cargo on vehicles up to 3.5 tonnes. These documents should also be referred to, as the 
principles of restraining cargo under normal driving conditions are still applicable and should still be 
considered a minimum requirement for restraining cargo on vehicles. 

Finally, because current legislation, standards and advice concentrate on restraining cargo against the 
forces experienced under normal driving conditions (i.e. when vehicles are braking, cornering and 
accelerating) many restraint system manufacturers will currently be working to these minimum 
requirements. It is expected therefore that some of the proposed Best Practice principles may not be 
currently offered by manufacturers, but they should be achievable as supported by the evidence on 
which they are based. As such these particular Best Practice principles should be considered as a road 
map of where effort should focus in the near future to improve cargo restraint in LCVs and minimise 
the injury risks posed by cargo in accidents. 

7.1 Accident type and severity 

i. Based on the accident statistics presented in Section 4.3.3.6 the principle accident type 
involving LCVs are frontal impacts. Consequently cargo poses the greatest injury risk in 
frontal accidents and shall therefore be the principal direction under which cargo restraint is 
assessed. 

ii. Assessment of cargo restraint for frontal accident conditions should be at a severity at least 
equal to the crash pulse envelope specified by UNECE Regulation 17 (R17), Figure 6.1. The 
reasons behind this choice of crash pulse severity are provided in Section 6.4. 
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iii. Consideration should be given with regards to the risks posed by cargo (particularly to other 
road users) in the other common accident types such as from the rear and side. 

iv. Assessment of cargo restraints for rear and side accident conditions should be at a severity 
equal to or greater than that defined in the DfT Code of Practice (i.e. 0.5g). This should be 
considered acceptable until such time as there is evidence to support increasing the severity 
under which restraints are assessed for these other common accident types. 

7.2 Vehicle choice 

7.2.1 Vehicle cargo carrying capacity 

i. Employers are responsible for providing suitable vehicles for transporting cargo that will be 
carried as part of their work activities. 

ii. Vehicles shall be of a design suitable for the cargo that will be carried, i.e. it shall be of 
adequate size and shall have an adequate payload for the cargo that will be carried. For 
instance, vehicles with a GVW of 3.5 tonnes could have payloads of up to 1.3 tonnes 
including the weight of any additional passengers carried in the vehicles and any systems 
such as racking that might be retrospectively fitted into the vehicle to restrain cargo. 

iii. The vehicle manufacturer’s gross, and axle weight limits for the vehicle shall not be 
exceeded. Information on the weight capacities of the vehicle can be found on the 
manufacturer’s plate on the vehicle. 

iv. Rear seats that separate the passenger area from the luggage compartment area in passenger 
cars and estate cars are dynamically tested under the R17 crash pulse to restrain two 18kg 
wooden blocks (Section 6.1.6). Partitions at head height above the rear seats are tested to 
restrain a 10kg wooden block under the R17 crash pulse. Therefore the mass of unrestrained 
cargo carried in the luggage compartment of passenger cars should not exceed the limits 
under which rear seats and partitioning systems have been tested. Larger masses of cargo in 
passenger cars and estates could be carried in the luggage compartment if: 

a. A cargo partitioning system with a higher load rating has been fitted in the vehicle 
(Section 7.5.1). 

b. Purpose built racking or shelving is fitted in the vehicle and this has been designed to 
adequately restrain the carried cargo under the R17 crash pulse (Section 7.5.2). 

c. Adequate lashings, netting and/or anchorages are used to restrain the cargo 
(Section 7.5.3). 

7.2.2 Vehicle construction 

i. Vehicles should be chosen that possess an adequate number of anchorages that are of 
adequate strength for the cargo that is expected to be carried (Section 7.5.5). 

ii. The maximum loading capacity of anchorages should be specified. This information should 
be available in the vehicle manual and clearly labelled on the vehicle either on or near to the 
anchor point. 

iii. Additional anchor points can be fitted in the vehicle in order to meet cargo restraint 
requirements. The maximum loading capacity of these additional anchorages should be 
clearly labelled in the cargo area of the vehicle. The fitting of additional anchor points must in 
no way weaken the chassis or body structure of the vehicle. 
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iv. Windows in the rear of the cab, which are typically found in flat bed trucks and pickups, 
should be avoided because these could potentially limit the protection offered to the vehicle 
occupants. These may be used if: 

a. It can be shown that the window and its fixing are of adequate strength to restrain 
cargo. i.e. has successfully passed the tests detailed in either the Swedish Standard 
(SS 2562) or Australian/New Zealand draft Standard (AS/NZS 4034) covering the 
strength of partitioning systems. 

b. Additional protection is placed over the window such as a wire mesh. The mesh 
should be of adequate strength to have successfully passed the tests detailed in either 
the Swedish Standard (SS 2562) or Australian/New Zealand draft Standard (AS/NZS 
4034) covering the strength of partitioning systems. Furthermore, the mesh should be 
fine enough to limit the risk of cargo passing through the mesh when loaded 
(Section 7.5.1). 

7.3 General loading recommendations 

7.3.1 Risk assessment 

i. Risk assessments of the vehicle cargo shall be carried out in terms of accident safety, to 
comply with the requirements of the Management of Health and Safety at Work Regulations 
1999. Further details on carrying out risk assessments of carried cargo can be found in 
Chapter 8 of the TR. 

ii. Regular reviews of the risk assessment should be carried out in order to keep the assessment 
up-to-date. 

7.3.2 Cargo in the passenger compartment area 

i. In the passenger compartment and cargo compartment areas of the vehicle, information 
should be provided alerting vehicle occupants to the risks posed by poorly restrained cargo in 
an accident. 

ii. Unrestrained items of cargo in the occupant compartment area have the potential to strike and 
cause serious or fatal injuries in an accident and should not be carried in the occupant 
compartment area of the vehicle. This includes cargo items such as: 

a. Work bags; 

b. Hand Tools; 

c. Mobile phones; 

d. Laptops; 

e. First aid boxes; 

f. Torches; 

g. Fire extinguishers. 

iii. Cargo items carried in the passenger compartment area of the vehicle should be stowed in the 
glove compartment or restrained using purpose-designed lockers or restraint systems that 
have been designed to adequately restrain the item under the R17 crash pulse conditions 
(Section 7.1). 

iv. Cargo items retrospectively fitted into the passenger compartment area of the vehicle (e.g. 
mobile telephone holders, navigation aids, computers, fire extinguisher etc.) should comply 
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with the security, projection and radius requirements of UNECE Regulation 21 (interior 
fittings) in order to limit the risk of: 

a. Occupants striking the item in an impact; 

b. The item interfering with the performance of the vehicle’s occupant restraint systems 
(i.e. airbags or seatbelts); 

c. The item being dislodged by the operation of a restraint system and turning into a 
hazardous projectile. 

v. Cargo items restrained in the passenger compartment area should be positioned as low down 
as possible in order to limit their injury potential if they should break free from their restraint 
in an accident. However, the location and type of restraint used to restrain emergency 
equipment, such as first aid boxes and fire extinguishers, should not prejudice the need to 
access these pieces of equipment quickly in an emergency. 

7.3.3 Vehicle loading 

i. Vehicles should be loaded according to the following considerations in order to maintain 
vehicle stability and limit the potential for cargo to cause harm in an accident: 

a. Heavier cargo should be placed as low down in the vehicle as possible. For instance, 
loading platforms fitted into the floor of vehicles can be used to carry heavy awkward 
items of cargo. 

b. Heavier cargo should be placed at the bottom of stacked items. 

c. Where ever practical heavier cargo should be placed towards the centre line of the 
vehicle and lighter cargo towards the vehicle periphery. 

d. Cargo should be spread evenly over the floor of the cargo compartment area in order 
to avoid exceeding the axle weight limits and/or placing too much load on one side of 
the vehicle. 

ii. Loading cargo up against a racking system should only be carried out under the 
recommendations of the racking system manufacturer (Chapter 9). 

iii. With the exception of using rigid dunnage or purposed designed energy absorbing systems, 
similar to that proposed in Section 5.1.2, cargo should be placed as close up to the front of the 
vehicle as possible, i.e. next to the partitioning system (Section 7.5.1). If this is likely to 
exceed the single axle weight capacity for the vehicle then dunnage could be used to better 
position the cargo so that the axle weight limits for the vehicle are not exceeded. 

iv. Vehicle partitioning systems should be used principally to provide a secondary means of 
cargo restraint (Section 4.2.3). However, if the vehicle partitioning system is designed and 
engineered to be used as the primary means of cargo restraint then the largest surface of the 
cargo should be placed against the vehicle partitioning system. This will help to spread the 
dynamic load presented by the cargo in an accident over a greater area of the partitioning 
system and limit the potential for the cargo, especially long thin items such as forks, tubing, 
spades, poles etc, to puncture the partitioning system. 

v. In passenger or estate cars cargo should be placed in the luggage compartment area and 
against the back face of the rear seats, unless an alternative primary method of restraint is 
used that restrains the cargo at a distance behind the back face of the rear seats. 

vi. In estate vehicles the top cover should be used to prevent cargo from escaping over the top of 
the rear seats in an accident. Alternatively, appropriate lashings or netting can be used to 
provide additional restraint of the cargo in addition to preventing it from escaping over the 
rear seats in an accident. 
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vii. Long thin loads such as poles and forks that are orientated along the length of the vehicle 
should be placed as low down as possible in the vehicle and/or not positioned directly behind 
where vehicle occupants are likely to sit. 

viii. Single items of cargo which extend almost the full length of the vehicle compartment area 
(e.g. less than 30cm shorter than the vehicles cargo length) should not be fitted in the vehicle 
unless these are positioned low down and/or are not directly behind where vehicle occupants 
are likely to sit. This is to avoid the risk of cargo providing a direct load path to the vehicle 
occupants in the event of a rear impact (Section 6.2.5). Further possible solutions to this 
problem would be to carry the cargo in a larger vehicle or on the vehicle’s roof. 

ix. Rigid single mass items (e.g. a concrete block) will exert a much greater (e.g. five times 
greater, Appendix D), but shorter duration force on a partitioning system than an equivalent 
distributed mass (e.g. sand or gravel) under dynamic loading conditions. This is an important 
point to consider in the risk assessment of the type of cargo carried and the ability of a 
partitioning system to restrain the cargo. 

x. It is often easier for both handling and retention to package small items of cargo together into 
a single mass item, for example using shrink wrapping, binding and even placing tools in a 
tool box. When packaging items together adequate restraint, such as lashings, should be used 
to restrain the single large package under R17 crash pulse conditions. However, if the 
packaging is not adequate for restraining the packaged items under the R17 crash pulse then 
further restraint of the package should be considered such as netting or fitting a partitioning 
system to restrain any small cargo items that may escape from the single package. Further to 
point ‘ix’ above, it is also important to consider that the severity of the packaged items 
striking a partitioning system in an accident would be greater than if all the individual items 
of the package had struck the partitioning system individually. This is an important point to 
consider in the risk assessment of the type of cargo carried and the ability of a partitioning 
system to restrain the cargo. 

xi. Practical limitations exist in adequately restraining cargo with a single mass greater than 
approximately 50kg. If cargo with a single mass greater than 50kg needs to be carried in a 
vehicle then a purpose designed engineered solution will be needed to adequately restrain this 
mass of cargo under R17 crash loading conditions. This would include the carrying of large 
water tanks or generators positioned on or in vehicles. Exceptions to this condition include: 

a. Where the speed of the vehicle is limited such as milk floats; 

b. The carried cargo is an awkward shape or structure and there are limitations as to the 
practical engineered solutions that could be proposed for restraining the cargo such as 
in the glazing industry. 

xii. Glass carried on the outside of vehicles should be covered by adequate means to prevent 
fragments of glass becoming a hazard if it were to shatter under R17 crash loading conditions. 

xiii. Dunnage and blocking can be used to fill spaces within cargo and gaps between cargo and a 
partitioning system. This can help to limit cargo shifting forward and the cargo’s potential to 
cause harm (Section 5.1.2). Dunnage and blocking can also be used to stabilise cargo that has 
been restrained using lashings or tethers. 

xiv. Structures used as dunnage and blocking should be strong enough or have adequate energy 
absorbing characteristics to adequately restrain cargo under R17 crash pulse conditions. 

xv. Structures used as dunnage and blocking should be adequately restrained to ensure that they 
do not become hazardous projectiles in an accident. 

xvi. Wherever possible a plan should be drawn up defining the individual items of cargo that will 
be carried by the vehicle, the types of restraints that should be used and the location where 
items of cargo will be restrained on the vehicle (Chapter 9). This plan should consider the 
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safety risks in an accident situation in addition to the practicalities of loading and unloading, 
and the daily work schedules of employees. 

7.4 General guidance on restraints 

7.4.1 Cargo restraints 

i. The employer is responsible for providing adequate and suitable restraints for the cargo that 
will be carried in their vehicles. These should be of adequate strength, appropriateness and 
numbers for the cargo to be restrained. 

ii. Appropriate means of restraining cargo will be dependant on the type and composition of the 
cargo to be restrained (Section 7.5). For instance, lashings and tethers could be used to 
restrain large single mass items (e.g. portable cement mixer) and racking to restrain small 
items such as hand tools, screws, nuts and bolts. 

iii. Vehicles where the cab area is an integral part of the body, such as CDVs and panel vans shall 
be fitted with a partitioning system to separate the passenger compartment area from the 
cargo compartment area. Note that this is also a requirement of the DfT Code of Practice: 
“Safety of loads on vehicles”. Instances where this requirement may not be practical include 
where: 

a. There is negligible risk from the cargo due to its size or mass. 

b. It would severely compromise the overall safety of the vehicle occupants in terms of 
egress in an emergency situation or in their operational duties (Section 4.2.1). 

iv. Unrestrained cargo carried in passenger cars with a mass greater than 36kg should be 
restrained with additional systems such as lashings, an appropriately rated partitioning system 
or re-enforcement added to the rear seats that border the luggage compartment area. 

v. Loose cargo such as sand, gravel and scrap materials carried on open cargo carrying areas 
such as tippers should have tailboards, side boards and head boards higher than the cargo 
being carried. The cargo area should also be covered with netting or sheeting appropriate for 
the material being carried. Larger items of cargo carried on these vehicles should be lashed 
down separately especially if it extends above the height of the tail and sideboards 
(Section 7.5.3). 

