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INTRODUCTION

The Transport Research Laboratory (TRL) has carried out a programme of work to examine
the security of cross loaded timber being transported on public roads and forest sites. This
work has been jointly funded by the Health and Safety Executive (HSE), the Department for
Transport (DfT), the Forestry Commission and the forestry industry. Of particular interest
was a fatal road accident in Scotland which involved a heavy goods vehicle carrying cross
loaded timber, shedding its load whilst negotiating a series of bends.
A number of Codes of Practice exist for the safe carriage of loads both in the UK and
internationally. The Department of Transport (DoT) produced a Code in 1984 that is
currently being updated. TRL has had an input to these documents. The carriage of cross
loaded timber is discouraged in the DoT document, however strict guidelines are in place if
this method is used. The UK timber industry also has its own Code of Practice that allows
the carriage of cross loaded timber provided that it is specifically secured. A summary of
these Codes of Practice is described below with the key recommendations highlighted.
During the project, visits were made to two forest sites located in Scotland and the north of
England. These visits provided the opportunity to observe at first hand, forestry operation in
action as well as the problems of working in remote sites. A number of observations were
made on the practices in place and these are discussed in the report.
The objective of this project was to examine whether current methods of transport for cross
loaded round timber were appropriate and safe, including safe to staff as well as other road
users. The project examined the following:
•
•
•
•

To establish the load shedding mechanism
To identify the factors which trigger load movement
To consider the methods of load restraint
To examine the implications for driver loading (eg strapping down)

A test programme was produced to analyse the vehicle response during cornering and
manoeuvring using a series of circles and a simulated roundabout test. The project
concentrated on the vehicle and load stability during these tests. In addition, a limited
number of tests to monitor the vehicle and load during braking were also undertaken. A full
analysis is described in the report, which also includes a detailed discussion of the problems
and potential solutions together with recommendations.

1

2

COMPARISON OF CODES OF PRACTICE AND ACCIDENT
ANALYSIS

A number of Codes of Practice exist for the road transportation of round timber. Many of
these are part of documents that cover the safe transportation of general different loads on the
public highway. This section highlights the key points raised in four codes of practice. These
are:
1. Code of Practice - Safety of Loads on Vehicles (DoT, 1984)
2. Road Haulage of Round Timber Code of Practice. (Roundwood Haulage Working Party,
1998)
3. Load Restraint Guide. (National Road Transport Commission & Roads and Traffic
Authority New South Wales, 2002)
4.Guide to the North American Cargo Securement Standard Model Regulation (Draft 4).
(North American Cargo Securement Standard, 1999).
A test report entitled ‘Testing methods to Secure 8’ Wood on a Tractor-Trailer Haul Unit’
(Franklin, 1985) has also been reviewed and the significant points highlighted.
2.1

DfT CODES OF PRACTICE – SAFETY OF LOADS ON VEHICLES

This Code of Practice was last published in 1984 and has recently been revised for
consultation. This revised document was circulated and posted on the internet for public
comment. The Code (1984) primarily deals with advice on loads contained on vehicles,
however reference is made to the safety of the persons involved in the loading process.
The first section of the original published DoT Code of Practice covers general requirements
and basic principles of load safety including:
•

Suitability of vehicle design

•

Positioning of loads

•

Load securing equipment and anchorage points

•

The use of headboards and internal partitions.

It is stated that the combined strength of the load restraint system must withstand not less
than:
•

The total weight of the load in the forward direction

•

Half the total weight of the load in the rearward direction

•

Half the total weight of the load laterally (sideways)

This is followed by advice on proven good practice about the satisfactory methods of
securing the more common types of load, including timber. This Code of Practice
recommends that timber is transported by loading it longitudinally on the vehicle.
2

2.1.1

General Recommendations

When transporting timber, it is recommended that the general principles of load distribution
be followed. This includes ensuring that the load is placed against the headboard or other
fixed restraint wherever possible. Lashings should be chain or webbing attached to suitable
anchorage points and there should be the capability of tightening the lashings. Regular checks
of the load and restraints should be made throughout the journey and particularly when
passing from forest roads to the public highway.
Longitudinal Loading

The following recommendations are made for transporting longitudinally loaded timber:
1. Each outer log shall be supported by at least two uprights.
2. Pieces that are shorter than the distance between the two uprights should be placed in the
interior of the load.
3. The uprights should be fitted with top chains, so as to be capable of resisting the load’s
outward movement.
4. Where a pile is supported by only two pairs of uprights, the ends of the outer logs should
extend at least 300mm beyond the uprights where practicable.
5. Logs should preferably be laid top to tail alternatively so as to ensure an even balance of
the load.
6. Each pile should be lashed together and the lashing secured by a suitable device.
7. Where necessary, staples may be used in conjunction with chains.
8. A single chain stretched between uprights, even if secured, is not enough.
9. For barked roundwood at least two lashings are required.
10. The timber must be stacked so that the centre of the outside timber is not higher than the
stanchion.
11. The top middle timber must be higher than the outside timber to crown the load and allow
it to be properly tensioned by the lashings.
The revised Code of Practice that has been issued for consultation does not recommend cross
loading timber, but does give guidelines for this method. Point 3 of the longitudinal loading
was also re-worded.
Transverse Loading

For transversely loaded timber the Code of Practice makes the following key points:
1. Stacking timber transversely across the load platform is not considered to be good
practice due to the difficulty in securing the load and is therefore not recommended by
this document.
2. If loads are to be stacked transversely then suitable side gates should be used to ensure
that the load is secure. Other direct restraint methods may be used.
3. The load should not be stacked higher than the side gates.
3

4. The use of straps from the front to the rear of the vehicle is not considered to be a suitable
method of restraint.
Longitudinal Loading
3. The upright supports should be fitted with top chains to prevent the load from spreading
them apart.
2.2

ROAD HAULAGE OF ROUND TIMBER CODE OF PRACTICE (2ND EDITION)

This document has been compiled by the Roundwood Haulage Working Party for the benefit
of the UK timber industry (Roundwood Haulage Working Party, 1998).
The Code of Practice covers all aspects of round timber haulage by road in the UK and
implementation should reduce damage to forest and public roads, improve the public image
of the industry, improve safety and encourage best practice.
General information on securing the load is similar to that in the DoT Code of Practice and
includes:
• Load stability
• The use of
-Anchorage points
-Headboards
-Lashings
The recommendations for loading timber on the longitudinal axis are similar to those outlined
in the DoT document, however there is no mention of ‘crowning’ the load to enable the
lashings to be properly tensioned. There is additional information on the supports that should
be used, which states:
“The uprights, bolsters and any associated supports should be manufactured from suitable
material, fit for purpose, and should be securely fixed to the frame of the vehicle, and the
uprights should be vertical. Unsecured bolsters should not be used. Damaged or distorted
supports will not perform adequately and should be replaced.”
There is no preferred method of loading and detailed guidelines for loading timber
transversely are included:
• It is important to note that the restraint provided by the headboard or uprights become
inoperative for sideways movement when the load is stacked across the bed of the
vehicle.
• The uprights at the front and rear of the vehicle should be checked to ensure that they are
of adequate strength and construction. They also need to be securely fitted to the vehicle.
• The uprights should be no less than 300mm from the outside ends of the logs and spaced
so that loading/unloading grapples can operate safely.
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• The timber should be loaded so that the ends are flush with the rest of the load. There
should be no timber protruding beyond the side of the vehicle platform.
• The timber should be loaded so that there is a convex top surface wherever possible.
• All cross-loaded round timber must be secured. It may also be necessary to restrain the
timber with netting that is securely attached to the vehicle body or uprights. For
hardwood, netting must be provided at all times.
• The netting may be constructed from webbing straps or ropes of manmade fibres that
comply with current British Standards.
• Nets should be checked for cuts or other damage. A competent person should carry out
any repairs before re-use.
The following procedure is recommended for securing loads that are cross-stacked:
a) Attach two cord straps from the front to the rear.
b) Place cross straps at any obvious low points, but at not more than 2.5m intervals along the
load.
c) Netting may be required in addition to the straps and should be used at all times when
transporting hardwood.
d) Check all straps periodically throughout journey and tension where necessary. This is
particularly important when transferring from forest to public roads.
e) All restraining systems should be used with due regard for the safety of the operator.
The following important note is made at the end of the section that deals with securing the
load:
“The above recommendations do not relieve the driver of his responsibility to secure the load
in a safe manner”
2.3

NATIONAL ROAD TRANSPORT COMMISSION & ROADS & TRAFFIC
AUTHORITY NEW SOUTH WALES (AUSTRALIA) – LOAD RESTRAINT GUIDE

This load restraint guide was produced in 2002 (National Road Transport Commission,
2002). The document recommends that a load restraint system should be capable of
restraining 80% of the load in the forward direction, 50% sideways and rearwards and 20%
upwards (for rough roads). Therefore the forward restraint requirement is less than the UK
requirement and there is the additional requirement in the vertical direction.
The transportation of logs is part of a section that deals with similar loads such as pipes,
tubes, rods, bars and billets. There is general information that covers these types of load, and
there are three methods outlined that are suitable for transporting logs.
•

The first of these methods is to store loose lengths in the longitudinal direction between
stanchions. Forward and rearward restraint is achieved using tie downs. There is no
specific reference to transporting logs, however the guidelines are very similar to those in
the DoT document.
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•

The second method, which makes a specific reference to transporting short logs, is to use
side gates or other containment methods.

•

Short logs that are cross-loaded can also be restrained by tie-down. The logs are arranged
in several sections and each section is crowned and tied down. This method is similar to
that outlined in the Road Haulage of Round Timber Code (1998), but provides for an
increased amount of clamping force for all pieces of timber, not just those at the front or
rear. This is illustrated in figure 1.

