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Abstract 

This report completes the ITF/OECD report Moving Freight with Better Trucks  by 

providing full information on the performance benchmarking study undertaken for 39 trucks 

across OECD/ITF countries. All of the vehicles examined are intended for longer distance 

transport. The three vehicle categories are workhorse vehicles, higher capacity vehicles and 

very high capacity vehicles. 

This report describes the methodology and presents the detailed results of the 

benchmarking exercise.  The performance measures examined include vehicle dynamic safety 

performance, energy efficiency, CO2 efficiency, Infrastructure impact, and freight transport 

productivity measures.  
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1. INTRODUCTION   

 The Joint OECD/ITF Transport Research Centre (JTRC) Research Working Group 

have conducted an investigation of the safety, environmental and productivity performance of 

current and future heavy vehicle configurations from 10 countries, with a view to defining the 

societal value of road transport.  This stand alone report focuses on vehicle safety and 

productivity measures and represents the comprehensive analysis that supports chapter 4 of 

the JTRC OECD report ñMoving Freight with Better Trucksò.  The study focused on vehicles 

used primarily for medium to long distance higher speed highway travel.  This transport 

vehicle class rapidly increased during the industrialization era as manufacturing and 

globalized trade resulted in an increase in demand for timely and flexible transport.  Ships, 

barges and trains naturally have played a major role for such transport but during the past 50 

years the demand for freight transport to be undertaken by road has increased enormously.   

 The transportation of goods is a prerequisite for almost all local, regional and global 

trade and production. The transportation of these goods by road is an indispensable element of 

the freight task except in the limited circumstances where freight that can be transported from 

door-to-door by rail or water alone.  Transportation sustainability will depend on system 

optimization involving all modes of transport.  This particular analysis focuses on the safety 

and productivity of commercial vehicles influenced by various regulatory regimes with a view 

to understanding how truck transport can be optimised to deliver improved societal value. 

2. HEAVY  VEHICLE CONTEXT  

As evident in Figure 1, heavy vehicles have come a long way in the last century.  From 

their early beginnings as two axle horseless carriages they have evolved into complex vehicle 

configurations specifically designed for particular freight tasks.  Heavy vehicles are regionally 

unique because their design, axle loading, mass and volume are directly influenced by the 

regulations (which can differ significantly among most nations).  Truck design is also 

influenced by factors associated with operations, and manufacturing.  The three main factors 

that influence truck design are described below.  
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Figure 1 Comparing the first Daimler truck 1896, 1,2 t curb weight, 1,5 t payload, engine: 

2 cylinders, 1.000 cm³, 4 HP, max. velocity 16 km/h with a highly efficient two floor semitrailer. 

 

2.1 Operational Factors 

Large trucks exist to do work and to do it efficiently.  Their worth and function are tied 

directly to work performance in exchange for money. This mode of operation is very different 

from passenger cars.  The tasks that commercial vehicles perform are highly varied, and 

vehicles are purposefully designed to reflect task-specific requirements.  For example, 

vehicles designed to transport goods between cities are very different from those designed for 

deliveries within urban areas.  They can perform special purpose tasks such as collecting 

garbage or performing maintenance such as repairing the electrical network. 

Generally, competitive forces within the transport industry provide strong incentives to 

encourage the efficient use of fuel.  However there are segments of the industry that are less 

sensitive to fuel use optimization given the priorities of the operator or the nature of the 

freight task or work function.   

Freight tasks vary, as do the weight and shape of cargo transported, therefore vehicle 

duty cycles and fuel consumption varies for a given cargo and vehicle task.  For long haul 

transport in particular, the nature of goods transport can be volume limited, mass limited or, 

for low density goods that cannot be stacked to full vehicle height, limited by the available 

deck area.  Fuel efficiency for volume limited freight tasks requires a different evaluation 

metric than that of a mass limited freight task.   

A vehicle having low fuel consumption is not necessarily a vehicle having good fuel 

efficiency.  Fuel consumption references fuel used to move a vehicle.  Fuel efficiency refers 
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to the fuel used to accomplish a specific freight or work task.  For road freight transport, fuel 

efficiency is the preferred performance metric.  

2.2 Regulatory Factors 

Basic aspects of truck design such as the length, wheelbase, width, height, axle loads, 

axle spacing and GVW, are influenced and limited by size and weight regulations.  Since 

many of these factors directly influence fuel consumption it can be concluded that fuel 

consumption and fuel efficiency are directly related to size and weight regulation.  Size and 

weight regulations can exist at both the state, provincial, regional, national or international 

level.  In general each country has its own unique set of regulations governing vehicles using 

their highway network.  Some aspects of these regulations such as vehicle width and height 

are largely harmonized within international regions; however vehicle weight (a first order 

factor affecting vehicle fuel consumption) is highly variable.   