7.4.2 Maintenance 

i. Periodic checks should be carried out to ensure that vehicle cargo is restrained adequately and 
according to any company policies and procedures. 

ii. Periodic checks should be carried out on restraint systems for signs of damage or wear. 

iii. Employees have a duty to report any damage or wear to restraint systems or any concerns or 
uncertainties that they have concerning the safe loading of their vehicles. Employers have a 
duty to make employees aware of their responsibilities. 

iv. Damaged or worn restraints should be replaced, repaired or assessed to determine if they are 
still in a serviceable condition. Replacement or repair of restraint systems should be carried 
out according to any appropriate standards or manufacturers guidelines. 

v. Regular maintenance of restraint systems should be carried out according to manufacturer’s 
guidelines and company procedures. 

vi. Unauthorised repairs or alterations should not be made to restraint systems. 
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7.5 Guidance on the use of specific restraint systems 

The most appropriate means of restraining cargo for the accident situation will be dependant on the 
type and composition of the cargo carried. Suggested restraints that could be used for different types 
of cargo are provided in Appendix A of the TR. Guidance on the Best Practices to apply in the use of 
the different types of restraints is provided in the following sections. 

7.5.1 Partitioning systems 

7.5.1.1 Structure 

i. Partitioning systems should fully separate, in terms of width and height, the passenger and 
cargo compartment areas of the vehicle. In the case of a vehicle having a driver seat only and 
no passenger seat, the partitioning system need not cover the entire width of the vehicle 
provided the area directly behind where the driver sits is covered by a partitioning system and 
the driver is adequately protected against laterally shifting cargo. Note that this is also a 
requirement of the draft ISO Standard on Securing Cargo in Delivery Vans (Section 6.3.1.4). 

ii. Solid partitioning systems should be used in preference to those that contain apertures or are 
constructed from mesh, in order to eliminate the risk of small items of cargo passing through 
the partitioning system in an accident. 

iii. Partitioning systems made from mesh or containing apertures can be used as long as it is 
unlikely that the cargo or any part of it will pass through the partitioning system. In this 
respect, consideration should be given to the size of impact loads generated under R17 crash 
pulse conditions and the possibility that apertures and mesh in the partitioning system could 
be stretched by the cargo. As a minimum guide if the partitioning system consists of a grid or 
cargo net, a rigid test device having a front face of 50mm x 10mm moved in a longitudinal 
direction (parallel to the X-axis of the vehicle) shall not be able to pass through the net or grill 
in any orientation about the X-axis. Note that this is also a requirement of the draft ISO 
Standard on Securing Cargo in Delivery Vans (Section 6.3.1.4). 

iv. Doors and windows in partitioning systems should be avoided wherever possible. However if 
these are deemed necessary on a practical basis the system as a whole should still meet the 
minimum requirements of the Swedish (Section 6.3.1.1) or draft Australian/New Zealand 
(Section 6.3.1.3) test standards. Furthermore doors and windows should close automatically 
and not be propped open to prevent the risk of them being left open during transit. 

7.5.1.2 Performance 

i. Vehicle partitioning systems should be used principally to provide a secondary means of 
cargo restraint (section 4.2.3) especially for cargo with a large mass (e.g. with a mass equal to 
or greater than 50kg). 

ii. Cargo should not be placed against the partitioning system unless it has been designed to 
support this additional load under R17 crash pulse conditions. Partitioning system 
manufacturers should be consulted or the increased loading properly assessed if there is a 
need to rest cargo against partitioning systems. 

iii. Partitioning systems that have been rated either against the loading conditions set out in the 
Swedish (Section 6.3.1.1) or the draft Australian/New Zealand (Section 6.3.1.3) test standards 
should be fitted. 

iv. Consideration should be given to the likelihood of objects penetrating the partitioning system 
under dynamic loading conditions. As found in laboratory tests (Appendix C) 18mm regular 
plywood sheet offers limited penetration resistance to impacting objects. Adequate 
penetration resistance to impacting objects is provided by 1.5mm steel sheet. 
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7.5.1.3 Installation 

i. Retrospectively fitted partitioning systems should be fitted either by the manufacturer of the 
partitioning system or by a qualified fitter in strict adherence to the manufacturer’s 
instructions. 

7.5.1.4 Service condition 

i. Partitioning systems should carry a plaque specifying the: 

a. Maintenance that should be carried out on the system to keep it in a good serviceable 
condition. 

b. Safe working life indicating when the partitioning should be replaced because of 
deterioration including corrosion, ageing and accident damage. 

c. Standard to which it has been dynamically tested. In the case of the draft AS/NZ test 
standard (Section 6.3.1.3) details of the load rating for the partitioning system should 
also be provide. 

ii. Regular checks should be carried out on partitioning systems to ensure that they are 
maintained in a workable and serviceable condition. Badly worn or damaged partitioning 
systems should be replaced. 

iii. Repairs to partitioning systems should be carried out by or under the guidance of the 
partitioning system manufacturer. 

iv. Alterations should not be made to partitioning systems without proper assessment of the 
accident risks it may introduce or implications that it might have on the structural integrity of 
the partitioning system and its ability to restrain cargo. Alterations would include: 

a. Drilling holes in the partitioning system; 

b. Cutting holes or apertures in the partitioning; 

c. Attaching items to the partitioning system such as: 

i. Coat hooks; 

ii. Fire extinguishers; 

iii. Brackets. 

v. Proposed alterations to the partitioning system should be assessed by the manufacturer of the 
partitioning system. Agreed alterations to the partitioning system should be carried out by or 
under the guidance of the partitioning system manufacturer. 

vi. Partitioning systems should not interfere with the adjustment of the seat, head restraint or 
other safety systems of the vehicle such as the seatbelts or airbags. However, it is considered 
that this may be unavoidable because of the current designs of partitioning systems and 
vehicles that are available. 

7.5.2 Internal and external racking systems 

7.5.2.1 Structure 

i. Racking systems extending the full length of the vehicle cargo area should be avoided in 
order to eliminate the risk of it providing a direct rigid load path to the vehicle occupants in a 
rear impact (Section 6.2.5). An adequate distance should be left between the rear of the 
racking system and the rear of the van. 
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ii. Racking systems extending the full length of the vehicle could be fitted in a vehicle if the 
racking system has been designed such that, either through its position in relation to the 
occupants or by virtue of its structure, it will not provide a direct load path to the occupants in 
a rear impact. 

7.5.2.2 Performance 

i. Vehicles should be fitted with racking and shelving systems from manufacturers that have 
assessed the crashworthiness of their products. It is expected that these should have been 
successfully tested and assessed under the R17 crash pulse conditions as a minimum 
requirement. Guidance on the specific information that employers and fleet operators should 
obtain from restraint system manufacturers is provided in Chapter 9 of the TR. 

ii. Improvised racking systems such as plastic drain pipes with end caps should not be used for 
carrying cargo as they are unlikely to provide adequate restraint of the cargo under R17 crash 
pulse conditions. 

iii. Further points that should be considered in the performance of racking in terms of crash 
safety include the following: 

a. Doors and draws in racking systems should be self closing to eliminate the risk of 
these being left open in transit. 

b. Latches, locks and hinges and other attachments in racking systems should be 
designed to prevent them from becoming loose or being opened by road induced 
vibration or by loads typically experienced in service. 

c. Installing internal racking systems that slide out of the cargo compartment area or 
external systems that slide off the vehicle’s roof in order to encourage correct loading 
of the vehicle (Section 4.2.2 and 4.2.3). 

7.5.2.3 Installation 

i. Racking systems should be obtained from recognised manufacturers (as indicated in 
Chapter 9) and fitted in strict adherence to the manufacturer’s instructions. 

ii. Wherever possible cargo should be carried internally in order to limit and be able to better 
manage the risks posed by cargo in an accident. However, where cargo is almost equal to or 
greater than the length of the vehicle’s cargo area (Section 7.3) such as tubing, ladders and 
long handled tools, it may be more appropriate to carry such items external to the vehicle. 

7.5.2.4 Service condition 

i. Details of the maintenance and inspection schedules that should be carried out on the racking 
system should be provided by the manufacturer. 

ii. Regular checks should be carried out on racking systems to ensure that they are maintained in 
a workable and serviceable condition according to any guidelines provided by the 
manufacturer. Badly worn or damaged racking systems should be repaired or replaced. 

iii. Repairs to racking systems should be carried out by, or under the guidance of, the racking 
system manufacturer. 

iv. Alterations should not be made to the racking system without proper assessment of the risk it 
may introduce or implications that it might have on the structural integrity of the racking 
system and its ability to restrain cargo. Proposed modifications to the racking system should 
be assessed by the manufacturer of the racking system. Accepted modifications to the racking 
system should be carried out by, or under the guidance of, the racking system manufacturer. 
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v. With particular reference to internal racking systems cargo should not be placed against the 
racking system unless it has been designed to support this additional load under R17 crash 
pulse conditions. Racking system manufacturers should be consulted or the increased loading 
properly assessed if there is a need to rest cargo against internal racking systems. 

vi. Guidance on the recommended cargo carrying capacity of the racking system shall be 
provided by the racking system manufacturer and adhered to. 

vii. The recommended maximum cargo carrying capacity of the individual compartments in 
internal racking systems should be clearly labelled on the front of the racking system 
(Chapter 9). Typically the mass limit on the single item of cargo that should be carried in a 
racking system will be around 25kg because of limits on the mass that can be safely lifted by 
a single person. Cargo with a single mass greater than 25kg should be restrained using 
purpose designed restraint systems or lashings on the floor of the vehicle’s cargo 
compartment area. 

viii. Racking systems should not interfere with the adjustment of the seat, head restraint or other 
safety features of the vehicle such as seatbelts or airbags. 

7.5.3 Lashing and tethers 

7.5.3.1 Structure 

i. Lashings and tethers can be made from straps, rope, cable or chain. 

ii. Lashings and tethers should be purpose designed for restraining cargo and marked with an 
appropriate national or international standard and safe working load, which can be used to 
assess the effectiveness of the restraint to restrain cargo. 

iii. Improvised fasteners such as Cable ties and bungee cord should not be used as lashings or 
tethers (Appendix E) unless adequate assessments have been carried out to ensure that the 
restrained cargo will be adequately restrained under R17 crash pulse conditions. 

iv. Snap hooks or an alternative secure attachment method should be used as the preferred end 
fitting for lashings or tethers in order to limit the risk of the lashing working loose from its 
anchor point during transit or unhooking during the rebound phase of an accident. The safe 
working strength of the secure attachment should be equal to or exceed the safe working 
strength of the lashing. 

7.5.3.2 Performance 

i. Cargo should be lashed or tethered so that it will be adequately restrained under R17 frontal 
crash pulse conditions. The cargo should also be adequately restrained so that it will not shift 
under acceleration loads of 0.5g in the side and rear directions. Additional consideration 
should be given to the fact that LCVs may pitch under accident conditions (Section 5.1.1). 
Consequently, lashings and tethers should be appropriately arranged so that the cargo will not 
break free from the lashing or tether if the vehicle should pitch. 

ii. Knots can be used to form lashings and tethers from rope and strapping. Individuals 
responsible for restraining cargo with restraints that use knots should be given appropriate 
training on the knots to tie to best restrain cargo. 

iii. The effectiveness of rope or strap to lash or tether cargo is greatly influenced by the quality of 
the knots used. By introducing curvature to the rope or strap, such as knots, adds weaknesses 
to the strength of the restraint. Depending on the knot tied, the strength of the rope or 
strapping can be reduced typically by between 10 to 50 %. Consequently, the strength of rope 
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used in lashings should be twice that of the expected dynamic load under R17 frontal crash 
pulse conditions. 

iv. Moisture can reduce the breaking strength of lashings and tethers made from certain materials 
(usually natural fibres). Lashings and tethers made from these materials should be prevented 
from becoming wet. If lashings or tethers do become wet then they should be dried naturally 
to maintain their performance capabilities. 

7.5.3.3 Installation 

i. Cargo should be lashed or tethered as low down in the vehicle as possible using approved 
anchor points provided on the vehicle (Section 7.5.3). The strength of the anchor points 
should be equal to or exceed that of the lashing or tether to ensure the robustness of the 
lashing or tether restraint. 

ii. The strength of the cargo being lashed or tethered needs to be sturdy enough to support the 
loads that will be experienced under R17 crash pulse conditions. 

iii. Employees should be trained on the appropriate methods of lashing and tethering cargo. 

iv. Twists in lashings and tethers should be avoided as this can have a detrimental influence on 
the strength of the restraint. 

v. Slack in lashings and tethers should be removed through adequate tightening of the restraint. 
This will reduce the distance that the cargo shifts in an accident, the peak load experienced by 
the restraint system in an accident (Section 5.1.2, Appendix E) and the tendency for lashings 
to slip off cargo under normal driving conditions because of road born vibrations. 

vi. Lashings and tethers should be tensioned using tensioning devices approved by the 
manufacturer. 

vii. Lashings and tethers will stretch by varying degrees when loaded depending on the structure 
of the lashing or tether used e.g. by up to 10%. This should be taken into consideration when 
using lashings or tethers to restrain cargo in terms of the following: 

a. The possibility of lashings slipping off cargo during the accident; 

b. Rebound of the cargo following an accident; 

c. Less forward shifting of the cargo with shorter lashing and tether lengths, but 
conversely greater energy absorption with longer lashing and tether lengths 
(Section 5.1.2, Appendix E). 

viii. Cargo should be lashed to the vehicle in the direction of the vehicles line of travel rather than 
perpendicular to the vehicles line of travel, Figure 7.1. This will provide positive restraint of 
the cargo in a frontal impact rather than relying on friction to restrain the cargo. As found in 
laboratory tests, Appendix F, lashing in the direction of the vehicle’s line of travel 
(‘Recommended’, in Figure 7.1) will improve the restraint performance of the lashing. 

ix. The loads experienced by lashings and tethers can be kept to a minimum (Appendix F) by 
aligning, as far as practicable, the line of the lashing or tether with the vehicles line of travel 
(e.g. Recommended’ in Figure 7.1). As shown in Figure 7.2, as the alignment of the lashing 
with the vehicle’s direction of travel deviates (increase in lashing/tether angle) the force 
experienced by the lashing or tether to restrain the same mass of cargo increases. For instance, 
in a frontal accident the force experienced by a lashing or tether angled at 600 to the vehicle’s 
line of travel will be twice as large than if the lashing or tether had been aligned exactly (00) 
with the vehicle’s line of travel. The lashing/tether angle should be considered when choosing 
appropriately rated lashings and tethers to restrain cargo. 
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Figure 7.1. Preferred orientation in which cargo should be lashed to the vehicle. 
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Figure 7.2. Percentage increase in lashing or tether force as lashing/tether angle increases. 