Figure 1
Divided Crowned Load

2.4

GUIDE TO THE NORTH AMERICAN CARGO SECUREMENT STANDARD MODEL
REGULATION

2.4.1

General

This guide, which is currently in its fourth draft, is intended to provide assistance with the
interpretation and application of the Model Regulation (North American Cargo Securement
Standard, 1999). This regulation is based on research and testing carried out by the Canadian
Council of Motor Transport Administrators. The regulation is performance based so the cargo
must be secured to provide an objective level of resistance to shift.
The cargo securement system must withstand 0.8g in the forward direction, 0.5g rearward
and 0.5g laterally. A downward force not less than 20% of the weight of the cargo must also
be provided by the securement system if the load is not fully contained by the vehicle
structure.
2.4.2

Specific Securement Requirements for Logs

Logs are unitized by banding, or not more than four fully processed logs may be transported
in accordance with the provisions outlined for general freight. A vehicle enclosed on all sides
and of adequate strength must be used to transport firewood, stumps, log debris and other
such short logs. This section applies to the transportation of all other logs. A stack of logs that
contains both short and long wood must be treated as short wood.
The following list details the main requirements of the Model Regulation:
1.

Components of a Securement system
•

Logs must be transported on a vehicle designed and built, or adapted, for
transportation of logs.
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•

Any such vehicle must be fitted with bunks, bolsters, stakes or standards, or other
equivalent means that cradle the logs and prevent them from moving.

•

All vehicle components involved in securement of logs must be designed and built to
withstand all operational forces without failure, accidental release or permanent
deformation.

•

Stakes or standards that are not permanently attached to the vehicle must be secured
in a manner that prevents unintentional separation from the vehicle in transit.

•

Tie-downs must be used in combination with the stabilisation provided by bunks,
stakes or standards and bolsters to secure the load.

•

Any tie-down must have a working load limit not less than 1,800kg (4000lb).

•

A tie-down must be tensioned as tightly as possible, but not beyond its working load
limit.

2.

Application of a securement system
•

Logs must be solidly packed, and the outer bottom logs must be in contact with and
resting solidly against stakes.

•

Each outside log must touch at least two stakes, but if one end does not actually touch
a stake, it must rest on other logs in a stable manner an must extend beyond the end of
the stake.

•

The centre of the highest outside log on each side or end must be below the top of
each stake.

•

Each log that is not held in place by contact with other logs or stakes must be held in
place by indirect tie-down.

•

All tie-downs must be tightened at initial loading. The load and all tie-downs must be
checked and adjusted as necessary, at entry onto a public road, in addition to those
inspections made after the first 80km, after the vehicle has been driven for three hours
or 240km and when the duty status of the driver changes.

•

Additional tie-downs or securement devices must be used when the species or
condition of wood results in such low friction between logs that they are likely to slip
upon each other.

3.

Frame Vehicles
•

Short wood loaded lengthwise must be cradled in a bunk unit, and must be secured to
the vehicle by at least two indirect tie-downs.

•

Long wood must be cradled in two or more bunk units, and must be secured to the
vehicle by at least two indirect tie-downs at locations along the load that provide
effective securement. The aggregate working load limit for all tie-downs securing a
stack of logs must be no less than one sixth the weight of the stack of logs.

•

Short wood loaded crosswise must be secured in the same manner as required for rail
trucks and trailers.
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4.

Rail Vehicles
•

Logs in the bottom tier of short wood loaded crosswise must be supported by vehicle
structure within 30cm of each end.

•

One stack of short wood loaded crosswise must be secured with at least two indirect
tie-downs. These must attach to the vehicle frame at the front and rear of the load, and
must cross the load lengthwise. Where two indirect tie-downs are used, they must be
positioned about one third of logs length in from each end.

•

A rail vehicle over 10m long must be fitted with centre stakes to divide it into two
sections about equal in length. Where a vehicle is so divided, each tie-down must
secure the highest log touching each side of the centre stake and must be fastened
below those logs. It may be fixed at each end and tensioned from the middle, or fixed
in the middle and tensioned from each end, or may pass through a pulley or equivalent
in the middle and be tensioned from one end. Any structure or stake that is subjected
to an upward force when the tie-downs are tensioned must be anchored to resist that
force.

•

If two stacks of short wood can fit side by side within the allowable width, they may
be so loaded, provided:

•

5.



There is no space between the two stacks of logs.



The outside of each stack is raised at least 2.5cm within 10cm of the end of the
logs or the side of the vehicle.



The highest log is no more than 2.44m above the deck; and



At least one tie-down is used lengthwise across each stack of logs.

A vehicle built after (effective date of standard plus grace period) must tension each
tie-down with a device that maintains the tension not less than 900kg (2000lb) at all
times, and automatically takes up slack in the tie-down as the logs settle.
Flatbed vehicles

•

Short wood loaded crosswise must be secured in the same manner as required for rail
vehicles.

•

Short wood loaded lengthwise must be contained by stakes. Each stack of logs must
be secured by at least two indirect tie-downs. However, if all logs in any stack are
blocked in the front by a headboard strong enough to restrain the load, or another
stack of logs, and blocked in the rear by another stack of logs or vehicle end structure,
the stack may be secured with one tie-down. If one tie-down is used, it must be about
midway between the stakes.

•

Long wood loaded lengthwise must be contained by stakes. The aggregate working
load limit for all tie-downs must be no less than one-sixth the weight of the stack of
logs. Each outside log must be secured by at least two indirect tie-downs.
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2.5

TESTING OF METHODS TO SECURE EIGHT FOOT WOOD ON A TRACTORTRAILER HAUL UNIT

The Ontario Ministry of Northern Affairs requested that the Forest Engineering Research
Institute of Canada (FERIC) study the reasons why eight foot lengths of wood fall off trucks
and the methods for eliminating this hazard (Franklin, 1985). FERIC were asked to consider
the following:
•

To determine the influence of centrifugal force on load spills.

•

To compare frozen wood with unfrozen wood.

•

To measure the tension in cables and chains and otherwise assess five of the current
tie-down systems.

The test report includes conclusions and recommendations based on a study to quantify the
movement and the restriction of movement of the logs. These included:
•

Keeping improvements that have already been instigated such as central pickets to divide
the load, the use of two tie-downs instead of one and to ensure the tie-downs are secured
at the central pickets.

•

To make the tie-downs tighter, between 1700lb and 2000lb.

•

To include a tensioning device to take up the slack.

•

To concentrate on loading techniques including crowning the load. It is suggested that
there is a need for an additional height allowance of 10cm to compensate for loss of
payload due to crowning.

•

To improve the quality of logs to prevent short logs causing pivot points.

2.6

ACCIDENT DATABASE ANALYSIS

Despite the advice given in the Code of Practice, loads continue to be lost from LGVs (large
goods vehicles) and other smaller vehicles. Police forces in Britain have developed a database
entitled STATS19, of all road traffic accidents where a personal injury or fatality has
occurred. Analysis of the police STATS19 database has shown that between 1991 and 1994,
there were 1,202 incidents where a dislodged vehicle load in the carriageway caused an
injury accident (Barbour et al, 1997), giving an average of 300 per year. Further analysis of
the STATS19 database showed that, during the period 1993 to 1997, there were 2,630
incidents of LGV (greater than 1.5 tonnes unladen weight) rollover. The rollover can either
be the cause or the consequence of a load shift.
The data has shown that of these 2,630 rollover incidents, 1,107 involved skidding and
rollover, whilst 1,523 purely involved rollover. The overall yearly average of 526 has not
decreased significantly, as illustrated in figure 2.
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Figure 2
Number of LGVs greater than 1.5 tonnes overturning per year

The data gathered for STATS 19 is detailed enough to analyse the vehicle manoeuvre prior to
the accident, as well as the junction type at the location of the accident (DETR, 2000).
Further analysis showed that, of the 10 categories of junction in STATS 19, accidents mainly
occurred within four categories. These were 'Not within 20m of a junction' (56%),
'Roundabout' (24%), 'T junction' (9%) and ‘Other’ (7%).
Furthermore, STATS 19 has 18 categories of manoeuvre. Of these, only five had reasonable
occurrences, which were 'Turning left' (4%), 'Turning right' (6%), 'Going ahead left hand
bend' (13%), 'Going ahead right hand bend' (21%) and 'Going ahead other’ (49%). An
example of an actual rollover incident where an articulated heavy goods vehicle has simply
travelled too fast around a bend, in this case a motorway slip road, is shown in figure 3.

Figure 3
Actual rollover incident involving an articulated heavy goods vehicle

10

2.7

SUMMARY



The road haulage of round timber Code of Practice is based upon the DoT document and
therefore there are many similarities. The most significant distinction is the
recommendation by the DoT that loading the timber longitudinally is the preferred
method.



The DoT document also mentions the use of side gates to contain logs that are loaded in
the transverse direction.



The Australian NRTC guidelines are also very similar to those of the DoT with the
exception of the reduced load restraint requirement in the forward direction and the
additional vertical requirement. These reduced restraint requirements are also mentioned
in the North American Model Regulation.



The road haulage of round timber Code of Practice, the NRTC document and the North
American Regulation all have no preference as to whether the timber is loaded
longitudinally or transversely. The main differences are that:
-

The NRTC document recommends that cross-loaded timber is divided into smaller
bundles to allow it to be more secure and the North American regulation give details
for the use of stakes to divide loads over 10m long.

-

The NRTC document makes no specific reference to timber when describing the
longitudinal method of loading.

-

The NRTC document mentions the use of side gates or other direct restraint
methods.

-

The North American document gives details for stacking logs side by side. This is
not covered in any of the other documents.

-

A device that maintains tension in the tie-down and automatically takes up slack as
the logs settle is included in the North American Regulation. This is also mentioned
in the FERIC test report.



There were 2,630 incidents involving the rollover of an LGV. There could have been the
cause or the consequence of a load shift.



There has been no significant reduction in the number of rollover accidents during the
period studied. However, this analysis was concerned with a period nine years after the
publication of the DoT Code of Practice and a year before the Road Haulage of Round
Timber Code of Practice (2nd edition) was published.
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3

BASIC ROLLOVER THEORY

Previous research into vehicle rollover has shown that when the centre of gravity of the
vehicle moves beyond the effective track width (T), vehicle rollover is inevitable (Riley and
Robinson, 1991). A diagram of the forces involved in a simple static analysis is shown in
figure 4.