2.3 Manufacturing Factors 

For a given heavy truck purchase, the customer exercises choice (particularly in North 

America) for major components used in the assembly of the vehicle such as engine, 

transmission, drive axles and suspensions.  The customer also specifies the vehicle GVW, 

suspension and axle load rating, the vehicle wheelbases, and drive axle spread.  In some cases 

components such as engine, transmission, drive axles and suspensions are supplied by a third 

party to the manufacturer as plug in components which are fully compatible within the truck 

manufacturing industry.  The customer may have a choice of three or four different engine 

manufactures and corresponding model subsets as well as different transmissions and drive 

axle assemblies sourced from separate manufactures.  In addition, final drive gear ratio 

choices are specified to match the intended operating drive cycle in light of the engine 

characteristics, transmission, wheel and tire sizes.  In effect a significant portion of the heavy 

truck industry produces custom built vehicles.  Viewed externally, the trucks from a given 

manufacturer may appear to be identical, but the systems contained within the skin of the 

vehicle can be substantially different.  The performances of these third party components are 

beyond the control of the truck manufacturer yet they influence the overall fuel efficiency of 

the vehicle. 

In most cases, vehicle manufacturers do have control over the shape and aerodynamic 

treatments of the power unit (truck tractor or cab and chassis).  However, the manufacturer 

does not necessarily have control over the aerodynamics of the final vehicle.  Tractors are 

coupled to trailers and depending on the whole vehicle configuration, the drag coefficient of 

the vehicle can vary by as much as 20% depending on the vehicle shape and spacing of the 

trailer(s).   
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3. BENCHMARKING CONCEPT  

Member countries were invited to submit representative vehicles for evaluation and to 

provide their technical information.  Each vehicle was classified in the following three general 

categories: 

 Workhorse vehicle ï the vehicle most commonly used for long haul transport. This 

vehicle is generally at the upper end of the weights and dimensions that is permitted 

general or widespread access. Workhorse vehicles were defined in this study as having 

a gross combination mass (GCM) of less than 50 tonnes and a length of less than 22 

metres. Of the 39 vehicles in the study, 21 of the vehicles were classified as workhorse 

vehicles. 

 Higher capacity vehicle ï This vehicle is typically operated under restricted access 

conditions dependant on the suitability of the road network. This vehicle will be 

heavier and/or longer than the workhorse vehicle. Higher capacity vehicles were 

defined in this study as having a GCM of up to 70 tonnes and a maximum length of 30 

metres. Thirteen vehicles were classified as higher capacity vehicles.. 

 Very high capacity vehicle ï This vehicle typically operates under permit conditions 

and often in rural or remote areas.  It is heavier and/or longer than the high capacity 

vehicle. Very high capacity vehicles were defined in this study as having a GCM of at 

least 52 tonnes and a length of at least 30 metres. Five vehicles were classified as very 

high capacity vehicles.. 

3.1 Vehicle benchmarking method 

Each vehicle was examined against vehicle safety performance measures based largely 

on the Australian National Transport Commissionôs (NTC) Performance Based Standards 

(PBS) scheme.  The subset of measures used provides an understanding of general vehicle 

performance in the broader international context.  Some of the Australian measures were not 

used in this analysis because they did not provide distinguishing value for the vehicles 

examined.  The load transfer ratio measure which is widely used internationally but not 

included in the Australian system was added to the performance measure subset because of its 

usefulness and value.  

The University of Michigan Transport Research Institute (UMTRI) and JTRC conducted 

a survey of member countries and compiled the vehicle data.  ARRB Group was contracted to 

conduct the simulations for the PBS analysis, while UMTRI conducted the productivity 

analysis.  For the PBS simulations, a computer model was created for each of the 39 vehicles.  
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Each vehicle model was based on the characteristics supplied by the member organisations.  

The computer model was used to simulate the performance of the vehicle for each of the 

manoeuvres selected for evaluation.  Independent replication was conducted using another 

model developed by LCPC/CETE (France).  

3.2 Computer modeling and simulation 

A computer model was created for each of the 39 vehicles.  Each vehicle model was 

based upon the characteristics supplied by the member organisations.  The computer model 

was used to simulate the performance of the vehicle for each of the manoeuvres selected for 

evaluation.  ARRB completed this assessment using modelling techniques developed in-house 

and validated in numerous field tests and comparative studies over the last 12 years. 

An example of validation of the computer model against test data can be seen in Figure 2, 

where there is a close relationship between the yaw rates measured during the field test and 

those determined in the simulations. 