7.5.3.4 Service condition 

i. Lashings and tethers should be used in accordance with any guidance provided by the 
manufacturers of the restraints. 

ii. Care should be taken to ensure that lashings or tethers are not damaged by sharp edges on the 
cargo or vehicle. These should be protected from damage by using protective material or a 
sleeve wherever appropriate. 

iii. The condition of lashings should be checked periodically for damage, fraying, contamination, 
wear and ageing. Damaged lashings or tethers should be replaced or repaired by an approved 
authority. Manufacturers’ guidelines should be followed in relation to the maintenance and 
retirement of lashing systems and tethers. 
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iv. Difficulties exist in assessing the age and deterioration of improvised lashings and tethering 
methods such as rope. Company procedures should be implemented to periodically refresh 
these improvised lashing systems or purpose designed lashing or tether systems should be 
used which have adequate provision for assessing their age and deterioration. 

v. Lashing or tethers that have been used to restrain cargo in an accident should be replaced. 

vi. Unauthorised alterations or modifications should not be made to lashings or tethers. 

vii. Employees have a duty to report any damage to lashings and tethers and report any concerns 
that they may have in restraining cargo on their vehicles. Employers have a duty to make 
employees aware of their responsibilities. 

7.5.4 Netting and sheet 

7.5.4.1 Structure 

i. Netting and sheet should be purpose designed for restraining cargo and should typically 
incorporate webbing straps. These straps should be fitted with approved tensioning devices. 

ii. The net mesh should be smaller than the smallest cargo item that will be restrained. 
Consideration should be given to the possible extent to which the mesh may stretch when 
loaded under accident conditions i.e. R17 crash pulse. 

iii. Snap hooks or an alternative secure attachment method should be used as the preferred end 
fitting for netting or sheet in order to limit the risk of it working loose from its anchor point 
during transit or unhooking during the rebound phase of an accident. The breaking strength of 
the secure attachment should be equal to or exceed the breaking strength of the webbing 
straps in the netting or sheeting. 

iv. Tarpaulin is designed to provide a weather protective cover and should not be used as a 
means of restraining cargo, unless designed specifically for this purpose. 

7.5.4.2 Performance 

i. Straps in netting and sheet should be adequately rated to restrain cargo under R17 crash pulse 
conditions. The cargo should also be adequately restrained so that it will not shift under 
acceleration loads of 0.5g in the side and rear directions. 

ii. Moisture can reduce the breaking strength of netting made of certain materials. As such 
netting should be prevented from becoming wet. If it does become wet it should be dried 
naturally to maintain its performance capabilities. 

7.5.4.3 Installation 

i. Netting and sheet should be fixed down to as many approved anchor points in the vehicle as 
possible to maximise its effectiveness at restraining cargo. The strength of the anchor points 
should be equal to or exceed that of the webbing straps in the netting or sheet. 

ii. Netting and sheet should be used to restrain cargo as low down in the vehicle as possible. 

iii. Netting or sheet should be used where the load is of an unusual shape or fragile and therefore 
cannot be easily restrained using lashings or tethers. 

iv. Netting and sheet should be tensioned using a tensioning device supplied or specified by the 
manufacturer. These should be used to remove as much slack from the netting or sheeting 
system as possible. 
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v. Netting and sheet should completely cover the cargo being restrained in the instance where 
this is being used as a primary form of restraint. Alternatively, if netting or sheet is being used 
to prevent cargo lifting of the bed of the cargo area then the netting and sheeting need only 
extend over the top of the cargo. 

vi. Cargo should be positioned as far forward in the netting or sheet as possible. This will limit 
the dynamic loading that the cargo places on the netting or sheet in a frontal accident 
(Section 5.1.2, Appendix E) 

vii. Employees should be trained on the appropriate use of netting and sheet to restrain cargo. 

viii. Netting will stretch and allow cargo to shift forward in a frontal impact (Appendix E). This 
should be taken into consideration to ensure that cargo does not shift too far to pose a risk to 
the vehicle occupants by engaging with other structures and partitions before the netting has 
had chance to dissipate the cargo kinetic energy. It is also important to consider that other 
road users could be endangered by the cargo moving outside of the vehicle cargo area while 
still within the net. 

7.5.4.4 Service condition 

i. Netting and sheeting should be used in accordance with any guidance provided by the 
manufacturers of the restraints. 

ii. Care should be taken to ensure that netting or sheet is not damaged by sharp edges on the 
cargo or vehicle. These should be protected from damage by using protective material or a 
sleeve wherever appropriate. 

iii. The condition of netting and sheet should be checked periodically for damage, fraying, 
contamination, wear and ageing. Damaged netting or sheet should be replaced or repaired by 
an approved authority. Manufacturers’ guidelines should be followed in relation to the 
maintenance and retirement of netting and sheet systems. 

iv. Netting or sheet that has been used to restrain cargo in an accident should be replaced. 

v. Unauthorised alterations or modifications should not be made to netting or sheet. 

vi. Employees have a duty to report any damage to netting or sheet and report any concerns that 
they may have in restraining cargo on their vehicles. Employers have a duty to make 
employees aware of their responsibilities. 

7.5.5 Anchor points 

7.5.5.1 Structure 

i. Approved anchor points in the vehicle should be purpose designed for restraining cargo and 
marked with an appropriate load rating. 

7.5.5.2 Performance 

i. It is inferred from the published literature (Section 6.2.5) and International Standards 
(Section 6.3.2) that floor anchorages in LCVs can be designed to support horizontal and 
perpendicular loads greater than 15kN. 

ii. It is inferred from the published literature (Section 6.2.5) and International Standards 
(Section 6.3.2) that wall anchorages in LCVs can be designed to support horizontal and 
perpendicular loads greater than 10kN. 
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7.5.5.3 Installation 

i. The minimum number of anchor point pairs that should be available in vehicles should be 
dependent on the length of the vehicle’s loading area and shall be calculated according to the 
following relationship: 

1
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xLY        Equation 7.1 

 

Where: 

 Y=number of anchor point pairs; 

 L = Length of the cargo area of the vehicle (mm). 

 Note that this is a requirement of the draft ISO Standard on securing of cargo in delivery vans 
(Section 6.3.1.4) 

ii. Retrospective anchor points can be fitted by recognised organisations, but these should not 
affect the structural integrity of the vehicle. These must be marked with an appropriate rating. 

7.5.5.4 Service condition 

i. Periodic checks should be carried out on vehicle anchor points to check for signs of wear and 
tear, damage or corrosion. Damaged anchor points should be repaired or replaced by the 
manufacturer or a recognised body builder. 

ii. Unauthorised alterations should not be made to anchor points in the vehicle. All repairs to the 
anchor points should be certified and carried out by the vehicle manufacturer or a recognised 
body builder. 

iii. Employees have a duty to report any damage to anchor points on their vehicles and report any 
concerns that they may have in restraining cargo on their vehicles. Employers have a duty to 
make employees aware of their responsibilities. 

7.6 Training 

i. Drivers are ultimately responsible for the cargo carried on their vehicles. Employers have a 
duty to make employees aware of their responsibilities and employers should also educate 
their employees on the risks posed by cargo in an accident (Chapter 4). 

ii. Employers are responsible for ensuring that employees have received appropriate training and 
familiarisation on: 

a. The weight capacity limits of their vehicles such as the GVW, axle weight limits and 
payload; 

b. How to load their vehicles and correctly distribute cargo around the vehicle 
(Section 7.4); 

c. The performance of restraint systems (Chapter 5); 

d. How to restrain cargo that they are likely to carry on their vehicles; 

e. The regular checks and maintenance that they should carry out on their cargo and 
restraint systems. 

f. The regular checks and maintenance that they should carry out on their vehicles. 

g. The risk assessments that they should carry out on the carried cargo. 
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8 Guidance for risk assessment 
A risk is the exposure to the chance of injury or loss. In terms of risk assessments it can be considered 
as attempting to determine the likelihood that a hazard will cause injury or loss. 

Risk assessments for any work-related driving activity should follow the same principles as risk 
assessments for any other work activity (HSE, 2003): 

 “A risk assessment is nothing more than a careful examination of what at work activities can 
cause harm to people…It should be carried out by a competent person with a practical 
knowledge of the work activities being assessed.” 

The ultimate purpose of a risk assessment is to reduce the likelihood of individuals being harmed and 
that the environment is not damaged. Accidents and ill health can ruin lives, affect business, damage 
machinery, increase insurance costs, and/or lead to court action. 

There are essentially three steps to the assessment of risk: 

• Look for hazards – In terms of cargo restraint in LCVs it will be those hazards posed by the 
cargo being transported. 

• Decide on who might be harmed – In most instances this will be the vehicle occupants. 
However, consideration should also be given to the risks posed by the cargo to the occupants 
of other road vehicles and vulnerable road users such as cyclists and pedestrians. In these 
latter instances the specific risk is likely to come from cargo carried external to the vehicle. 

• Evaluate the risk to decide whether existing precautions are adequate or more should be done 
– After implementing precautions it should be determined whether the remaining risk is 
acceptable or does more need to be done to reduce the risk. 

The important things to be decided are whether a hazard is significant, and whether it is covered by 
satisfactory precautions so that the risk is reduced as far as is reasonably practicable. This needs to be 
checked when the risks are assessed. It is important not to be overcomplicated. 

It is important to record the findings and actions of the risk assessment. In fact for employers with five 
or more employees it is a mandatory requirement to record the significant findings of their risk 
assessment. For employers with less than five employees it is not required to document the findings, 
although it is recommended. The recorded details should demonstrate that: 

• A proper check was made; 

• All those who might be affected were consulted; 

• All of the obvious hazards were dealt with; 

• The precautions are reasonable; 

• The remaining risk is low. 

Furthermore where appropriate employees and health and safety representatives should be consulted 
over the implications of any risk assessments made. 

It is also important to periodically review the outcomes of the risk assessment and make revisions 
where they are necessary. This is to ensure that the precautions adopted are still controlling the risks 
effectively. To contribute to the review process it is recommended that a log be kept on any road 
incidents that may occur. 

A review of the risk assessment will also be necessary to accompany any changes to working 
procedures and practices, for example, if driving routes are changed, new vehicles are introduced into 
the vehicle fleet (e.g. motorbikes), new types of cargo are carried or new restraints are used to restrain 
cargo. 

Overall the risk assessment needs to be suitable and sufficient, not perfect. The real points to consider 
are: 
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• Are the precautions reasonable? 

• Is there something to show that a proper check was made? 

8.1 Evaluating the general risks 

The principal areas of injury risk and losses to employees using vehicles as part of their work activities 
include: 

• The loading and unloading of the vehicle; 

• The general interaction of occupants with the vehicle (e.g. access and egress and ergonomic 
factors); 

• The likelihood of an accident; 

• The hazards that arise as a result of an accident. 

The principal focus of this document is on the hazards that arise as a result of an accident, and 
specifically on the restraint of cargo on LCVs. A more detailed overview of the issues that should be 
considered in assessing and managing this risk is provided in Section 8.2. However, the assessment 
and management of all of the above listed risks should be contemplated in the risk assessment of work 
related vehicle safety. Comprehensive information and guidance on managing many of these risks is 
presented on the UK Department for Transport website at www.dft.gov.uk/drivingforwork. The 
following provides a general understanding on the breadth of issues that should be considered in 
managing the risks associated with work related vehicle safety. 

8.1.1 The vehicle driver 

Is the driver considered to be competent and capable of doing their work in a way that is safe for them 
and other people? 

The driver should have previous experience which is relevant to the particular task and should carry an 
appropriate driving licence for the vehicle that they will drive. The validity of the licence should be 
checked periodically. 

The driver or vehicle operator needs to be aware of the company’s policy on work-related safety. This 
information could be passed to the driver or operator as a memorandum, note or written instructions. 
Alternatively, it may be that a formal training session is needed to convey the policy and assess the 
driver’s understanding of the policy. 

Many incidents on the roads happen due to inattention and distraction as well as failure to observe the 
Highway Code. Consideration should be given to steps that could be taken to ensure that drivers use 
the road as safely as possible. For example, accident statistics (Chapter 4) suggest that the low 
belt-wearing rate for drivers of CDVs has a substantial bearing on the injuries they receive in crashes. 
Therefore, the wearing of seat-belts should be encouraged as it is a mandatory requirement on UK 
roads. 

8.1.2 The vehicle 

8.1.2.1 Suitability 

Is the vehicle fit-for-purpose for its intended use? 

When purchasing new or replacement vehicles, consideration should be given as to which vehicles are 
best for driving with regard to public health and safety. For example, is one type or class of vehicle 
considered to be safer than another in an accident (Section 4.3.3)? 
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In terms of cargo restraint consideration should be given to the anchorages provided on the vehicle. 
Depending on the end use and the cargo carried, the vehicle needs to have an appropriate provision of 
anchor points to which cargo can be restrained. 

8.1.2.2 Condition 

Is the vehicle maintained in a safe and fit condition? 

Adequate maintenance arrangements should be in place, in accordance with manufacturer’s 
recommendations. Maintenance work and repairs should be carried out to an acceptable standard, by a 
company-approved supplier. 

Drivers should know how to carry out basic safety checks. For instance, there should be an approved 
method of ensuring that the maximum limit for vehicle weight has not been exceeded and the weight 
distribution is within limits. 

Cargo carried by the vehicle should be restrained according to the practices detailed in Chapter 7. This 
is primarily the responsibility of the driver, but it is the responsibility of the vehicle operator or owner 
to ensure that appropriate vehicles, restraints, training and information is provided to enable the 
employer to safely restrain cargo carried by the vehicle. There should also be procedures in place to 
ensure that the driver’s interpretations of safe cargo restraint are in-line with those of the company. 