Mg
ș°

T

ȕ°

Figure 4
Diagram of the rollover process

Other research from static tilt tests has shown that the angle of the tilt platform is an
indication of the theoretical minimum cornering grip coefficient needed from the road surface
to make the vehicle overturn whilst cornering (Kemp et al, 1978). That is, if the vehicle was
unrestrained and the platform angle (ȕ) is increased then the vehicle will either overturn or
slide down the slope.
The weight of the vehicle acting vertically downward can be resolved into two forces, one
acting perpendicular and one acting parallel to the platform. The parallel force is equal to
Mgsinȕ, which is equal and opposite to the frictional force (F) between the tyres and the
(road) surface. The perpendicular force is equal to Mgcosȕ, the effective weight of the vehicle
and is equal and opposite to the reaction force (R). The body roll (ș) is incorporated in later
equations.
When the ratio of the frictional force F to the reaction force R is equal to µ, the coefficient of
friction between the tyres and the surface, the vehicle is on the point of sliding. Therefore,
F Mg × sin β
=
= tan β
R Mg × cos β
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(1)

Hence, a vehicle will slide when tanȕ is greater than the frictional coefficient (µ) of the
surface it is inclined upon. This value of tanȕ is also equal to the lateral acceleration such
that,
lateral acceleration

=

tan β

(2)

However, if a vehicle is on a tilt platform inclined at an angle of ȕ such that tanȕ is less than
µ, and the vehicle begins to roll over then the centre of gravity of the vehicle has moved
beyond the effective wheel track. This is more likely to occur with an articulated vehicle than
a car due to the higher centre of gravity.
When considering a semi-trailer, it has to be noted that the effective track is smaller than that
of a lorry of the same size, as shown in figure 5.
l/2

α

CoG

Teff

T=2.01m

d=0.9m

a=0.9m

b=7.8m
l=12.3m
Figure 5
Effective track reduction for a trailer

If the centre of gravity of the loaded trailer is in the middle of the very trailer, the effective
track can be calculated as follows:
Teff = T − 2 ⋅ [b − (l 2 − a )]⋅ tan(α ) = 1.65m
where:
tan(α ) =

T −d
⇒ α = 4.07°
2b
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(4)

(3)

One of the concerns for cross loaded round timber was the high centre of gravity due to the
density of the load and the gaps between the timber. Using simple mathematics we can
calculate an approximate value for the centre of gravity (Hg) for the whole vehicle.
To calculate the centre of gravity height for the load and vehicle it was assumed that the
shape of the load was rectangular and of constant density. For the 38 tonne flat topped load
the height of the load bed (Hmin) at the front of the vehicle was 1.37m and the average
overall height of the load (Hmax) was 3.00m.
Lload = 11.7m
load CoG
Hl

Figure 6
Approximation of centre of gravity

Therefore, the height of the Centre of Gravity of the load above ground (without considering
the mass of the trailer) is:
 3.00 − 1.37 
Hl = 
 + 1.37 = 2.19metres
2



(5)

If the density of the load is considered to be constant, the height of the load is proportional to
its weight. It is useful to work out the average density for the 38 tonne flat top load (which is
of course lower than that of the wood because of the hollow areas between the logs) using the
following formula:

ρ=

Mload
23000
=
= 482.4kg / m 3
(H max − H min )⋅W ⋅ Lload 1.63 × 2.50 ×11.70

(5')

where Mload, W and Lload are respectively the mass, width and length of the load actually
measured before running the tests. Other useful densities are those per unit area: ρ' = 1206
kg/m2 and per unit height: ρ'' = 14110 kg/m.
The value of the lateral acceleration that is the threshold for the rollover is given by:
ar =

Teff
g
2Hg

(6)

Rollover occurs when the force vector acting at the centre of gravity of the loaded trailer
(which is the composition of the weight and the lateral acceleration) falls out of the dotted
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area shown in figure 5. This condition is conservative because the dotted area is not actually
lying on the ground, but stands above it, see figure 7.
Using the relation 6 and with Teff=1.65m, and Hg=Hl=2.19m it can be shown that rollover
could occur at a lateral acceleration of 0.38g. This value is calculated with the assumption
that the Centre of Gravity of the loaded trailer is the same as that of the load.

CoG

Figure 7
Actual position of the trailer constraints

This is a further conservative hypothesis, as the actual Centre of Gravity of the loaded trailer
must be slightly lower. Figure 8 shows a better evaluation of the position of the loaded trailer
Centre of Gravity:
e

GVM=38,000kg
Mtractor=8,000kg
CoG (load)

Mload=23,000kg

CoG

Mplat=3,500kg
Mwheels=3,500kg

Hg

Hl

CoG (platform)
CoG (wheels)

h1=0.7m
h2=1.3m

h1

h2

l1=2.35m
Figure 8
Actual position of the loaded trailer CoG

By using the data in figure 8, the following CoG height can be calculated for the loaded
trailer:
Hg =

Mload ⋅ Hl + Mplat ⋅ h 2 + Mwheels ⋅ h1
= 1.91m
Mload + Mplat + Mwheels
Mwheels ⋅ l1
e=
= 0.27 m
Mload + Mplat + Mwheels

(7)

If Hg is used instead of Hl in equation 6, the lateral acceleration for rollover increases from
0.38 to 0.43g. The effect of the roll angle of the body has still to be taken in account.
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Figure 9 (left) shows that when the lateral acceleration is acting, the body rotates in respect to
the ground. The centre of the rotation is called Roll Centre and its position depends on the
geometry of the suspension. For a rigid axle, the Roll Centre can be assumed to be coincident
with the CoG of the platform.
θ
∆
Mg
-a

Mar

Mload x g x ∆

Hl-h2
Hg

Teff/2
Figure 9
Effect of the roll angle

Defined K [Nm/deg] as the roll stiffness of the body, the roll angle θ and the lateral
displacement ∆ are both linear functions of the lateral acceleration a [m/s2]:
Mload ⋅ a ⋅ (Hl − h2 )
K
∆ = (Hl − h2 )⋅ tan(θ )

θ=

(8)

During the tests, roll angles up to 4o have been recorded. The relative lateral displacement
value is then 62.2mm.
The effect of the roll angle respect to the rollover is a reduction in the lateral acceleration, due
to the momentum Mload ⋅ g ⋅ ∆ (see figure 9 right)җ. The equation 6 is then replaced by the
following:
 Teff Mload ∆ 
⋅ g
−
⋅
a r = 
M
Hg 
 2Hg

(9)

where M > Mload is the mass of the loaded trailer. If M≅Mload, then the equation 9 simply
becomes:
 Teff
 g
− ∆⋅
ar = 
 2
 Hg
The equation 9 gives ar = 0.41g.
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(9')

The actual lateral acceleration of the trailer having a speed v in cornering of radius r is given
by:
v2
(10)
acceleration =
r
Using this relationship, with acceleration = ar, we can calculate the maximum speed vr that
the vehicle can attempt just before rollover, Table 1 below.
Table 1
Likely vehicle speed at rollover for 38 tonne GVM

vr [m/s]

For 60 metre For 100 metre For 20 metre For 25 metre
continuous
continuous
roundabout roundabout
(driving line)
circle
circle
15.5
20.0
8.9
10.0

vr [km/h]

55.7

71.8

32.1

35.9

vr [mph]

34.8

44.9

20.1

22.5

We can also calculate the equivalent tilt test roll angle to be 22.2o. It is worth noting that the
tilt test is not exactly equivalent to the cornering, as a consequence of the behaviour of the
elastic springs that connect the body to the axles. Indeed, at a given platform angle, the
perpendicular force is less than the weight of the vehicle (the vehicle should then be higher)
and the parallel force is less than that due to the lateral acceleration (the roll angle should be
lower). The stiffer the springs, the smaller the difference between cornering and tilt test.
As a comparison with the calculated value of 22.2o, the requirements for passenger vehicles
are that a single deck bus cannot roll at 35 degrees or less and a double deck bus cannot roll
at 28 degrees or less (DTLR, 1981).
A draft document from the United Nations Economic Commission for Europe (UNECE,
2000) is proposing that tanker vehicles should be able to achieve a tilt table platform angle of
at least 23o before rollover. Alternatively, a calculation of the lateral acceleration, using more
complicated equations than those presented in this report, should show the tanker vehicle can
achieve a lateral acceleration of 4m/s2 (approximately 0.41g) without vehicle rollover. It can
be seen from Table 4 that the 38 tonne flat top vehicle cannot comply with the UNECE
requirements (the tilt angle is slightly lower than that required and the lateral acceleration is
at the limit).
Although the UNECE document is only in draft form, we recommend that the Roundwood
Haulage Working Party consider this criteria and the implications of attempting to comply.
There are a number of ways of doing this, for example, using low loader vehicles or reducing
the maximum amount of timber that a vehicle is allowed to carry. However, any changes
advised will have potential adverse consequences for the timber industry. It is interesting to
note that in New Zealand, lowering the ride height and increasing vehicle length to combat
potential rollovers is being considered.
The calculations presented here have been based upon the 38 tonne load, considering a fixed
height of the centre of gravity of the load (Hl=2.19m as previously calculated). It is
interesting to study how the variation of Hl affects the parameters ar and vr, without varying
the mass of the load. Indeed, even if the overall mass is fixed, the height of the Centre of
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Gravity depends on the way the logs are placed on the trailer, the actual density of the load,
and the height of the trailer bed. These data are collected in Table 2 (the roll angle θ=4o is
considered to be constant). The highlighted row refers to the current situation (Hl=2.19g)
Table 2
Likely vehicle speed at rollover for different heights of the load CoG. GVM=38tonne.
Maximum velocity before rollover for circles of 60m,
load CoG loaded trailer body roll Lateral displacement Rollover lateral Equivalent tilt
angle
due to body roll
acceleration
test angle
100m, 20m and 25m radius respectively
CoG height
height
ar/g
vr60 [km/h] vr100 [km/h] vr20 [km/h] vr25 [km/h]
Hl [m]
Hg [m]
θ [deg]
∆ [mm]
β [deg]
1.40
1.31
4.00
6.99
0.63
32.1
69.2
89.3
39.9
44.7
1.50
1.38
4.00
13.99
0.59
30.5
67.0
86.5
38.7
43.3
1.60
1.46
4.00
20.98
0.55
29.0
65.0
83.9
37.5
42.0
1.70
1.54
4.00
27.97
0.52
27.6
63.2
81.5
36.5
40.8
1.80
1.61
4.00
34.96
0.49
26.3
61.4
79.3
35.5
39.7
1.90
1.69
4.00
41.96
0.47
25.1
59.8
77.2
34.5
38.6
2.00
1.77
4.00
48.95
0.45
24.0
58.3
75.3
33.7
37.6
2.10
1.84
4.00
55.94
0.42
23.0
56.9
73.4
32.8
36.7
2.19
1.91
4.00
61.89
0.41
22.2
55.7
72.0
32.2
36.0
2.30
2.00
4.00
69.93
0.39
21.1
54.3
70.1
31.3
35.0
2.40
2.07
4.00
76.92
0.37
20.3
53.1
68.5
30.7
34.3
2.50
2.15
4.00
83.91
0.35
19.5
52.0
67.1
30.0
33.5

The sensitivity of the rollover respect to the lateral displacement of the load CoG is worth
investigating as well. This is because the load can and does move in respect to the bed
platform during cornering, as a result of the lateral force acting on it. If the dynamics of the
load is considered, it can be seen that there are two opposite effects related to the load
displacement.