 

Figure 2 Example simulation validation 

 

3.3 Assumptions  

During the course of the modelling process, a number of assumptions were made. This 

was done in order to ensure that the performance result achieved by each vehicle was based 

on the individual characteristics of each vehicle, such as the payload, the trailer configuration 
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and the dimensions of the vehicle units. Including specific vehicle characteristics such as 

suspension details or tyre characteristics would have reduced the potential for a comparison 

between the vehicles. Some of the assumptions made were as follows: 

 The loading condition assumes van units (body design similar to a pantechnicon 

suitable for carrying palletised loads) with 70% of the load mass located in the lower 

50% of the load space. 

 The payload centre-of-gravity height was located at 40% of the load space height. 

 The same generic suspension parameters were used for all vehicles as follows: 

o parabolic leaf springs used for the steer axle  

o standard air suspension for drive axles and towed axles of trailers. 

 The same tyre type was used on each axle, though whether dual-tyre or (super-) 

single tyre axles were used were as specified by each member country. No steerable or 

liftable towed axles were considered. 

 The centre-of-gravity height for prime mover/tractor units was taken to be 1.1 metres 

above the ground. 

 The centre-of-gravity height for all converter dollies was taken to be 1.0 metre above 

the ground. 

The maximum allowable mass and heights were specified by each country. 

3.4 Vehicles 

During the course of this investigation, a total of 39 vehicle configurations from 10 

countries were modelled and the performance assessed. A brief description of each of the 

vehicles assessed can be found in Table 1. 

The European modular vehicle or European Modular System (EMS) vehicle, was also 

examined during this study. The European modular vehicle comprises vehicle units that are 

coupled together to have the commonly available load space lengths of 7.82 metres and 13.6 

metres. Examples of this modular concept are shown in Figure 3. The vehicles also have a 

gross combination mass (GCM) of up to 60 tonnes.  
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From the vehicles identified by the OECD member countries, four vehicles were 

identified as being European Union international traffic vehicles as no member can prohibit 

the use of these vehicles in international traffic within its territory. These vehicles have been 

referred to as European vehicles (Europe 1, Europe 2, Europe 3 and Europe 4) in Error! 

Reference source not found.. Of those European vehicles which were not European 

international vehicles, four were then identified as EMS vehicles. Those vehicles have been 

identified in Table 1, as vehicle classification type óEuropean modular vehicleô. 

 

 

Figure 3: European modular vehicle concept (Berndtsson and Lundqvist 2007 ) 

 

 

Table 1.  Vehicles as modelled during benchmarking study
1
 

 

 

                                                 

1
 These vehicles represent real vehicles. Their lengths do not necessarily correspond exactly to the maximum 

authorised length.  
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Vehicle origin & 

identification 

number 

GCM (t) / 

Payload (t) 
Length (m) 

Vehicle 

Classification 
Schematic 

Vehicle description & 

vehicle code 

Canada 1 

CA1-w 

39.500 

 
25.300 

21.550 Workhorse 

 

Tractor semi-trailer 

T12b2 

Canada 2 

CA2-w 

46.500 

 
31.300 

21.550 Workhorse 

 

Tractor semi-trailer 

T12b3 

Canada 3 

CA3-h 

62.500 

 
42.300 

20.430 Higher capacity 

 

B-double 

T12b3b2 

Canada 4 

CA4-v 

62.500 

 
37.300 

38.330 Very high capacity 

 

Aô train double 

T12b2a2b2 

Denmark 1 
DK1-w 

44.000 

 

30.000 

16.480 Workhorse 

 

Tractor semi-trailer 
T11b3 

Denmark 2 

DK2-w 

48.000 

 
32.000 

18.750 Workhorse 

 

Rigid truck trailer 

R12a1b2 
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Vehicle origin & 

identificat ion 

number 

GCM (t) / 

Payload (t) 
Length (m) 

Vehicle 

Classification 
Schematic 

Vehicle description & 

vehicle code 

Denmark 3 

DK3-w 

48.000 

 
32.300 

16.500 Workhorse 

 

Tractor semi-trailer 

T12b3 

Denmark 4 

DK4-h 

60.000 
 

40.700 

25.250 

Higher capacity 

 

European modular 
vehicle 

 

Truck trailer 

R12a2b3 

Denmark 5 

DK5-h 

60.000 

 
38.000 

25.100 Higher capacity 

 

B-double 

T12b2b3 

Europe 1 

EU1-w 

38.000 

 
24.000 

16.500 Workhorse 

 

Tractor semi-trailer 

T11b2 

Europe 2 

EU2-w 

40.000 
 

26.000 

16.480 Workhorse 

 

Tractor semi-trailer 

T11b3 

Europe 3 
EU3-w 

40.000 

 

27.000 

16.895 Workhorse 

 

Truck trailer 
R11a1b2 






















































































































































