Safety equipment should be properly fitted and maintained. This includes items such as seatbelts and 
head restraints for the driver. It also includes any cargo restraint equipment, ranging from items such 
as simple webbing to fully-fitted racking systems. 

8.1.3 The journey 

8.1.3.1 Routes 
Are routes planned thoroughly? 

The routes taken in the transportation of cargo should be appropriate for the type of vehicle taking 
them. Also, the risk environment should be taken into account when considering routes. 

National accident statistics (DfT, 2007), show that motorways are the safest type of road on which to 
travel. The accident rates for the different road types, as taken from the National Accident Statistics 
are presented in Table 8.1. These figures suggest that, in general, vehicle operators should use the 
largest road type available, wherever there is a sensible choice. 

Table 8.1. Accident rates by road class (DfT, 2007). 

Road Class Accident rate 
(number of accidents per 100 million vehicle 

kilometers) 
Motorways 8 

A-roads 37 
Other (B and C-roads, etc.) 52 

Total 37 

8.1.3.2 Scheduling 

Are work schedules realistic? 

The corporate emphasis given to a driver fulfilling their work schedule should be considered with 
respect to the feasibility of the schedule and the safety implications of driving when tired or stressed. It 
may be sensible to allow concessions in the work schedule in case the driver feels tired or unwell. 

Operating during periods of peak traffic flow should be avoided where possible. 
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8.1.3.3 Time 

Is sufficient time allowed for the journey to be completed safely? 

Following on from the previous section, schedules should be set taking into account road types and 
condition, driver rest breaks, etc. 

Under no circumstances should the driver be expected to exceed the speed limit or drive at a speed in 
excess of that which is inappropriate for the road conditions. Indeed, the expectation for the driver to 
remain within the confines of legal and safe speeds should be understood by the driver. This will be 
particularly important as a schedule, or an agreed arrival time, is of secondary importance to the safety 
of the driver. 

8.1.3.4 Distance 

Drivers should not be put at risk from fatigue caused by driving excessive distances without 
appropriate breaks. Therefore journeys should be planned so that they are not long enough to 
contribute significantly to fatigue. 

8.2 Detailed cargo restraint assessment 

To minimise risks to health and safety from the transportation of cargo, the vehicle cargo restraints 
and driver competence level will all have to be appropriate. Assuming that the driver employed for the 
job has sufficient experience, training and instruction, the considerations can turn to the vehicle and 
cargo restraint. 

8.2.1 The vehicle 

The principal evaluation to determine whether a vehicle is suitable should start with consideration of 
its payload and whether the cargo to be transported can be safely carried by the vehicle. Assuming that 
the cargo is not too heavy then further thought should be given to maintaining axle-to-axle weight 
distributions and vehicle dynamics. It should be possible to position the cargo within the vehicle and 
not contravene axle weight limits or have a detrimental influence on the vehicle’s stability and 
handling; one of the vehicles primary forms of safety in avoiding accidents. 

It may be tempting to always use large vehicles, knowing that they can carry most sizes and weights of 
cargo and therefore represent greatest versatility. However, there are advantages to using the smallest 
available vehicle. For example, smaller vehicles are likely to be more economical to run, are more 
appropriate for making short journeys, are likely to be slightly easier to control and may require no 
additional licensing to drive. The National Accident Statistics even suggest that HGV drivers are 
slightly more prone to serious and slight injuries than LCV drivers (DfT, 2007). Conversely, 
motorcycle riders and pedal cyclists are less safe (less well-protected) than vehicle occupants in an 
accident, so it is not always the case that smaller vehicles are necessarily the safest option. 

The vehicle should possess appropriate types and numbers of anchor points against which the intended 
cargo that will be carried can be restrained. Until the type of restraint that will be used to restrain the 
cargo has been decided upon, then it may not be possible to precisely assess the adequacy of the 
anchor points possessed by the vehicle. 

Vehicles should be fitted with a partitioning system to provide a restraint that separates internally 
carried cargo from the vehicle occupants. In general partitioning systems should be used to provide a 
secondary means of cargo restraint (Section 7.5.1) especially if there are uncertainties as to their 
strength and performance under crash test conditions. Alternative restraint systems such as lashings, 
tethers and racking should be used to provide the primary means of cargo restraint in LCVs with the 
partitioning system providing a secondary line of protection for the vehicle occupants. 
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As noted in Section 4.2.1, the requirement for a partitioning restraint system and the ability to access 
the compartment area from the occupant compartment area should be balanced against one another. If 
the addition of a full partitioning system causes the driver to exit the vehicle into the road and move 
around to the rear of the vehicle, they will be at risk from being struck by passing traffic. Depending 
on the frequency with which this action will be carried out and the exposure to risk from cargo in the 
rear of the vehicle, it may be that a full partition is not an advantageous hazard control. 

8.2.2 Cargo restraint 

The method of restraint should be chosen based on the type of cargo to be carried. Where there are 
options as to how the cargo should be carried, the relative risks of each option should be considered 
against one another. 

The risks associated with particular cargo will depend upon several aspects of the cargo, for instance, 
the size, mass, shape, number of items / cargo integrity (if packaged together), hazardous chemicals, 
etc. Based on consideration of these aspects, it should be possible to decide on the best means of 
restraint for cargo type. 

With any individual item of cargo that needs to be restrained, the first piece of information required is 
the mass of the item. Once this is known the specification of the restraint can be determined. The mass 
of the item can be found either from a specification sheet or tag on the item, by weighing the item, by 
looking up typical mass-per-unit-volume values from data tables (Appendix B) or as a last resort, for 
impromptu cargo carrying situations, by making an educated guess with a suitable safety factor. 

A heavy object will possess more kinetic energy (Section 5.2.2) than a lighter object when travelling at 
the same speed. Therefore heavy objects generally present a greater hazard in an accident than lighter 
objects. To absorb the energy of the moving object in an accident, the requirements of a restraint used 
on a heavy cargo will be more demanding than the requirement of the restraint on a lighter cargo. 
Similarly, it is expected that the more items that are carried, the harder it will be to restrain those 
items. For example, consider the case of restraining one brick, or fifty bricks, one hand tool or a full 
set of tools. On this basis, it can be suggested that risk of injury to the vehicle occupants will increase 
with both the number and mass of objects being carried in the vehicle. This is shown schematically in 
Figure 8.1. 
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To determine the likely force required to restrain a single item of cargo in a frontal accident, the mass 
of the item should be multiplied by 20g as a minimum (Section 7.1). For a force restraint requirement 
in Kg the mass of the cargo item should be multiplied by 20. For a force restraint requirement in 
Newtons the mass of the cargo item should be multiplied by 200. E.g. A 100kg cargo item subjected to 
a 20g deceleration will require a restraining force of 2,000kg or 20kN to maintain its position relative 
to the vehicle that is carrying the cargo item. This gives the force required in the vehicle’s direction of 
travel to restrain the cargo. If a tether is used to restrain the cargo and the tether is angled relative to 
the vehicles direction of travel, as in Figure 8.2, then this angle needs to be taken into account to 
determine the force experienced by the tether to restrain the cargo (Section 7.5.3). For example, the 
peak force experienced by a tether angled at 25° to the vehicle’s direction will be 10% greater than if 
the tether were aligned exactly with the vehicle’s direction of travel. In contrast, at an angle of 60° or 
greater the force experienced by the tether will be more than double that compared with if the tethered 
were aligned with the vehicle’s direction of travel. It should also be remembered that the force 
experienced by the tether will be equal to that experienced by the anchor point for the tether on the 
vehicle. Because of this variability generally lashing and tether angles should be kept as low as 
possible, although there are additional complications that need to be considered in terms of restraint 
performance relating to lashing and tether angles (Section 7.5.3). 

 

 

Tether in line with vehicle’s direction of travel Tether angled with respect to vehicle’s 
direction of travel 

Figure 8.2. Tether and lashing angle relative to a vehicle’s direction of travel. 

8.3 Checklist for load restraint 

The following parts of Section 8.3 provide examples of questions that could be raised in a risk 
assessment covering the restraint of cargo on vehicles for accident safety. These questions have been 
generated from the Principles of Best Practice for cargo restraint presented in Chapter 7. Such 
questions could be used to form a checklist that could then be applied to assess the cargo restraint risk 
in individual or fleets of commercial vehicles. 

Some of the questions will not be applicable to all employees because of the types of cargo that they 
may be carrying or the types of restraints that they may be using on their vehicles. Positive responses 
to those questions which are applicable would suggest that no further action is needed to resolve or 
reduce a particular risk. However, negative responses would indicate that further action is needed and 
reference to the particular section of the Best Practice Principle Chapter that should be consulted is 
provided where appropriate 

8.3.1 Vehicle choice (Section 7.2) 

1. Is the mass of the cargo to be carried within the maximum payload for the vehicle? 

2. Can the cargo be loaded so that the axle weights of the vehicle are not exceeded? 

3. Does the carried cargo in the luggage compartment of passenger and estate cars exceed 36kg? 

Tether angleTether angle
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4. Do you know the rating of the anchorage points in the vehicle, are these clearly labelled? 

5. Are there sufficient numbers of rated anchorages on the vehicle to adequately restrain the 
cargo? 

6. Are there windows or apertures in the partitioning system of the vehicle and are these of 
adequate strength to restrain cargo or adequately protected from being loaded by cargo in an 
accident? 

8.3.2 General loading (Section 7.3) 

1. Are their warning signs in the passenger compartment and cargo areas of the vehicle 
reminding employees of the risk posed by poorly restrained cargo? 

2. Are unsecured items of cargo being carried in the passenger compartment area of the vehicle? 

3. Are there any retrospectively fitted items in the passenger compartment area that could be 
struck by the vehicle occupants in an accident, affect the performance of the restraint systems 
or be dislodged by the activation of the restraint system? 

4. Has restrained cargo in the occupant compartment area been positioned low down in the 
vehicle? 

5. Is the cargo effectively positioned in the vehicle in terms of being placed as low down in the 
vehicle as possible and evenly distributed within the cargo compartment area? 

6. Is cargo optimally orientated in order to limit injury risk and better distribute the dynamic 
loading in an accident? 

7. Is only approved cargo loaded up against the vehicle’s internal racking system? 

8. Does cargo, racking systems or shelving extend the full length of the cargo area and provide a 
direct load path to the vehicle occupants in the event of a rear impact? 

9. Have purpose designed engineering solutions been developed to restrain single items of cargo 
that have a mass greater than 50kg? 

10. Has a plan been drawn up defining where specific items of the cargo should be positioned in 
the vehicle and how it should be restrained? 

8.3.3 General restraint (Section 7.4) 

1. Is a partitioning system fitted in the vehicle? 

2. Does cargo carried on tippers and other open top vehicles exceed the height of the boards 
surrounding the cargo area? 

3. Are regular checks carried out to ensure that cargo is safely restrained and stowed in vehicles 
for transit? 

4. Are periodic checks carried out on the restraint systems for signs of damage or corrosion or 
are the systems regularly maintained according to manufacturer’s instructions? 

5. Is regular maintenance carried out on restraint systems according to manufacturer’s 
instructions? 

6. Have unauthorised repairs or alterations been made to the restraint system? 

8.3.4 Partitioning systems (Section 7.5.1) 

1. Does the partitioning system fully separate the passenger compartment area from the cargo 
compartment area of the vehicle? 
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2. Has the partitioning system been assessed against any standard impact test procedures? 

3. Are there any holes or apertures in the partitioning system through which cargo could pass in 
an accident? 

4. Have any unauthorised alterations been made to the partitioning system? 

5. Does any cargo or restraint systems in the vehicle have the potential to interfere with the 
operation of the occupant safety systems, such as the airbags and seatbelts? 

6. Are periodic checks carried out on the partitioning system to ensure that it remains in a 
serviceable and workable condition? 

8.3.5 Internal and external racking systems (Section 7.5.2) 

1. Has the racking system been fitted in strict accordance with the manufacturer’s instructions? 

2. Has the racking been tested or effectively tested under R17 crash pulse conditions? 

3. Are doors and draws in racking systems self-closing, to eliminate the risk of them being left 
open in transit? 

4. Does the racking system extend the full length of the cargo compartment area providing a 
direct load path to the vehicle occupants? 

5. Has the cargo carrying capacity of the units in the racking system been provided and labelled 
by the manufacturer? 

6. Has the racking system been loaded according to the guidelines provided by the manufacturer? 

7. Have any unauthorised alterations been made to the racking system? 

8. Does the racking interfere with the adjustment of the seat or head restraint or have the 
potential to interfere with the performance of the occupant safety systems such as the seatbelts 
or airbags? 

9. Are regular inspections carried out on the racking system to check for signs of wear and tear? 

10. Is regular maintenance carried out on the racking system according to any guidelines provided 
by the manufacturer? 

8.3.6 Lashing and tethers (Section 7.5.3) 

1. Is cargo lashed or tethered as low down in the vehicle as possible? 

2. Is the safe working load of the lashings/tethers known and is this adequate to restrain the mass 
of the cargo under R17 crash pulse conditions? 

3. Is slack in lashings and tethers removed when cargo is restrained? 

4. Are lashings and tethers adequately protected from being damaged by the cargo or other 
structures in the vehicle? 

5. Are lashings and tethers attached to approved anchorages on the vehicle? 

6. Are lashings and tethers regularly checked for signs of damage, and wear and tear? 

7. Have unauthorised alterations been made to the lashings or tethers? 

8.3.7 Netting and sheet (Section 7.5.4) 

1. Is the netting or sheet fixed down to as many anchorages as possible? 

2. Is the net or sheet adequately tensioned? 
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3. Is the net mesh smaller than the smallest item of cargo that will be restrained? 

4. Does the net or sheet completely envelope the restrained cargo? 

5. Is the net or sheet adequately protected from being damaged by the restrained cargo or other 
structures on the vehicle that it may come into contact with? 

8.3.8 Anchor points (Section 7.5.5) 

1. Are there adequate numbers of and strengths of anchorages to restrain the cargo? 

2. Is information provided in the vehicle cargo compartment area and in the vehicle’s owner 
manual on the load rating of the vehicle’s anchor points? 