Mload x a

Ffr

Ffr

Mload x y

Z
Y

Figure 10
Load dynamics during cornering

The static effect is due to the load lateral displacement y itself, and is always negative (indeed
it makes the rollover more likely to happen). The expression of the momentum is simply
Mload ⋅ g ⋅ y . The dynamic effect considers that the relative acceleration between load and
platform reduces the momentum of rollover transmitted to the trailer by friction. This is
shown by the following equation, in which Ffr is the friction force between load and platform.
F fr = Mload ⋅ (a − y)⋅ sign( y )
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(11)

When the load is eventually stopped by the straps, the dynamic effect ceases to exist. For
such reason, only the static effect is considered to be affecting the rollover mechanism.
Equation 9'' shows that the load lateral displacements due to roll and log movement can be
simply added to determine the rollover threshold acceleration.
 Teff Mload ∆ + y 
⋅ g
−
⋅
a r = 
M
Hg 
 2Hg

(9'')

The roll displacement ∆ is generally dependent on y, because the log displacement increases
the roll angle. This secondary effect is negligible for high lateral accelerations and low lateral
displacements, and has been neglected when calculating the values of ar versus y reported
both in Table 3 and figure 11.
Table 3
Effect of the lateral displacement of the load.
Lateral displacement body roll Lateral displacement Rollover lateral Equivalent tilt
Maximum velocity before rollover for circles of 60m,
due to load skid
test angle
angle
due to body roll
acceleration
100m, 20m and 25m radius respectively
y [mm]
ar/g
vr60 [km/h] vr100 [km/h] vr20 [km/h] vr25 [km/h]
β [deg]
θ [deg]
∆ [mm]
-100.00
4.00
61.89
0.45
24.1
58.4
75.4
33.7
37.7
0.00
4.00
61.89
0.41
22.2
55.7
72.0
32.2
36.0
100.00
4.00
61.89
0.37
20.2
52.9
68.3
30.6
34.2
200.00
4.00
61.89
0.33
18.1
50.0
64.5
28.8
32.2
300.00
4.00
61.89
0.29
16.0
46.8
60.4
27.0
30.2
400.00
4.00
61.89
0.25
13.9
43.4
56.0
25.0
28.0
500.00
4.00
61.89
0.21
11.7
39.7
51.2
22.9
25.6

600.0
20 m radius
60 m radius
100 m radius

Lateral displacement y [mm]

450.0

300.0

150.0

0.0
20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

-150.0
Speed [km/h]

Figure 11
Vehicle speed versus lateral displacement. GVM=38000 kg.

The last aspect to be considered, is the effect of the load weight on the height of the CoG and
all the other parameters shown in Tables 2 and 3. If we keep assume that the load being
distributed is rectangular and of constant density, then the maximum height of the load must
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be proportional to the load itself. Table 4 considers three different loads: 17, 23 and 29 tonne.
The relative gross vehicle masses (GVM) are respectively: 32, 38 and 44 tonne (the last being
the maximum allowed). The last row of the Table refers to a standard container filled with a
uniform material whose density is such that the overall load mass is 29 Tonne. The CoG of
the load is of course coincident with the geometric centre of the container. The dimensions of
the container (length = 12.19m; width = height = 2.44m) have been taken from the standard
ISO 688. The height of the trailer bed for the container has been reduced from 1.37m to
1.14m, according to dimensions taken from a typical container trailer.
Table 4
Likely vehicle speed at rollover for different load masses
Gross Vehicle load CoG loaded trailer body roll
Mass
height
CoG height
angle
θ [deg]
GVM [kg]
Hl [m]
Hg [m]
32000
1.97
1.69
4.00
38000
2.19
1.91
4.00
44000
2.40
2.13
4.00
44k container
2.36
2.10
4.00

Lateral
Rollover Eqv. tilt
displacement
accel.
angle
∆ [mm]
β [deg]
ar/g
47.02
0.47
25.1
61.89
0.41
22.2
76.75
0.36
19.7
74.12
0.37
20.1

Maximum velocity before rollover for circles of 60m,
100m, 20m and 25m radius respectively
vr60 [km/h] vr100 [km/h] vr20 [km/h] vr25 [km/h]
59.8
77.2
34.5
38.6
55.7
72.0
32.2
36.0
52.3
67.6
30.2
33.8
52.8
68.1
30.5
34.1

By comparing the 3rd and 4th rows of Table 4, it can be seen that, as a consequence of its
slightly lower Centre of Gravity, the 29 tonne load evenly distributed in the container is
capable of reaching a higher value of lateral acceleration than the same amount of cross
loaded timber. However, the reduction of the trailer bed height is the factor causing this very
small difference.
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4

SITE VISITS TO SCOTLAND AND NORTHERN ENGLAND

During the autumn of 2001, two forest sites near the Scottish borders were visited. The first
site was south of Dumfries and the second at Kielder Forest. The logging operation was
viewed at first hand and provided essential background to the project. This trip demonstrated
the real problems of working in a remote area with little, if any, backup.
In many cases the loading site is geographically remote and mobile telephone is the only
means of communication. Frequently, vehicle drivers are required to load the vehicle
themselves using a crane fitted to the vehicle, figure 12.

Figure 12
Typical loading operation in Kielder Forest

In many instances, the terrain at the loading site is far from ideal and often little more than a
forest track. This can lead to problems of vehicle stability whilst loading, as well as
travelling along the forest tracks with a laden vehicle. Figure 13 shows a typical loading site
in Kielder Forest.
A number of problems were observed when loading the vehicle with cross loaded logs:
•

Although the length of the logs is set on a cutting machine, variations in cut length of up
to 150mm occur.

•

Such variations in length prevent the use of a fixed side panel or side gate restraint.

•

In some cases the length of the logs may be outside the line of the load platform which
prevents the use of fixed side panels.

•

In one example, the driver removed a log that was much longer than the rest to avoid
possible accidents. However, this left a large gap in the load which may potentially be
more dangerous than leaving the load as it was.
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Figure 13
Loading site in Kielder Forest

Virtually all of the log loads found during the visit were flat-topped with two longitudinal
load straps and about four or five load straps placed laterally across the vehicle. A typical
example is shown in figure 14. In several cases, vehicles had been loaded with logs placed
longitudinally at each end of the semi-trailer and cross-loaded in the centre, figure 15. This
photograph also shows one of the special vehicles used to transport and load logs at the forest
site.
It was clearly evident from the site visits that any system proposed to restrain the log load
must be light in weight and suitable for fitting by one man with ease and under difficult
conditions. It also needs to be cost effective and simple to fit to the vehicle.
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Figure 14
Example of a typical loading configuration

Figure 15
Example of mixed loading arrangement
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5

VEHICLE TESTS

Vehicle tests were performed on the TRL test track. The objective was to test log and vehicle
stability in a number of different manoeuvres, and to identify at which point a load of round
timber would undergo load shift.
There are no specific tests to test the stability of LGVs, therefore TRL based the tests upon
the ISO method for passenger cars, and on a roundabout test developed by TRL. The
manoeuvres included continuous circle tests, (ISO 7975, 1996 and ISO 15037-1, 1998),
roundabout test, and straight line braking. The driver was instructed that, if at any time he felt
unsafe during any of the test manoeuvres, then testing on that type of manoeuvre would be
halted.
5.1

CIRCLE TESTS

Tests comprising a 60m radius circle were performed at 25km/h increasing in 5km/h
increments until load shift occurred or the driver felt unsafe. All tests had two repeat runs per
speed, giving three runs per test speed, before incrementing to the next speed. The 100m
radius continuous circle tests started at 25km/h and again increased in 5km/h increments until
load shift occurred, or the driver felt unsafe or the maximum test speed of 80km/h was
reached.
For any of the continuous circle tests, a maximum of 6 (including repeat tests) were
conducted in one direction, this was to ensure that any hysteresis in the suspension had been
compensated for, and that any small amounts of load shift did not accumulate and contribute
to a major load shift.
5.2

ROUNDABOUT TESTS

For the roundabout tests the vehicle approach speed to the roundabout started at 20km/h, with
the driver steering through the roundabout as though the vehicle were going ‘straight on’.
Although the intention was to maintain the test speed throughout the manoeuvre, there would
inevitably be some loss of speed. There were to be three tests at each speed and the speed
incremented at 5km/h. TRL considered this to be the most extreme manoeuvre as the load
was to be swung from one direction to another.
5.3

STRAIGHT LINE BRAKING

The straight line braking tests were designed to see how much force would be transmitted
through the front pins or headboard. The test speeds were 30km/h, 50km/h and 80km/h.
These tests were conducted at three braking levels:
•

Check braking, to represent ‘normal’ braking when the vehicle is approaching a junction.
This is also the level where over 95% of braking applications take place (Fenn, 1999,
Fura, 1993)

•

Intermediate, where more braking force is required to stop in a given distance, but less
than emergency braking.
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•

Emergency braking, to represent the maximum level of braking the vehicle would be
capable of generating.