3. Are anchorage points in a sound and serviceable condition? 

4. Are regular checks carried out on vehicle anchorage points to check for signs of wear and tear, 
damage or corrosion? 

5. Have unauthorised alterations been made to the anchor points in the vehicle? 

8.4 Worked example 

A risk assessment form for the worked example covered in this Section is provided in Table 8.2. The 
following parts of Section 8.4 provide an overview of the issues considered in deciding on an 
appropriate vehicle and restraints to carry a specific selection of cargo. 

8.4.1 The cargo 

For the purposes of this worked example it is assumed that the cargo to be carried includes: 

• Some small hand tools; 

• A breaker which is always carried; 

• A 50 kg generator with steel tubular frame which is carried occasionally; 

• Assorted fasteners and fixings; 

• PPE (overalls and boots). 

8.4.2 Choice of vehicle 

With the requirement to carry the generator and breaker the overall mass of the payload precludes the 
use of any vehicle smaller than a van. 

The fasteners and fixings require some sort of racking system that can be accessed quickly and easily. 
This functional requirement defines the starting point for the selection of restraint systems.  

With loose items such as fasteners and fixings there is the potential for these items to shift about the 
vehicle in an accident. One solution to prevent this hazard would be to restrain the fasteners and 
fixings in a racking system. However, the preferred solution here is to specify a rated vehicle 
partitioning system in the van to prevent any penetration by loose objects into the occupant 
compartment area of the vehicle. This partitioning system also provides the driver with some 
flexibility if they need to transport a small ad-hoc item of cargo (e.g. less than 10kg) that has no 
purpose designed restraint or position in the vehicle. Such items could be restrained against the 
vehicle’s partitioning system as long as the rating or performance of the partitioning system is known 
to be adequate for restraining this size of cargo under accident conditions. 
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Returning to the vehicle selection, one can now be chosen knowing that it needs to accommodate a 
racking system and a partitioning system. The size of van needed is dictated by the size of the racking 
system that is needed, the space required for the generator and breaker and the amount of accesses to 
the cargo compartment area required by the driver. In this latter instance it is likely that good access to 
the cargo compartment area will be required in order to access the racking system and safely restrain 
the other items of cargo. For this reason a short-wheel-base, standard roof panel van is potentially the 
most suitable and economic choice of vehicle. 

The racking system will need to be securely fastened to the vehicle. A van provided with strong 
anchor points in the floor and rails or tracking along the sides and/or cant rail would provide better 
restraint for the racking than one without. The requirement to carry the generator occasionally means 
the van will need to have suitable strength anchorages in the floor for lashing or that these should be 
retrospectively added. 

The requirement for a partitioning system in the chosen vehicle means that this will either be factory 
fitted with a suitably rated system or a suitably rated aftermarket partitioning system can be fitted in 
the chosen vehicle. 

8.4.3 Partitioning system 

A partitioning system should always be fitted to provide additional protection to occupants, and in this 
case there is no functional requirement to have a door, window or other aperture in the partitioning 
system. Consequently a full-width partitioning system should be fitted into the chosen vehicle. The 
partitioning system should be able to, withstand equal or comparable loading conditions and comply 
with the applicable test requirements, set out in either the Swedish Standard (Section 6.3.1.1) or the 
draft Australian/New Zealand standard (Section 6.3.1.3). 

8.4.4 Racking system 

The racking system will be used to restrain the small hand tools in addition to the fasteners and 
fixings. When specifying a racking system guidance should be sought from the system manufacturer 
with regard to its load carrying capacity, installation and maintenance. Detailed advice on the 
questions that should be raised with prospective racking system manufacturers can be found in 
Chapter 9. 

8.4.5 Restraint of the breaker 

Since the breaker is always carried a purpose designed engineered bracket or cradle should be used to 
restrain it. This solution should allow the user to quickly and easily secure the item effectively and it 
should be positioned near a vehicle door so as to allow easy access to the relatively heavy breaker. 

The breaker could be secured by lashing it to either the floor of the cargo compartment area or upright 
against the partitioning system or racking. However, because of the difficulty and time that may be 
involved in restraining the breaker by this method it is likely that it may often get loaded without being 
properly restrained. For this reason the purpose designed engineered bracket or cradle provides a more 
robust restraint that will encourage the breaker to be correctly restrained. 

If the purpose designed engineered restraint for the breaker is obtained from a manufacturer then it is 
necessary to ensure that it has been designed with crashworthiness in mind. Alternatively if a one-off 
restraint for the breaker is to be made then it is important that appropriate engineering knowledge is 
applied to design a system that will reasonably and practically restrain the breaker under R17 crash 
pulse conditions. 
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8.4.6 Restraint of the generator 

The generator is not carried on a regular basis and so the provision of a specific purpose designed 
restraint is possibly unnecessarily expensive and may restrict the ability to load other items of cargo 
within the vehicle. For this reason it is suggested that the generator should be secured using lashing 
straps when it is required and that it is removed from the vehicle when not needed. 

The mass of the generator is 50 kg and so under a crash deceleration of 20g a force as much as 10kN 
(or 1000kg) may be required to restrain it. Based on these values recommendations should be made on 
the rated capacity of the lashing straps and anchor points that should be used to restrain the generator. 

It is possible that the rated capacity of the anchor points may not provide adequate restraint for the 
generator. As such additional anchor points may need to be fitted to the van. As the greatest risk is 
from a frontal impact with the likelihood of the generator shifting forward, then retrospectively fitted 
anchorages should be positioned directly behind where the generator will be located in the van. 

The generator has a tubular steel frame which makes direct lashing straight forward. By passing the 
lashings through the steel frame the possibility of them working loose (as would be possible with 
‘over-the-top’ lashing) is removed. 

8.4.7 Storage of PPE and clothing 

Light items of PPE clothing are likely to be a negligible hazard in an accident; however, boots and 
helmets could provide a greater risk of injury for the occupants in an accident if these are not 
adequately restrained. In this worked example the selected van is fitted with a full-width partitioning 
system. Therefore, the occupant compartment and cargo compartment areas are partitioned off from 
one another and the PPE should be adequately stowed in the cargo compartment area without the need 
for any additional restraint. 

8.4.8 Operators 

There will always be the risk that the vehicle driver inappropriately uses the restraint systems provided 
by the operator of the vehicle. The potential impact of this misuse could be considerable as it could 
essentially nullify the effectiveness of any restraint. To minimise the chance of misuse by the driver, 
they should receive appropriate training. In addition, reminder notices should be displayed within the 
van. These will serve to enforce general concepts as well as particular points such as maximum 
restraint capacities of units in racking systems. Finally, regular checks should be carried out to ensure 
that company policies on safely restraining cargo in vehicles are being followed. 
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Table 8.2. Example Risk Assessment Form. 

Assessor(s): TRL 

Assessment Date: December 2007 

Assessment of Risk For: Transportation of cargo (breaker, fluid 
containers, etc.) by van – Example 

Review Date December 2008 

 

Significant Hazards Who / what are at risk from the 
significant hazards identified? Controls / Precautions 

Accident caused by driver suffering from fatigue, 
distraction, drunkenness, etc. 

Driver and any other vehicle occupants 

Other road users 

Company policy already states the position with regard to taking 
breaks whilst working, not taking calls whilst driving and not 
drinking and driving. Driver has received training to cover these 
points and effective route and timescale setting. 

Accident caused by a deficiency in the vehicle 
handling brought about through inappropriate 
load distribution   

Driver and any other vehicle occupants 

Other road users 

Vehicle chosen to have adequate capacity for the cargo to be 
transported 

Set positions designated for the different items of cargo that will not 
contravene correct axle load limits or best practice for load 
distribution 

Inadequate restraint of fasteners and fixings, and 
small tools within the cargo compartment area 

Vehicle occupants Racking system supplied to restrain these items. 

Failure of racking system under accident 
conditions 

Vehicle occupants Assurance and supporting justification received from the racking 
manufacturer that the racking has been proven to be effective under 
accident loading conditions 

Specified maximum loads for each region of the racking system have 
not been exceeded 

Vehicle has a manufacturer-fitted partitioning system of suitable 
strength to prevent any items that become unrestrained from entering 
the occupant compartment. 

Inadequate restraint of breaker under crash 
conditions 

Vehicle occupants Adequate means of restraint provided (specific mounting designed at 
rear of racking with additional webbing supplied). Driver trained in 
the basic assessment of load restraint and how to use the equipment 
provided. 
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Inadequate restraint of generator under crash 
conditions 

Vehicle occupants Adequate restraint levels determined and restraint system set to 
exceed these requirements. 

14,000 N force expected – 2 x 10 kN webbing straps provided 

Additional strap used for rear impact direction 

Webbing tensioned with the ratchet supplied by the manufacturer, 
rated as part of the webbing system. 

Angle of restraint as close to the horizontal as possible 

Inadequate restraint of other items carried in 
addition to the usual manifest 

Vehicle occupants Vehicle has a manufacturer-fitted partitioning system of suitable 
strength to prevent any items that become unrestrained from entering 
the occupant compartment. 

Restricted access to PPE User(s) of PPE Set place in vehicle racking designated for PPE 
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9 Guidance for vehicle racking specification 
Procurement procedures, for items such as internal and external racking systems, should include an 
evaluation to assess whether prospective manufacturers are able to provide a ‘fit-for-purpose’ system 
in terms of crash safety. The outcome of the evaluation can then be used by employers to demonstrate 
their due diligence in fitting out their vehicles with systems that, so far as is reasonably practicable, 
limit the injury risks to the vehicle occupants and other road users in the event of an accident. 

In order to help in the development of appropriate procurement evaluations this chapter of the TR 
outlines principal information and levels of service, which employers should aim to obtain from 
prospective manufacturers. The information presented in this chapter focuses on the procurement of 
internal and external racking systems, although many of the principles presented could be applied to 
the process of procuring vehicles, or other systems typically fitted to, or used on LCVs, such as 
partitioning systems, anchor points, lashings and netting. Consequently, based on the information 
presented in this chapter, employers are encouraged to develop their own procurement evaluations 
that are appropriate to their own needs. 

It is anticipated that manufacturers may not be able to provide all the information requested for by 
employers in their procurement evaluations. However, gathering as much information as possible 
from prospective manufacturers should enable employers to have confidence in making informed 
judgements on the most reasonable and practical ‘fit-for-purpose’ systems that they can acquire in 
terms of crash safety. Furthermore, it is anticipated that the information in this chapter could be used 
by manufacturers to pre-empt customer requests and develop their own customer literature. 
Manufacturers could also use this chapter of the TR to understand the types and levels of possible 
information that they need to develop on their products in order to satisfy prospective customers that 
their products meet the customer’s requirements in terms of crash safety. 

9.1 Procurement evaluation for crash safety 

The proposed information that employers should look to obtain from prospective manufacturers is 
covered under the following headings: 

• Working practices (Section 9.1.1); 

• Design capabilities (Section 9.1.2); 

• Methods of system evaluation (9.1.3); 

• Installation (Section 9.1.4); 

• Documentation (Section 9.1.5); 

• Additional manufacturer services (Section 9.1.6). 

9.1.1 Working practices 

Confidence that purchased systems will perform as intended can, in part, be ascertained by 
understanding the working practices of the manufacturer. This should be evaluated by determining: 

• The list of formal accreditations achieved by the manufacturer (ISO 9001:2000, OHSAS 
18001, BS 8800 etc). 

• The quality procedures followed by the manufacturer in terms of: 

o Manufacturing; 

o Assembly; 

o Installation. 
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• The methods employed by the manufacturer to maintain traceability of their products once 
delivered to the customer. For instance: 

o Are serial numbers attached to all products? 

o Is product identification against vehicle registration? 

o Is product identification against the Vehicle Identification Number (VIN)? 

o Are records kept of the operator responsible for fitting against the vehicle 
registration? 

o Are records kept of the operator responsible for fitting against the VIN? 

• The working practices of third party operators of the manufacturer who may provide 
components for the system or contribute to its manufacture, assembly or installation. 

9.1.2 Design capabilities 

The design capabilities of prospective manufacturers should be evaluated to assess their abilities to 
develop systems that are fit-for-purpose in terms of crash safety. It is proposed that this part of the 
manufacturer evaluation should determine: 

• The numbers and qualifications (e.g. PhD, MEng, HND etc) of design engineers. 

• The professional membership (e.g. Chartered Engineer) of the design engineers. 

• The experience of the design engineers, particularly in terms of crash safety. 

• The available facilities for designing racking systems (e.g. CAD). 

• The design capabilities of third parties that design or contribute to the design of the racking 
system. 

9.1.3 Methods of system evaluation 

There are a variety of evaluations that manufacturers can carry out to assess the crash performance of 
their racking systems. Full-scale dynamic impact testing within a vehicle body-shell provides the most 
comprehensive means of assessing the performance of racking systems under representative crash 
conditions. However, it is not reasonable or practical to expect manufacturers to comprehensively 
evaluate, all variations in their product designs, in all vehicle types, under all possible accident 
conditions. Even so there still needs to be a degree of confidence that fitment of the racking system in 
a different vehicle or variations in the product design will still be ‘fit-for-purpose’ in terms of crash 
safety. This can be achieved by supplementing the results from full-scale dynamic crash tests with the 
results from less arduous tests and evaluations that can be carried out on the full racking system or 
smaller structural elements of the racking system. This additional knowledge can then be extrapolated 
to provide supporting evidence and confidence that variations on system designs, that have not been 
comprehensively tested, should still provide a reasonable and practical level of crash safety 
performance. For instance, static load tests can be carried out on anchor fixings for the racking system 
to establish their load capacity. This information can then be used to establish if there are adequate 
anchor fixings for a racking system design variation that may be required to restrain a different mass 
of cargo to the variation of the racking system design that has been comprehensively tested in a full-
scale dynamic crash test. Alternatively the results from this type of testing might be used to establish 
that the number and structure of the anchor points in a different vehicle type to the one in which the 
racking was dynamically tested are still adequate for restraining the racking system. Additional 
examples of the variety of testing that can be carried out to develop confidence in the crash safety 
performance of restraint systems is provided in the details of the test work carried out as part of this 
project which can be found in Appendices C to F. 
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It is proposed that employers in their procurement evaluations should assess the extent to which the 
manufacturer has evaluated their products in terms of crash safety and whether their is adequate 
engineering knowledge to have a reasonable and practical level of confidence that variations in 
system designs will still provide a ‘fit-for-purpose’ system in terms of crash safety. The particular 
issues that this part of the procurement evaluation should consider include: 

• The extent and types of testing that have been carried out on the system design. This could 
include: 

o Dynamic or static testing of the full system or sub-structures (e.g. the anchor points or 
system components). For these tests it is important to understand: 

 The design layout of the tested system or sub-structure in order to understand 
how this relates to the possible system that the employer might acquire. 

 The vehicle type or rig in which the system was tested in order to understand 
how this relates to the vehicle types used by the employer. 

 The direction in which the system was tested with respect to its installation in 
the vehicle (i.e. was the test a representation of a front, side or rear crash). 

 The severity and type of crash pulse (e.g. UNECE Regulation 17) or loading 
rate in dynamic tests. Evidence in the form of time history plots should be 
available to provide a clear understanding of the conditions that the full-
system or sub-structure has been dynamically tested. 

 The mass and composition of the cargo carried in full-scale dynamic tests and 
the manner that this was loaded. Cargo composition can influence the 
severity of the loading on the system. Rigid cargo will have a more 
aggressive impact on the racking system than cargo that deforms 
(Appendix D). Furthermore, loosely packed cargo spread over shelves within 
racking systems will have a more aggressive impact on the system than cargo 
packed tightly into the system. 

 The manner and points at which the load was applied in static tests of the 
full-system or sub-structures (e.g. pull test using webbing straps attached 
around upper features of the full system). 

 The magnitude and direction of the load applied in static tests of the full-
system or sub-structures and the period that this was applied. 

 The results from the testing. This should include: 

• The maximum dynamic or static excursion of the system in full-scale 
dynamic or static loading studies (e.g. the maximum forward 
displacement in a full-scale dynamic frontal impact test). 

• Details of any sharp edges on the deformed system that could present 
an injury risk to the vehicle occupants or puncture a partitioning 
system. This would be particularly relevant for full-scale frontal 
dynamic tests. 

• The details of any partitioning system or seating included in the test 
setup that could have provided additional support for the racking 
system and the load in the test. This would be particularly relevant 
for full-scale dynamic or static frontal loading tests. 

• Details of any system structures or carried cargo that broke free in 
full-scale dynamic tests. 
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• Details of any anchor points that the system or sub-structure broke 
free from in dynamic or static tests suggesting that the system was on 
the verge of catastrophic failure. 

• Details of any repeated dynamic or static tests carried out on the 
tested system to assess its structural integrity following full-scale 
dynamic impact tests. 

• Details of any lessons learnt from the testing and an understanding of 
the influence that this has had on improving product designs. 

o Robustness, frequency and fatigue testing of the full racking system or sub-structures. 
For these tests it is important to understand: 

 The number of cycles over which the system or sub-structures were 
robustness tested and how this relates to the life cycle of the system. 

 The frequency and amplitude that the system or sub-structures were 
frequency tested and how this relates to the life cycle and driving behaviour 
of the vehicle. 

 The frequency and magnitude of the loads applied in fatigue tests and how 
this relates to the life cycle of the product and its in-service use. 

• The frequency that test results are reviewed and conformity of production is assured. For 
instance, does the latest design version of the system differ significantly from the one that has 
been tested? 

• The organisation that carried out the test work. Was the testing carried out by the 
manufacturer or by an independent test house? 

• The extent and level of hand calculations that have been carried out to assess the crash 
performance of full-systems or sub-structures. 

• The extent that computer based numerical methods (e.g. finite element analysis or multi-body 
modelling) have been used to assess the static, dynamic, fatigue or frequency performance of 
the full-system or sub-structures. This should also consider: 

o The experience and qualifications of the manufacturer’s staff to carry out numerical 
analysis. 

o The assumptions made in the development of the model, which could adversely 
influence the accuracy of its predictions. 

o The procedures that have been followed to verify the accuracy of the model’s 
predictions such as hand calculations. 

o The procedures that have been used to validate the model’s predictions such as 
comparison of the model’s predictions against the results of hand calculations or test 
results. 

• The methods adopted by the manufacturer to identify faults in existing system designs. For 
instance: 

o Monitoring of spare part supply. 

o Analysing the results of maintenance inspections carried out by customers. 

o Routine and or sample inspections carried out by the manufacturer on customer 
vehicles in service. 

o Sample buy back and end of life inspections or testing of systems. 

• The inspection of post accident vehicles and their installed systems to develop an 
understanding of their real accident performance. Are these arrangements: 
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o Contractual; 

o Informal; 

o No arrangements. 

9.1.4 Installation 

An incorrectly installed racking system will not perform as intended in terms of crash safety. As such 
confidence needs to be established in the procurement evaluation that the manufacturer has practices 
in place to ensure that there are high standards of consistency in the installation of their systems. This 
can be achieved by considering: 

• The training provided for installers and the frequency that this is reviewed and updated if the 
system is to be fitted out by the manufacturer or an agent of the manufacturer. 

• The extent, where applicable, that installation agents are managed by the manufacturer. For 
instance are they: 

o Covered by the manufacturer’s company standards and procedures. 

o Independent agents but accredited by the manufacturer so that the warranty rests with 
the manufacturer. 

o Independent agents who warrant the racking system in their own right. 

o Independent agent who, buys, installs and warrants the racking system in own right. 

• The inspection and quality procedures that are in place to check the conformity of 
installations. 

• The comprehensiveness of the fitting instructions if self-installation of the system is required. 

• The level and extent of collaboration that has been achieved with vehicle manufacturers in 
terms of: 

o The provision of suitable attachment points in the vehicles. 

o Approval of the installation of the system in their vehicles. 

9.1.5 Documentation 

Employers should maintain comprehensive records of the systems fitted in their vehicles. In terms of 
a racking system’s crash safety the purchaser should determine the expected level of information that 
can be provided by manufacturers. As such it is proposed that the procurement evaluation should 
determine if a manufacturer is able to provide: 

• Detailed design drawings (e.g. 2D or 3D) of the system and its installed position in the 
vehicle. 

• Details of the securing points to the vehicle and anticipated load ratings for these attachments. 

• Details of the maximum dynamic load limits for the system (e.g. Figure 9.1). Labels should 
also be fitted directly to the racking system detailing this information. 

• Details of the design location of the customer manifest with for instance layout simulations of 
the racking and cargo within the vehicle. 

• Documentation or manuals detailing: 

o The safe and correct operation of the racking system. 

o Risk assessments that should be carried out on the racking system. 
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o The maintenance and periodic inspections that should be carried out on the racking 
system. 

o The installation instructions for the racking system. 

o Certifications of conformity and compliance. 

o Warranty documentation 

Figure 9.1. Example system design layout that should be provided by racking system 
manufacturers. 

9.1.6 Additional manufacturer services 

In addition to providing a fit-for-purpose racking system manufacturers can offer additional services 
to support and maintain the safety of their systems. This can include: 

• Training and guidance on the use and maintenance of their racking systems. 

• Making customers aware of safety recalls or safety issues and the standards under which the 
recall systems operate. 

9.2 Information supplied by the employers 

Once a decision has been made on the manufacturer that will provide the racking system then work 
can begin on the design of a system. This can be an off-the-shelf system or be-spoke, but needs to be 
based on information that the employer should provide to the manufacturer. This information should 
consist of: 

• A manifest of the possible cargo that will be carried. 

• Details of the vehicle that will be used to carry the cargo including the payload limit and the 
axle limits for the vehicle. 

• Requirements on where specific items of the cargo should be placed in the vehicle based on: 

o The practicalities of the work that the vehicle and cargo will be used for. 

o Manual handling requirements of heavy items. 
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Appendix A. Proposed restraints for different types of cargo 

A.1 Tools 

Cargo item Methods of restraint Further considerations 
Toolbox Box must be further restrained, 

e.g. lashing or in racking 
Small hand tools 
(screwdrivers, spanners, keys, 
hammers, wrenches, pry bars) Drawer, shelf or cupboard in 

racking unit 
 

Suitable location in racking unit  

Lashing to vehicle 
floor/sides/roof 

 

Large hand tools 
(shovels, spades, pickaxes, bolt 
cutters, sledgehammers forks) 

Leant against rear partitioning 
system or racking with suitable 
restraint to prevent sideway or 
rearward shift 

Partitioning system designed 
and engineered and rated to 
accommodate this requirement 

If in boxes: lashing to vehicle or 
racking 

 

Suitable location in racking unit  

Small power tools 
(power saws, drills, hedge 
trimmers, angle grinders) 

  
Specific engineered storage 
location 

 

Lashed to strong point in 
vehicle 

 

Large power tools 
(petrol disc cutters, 
lawnmowers, jackhammers, 
band saws, breakers, 
compactors) Stored low down in racking unit Racking must be designed for 

the mass of the item 

A.2 Materials 

Cargo item Methods of restraint Further considerations 
On the vehicle floor Additional restraint required if 

sheets are heavy or significantly 
smaller than floor area of 
vehicle 

Lashed upright against the sides 
of the load area 
Purpose-designed vertical frame 
inside or outside the vehicle 

Lashing must prevent 
longitudinal movement as well 
as lateral 

Sheets 
(glass, plasterboard, wood, 
metal, plastic) 

Secure lashing to roof storage 
rack 

Very important to consider 
weight of cargo and its effect on 
vehicle stability 

Secure lashing inside vehicle or 
to roof 

 

Storage within suitable tube-
carrier inside or outside vehicle 

 

Lengths 
(wood, metal, plastic, pipes, 
conduits, scaffolding) 

Short lengths can be stored 
upright with lashing or in a 
racking unit shelf 

 

If bagged and/or palette: 
securely lashed to vehicle floor 
or placed within suitably rated 
racking unit 

If on palette may require 
additional netting if the cargo is 
not homogenous to prevent spill 
out 

Bulk 
(cement, Sand, gravel, Ballast) 

If loose: may be carried in 
suitably designed vehicle 
without restraint, e.g. tipper. 
However loose loads must be 
sheeted to prevent dust or parts 
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 of the cargo from being blown 
off the vehicle. 
If on bobbin: 1. Place bobbin 
face down and lash to floor.  2. 
Place on secure racking unit 
designed for bobbins (i.e. with 
spindles). 

Flexible 
(coils of thin pipe / wire) 

If loose: 1. Place ‘face down’ 
and lash to floor / to shelving 
unit. 2. Place ‘edge down’ and 
lash to racking unit / lashing 
points on side of vehicle 

 

If loose: Place hard against 
partitioning system, using 
dunnage if necessary, and lash 
to floor and partitioning system. 

Objects 
(bricks, paving slabs) 

If on palette: lash pallet to 
vehicle floor. 

Partitioning system must be 
designed and engineered to 
appropriate rating. 
Netting to be considered as to 
prevent spill. 

Within racking unit Location should prevent 
possibility of tipping or 
puncture of the container. 

Fluids 
(water, fuel, oil, chemicals) 

Lashed within load area If containers are round special 
consideration needs to be given 
to making sure lashings remain 
secure. If safe substance (e.g. 
water) consider allowing spill 
out 

Scrap materials As per equivalent non-scrap 
items. 

 

A.3 Fasteners/Fixings 

Cargo item Methods of restraint Further considerations 
Storage bins within racking unit 
shelf 

 

Within racking  

Bolts, washers, screws 

Large quantities in boxes / 
containers: lashed to vehicle 

Consider strength of container 
in relation to mass of contents 

Cable / pipe connectors / unions Storage bins within racking unit 
shelf 

 

Resins, compounds, glues, 
sealants 

Place containers in racking unit 
and lash to unit if necessary. For 
large containers; lash to floor. 

 

A.4 Equipment 

Cargo item Methods of restraint Further considerations 
Clothing May be carried loose or on 

hooks 
 

Gas bottles Lashed upright against solid 
structure or horizontally to 
vehicle floor 

Flammable gas may require 
ventilation requirements. 

PPE On hooks, in storage unit / 
racking, in boxes; dependent on 
PPE type. Special types 
(respirators, Hazchem suits, etc. 
may have own instructions on 
stowage. THESE MUST BE 
FOLLOWED). 
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Stand up (off wheels) where 
practical and lash to floor. 

Wheelbarrows, trolleys 

If impractical, use dunnage to 
immobilise item and lash to 
floor. 

 

Signs, barriers, cones Stack where possible (i.e. cones) 
and place in racking unit or lash 
to racking unit / floor. 

 

Toolboxes Close tightly to prevent items 
falling out and place in racking 
unit. 

 

Dismantle / fold where possible 
and store flat in racking unit 

Tripods, lighting 

If not possible, stand close to 
partitioning system / side of 
vehicle and lash to floor. Height 
may mean lashing has to be 
applied from top of item to 
vehicle sides to prevent 
toppling. 

Partitioning system to be 
designed and engineered to 
accommodate. 

A.5 Electronics 

Cargo item Methods of restraint Further considerations 
Laptop computers Place in secure box (if 

necessary) or special bracket 
frame or racking unit.  

 

Radios, kettles, chargers, 
torches 

Place in appropriate supplied 
box / case and place in racking 
unit. Coil and secure power 
cords. 

 

A.6 Small/light plant 
E.g. Generators, cement mixers, large pumps, welding equipment 
Cargo item Methods of restraint Further considerations 
Items with frameworks / lashing 
points 

Lash to lashing points on 
vehicle 

Tether, possible alternative. 

Awkward, smooth or irregular 
items 

Blocked with dunnage and 
lashed to floor / suitable racking 
unit 

Tether, possible alternative. 

A.7 Goods 

Cargo item Methods of restraint Further considerations 
Full lashing White goods 
Against partitioning system or 
blocked with supplementary 
lashing 

Partitioning system must be 
designed and engineered for the 
application. 

Boxes / parcels If stacked, place heaviest / 
largest items at the base of the 
stack. Place in racking unit if 
possible or secure to floor using 
lashings or netting. 

Designed container secured into 
vehicle. 
 

In sacks: Lash to floor or 
restrain under netting. 

Mail 

In boxes: See Boxes / Parcels 
above. 