During the vehicle testing the driver and passenger had to wear crash helmets and seat belts,
and for additional safety an anti-jack-knife rope was fitted between the tractor unit and the
semi-trailer. The test driver also had at least 10 minutes rest in every hour of testing.
The vehicle was also tested in two load configurations. The first was a flat top load with two
longitudinal and four cross straps, the whole vehicle weighing 38 tonnes. The second
configuration was a convex load with two longitudinal and ten cross straps, weighing 44
tonnes. The vehicle was loaded by a professional from the timber industry, who had the
correct knowledge and equipment to stack the load correctly.
5.4

TEST VEHICLE

The vehicle used for the tests was a Scania 6 x 2, model 114L, registration X57USC, coupled
to a flatbed tri-axle semi-trailer typical of the type used to move cross loaded round timber.
Outriggers were fitted to the semi-trailer to prevent total vehicle rollover, figure 16.

Figure 16
Test vehicle with 38 tonne flat topped load and outriggers

For the initial set of tests the vehicle was loaded to 38 tonnes by a timber haulier with the
configuration shown in Table 5 below. The vehicle was loaded to conform to the Code of
Practice. To comply with the minimum guidelines set out in the Code of Practice, two
longitudinal load straps were used, and four cross straps, with the cross straps no further than
2.5m apart. However, it must be noted that the load straps used by hauliers tend to have a
RAS of 2.5 tonnes and that a total of six straps would not be adequate to restrain the load.
The loading was considered, by TRL, to be representative of the type and condition of cross
loaded timber that had been observed both ‘on the road’, and on the site visit (see Section 4).
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Steer Axle
Tag Axle
Drive Axle
Semi-trailer axle 1
Semi-trailer axle 2
Semi-trailer axle 3

Table 5
Vehicle weight 38 Tonnes
Nearside
Offside
wheel (kg)
wheel (kg)
2,830
2,900
2,240
2,350
3,700
3,200
3,630
3,570
3,680
3,350
3,310
3,700
Total

Axle weight (kg)
5,730
4,590
6,900
7,200
7,030
7,010
38,460

After the first set of tests, concern was expressed that the loading of the timber did not fully
meet the requirements of the Code of Practice and that the vehicle was not loaded to its
maximum permissible weight. Therefore, for the second series of tests, additional timber was
used to increase the overall weight (shown in table 6) and the timber was loaded into a
convex shape held by two longitudinal straps. Furthermore, the Code of Practice requires the
use of a minimum of four cross straps, for this particular length of vehicle, and where
necessary, further cross straps at any low points in the load. With the 44 tonne test, with the
load in a convex shape, a total of ten cross straps were used so as to ensure all low points
were covered. Inevitably, there will be a compromise on the tension required in the cross
straps because if the longitudinal straps are too tightly ratcheted, then the cross straps will be
unable to pull down to ensure the longitudinal straps have contact with all of the top layer of
timber.
Table 6
Vehicle weight 44 Tonnes

Nearside
wheel (kg)
3,030
3,030
5,100
4,180
4,320
4,040

Steer Axle
Tag Axle
Drive Axle
Semi-trailer axle 1
Semi-trailer axle 2
Semi-trailer axle 3
Total

Offside
wheel (kg)
2,900
2,910
3,920
3,450
3,440
3,620

Axle weight (kg)
5,930
5,940
9,020
7,630
7,760
7,660
43,940

For the vehicle combination to be able to comply with both the plated axle weight and the
Roundwood Haulage Working Party Code of Practice, the logs had been crowned in such a
way that the apex, was approximately one third along the length of the trailer.
5.5

VEHICLE INSTRUMENTATION

The test vehicle was fully instrumented and the following parameters were recorded at a
frequency of 500 samples per second.
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•

Vehicle speed

•

Accelerometers: to measure the lateral and vertical (load bed) acceleration. Seven
accelerometers were used in the following positions.

i)

Dice 5 for the load bed.

ii)

Lateral acceleration at the furthermost possible points on the front and rear of
the semi-trailer load bed.

•

Load cells: 4 load cells were used to measure the force applied to the load retaining
straps in Newtons.

•

Gyroscope: Used to measure the load bed angle for pitch and roll.

•

Brake pedal force, measured in Newtons gives a correlation for the braking level.

•

Pin force, 6 strain gauges were fitted to the two front pins to measure the force
transmitted to the front pins under vehicle braking.

In addition to these parameters, two on board video cameras were used to record the load
shift, along the length of the load. An external observer was also present to video the tests as
they were performed.
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6

RESULTS

The presentation of these results are in the form of comparisons between the flat-topped load
(38 tonnes gross vehicle weight (GVW)) and the convex load (44 tonnes GVW) for each type
of test.
6.1

60 METRE RADIUS CONTINUOUS CIRCLE

The tests for the 60m radius continuous circle are based on ISO test methods for passenger
cars (ISO 7975, 1996 and ISO 15037-1, 1998).
The intention with the 60m and 100m radius circles was to induce a constant lateral
acceleration on the vehicle and load to see if load shift would occur. With the two different
loads, 38 tonnes and 44 tonnes, maximum speeds of 55 km/h and 45 km/h were achieved
respectively. During the tests, it was felt that greater speeds than these would be unsafe.
Figure 17 shows the calculated lateral acceleration for the vehicle, and compares this with the
measured lateral acceleration for the front and rear of the trailer load bed.
0.6

level load - rear lateral accelerometer
Level Load - front lateral accelerometer
Convex Load - rear lateral accelerometer
Convex load - front lateral accelerometer
Calculated lateral acceleration

Lateral acceleration (g)

0.5
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0.1
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Figure 17
60m radius circle, 38 tonne flat and 44 tonne convex loads

A typical plot of the two rear vertical accelerometers is shown in figure 18 below. It can be
seen that the body angle of the trailer bed is oscillating around a value of 3 degrees and that
speed trace is also oscillating around the 55 km/h value. This is due to the area where the
tests were conducted on the TRL test track having a south east to north west gradient of 1 in
76. This will cause the vehicle to accelerate slightly when travelling down the gradient, and
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shows that the body angle is effected by the road camber, thus there will be an effect on
vehicle stability.
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Figure 18
Rear trailer bed vertical acceleration and body roll

6.2

100 METRE RADIUS CONTINUOUS CIRCLE

The 100m continuous circle tests followed the same methodology as that for the 60m tests.
However, with the 100m radius it was possible to achieve higher vehicle speeds for the same
level of lateral acceleration. Figure 19 shows the calculated lateral acceleration for the 100m
circle, and the measured lateral acceleration from the front and rear of the trailer load bed.
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Vehicle speed (km/h)

Acceleration (g) & Body angle (deg)

The vertical accelerations are unremarkable, but do show that the body bounce of the vehicle
is relatively small. Closer inspection of the vertical acceleration indicated that the nearside
and offside of the rear of the semi-trailer moved both in phase and out of phase. There was no
distinct pattern to this and the results from the accelerometers were inconclusive.

0.4

level load - rear lateral accelerometer
Level Load - front lateral accelerometer
Convex Load - rear lateral accelerometer
Convex load - front lateral accelerometer
Calculated lateral acceleration

Lateral acceleration (g)
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Figure 19
100m radius circle, 38 tonne flat and 44 tonne convex loads

It can be seen that the measured lateral acceleration was, in general, higher for the tests than
that calculated. In all cases the lateral acceleration at the front of the trailer was higher than
the rear. This is due to the rear of the trailer being dragged around the circle and thus taking a
slightly different line to the front, reducing its lateral acceleration.
For the 44 tonne load, a speed of 60 km/h was reached before the tests were considered to be
unsafe, a speed of 65 km/h was achieved with the 38 tonne load. An attempt at a 70 km/h test
was made but as the vehicle was increasing speed the logs shifted, and part of the load was
lost on the TRL test track. Unfortunately, as the vehicle was changing speeds, the data was
not being recorded at that particular time. However, for all subsequent tests, the transitional
period between tests was recorded to ensure no data was lost.
Approximately one third of the total load was lost and covered a considerable area on the test
track, as shown in figure 20. If this load had been lost on the public highway there could have
been damage to property and injuries to the public. The majority of lost load came from the
third quarter along the trailer as shown in figure 21.
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Figure 20
Lost timber on TRL test track

Figure 21
Section of lost load
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Figure 21 also shows that the load straps remained in place whilst the load was being lost,
indicating that more load straps or some kind of netting would be required to cover the ‘gaps’
that the four lateral load straps could not cover. By tracing a line along the trailer bodywork,
it can be seen that the whole load had shifted.. Some of the timber had been balanced on the
vehicle without falling off, but protruding approximately a metre out from the side of the
trailer bodywork. This is best illustrated in figure 22 below, where the load remained in place
over the approximately 50m it took the vehicle to stop. A load in this condition would present
a danger to oncoming vehicles even if it stayed on the trailer.

Figure 22
Extent of load shift and hazard presented to oncoming vehicles

6.3
6.3.1

ROUNDABOUT TEST – 20 METRE RADIUS
Procedure

Analysis of the STATS 19 database showed that 24% of rollovers occurred at roundabouts
and that 'going ahead other' (49%) was the most commonly recorded manoeuvre. By
combining these two categories, a test where the vehicle was driven 'straight on' across a
roundabout was used. The vehicle was to approach the roundabout at a steady speed and
attempt to maintain that speed throughout the manoeuvre. However, there would inevitably
be some speed reduction. Figure 23 shows the relative dimensions of the roundabout.
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Figure 23
Roundabout test

The roundabout test was, perhaps, the most representative of a real life situation. It simulates
where a driver has approached the roundabout too fast and attempted to manoeuvre the
vehicle through. It also represented a ‘worst case’ where the lateral acceleration changed
direction from one side to the other. As a comparison, figure 24 below, shows a 16m
roundabout which is typical of those found on the public highway.
These dimensions were based upon the recommendations laid out in the “Design manual for
roads and bridges” (Highways Agency et al, 1995). These recommendations include making
the inscribed circle diameter, that is the outside kerb of the roundabout, between 15 to 100 m,
the inside kerb a minimum of 4m diameter, and that the exit radii should be greater than the
entry radii.