Use of tethers assuming known 
sack strength. 
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Place in racking unit 
individually or if possible place 
multiple items in larger 
container (box) and place in 
racking unit.  

Food items 

If in sacks or larger boxes, place 
against partitioning system or 
side wall and lash to floor. 

 

A.8 Vehicle-mounted safety equipment 

Cargo item Methods of restraint Further considerations 
Mounted using special bracket 
or frame 

Should be rear-facing on 
partitioning system etc if 
bracket is not capable of 
containing item in impact 

Lashed (with or without 
supplied bracket) 

 

Fire extinguishers, fire blankets, 
first aid kits 

Within racking unit Consider ease of access in 
emergency 

Life hammers Supplied bracket within reach of 
driver 

Hammer should not be able to 
come free itself under crash 
loading 
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Appendix B. Example weights of typical materials carried by LCVs 
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Appendix C. Summary of tests investigating the penetration impact 
performance of steel and plywood as partitioning system 
materials 

C.1 Objective 

The purpose of the investigation was to assess and compare the penetration impact performance of 
two materials typically used in the construction of vehicle partitioning systems: i.e. steel and plywood. 

C.2 Methodology 

600 mm square samples of sheet steel and plywood (i.e. materials representative of those used in the 
construction of partitioning systems in LCVs) were placed upon a table with a 400 mm square 
aperture. The table was positioned at the bottom of TRL’s drop tower. 

Impact items were individually hoisted up the drop tower until the bottom tip of the item was 9.66 m 
above the centre point of the sheet sample to give an impact speed once dropped of approximately 
13.9 m/s (30 mph). The impact items were held in a bomb release by either an eye bolt or a loop of 
cable. The impact items were steadied after hoisting to ensure they were not moving before the release 
was activated. 

Video footage of the impact items striking the sheets of steel and plywood were recorded at 500 
frames per second using a camera placed at the same level as the sheets of steel or plywood. 
Red/white targets were placed on a leg of the impact table at 40mm intervals below the bottom of the 
sheet sample so that penetration distances could be measured from the video footage. Still 
photographs were taken immediately after the impact showing the damage caused and the position of 
the impactor. 

C.2.1 The impact items 

The impact items dropped in the investigations are shown in Figures C-1 and C-2 and were as 
follows: 

• A 50mm square steel test sample representing the size of ram used in the partitioning 
penetration tests defined in the Swedish Standard SS 2562. 

o Mass = 4.96kg 

o Impact Energy = 479J 

• A 32mm circular diameter steel sample representing the size of ram defined in the draft 
Australian/New Zealand (AS/NZS 4034) penetration test of partitioning systems 

o Mass = 4.99kg 

o Impact Energy = 482J 

• 25mm hexagonal pointed breaker bit 

o Mass = 1.18kg 

o Impact energy = 114J 

• Pointed bolt hole aligning bar 

o Mass = 1.28kg 

o Impact Energy = 124J 

• Digging fork 
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o Mass = 2.3kg 

o Impact energy = 222J 

 
 

Swedish standard penetration ram AS/NZS penetration ram 

  
Breaker bit Bolt hole aligning bar 

 
Digging fork 

Figure C-1. Impact items used in the drop tests. 

 
Figure C-2. Size comparison of the impact items used in the drop tests excluding the digging 

fork. 

C.2.2 The steel and plywood sheets 

Three configurations were used to represent partitioning systems in the tests: 1.5mm steel sheet in 
restrained and unrestrained configurations and unrestrained 9.5mm plywood. The restraint used on the 
steel sheet consisted of eight M8 bolts surrounding the edge of the impact aperture - two on each edge 
of the sheet at a spacing of 300 mm. The samples were all 600mm square. 

Restrained plywood samples were not tested because it was considered based on the results of initial 
tests that the results would not differ appreciably from those obtained using unrestrained samples. 
However, an additional one-off drop test onto an 18mm thick 500mm square sample of plywood 
using the Swedish Standard penetration ram was carried out. 
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C.3 Results 

Altogether fifteen drop tests were carried out. Table C-1 provides a summary of the results from 
fourteen of the drop tests in which impact items were dropped onto 1.5mm steel sheet and 9.5mm 
plywood sheets. The details of Test 5 in Table C-1 also provide the results from the one-off drop test 
onto the 18mm plywood sheet. Images of the sheet materials post test are provided in Figure C-3. 

Table C-1. Summary of the drop test results onto the 1.5mm steel sheet and 9.8mm plywood 
sheet. 

Item Steel restrained Steel unrestrained Plywood unrestrained 

Swedish 
SS25622 
square test 
ram 

4.96 kg 

Test 3 

No penetration 

Sheet deformed by 26 mm 

Test 1 

No penetration 

Sheet deformed by 39 mm 

Test 5 

Large hole punched through 
sheet, item impacted base 
plate with considerable force. 

Test 15 

This test was repeated using 
18mm ply with similar 
results. 

As/NZ 
4034 
circular 
test ram 

4.99 kg 

Test 4 

No penetration 

Sheet deformed by 25 mm 

Test 2 

No penetration 

Sheet deformed by 45 mm 

Test 6 

Item punched small circular 
hole through sheet and 
impacted base plate with 
considerable force. 

Breaker 
bit 

1.18 kg 

Test 8 

Item penetrated sheet by 
approx 15 mm. One small 
square hole left in sheet. 

No overall deformation of 
sheet 

Test 7 

Item penetrated sheet by 
approx 15 mm. One small 
square hole left in sheet. 

No overall deformation of 
sheet 

Test 9 

Item punched small hole 
through sheet and was only 
stopped when the hanging 
loop made contact with the 
sheet 

Bolt 
aligning 
bar 

1.28 kg 

Test 13 

Item penetrated sheet by 
approx 30 mm 

No overall deformation of 
sheet 

Test 10 

Item penetrated sheet by 
approx 30 mm 

No overall deformation of 
sheet 

Test 14 

Item punched small hole in 
sheet and was stopped by 
friction before it could 
impact the base plate. 

Total penetration approx 250 
mm 

Digging 
fork 

2.30 kg 

Not tested Test 12 

Item impacted sheet very 
near edge. Two tines 
punctured small holes and 
two made dents.  

Small overall deformation of 
the sheet around the impact 
location. 

Test 11 

All four tines punctured the 
sheet but the item was 
stopped when the cross-bar at 
the base of the tines made 
contact. 

Total penetration approx 160 
mm 
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Test 1 – Swedish test ram Test 2 – AS/NZS test ram Test 3 - Swedish test ram 

   
Test 4 – AS/NZS test ram Test 5 – Swedish test ram Test 6 - AS/NZS test ram 

   
Test 7 – Breaker bit Test 8 – Breaker bit Test 9 – Breaker bit 

  
 

Test 10 – Bolt aligning bar Test 11 – Digging fork Test 12 – Digging fork 

   

Test 13 – Bolt aligning bar Test 14 – Bolt aligning bar Test 15 - Swedish test ram 

Figure C-3. Steel and plywood sheet materials post impact. 
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C.4 Conclusions 

The following conclusions have been determined based on the results of the drop tests onto typical 
partitioning system materials. 

• Regular plywood sheet up to 18mm thick provides poor penetration resistance and restraint of 
objects of small cross section i.e. with a cross sectional area less than 50mm squared. 

• Steel sheet with a minimum thickness of 1.5mm provides good penetration resistance and 
restraint of objects of small cross section i.e. with a cross sectional area less than 50mm 
squared. 

• Cargo loaded into vans with sharp ends should be adequately restrained or loaded so as to 
limit the likelihood of them penetrating the partitioning system. 
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Appendix D. Summary of tests investigating the impact severity of 
different cargo types 

D.1 Objective 

The purpose of the tests was to investigate the impact characteristics of various types of material in 
order to understand how cargo type influences impact severity in an accident. 

D.2 Methodology 

The tests involved dropping from a set height measured masses of different types of material onto a 
Kistler force-plate. The force-time response on impact was recorded at 20,000 Hz and the impact was 
videoed using a high frame-rate camera at 500 frames per second. 

The material types dropped included a solid rigid material (house brick) and three grades of loose 
distributed material of different particle size i.e. 20-30mm stones, 5-10mm gravel and building sand. 

The brick weighed 2.25kg and three separate bags were filled with equivalent masses of the three 
distributed material types. These four masses of material were consecutively dropped onto the Kistler 
force-plate from a height of 1m. The brick was dropped on its longest edge and on one of its corners 
during preliminary drop tests to establish the setup of the tests. 

Further drop tests were carried out with the bag filled with sand from heights of 2, 3, 4 and 5m and an 
additional drop test was carried out in which a 4.5kg bag of sand was dropped from a height of 1m. 

D.3 Results 

Figures D-1 to D-4 provides force-time responses from the eleven drop tests carried out in the 
investigations. The principal results of the investigations were as follows: 

• The brick produced a peak force over five times larger than any other of the equivalent 
masses of distributed material dropped in the tests, Figure D1. 

• The bag of sand produced a peak impact force that was greater than the peak force from either 
the gravel or stones, Figure D1. This is considered to be because of the improved space filling 
associated with the smaller particle size of the sand. The bag of sand has less capability to 
deform on impact than the stones or gravel which contain a greater amount of free space 
within the volume of the load. 

• Dropped on its longest edge the brick was dropped at a slight angle and one end of the brick 
struck the force-plate followed shortly after by the other end of the brick striking the force-
plate. This lead to two peaks in the force response for the brick when dropped on its longest 
end compared with one single greater peak force when the brick was dropped on its corner, 
Figure D-2. Dropped on one of its corners the peak force response for the brick was almost 
twice as large as the peak forces when it was dropped on its longest edge. However, the total 
energy of the impact (i.e. the area under the force-time graph) was roughly equal regardless of 
the impact orientation of the brick. 

• As shown in Figure D-3 there is an almost linear increase in the peak force recorded for the 
2.25kg bag of sand as the height from which it is dropped is increased. For instance, at a drop 
height of 2m the peak force is approximately 6.5kN at 4m the peak force is approximately 
13kN. However, even at a height of 5m the peak impact force of the 2.25kg bag of sand is 
still at least 10kN lower than the peak force recorded for the brick of equivalent mass. 

• The peak force when dropping a 4.5kg bag of sand from 1m is just over twice as large as 
when a 2.25kg bag of sand is dropped from the same height, Figure C-4. However, even at a 
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mass of 4.5kg the peak force for the bag of sand is still 17kN (70%) lower than that recorded 
for the 2.25kg brick dropped from the same height. 

Comparison of force response of different materials
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Figure D-1. Force-time response comparison of different material types being dropped from a 
height of 1m. 

Comparison of different brick impacts
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Figure D-2. Force-time response comparison dropping a brick in different orientations from a 
height of 1m. 
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Comparison of different drop heights for sand
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Figure D-3. Force-time response comparison dropping a 2.25kg bag of sand from different drop 

heights. 
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Figure D-4. Force-time response comparison dropping a 2.25kg and a 4.5kg bag of sand from a 
height of 1m. 

D.4 Conclusions 

• A single rigid mass of material may exert a much greater force (e.g. five times greater) when 
striking a vehicle partitioning system than a distributed material of equal mass. 

• The orientation of a single rigid mass object at the point of impact can have a considerable 
influence on the size of the force exerted on a vehicle partitioning system. 

• A much larger mass of distributed material would be needed to exert the same peak force on a 
vehicle partitioning system than a single rigid material mass. 
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• An equivalent mass of distributed material would need to impact at a higher velocity than a 
single rigid material mass in order to exert the same peak force on a vehicle partitioning 
system.
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Appendix E. Summary of tests investigating the crash performance of, a 
netting system, tether length and tying methods for roof 
ladders 

E.1 Objective 

The objective of the tests was to investigate the performance of a netting system to restrain cargo 
under representative frontal accident conditions. Under the same representative accident conditions 
variations in the following two restraint methods were also investigated in the tests to assess their 
ability to restrain cargo: 

• The effect of tether length and slack on the forces experienced by webbing, when restraining 
cargo; 

• The effectiveness of three typical methods for restraining ladders on roof bars. 

E.2 Methodology 

To recreate the representative frontal accident conditions two sled tests were carried out and the 
performance of the restraint methods were assessed in these two sled tests. The representative frontal 
accident conditions recreated in the two sled tests (73TTO1 and 73TT02) fitted within the crash pulse 
corridor defined in UNECE Regulation 17 (Section 6.1.6), as shown in Figure E-1. 

For both sled tests the same van body shell was fitted onto the sled rig and the various restraint 
methods and variations were attached to the van body shell for the tests. 
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Figure E-1. Comparison of the deceleration pulse experienced in the two sled tests with the 
UNECE Regulation 17 crash pulse corridor. 
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E.2.1 Methodology –Setup of the netting restraint 

The performance of the netting restraint was investigated in the first sled test (73T01). 

The net used in the test is shown in Figure E-2 and had a rated capacity of 1.25kN and 10kN for the 
webbing straps respectively bordering the front and sides of the mesh. In the test the net was used to 
restrain two 18kg wooden blocks (300mm cube) resting on a wooden palette. The size and mass of the 
two blocks matched that of the blocks defined in UNECE Regulation 17 for testing seatback strength 
for load retention. 

As shown in Figure E-2 the blocks were positioned at the front of the netting to reduce the amount 
that the blocks would slide forward before being restrained by the net. However, during the pre-test 
acceleration of the sled and van body, the blocks slide backwards in the net. This meant that when the 
sled was decelerated the blocks were no longer in the position indicated in the photos. The implication 
of this movement is that the netting was tested under more arduous conditions than originally 
intended. However, this was still possibly more representative of reality as it is likely that blocks 
could move backwards in this way in normal driving. 

The pallet was used in the test to raise the wooden blocks above the height of the front webbing strap 
in the net (Figure E-2). The intention was that the webbing strap would restrain the pallet and the 
wooden blocks would be restrained by the net mesh only. Prior to testing all webbing straps on the net 
were hand tightened to remove as much slack from the netting system as possible. 

View from van side door View from van rear doors 

Figure E-2. Pre-sled test setup of the net and the restrained cargo. 