Figure 24
Typical public highway roundabout
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6.3.2

Vehicle rollover

During the second roundabout test at a speed of 40km/h, a rollover incident occurred which
caused the catastrophic failure of the outriggers. Theoretical calculations of the lateral
acceleration (Section 3) had shown that the start of rollover would occur at approximately
37.5km/h (23.4mile/h).
For the previous test at 40km/h, the vehicle had also started to roll, but the load did not shift
and the vehicle was righted. However, on the second test, through viewing the on-board
camera, shown in sequence in Annex A, it can be seen that during the manoeuvre the load
shifted after the vehicle began to roll. It is likely that the load shift increased the force on the
outrigger causing it to fail. The load had not moved on the previous test. Figure 25 below,
shows the body roll angle of both tests, as a comparison.
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Figure 25
Body roll angle for 40km/h roundabout test

For the initial part of the tests, the roll angle was similar, and relatively smooth up to 0.7
seconds. After this time it can be seen that the rate of change for the second run is more and
that the lowest point for the first run is where the trailer was affected by ground contact and
loading of the outrigger’s wheel. The second, having a higher body angle at approximately
0.6 seconds, indicates that the driving line taken was slightly different from the first test,
inducing a higher lateral acceleration, contributing to the rollover. The speeds for the two
tests were very similar, as shown in figure 26, and the drop off in speed can be clearly seen.
The gaps in the speed data are due to the extreme angle of the speed sensor, being unable to
read a returned light signal from the ground.
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Figure 26
Test speeds and body angles for 40km/h roundabout test

The lateral acceleration for the vehicle was measured by accelerometers fitted to the front and
rear of the semi-trailer. Figure 27, below, shows the trace provided by the front accelerometer
as the vehicle performs the manoeuvre. The front accelerometer gives a better indication of
the lateral acceleration than the rear accelerometer because of the articulation of the vehicle.
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Figure 27
Front lateral acceleration, 40km/h roundabout test
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The lateral acceleration for the rear accelerometer is shown in figure 28. Again this shows
that the two runs were very consistent in their approach and lateral acceleration. In Section 3,
the likely threshold of lateral acceleration is calculated as 0.44g, which is exceeded in both
cases at the mid point of the roundabout, that is when the swing from side to the other is at its
most pronounced.
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Figure 28
Rear lateral acceleration, 40km/h roundabout test

For the vertical acceleration using accelerometers mounted on the load bed of the vehicle, the
traces were similar for both the offside and nearside accelerometers. The most interesting
aspect of the vertical acceleration was when the vehicle was in the mid-point of the
manoeuvre and, depending upon the run, its rollover point. Figure 29 below shows the
accelerometers for run 1 in phase between 0.8 seconds and 1 second. After this point they
move out of phase as the vehicle begins to rollover, thus the offside of the vehicle receiving
more acceleration as it moves the most, before the signals return to being in phase as the
vehicle is righted. For run 2 the traces follow a similar pattern by being out of phase at
approximately 0.9 seconds, before the vehicle actually rolls over.
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Figure 29
Rear accelerometers (vertical) for 40km/h roundabout tests

The main contributors to the vehicle rollover were the vehicle speed and the radius of
curvature for the roundabout. The on-board video picture shows that the load shifted as a
mass to the vehicle nearside and that the friction between the load bed and the timber was not
sufficient to hold the timber. The available friction depends upon variables such as the type of
wood, its moisture content, and the season and time when cut.
The use of two longitudinal load straps, and ten cross straps meant the load was better
retained with the vehicle. This was a contrast to an earlier incident where the vehicle
remained upright and controllable, and the load was shed over a large area of the TRL test
track. In that instance the load was flat topped and fewer cross straps (four load straps) were
used.
The vehicle load shift and subsequent rollover is a key event influencing any final
recommendations of this project. It clearly shows a relationship between vehicle and load
stability, which requires that any final solution should be based upon the centre of gravity
height and providing effective load restraint.
6.4

STRAIGHT LINE BRAKING TEST

The straight line braking tests were carried out up to a deceleration of at least 5m/s2. This is
based upon the type approval type 0 braking test for LGVs described in UNECE Regulation
13.
For the TRL tests the vehicle was driven up to the correct speed, the vehicle taken out of gear
and the appropriate pedal force applied to the brake pedal. All straight line braking tests were
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on the Long Straight of the TRL test track for continuity between test speeds and pedal
forces.
The three levels of braking were used and classed as check braking, with a pedal force of 70
Newtons, intermediate/medium with a pedal force of 150 N and emergency with a pedal
force of 200 N or more. However, due to vehicle vibration it was difficult for the driver to
maintain the exact level of pedal force over the whole braking distance, although the
variation was rarely more than ±20N.
6.4.1

Stopping distance

The stopping distance for the vehicle, shown in figure 30, was as expected, with the increase
in distance with increase in speed. At 30km/h the test stopping was relatively short. The
stopping distances for both emergency and medium braking at 38 and 44 tonne were similar
throughout the speed range. The distances for the check braking at 80km/h were considerably
different for the 38 tonne and 44 tonne load. This is unsurprising as the vehicle has to
dissipate more kinetic energy, which is converted to both heat and noise, through the brakes
for the heavier load and for the same low level of braking.
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Figure 30
Straight line braking test, stopping distances

6.4.2

Fore-aft restraint analysis

To measure the force that would be transmitted through the front pins, or headboard, two
strain gauges were fitted to the two vertical front pins, one on each pin, fixed at a height of
10cm above the load bed. It must be remembered that, because of the randomness of cross
loaded round timber, there may be several different areas where the logs are in contact with
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the pins providing a number of point loads under braking. The total load on the two pins were
recorded under the three different levels of braking and are shown in figure 31 below.
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Figure 31
Maximum forces in front pins under braking

Figure 31 shows that the maximum total load in the pins was approximately 2.5 tonnes. The
graph also shows the near linear relationship between the increase in deceleration and an
increase in load. The pin load recorded for the emergency braking with the 38 tonne flat load
is lower than the comparative results at 44 tonne convex load and only slightly higher than
the results for medium braking. This is possibly because the test track was damp and the ABS
was working during the emergency braking. If the results for the 44 tonne emergency braking
are excluded, then all the other results have good correlation as shown in figure 32 below.
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Figure 32
Linear relationship of MFDD and load in vertical pins

Figure 33 shows the ratio of the load in the pins over the total load being carried and the co
efficient of friction between the logs and the bed.
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Figure 33
Relationship between MFDD and the proportion of load restrained by friction

Note: The corrected total pin load is the total pin load at 10cm above the load bed scaled up
to represent the load acting on the pins at the same height as the centre of gravity of the load.
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It can be seen from figure 33 that the maximum proportion of load transferred to the pins is
approximately 73%. This occurred during emergency braking, 0.74g, from 45km/hr. The
remaining 17% is restrained by friction between the load and the bed. If there was no friction
between the load and the bed then the load transferred to the pins is directly proportional to
the deceleration during braking.
Figure 33 also shows that the co-efficient of friction is reduced from 0.9 to 0.3 as the level of
braking is increased. The data predicts that the maximum coefficient of friction could be 0.93
and solving the quadratic equation shows that the friction is reduced to zero at a deceleration
of 0.62g. The consequence of this would be that the entire load could be transferred onto the
restraint system if the deceleration reached 1g. The Code of Practice recommends that the
restraint system is designed for a deceleration value of 1g. This data confirms the need for
such a requirement.
6.5

TILT TEST

The tilt table facility is owned by QinetiQ and all the procedures involving the tilt table were
conducted by QinetiQ staff.
The test vehicle was driven on to the table and the wheels on the lower side were chocked to
prevent sideways sliding. Chains were attached to the chassis of the tractor unit and the semi
trailer to prevent total rollover. A strap that is normally placed over the top of the trailer and
the load was not used as it may have effected any potential load shedding of the cross loaded
timber. The platform was then tilted at a controlled rate. Figure 34 shows the vehicle in the
process of a tilt test.

Figure 34: Vehicle undergoing tilt test
As the tractive unit that was used in the dynamic tests had been damaged in the rollover, a
replacement unit was hired. Also the timber was changed from the spruce that was used in the
dynamic test, but had dried out, to a hardwood. As the hardwood had a slightly higher
density, the top of the load did not reach as high as for the dynamic tests, but was considered
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to be a valid representation. The weight of the vehicle combination is shown in Table 7
below.

Steer Axle
Tag Axle
Drive Axle
Semi-trailer bogey

Table 7
Vehicle weight for tilt test
Axle weight (kg)
5,600
5,800
9,980
21,340
Total
42,720

For the tilt test TRL followed the Roundwood Haulage Working Party Code of Practice,
seven cross straps and two longitudinal straps were used. Four load cells were used in the
cross straps, positioned at strap numbers 1,2, 5 and 7, with 1 nearest the headboard and 7 at
the rear of the vehicle.
Two tilt tests were conducted. In the first test the vehicle was tilted to the offside, to
17.1degrees (platform angle). The nearside wheel of the first axle had lifted clear of the
platform at this point. However, it was noticed that the load levelling valve had broken loose.
The platform was returned to zero degrees and the load levelling valve repaired.
On the second test, the first axle did not lift until 23.2 degrees, showing the importance of the
air suspension in LGV vehicle stability. The test continued to 24.5 degrees where the nearside
wheels of the second axle and the drive axle were clear of the platform. QinetiQ staff felt that
at this time any further increase in platform angle would result in total rollover of the vehicle
and the test was halted, bringing the platform back to zero degrees. Figure 35 shows the
relative tension in the load cells.
The maximum tension in the straps was measured as 3.6kN in the mid front load cell. It is
interesting to note that the tension in all four straps is different at the end of the tests
compared with the start. This could be due to an equilsation of the load over all seven (nine)
straps. The initial and final loads measured in each load cell are shown in Table 8.
Table 8
Tension in the straps at the start and end of the test
Load Cell
Start Load (kN)
End Load (kN)
Rear
2.2
2.0
Mid Front
2.0
1.8
Mid Rear
1.9
1.2
Front
2.0
1.7
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Figure 35: tension in load cells
During the test it could be seen that the load had “bowed” to the offside, and this can be seen
at a tilt angle of 24.5 degrees in figure 36, below. Although the load had not been lost there
was considerable movement outside of the bodywork of the trailer.

Figure 36: Load “bowing” to offside
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7
7.1

CONCLUDING ANALYSIS

INTRODUCTION

The following section summarises the work carried out during this project in relation to the
original objective of examining whether the current methods of transport for cross loaded
round timer were appropriate and safe for both staff and other road users. In order to achieve
this objective the following areas were considered:
•

To establish the load shedding mechanism

•

To identify the factors which trigger load movement

•

To consider the methods of load restraint

•

To examine the implications for driver loading (eg strapping down),

7.2

LOAD SHEDDING MECHANISM

One instance of load shedding that was observed during the testing occurred as the vehicle
was negotiating a 100m radius circle with increasing speed. The target speed was 70km/h,
unfortunately the actual speed was not recorded because the test had not started. The
following observations were made:
•

The load straps remained in place (2 longitudinal and 4 cross straps, flat topped load)

•

Upon examination of the load, it could be seen that the whole load had shifted a small
amount, 20cm to 30cm, to the offside. Some timber was protruding from the side of the
trailer. The logs at the top of the load protruded more than those at the bottom.

•

Approximately one third of the load was shed. This was approximately three quarters of
the way back from the head board and three quarters of the height of the load.

•

The load shed each side of one of the cross straps.

•

The lost timber was spread over a large area of the test track.

•

Some timber remained balanced on the trailer protruding approximately one metre out
from the side of the body remaining in that position as the vehicle came to a halt over
50m

During the rollover at 40km/h round a 20m radius roundabout the following was observed:
•

The load shifted after the vehicle began to roll (the load had not moved on the previous
test)

•

The load shifted almost as one mass and was restrained in a very small area close to the
vehicle (2 longitudinal and 10 cross load straps, crowned load). See Annex A for a
complete description of the rollover.

•

The logs nearest the headboard broke loose from the rest of the load after the vehicle had
rolled.
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In both cases the entire load moved showing that the friction between the logs and the bed is
insufficient to restrain the load. The first load shedding incident also showed that the mass of
the logs aids restraint because the logs at the top of the load moved more than those at the
bottom.
7.3
7.3.1

FACTORS WHICH TRIGGER LOAD MOVEMENT
Cornering

When cornering, load movement will occur when the forces on the logs due to the lateral
acceleration, are greater than the opposing forces due to friction between the logs and the bed
of the trailer. Load movement will also be a consequence the vehicle rolling. Calculations
showed that rollover of a 38 tonne GVM could occur when the lateral acceleration exceeds
0.41g. These calculations show that the vehicle was reaching its limit in terms of roll stability
during some of the tests at the higher speeds.
Continuous circle tests were used to induce a constant lateral acceleration on the load to see if
load shift would occur. Tests using a circle of radius 60m induced a measured lateral
acceleration of approximately 0.4g at a speed of 55km/h for the flat topped load and
approximately 0.3g at 45km/h for the convex load. Tests at higher speeds were not attempted
because it was thought that they would be unsafe. The tests on the 100m radius circle were
able to achieve similar levels of lateral acceleration because the vehicle was able to travel at
higher speeds. The maximum lateral acceleration recorded for the flat topped load was
approximately 0.35g at 65km/h. A lateral acceleration of approximately 0.25g was achieved
at 60km/h for the convex load. In most cases the recorded values of lateral acceleration were
greater than those calculated because of body roll.
An attempt was made to carry out a test at 70km/h on the 100m radius circle. Theoretically
this should have induced a lateral acceleration of approximately 0.39g, however as the
vehicle was increasing speed the logs shifted and part of the load was shed onto the track.
This is similar to the acceleration experienced in the 55km/h test on the 60m radius circle.
A roundabout manoeuvre was also carried out using a simulated roundabout of 20m radius
marked out on the test track. During this type of manoeuvre the lateral acceleration changes
direction. The theoretical calculations showed that rollover should occur at approximately
37.5km/h. During one of the tests carried out at 40km/h, to determine the limiting factors, the
vehicle rolled over. During this manoeuvre the load started to shift after the vehicle started to
roll.
7.3.2

Braking

Straight line braking tests were carried out with the pins at the front of the trailer
instrumented with strain gauges. During the tests the forces measured on the pins increased
disproportionately as the level of deceleration was increased. This indicated that the friction
between the load and the bed of the trailer was reduced as the deceleration was increased as
shown in figure 33, section 6. This is a quadratic relationship with the rate of decrease in
coefficient of friction increasing as the rate of deceleration increases.
The ‘worst case’ would be if there was no friction between the load and the bed or that the
vehicle was able to decelerate at 1g. Although this is unlikely, this is the condition that the
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Code of Practice recommends the restraint system be designed for. The data showed that the
friction was reduced to 0.3 at a deceleration of 0.6g and if extrapolated the coefficient of
friction could be reduced to zero at a deceleration of 0.62g. This data justifies the design
requirements for the strength of the forward restraint system.
7.3.3

Vehicle tilt

The tilt test showed that the vehicle exceeded the platform angle of 23 degrees required to
meet the UNECE draft proposal for a tanker. The vehicle was tilted through 24. 5 degrees,
this is the equivalent to a rollover threshold lateral acceleration of 0.46g achieved by
travelling around a 20m radius roundabout at 34km/h. This is lower than the 40km/h when
the vehicle rolled over during testing, however this may be due to the load shifting during the
tilt test and not during the dynamic test (prior to the start of the rollover).
During the tilt test the load was restrained as outlined in the industry Code of Practice with
lateral straps at least every 2.5 m, with extra straps positioned at low points. During the test
the load ‘bowed’ to the offside an estimated maximum of 300mm, the direction in which the
vehicle was being tilted.
7.4

METHODS OF LOAD RESTRAINT

The industry Code of Practice suggests the use of convex shaped loads with two longitudinal
straps and lateral straps placed every 2.5m and at obvious low points along the side of the
load. The DoT document recommends that the straps restrain 50% of the weight in the lateral
direction, which for a 30 tonne load would mean a minimum of six 2.5 tonne load straps.
The first load shedding incident, with four cross straps based on the Code of Practice, showed
that the strapping remained in place and the logs moved around the load straps. This indicated
that either a greater number of lateral straps is required or some kind of netting/cover used to
cover the ‘gaps’ and prevent the logs slipping between the straps.
The rollover incident showed that the use of a greater number of straps prevented the load
from being shed until the vehicle had rolled. This indicates that if the load is prevented from
moving then the risk of rollover is increased and therefore greater consideration of the height
of the centre of gravity needs to be made once a suitable method of restraint has been
identified.
For a given lateral acceleration at which rollover was predicted, the set of curves in figure 37
shows the relationship between the vehicle centre of gravity height and vehicle speed for
three radii of curvature. The mass of the load was considered to be constant: Mload=23000kg
(corresponding to a GVM of 38000 kg). Figure 37 shows the variation of the load CoG height
for different load weights, in a similar manner to Table 2 section 3.
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Figure 37
Vehicle speed verses centre of gravity height. GVM=38000 kg

If the effect of mass variation of the load on the variation of the height of the centre of gravity
is taken into account, it is possible to produce figure 38. The GVM is reported on the Y axis
and the maximum velocity that the vehicle can negotiate the manoeuvre at before rollover on
the X axis. The figures in this chart are consistent with those shown in Table 4 of section 3.
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Figure 38
Vehicle speed verses Gross Vehicle Mass

Figure 38 shows that the cornering performance of the 44 tonne container is comparable to
that of the 44 tonne GVM log load.
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7.5

IMPLICATIONS FOR DRIVER LOADING

The loading of the logs is a one man operation and this must be considered when discussing
potential restraint methods. The restraint method should also allow for variation in the type,
water content and shape of the timber. This testing has shown that the restraint method in the
Code of Practice is inadequate to ensure the security of cross-loaded timber. However,
although it could be improved, the crowned load with 10 cross straps was more secure than
the flat load with four straps, and was considered to meet the requirements better. The tilt test
showed that seven cross straps allowed the load to move.
The use of side gates as outlined in the Australian Load Restraint Guide or other similar
direct restraint methods could complicate the single man loading operation. This
complication could be because of variation in the length of logs and the fact that the logs
would need to be aligned correctly prior to being lowered onto the bed. This method would
not allow the load to be ‘tapped’ into shape as is the current practice.
A change to longitudinal loading would require a similar loading operation to that of cross
loading. This would have few implications on the amount of effort required by the diver to
load the logs, however, would require investment to adapt trailers.
The use of extra lashings and netting/covers would increase the time taken to load and secure
the vehicle. However, this method is already used by some hauliers and therefore must be
seen to be beneficial in spite of the extra time that is required.
7.6

IMPLICATIONS FOR INDUSTRY

The UNECE has made draft proposals relating to the roll stability of tanker vehicles. This
would require:
•
•

A physical test where the tanker is capable of achieving a tilt test platform angle of
23 degrees
or, by calculation, a lateral acceleration threshold of 4m/s2 (approximately 0.41g)

Secondly, the Institute of Petroleum has recommended that tanker semi-trailers should have a
centre of gravity height of no more than the vehicle track width.
It is useful to consider how these two proposals relate to the haulage of round timber. The
UNECE proposal does not account for different types of load and round timber is a special
case with particular dynamics as found in the research. When using the UNECE draft
proposal, the height of the centre of gravity can be calculated using the dimensions of the
generic test vehicle and the lateral acceleration limits of the proposal. This results in a height
of the centre of gravity of 1.91m for the loaded trailer, which is exactly that of the 38 tonne
flat top cross loaded timber (see Table 2 of chapter 3). The tilt test angle of 23° can be
reached with a CoG height of 1.84m, according to Table 2, however, this would reduce the
total height of the load that could be carried and hence the total mass.
If the proposal by the Institute of Petroleum is considered, the vehicle weight and load height
can be calculated that would achieve the centre of gravity height equal to 2.01m, the track
width of the test vehicle. It can be seen from Table 9, that for a load density of 482.4 kg/m3,
the same as that of the 38 tonne flat top cross loaded timber, the CoG height of 2.01m is
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equivalent to a GVM of 40800 kg, and an overall load height of 3.2m. Hence the proposal of
the Institute of Petroleum can be more easily met than the one from the UNECE, however the
GVM is less than the maximum that is permitted reducing the overall efficiency of
transporting the timber.
Table 9
CoG and overall load height for different masses. (Load density = 482.4 kg/m3)
Maximum
Loaded
Gross
Load CoG Loaded Trailer Body Roll
Lateral
Load Mass
Load Height
Trailer Mass Vehicle Mass
Height
CoG Height
Angle
Displacement