E.2.2 Methodology – Setup of the tether restraints 

Webbing tether performance was investigated in sled test two (73TT02). As shown in Figure E-3 
three different configurations of webbing tether were investigated as follows: 

1. A taut 1m length of webbing tether with the restrained cargo located 1m ahead of the vehicle 
anchor point; 

2. A minimum length of webbing tether with the restrained cargo located close to the vehicle 
anchor point; 

3. A slack 1 m length of webbing tether with the restrained cargo located close to the vehicle 
anchor point. 
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Each webbing tether was used to restrain a 20kg steel block and had a load rating of 2,000kg. The 
webbing was attached to the block by tightening a steel bar over the top of the webbing. At the 
opposing end each webbing tether was anchored to the vehicle using a purposed designed engineered 
block securely fixed to the van body shell. The block was fitted with three load cells to which eye-
bolts were fitted and the hook supplied with the webbing tether was hooked into. However, the setup 
for the slack webbing tether was slightly different because a larger capacity load-cell was used in 
anticipation that the slack arrangement would generate a larger restraining force in the test. 
Consequently the direct attachment of the slack webbing to the vehicle was into a shackle rather than 
an eyebolt as used in the other two webbing arrangements, Figure E-3. 

 
 

Figure E-3. Pre-sled test setup of the three webbing tethers 

E.2.3 Methodology – Setup of the ladder restraints 

The methods of restraining ladders to roof bars investigated in the tests were as follows: 

• Cable-ties with a cross section of approximately 10mm by 2mm. 

• Bungee cords with a diameter of approximately 10mm. 

• Blue 10mm diameter polypropylene rope with a rated load capacity of 238kg. 

Two sets of ladders were attached to roof bars fitted to the body shell in the first sled test with each set 
of ladders restrained using either cable ties or bungee cord. In the second sled test (73TT02) a single 
set of ladders were restrained to the roof bars using the polypropylene rope. Wooden sets of ladders 
were used in the tests and these had masses ranging between 21kg and 25kg. 

For the tests the van body shell was fitted with a front and rear roof bar. Consequently, two points of 
restraint were used to fix the ladders to the roof bars. For each point of restraint the restraint method 
(Cable-tie, bungee cord or rope) was wrapped around a roof bar and threaded around a rung of the 
ladder. (Figure E-4). The roof bars were bolted to the roof of the vehicle and large load-spreading 
washers were used on the inside of the van to limit the risk of the roof bars becoming detached from 
the van body shell during the tests (Figure E-4). 
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Cable-ties Bungee cord 

Polypropylene rope Load-spreading washers used to mount the 
roof bars 

Figure E-4: Pre-test setup of the three ladder restraint methods and the roof bar mountings. 

E.3 Results 

E.3.1 Results - Netting restraint 

Figure E-5 provides an understanding of the dynamic response of the net and the restrained wooden 
blocks in the impact test. 

Overall the netting was effective in restraining the two blocks and the pallet. Initially the pallet was 
restrained by the front webbing strap bordering the net mesh. This caused some deformation of the 
front net anchor points in the vehicle (Figure E-6). 

During the sled test the two blocks shifted forward as the van body shell decelerated (Figure E-5). The 
total forward excursion of the blocks was approximately 500mm whilst there was very little forward 
shifting of the pallet. Consequently, at the peak excursion of the blocks they dropped onto the floor of 
the van body shell. At this point elements of the net mesh failed, as shown in Figure E-6, but the 
blocks were still adequately restrained by the net. 
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Time = 80ms Time = 120ms Time = 160ms 

Figure E-5. Dynamic response of the net and blocks in the UNECE R17 impact test. 

Deformation of the van body floor at the 
netting anchorage points 

Damage to the net mesh caused by the block 

Figure E-6: Deformation of a net anchor point and damage to the cargo net post-test. 

E.3.2 Results – Webbing tether restraints 

The taut 1m length of webbing and the short length of webbing, performed as expected and restrained 
the attached steel blocks. The measured forces in these two tethers during the test are shown in 
Figure E-7. It can be seen from the Figure that the forces measured for the two tethers are similar, 
both peaking at about 8kN. The short tether shows an increase in force before the 1m taut tether. This 
suggests that there was some stretching in the 1m length of webbing. However, this did not appear to 
have attenuated the peak force. 

Prior to testing it had been expected that considerable elongation of the taut 1m length of webbing 
would have been evident from the high-speed video footage of the test. However, significant 
extension of the 1m taut tether was not observed.  
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Figure E-7. Forces measured for the 1m taut and short webbing tethers. 

The tether which had 1m of slack webbing did not restrain the steel block. The integral hook of the 
webbing bent open during the test and detached from the shackle that it was hooked into. It may have 
been the case that the shackle used in the attachment of the hook was too large increasing the bending 
moment on the hook and contributing to its failure in the test. The failure of the hook could also be 
attributed to the increased rate of dynamic loading that was anticipated for this webbing arrangement. 

E.3.3 Results – Ladder restraints 

The cable ties and the bungee cords failed to restrain the ladders in the first sled test (73TT01). In 
both instances the ladders broke free from the restraints and struck protective boards positioned at the 
end of the sled test facility.  

The cable-ties failed very early on in the test and provided very little retardation of the ladder’s 
motion. This was evident from the considerable speed that the ladders broke free from the roof bars 
and the damage that they caused when they struck the protective boards (Figure E-8). 

The bungee cord provided slightly better restraint of the ladder, absorbing more of the ladders energy 
before it broke free from the roof bar. Consequently, the ladders restrained by the bungee cords 
caused less damage when they struck the protective boards. 
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Figure E-8: Post-test setup of the ladders restrained by cable-ties (foremost ladders) and bungee 
cord (rearmost ladders). 

The polypropylene rope did restrain the ladders to the roof bar. However, in this case, the roof bars 
underwent considerable deformation. This would have helped to absorb some of the ladders energy 
and limit the load experienced by the polypropylene rope. The post test position of the ladder and 
deformation experienced by the front and rear roof-bars in the test are shown in Figure E-9. 

Rear roof-bar Front roof-bar 

Figure E-9: Post test position of the ladders and deformation of the roof-bars for the ladders 
restrained with polypropylene rope. 

E.4 Conclusions 

The principal conclusions from the tests used to investigate the crash performance of different 
restraint methods are as follows: 

• Netting has the potential to adequately restrain cargo under representative accident conditions. 
However, it is important when using nets to consider: 

o Whether the rating of the net is adequate for restraining the size of cargo; 

o Whether the net adequately covers the cargo to restrain it in an accident e.g. is it 
possible for the cargo to slip under the net in a frontal accident; 

o The mesh of the net is small enough to restrain the cargo; 
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o The removal of as much slack from the cargo net as possible; 

o Positioning cargo as far forward in the net as possible; 

o Whether the net anchorages are strong enough to support the net loads in an accident; 

o The forward displacement of the cargo in a frontal impact whilst restrained by the net. 

• Webbing used in tethering cargo must be kept tight to reduce shock loading of the webbing, 
cargo and anchorages 

• Cable-ties and bungee cords are not appropriate methods for restraining cargo especially as load 
ratings for these items are not typically supplied by manufacturers. 

• Polypropylene rope can be used to restrain cargo. However, it is important that the load rating for 
the rope is known, appropriate knots are used to tie the rope and an adequate methodology is 
adopted to restrain the cargo (e.g. tying ladder steps directly to the roof-bar rather than lashing 
over the ladder to restrain it to the roof-bar). 
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Appendix F. Summary of tests investigating lashing method performance 
for cargo 

F.1 Objective 

The objective of the investigation was to assess the effectiveness of four different lashing 
arrangements at restraining cargo under quasi-static loading conditions. 

F.2 Methodology 

TRL’s squeeze rig was used to develop the quasi-static loading conditions. The squeeze rig drives a 
hydraulic, linearly guided loading ram through its frame. 

Altogether four lashing configurations were investigated in the loading tests. Figure F1 provides a 
schematic plan view and description of the four lashing configurations and pre-test images showing 
the set-up for the four lashing configurations are shown in Figure F2. Prior to each loading test the 
webbing straps were tensioned up to between 450 and 800N. 

For the loading tests a plywood box with outer dimensions of 500x350x350 mm was positioned in 
front of the loading ram. The plywood box was designed to represent a restrained item of cargo and 
was placed on top of a further plywood frame that was rigidly restrained to the squeeze rig frame. The 
plywood frame was used to raise the plywood box above the level of the squeeze rig frame. This was 
done so that the base of the box was above the level of the shackles used to anchor the lashings to the 
squeeze rig frame, ensuring that the box contacted the webbing lashings only during the tests. 

In each of the loading tests, the plywood box was restrained using two ratchet-tensioned webbing 
straps, each with a breaking strength of 8.0kN, anchored to the squeeze rig. Load cells were in-line 
with the lashing points so that the load at each lashing anchor point could be measured. 

  

Front to back 
(Test 13TG01) 

Crossed – passing 
over front and 
back corners 

(Test 13TG02) 

Crossed- passing over 
the side corners 

(Test 13TG03) 

Side-to-side 

(Test 13TG04) 

FigureF-1. Schematic plan of the webbing restraint configurations investigated in the loading 
tests. 
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Front to back (Test 13TG01) Crossed – passing over front and back 
corners (Test 13TG02) 

Crossed- passing over the side corners 
(Test 13TG03) Side-to-side (Test 13TG04) 

Figure F-2. Pre-loading test setup of the four lashing configurations. 

F.3 Results 

F.3.1 Results - Observations 

For the front-to-back and crossed (passing over the front and back corners) lashing configurations the 
plywood box was displaced until the leading face of the box was almost directly above the front 
anchor positions. At this point it could be seen that there was significant force in the webbing 
lashings. Also the webbing began cutting into the plywood box and as such the tests were terminated. 
The post test position of the box for these two lashing configurations is shown Figure F-3. 
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Front to back Crossed – Passing over the front and back 
corners 

Figure F-3. Post-test position of the plywood box for the front-to-back and crossed (passing over 
the front and back corners) lashing configurations. 

With the lashings crossed (passing over the side corners) the plywood box was pushed from under the 
lashings. This test was terminated once the box had broken completely free from one of the webbing 
lashings, as shown in Figure F-4. 

 

Figure F-4. Post-test position of the ply-wood box for the crossed (passing over the side corners) 
lashing configuration. 

For the side-to-side lashing configuration there was considerable engagement between the ratchet and 
webbing, and the edges of the plywood box. The ratchet mechanisms were pressed against the edges 
of the plywood box at the beginning of the test. At various periods during the test, the webbing would 
slip along the edges of the box, temporarily releasing, or reducing, the force in the webbing. However, 
in general the rear webbing strap seemed to dig into the plywood box more than the front webbing 
strap and as such was expected to bear the majority of the restraining force. This loading test was 
continued until the plywood box displaced enough such that the rear webbing strap fell off the 
plywood box (Figure F-5). 
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Figure F-5. Post-test position from the straight, over side edges, configuration test. 

F.3.2 Results – Load cell data 

The load cell data from the tests are presented in Figures F-6 to F-9. In each figure the anchorage 
forces are plotted with respect to the left hand vertical axis in the plot, with negative forces equating 
to tension in the webbing lashing. The ram force is plotted against the right hand vertical axis in the 
plot, with positive forces equating to compressive force on the ram. 

For the front-to-back and crossed (passing over the front and back corners) lashing configurations the 
force responses were very similar. Generally for these two lashing configurations the force in the 
lashings rose proportionally in relation to the ram force (Figures F-6 and F-7). 

It is indicated by the results that the front-to-back lashing configuration performed marginally better, 
because all the anchor loads in the front-to-back lashing arrangement test were lower than the ram 
force. This indicated that the front-to-back lashing arrangement provided a more efficient means of 
restraining the cargo compared with the crossed (passing over the front and back corners) lashing 
configuration. However, both of these two lashing configurations could be considered to have offered 
effective restraint of the plywood box under the loading conditions. 
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Figure F-6. Load cell forces from the front-to-back lashing configuration loading test. 
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Figure F-7. Load cell forces from the crossed (passing over the front and back corners) lashing 

configuration loading test. 

With the lashings crossed (passing over the side corners) the forces generated in the ram and 
measured in the anchorages (Figure F-8) were up to 2kN (60% lower) than those obtained for the 
front-to-back and crossed (passing over the front corners) lashing arrangement loading tests. It is 
suggested that crossing the lashings such that they pass over the side corners would not be a suitable 
method of restraining cargo, especially as the plywood box broke free from the lashings in the test. 
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Figure F-8. Load cell forces from the crossed (passing over the side corners) lashing 
configuration loading test. 

The load responses from the side-to-side lashing configuration loading test highlights the problems 
encountered with the webbing and ratchets catching on the edges of the plywood box. It is possible to 
see in Figure F-9 several points throughout the test where the load suddenly reduces, corresponding to 
times when the webbing slipped along the sides of the plywood box. The rear lashing dug into the 
plywood box towards the end of the test and this is evident from the elevated forces in the back 
anchorages towards the end of the test. However, in contrast to the results here, it is expected under 
dynamic loading conditions that once the cargo begins to slip from under the lashings these will offer 
limited resistance to the cargo. As such the first point at which the plywood box slips in the side-to-
side lashing configuration possibly indicates the limits for this restraint method under dynamic 
loading conditions. 

It is further noticeable in Figure F-9 that the balance of forces between the two webbing straps is very 
uneven. This is likely to lead to failure in the webbing strap at a lower ram force compared with the 
front-to-back and crossed (passing over the front and back corners) lashing configurations. Based on 
this understanding it is suggested that the side-to-side lashing configuration is not appropriate for 
restraining cargo under accident loading conditions. 
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Figure F-9. Load cell forces from the side-to-side lashing configuration loading test. 

F.4 Conclusions 

Quasi-static push tests have been carried out to investigate four different lashing methods for 
restraining cargo for accident conditions. The principal conclusions from these tests are as follows: 

• Lashing configurations where the webbing engages with the leading edge of cargo provides an 
effective restraint under accident conditions. 

• The most efficient lashing arrangement is to engage the leading edge of cargo with lashings that 
act in the direction of the applied force rather than crossing lashings across the leading edge of 
the cargo. 

• Cross lashing or perpendicular lashing over the top of cargo, where the lashing is principally 
arranged normal to the line of the applied force does not provide an effective means of restraining 
cargo under accident conditions. 
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