Rollover
Equivalent
Acceleration Tilt Angle

M [kg]

GVM [kg]

Hl [m]

Hg [m]

θ [deg]

∆ [mm]

ar/g

β [deg]

2.43

15000

22000

30000

1.90

1.61

4.00

42.06

0.49

26.3

2.72

19000

26000

34000

2.04

1.76

4.00

51.98

0.45

24.1

3.00

23000

30000

38000

2.19

1.91

4.00

61.89

0.41

22.2

3.20

25800

32800

40800

2.28

2.01

4.00

68.83

0.38

21.0

3.43

29000

36000

44000

2.40

2.13

4.00

76.75

0.36

19.7

3.58

29000

36000

44k container

2.36

2.10

4.00

74.12

0.37

20.1

Hmax [mm] Mload [kg]

It could be more feasible to consider the log carrying vehicle to have similar requirements as
a container lorry. Table 9 shows that centre of gravity of a 44 tonne evenly distributed
container is 2.1m (row 6). This is comparable to the 2.13m centre of gravity height for the 44
tonne GVM log load (row 5) and 1.91m for the 38 tonne GVM (row 3).
In practice, the density of the log load will not be known and will vary depending upon the
type of timber, shape, water content etc. However, in order to provide a measure of the
potential stability of the vehicle that can be made on site whilst loading by the driver, we
recommend a value of overall load height of 3.5m 0.1m. This value covers the range of the
two 44 tonne loads in Table 9 and is in line with stability figures, rollover thresholds
measured as lateral acceleration, for large goods vehicles in general.
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8

CONCLUSIONS

1) Accident statistics showed that between 1991 and 1994 there were 1,202 incidents where
at dislodged vehicle load caused an injury accident. There were 2,630 incidents between
1993 and 1997 involving the rollover of large goods vehicles (LGVs).
2) Calculations have shown that the threshold acceleration for rollover of an articulated large
goods vehicle carrying a flat-topped load is 0.41g. The test programme showed that
rollover can occur during a roundabout manoeuvre at 40km/hr where this lateral
acceleration threshold was exceeded. In this instance, the loss of the load occurred after
the vehicle started to roll. A further loss of load occurred when an attempt at a 100m
radius circle test at 70km/hr was made. The loss of load occurred while the vehicle was
increasing speed following a circular path.
3) During testing both the 38 tonne flat topped load and 44 tonne convex top load, the log
load was seen to move sideways. Sideways movement (bowing) of the load was also
noticeable during the tilt test where the tension in the straps ranged from 2.6kN to 3.6kN.
For this test the load was secured following the Road Haulage of Round Timber Code of
Practice.
4) The maximum platform angle during the tilt test was 23.5 degrees, the equivalent of a
threshold lateral acceleration of 0.46g. Calculations showed that this was equivalent to the
vehicle travelling at 34km/h around a roundabout of 20m radius.
5) The friction between the individual logs was variable and is dependent upon the type of
wood, water content, shape and length.
6) The maximum ratio of load in the forward restraint system to total load being carried for
straight line braking was 0.7. Physically, the vertical pins supported a force of 70 per
cent of the weight of the load. The design of fore-aft restraints should meet a minimum
requirement of being able to withstand loading from a deceleration of 1g (i.e. the force
due to the total load). This is consistent with the DoT Code of Practice. The same design
of load pin can be used along the sides of the semi-trailer for longitudinal loading where
lateral accelerations of 0.41g have been identified.
7) The height of the load, and hence the height of the centre of gravity of the load,
significantly affects the likelihood of rollover of the vehicle. The height of the centre of
gravity of a log load is comparable to that of a 44 tonne container lorry that is equally
loaded. Using the proposal from the Institute of Petroleum the maximum GVW obtained
would be 40.8 tonnes. The UNECE draft proposal would allow the height of the centre of
gravity to be that of the 38 tonne flat load, again this is less than the maximum
permissible GVW.
8) The sideways load restraint could be improved by the use of side gates, however this
would complicate the single person loading operation and restrict the variation in the load
that could be carried.
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9) To provide a measure of the potential stability of the vehicle that can be made on site,
whilst loading by the driver, an overall load height of 3.5m with a tolerance of plus or
minus 0.1m is recommended.
10) One potential solution for the safe transport of round timber is to use longitudinal loading.
This method will improve sideways restraint, allow for variation in the load and maintain
a similar loading operation to the one used at present.
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9

RECOMMENDATIONS

This research has highlighted that there are two areas that need to be considered in order to
improve the safety of timber haulage, load restraint and the height of the centre of gravity of
the vehicle.
The testing showed that loading to the industry Code of Practice is inadequate for securing
the load. One potential solution for the secure transport of round timber is to use longitudinal
loading. This method offers greater lateral restraint than current methods through vertical
pins along the side of the trailer designed to the standard currently used for the fore-aft
restraints.
Once the security of the load has been addressed it is necessary to ensure that the vehicle will
not roll over during cornering. Two proposals for the roll stability of tanker vehicles have
been proposed. The first of these from the UNECE would allow a lateral acceleration
threshold of 0.41g which is equivalent to travelling around a 20m radius roundabout at
34km/h. The second proposal from the Institute of Petroleum would allow a maximum GVW
of 40.8 tonnes and rollover threshold of 0.38g which is equivalent to travelling round the 20m
roundabout at 31km/h. Both of these proposals would prevent a maximum GVW of 44 tonnes
being achieved and hence would reduce the payload for the hauliers.
Container lorries are frequently used with few safety concerns. The timber haulage industry
may wish to consider a requirement based on an equally distributed container with GVW 44
tonnes. The research has shown that the centre of gravity and cornering ability of this type of
vehicle with a maximum load height of 3.58m is comparable to a log haulage vehicle with
maximum load height of 3.43m.
The following are recommendations based upon the findings of this research for transporting
longitudinally loaded logs:
1. Use a minimum of two lateral load straps for each 2m length of load.
2. Use vertical pins fitted along the sides of the semi-trailer with at least two pins for each
2m length of load.
3. The height of the load must not exceed the height of the pins used.
4. The headboard fitted to the semi-trailer must be designed to withstand the braking forces
described in the report.
5. The load straps used to restrain the load must be rated so as to retain the load at all times.
6. Ensure that the height of the load above the ground is no more than 3.5m 0.1m at any
point above ground level.
7. The tightness of all load retaining straps should be checked before every journey and each
time the vehicle stops, preferably at intervals less than 2 hours.
8. Guidance on the maximum cornering velocities should be supplied to drivers based upon
the above loading conditions
Whilst it is not expected that all hauliers will be able to accommodate these requirements
immediately, it is not unreasonable to expect all vehicles to meet these recommendations
within 18 months. In the interim period, it is suggested that the following method for cross
loading be employed:
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1. Restrain the load longitudinally using at least 2 load straps, suitably rated.
2. Restrain the load laterally using at least 6 load straps, suitably rated.
3. Ensure that the height of the load is no more than 3.5m 0.1m at any point above ground
level.
4. Prior to using the load straps, cover the load completely with a tarpaulin or net.
5. The tightness of all load retaining straps should be checked before every journey and each
time the vehicle stops, preferably at intervals of less than 2 hours.
6. Guidance on the maximum cornering velocities should be supplied to drivers based upon
the above loading conditions
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11 ANNEX A: VEHICLE ROLLOVER
Offside

Nearside
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The sequence of pictures shown in Annex A are taken from video images, recorded by two
on-board cameras mounted to view along the vehicle and an external camera operated to view
the vehicle as a whole. The first column shows the images from the offside camera, the third
column shows the images from the nearside camera.
The pictures show the events occurring as the vehicle rolled over. The on-board cameras time
stamped the video during the tests and although they are 8 seconds different, the images
shown are correct relative to each other.
This rollover occurred on the roundabout test at a speed of 40km/h (25mph). It was
simulating where a vehicle was attempting to go ‘straight on’ through a 20m radius
roundabout, but had approached too fast.
The first row of images is showing the vehicle at the apex of the roundabout. That is, the
vehicle had turned left to enter the roundabout, and then was steering right to negotiate
around the roundabout. It is at this point that the vehicle is most likely to have the higher
lateral acceleration, as the acceleration is shift from the offside to nearside depending upon
the direction of steering.
It can be seen from the first row of images, that the vehicle has already begun to roll, and
without the fitting of outriggers it is unlikely the driver would be able to correct his steering
to prevent rollover, especially within the confines of an urban roundabout.
With the second row of images, the load has shifted towards the nearside of the vehicle. The
friction between the timber and the load bed was insufficient to hold the timber in place. It is
thought that this load shift contributed to the ultimate failure of the vehicle outriggers.
The third row of images shows the collapse of the outrigger, and it can be seen the test driver
was attempting to steer out of the manoeuvre to prevent the rollover. However, the inertia of
the vehicle roll and the amount of twist in the trailer meant that prevention of rollover, at this
point, was near impossible.
In the fourth row of images, it can be seen the midsection of the load is still sliding off the
trailer, although the rearmost point of the trailer is in contact with the ground. The driver is
still attempting to steer the vehicle out of the roll.
The fifth row shows the vehicle once it had come to rest. The timber near the headboard of
the trailer has been lost over a small area close to the vehicle. This timber was lost due to the
failure of the rope hook that the load cell and load strap were connected to. Otherwise all the
other straps remained in place and the rest of the timber contained by the load straps.
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