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  EXECUTIVE SUMMARY 
2022SP01EN 

OVERWEIGHT VEHICLES: IMPACT ON ROAD 

INFRASTRUCTURE AND SAFETY 

This report compiled the available information on overweight road freight vehicles around the 

world, the impacts they have on road infrastructure, road safety and the economic position of road 

infrastructure managers, and collected global best practices to prevent and mitigate overloading. 

Global experience 

Weight limits for road freight vehicles typically cover 2 aspects: gross vehicle weight and axle (set) 

load. 

Gross vehicle weights differ greatly between countries and continents, from as low as 36 tonnes to 

as high as 130 tonnes (or more with special permits). Higher weight limits are generally set in 

countries that aim to maximise the potential of their fleet, though motives for this may vary: in 

developed countries, the aim is to maximise productivity and reduce costs, while in developing 

countries, it may be more about meeting demand with existing fleet, as new vehicles may not be 

purchased easily. 

Maximum axle loads are directly linked to infrastructure design parameter through the 4th power 

law, and as such also to the damage suffered by infrastructure when design limits are exceeded. In 

turn, more damage (from overloading) leads to a greater need for repairs and maintenance. 

Most European and North American countries and regions report high compliance rates, with 

violations typically limited to 10% of the fleet, or even less. LMIC report much lower compliance 

levels, with the share of overweight vehicles ranging from 15 to 40% in Latin America, up to 80% 

and more in South-East Asian countries like Thailand and Indonesia. The most cited reason for 

overloading is cost saving, facilitated by a lack of enforcement. 

While overloading may save costs for road transport operators, the consequences of overloading 

can be immense. 

The survey results covered several continents and allowed to conclude the following regarding the 

pavement networks:  

i) flexible pavement represents the majority (more than 78% in average) and are 

widely used, being present in countries with different climatic conditions - from 

tropical to northern regions;  

ii) rigid pavements are present mostly in developed countries, with a share 

between 10 to 32%;  

iii) semirigid pavements are also mostly present in developed countries, covering 

between 19% and 50% of the network;  

iv) unpaved roads are present in some northern counties with rigorous winters 

like Canada (20%) and Finland (35%) and are also very common in LMIC. 

It shoud be highlighted that the African LMIC pavement network consists mostly of unpaved roads, 

ranging between 67% to 92% of it total length. Taking into account the increased deterioration of  
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this type of pavement due to overloading, enforcement of load limits is considered to be critical in 

these countries. 

Effects on pavements 

The effect of overloading on the pavement residual life depends on different factors such as type 

of traffic, load distribution, vehicle wheel and suspension and also on type of pavement and its 

condition, thickness, unevenness, cracking etc. 

Besides overloading, environmental factors such as temperature and water presence, mainly in the 

pavement structure, can significantly affect pavement deterioration. The main concern is that a 

combination of these factors (namely thin or unpaved roads, asphalt concrete stiffness not 

adequately designed for service temperature, poor road maintenance and overloading, due to lack 

of enforcement) can represent critical scenarios, and most frequently occur together in LMIC. This 

combination can drastically reduce the pavement lifespan to (much) less than half of the designed 

one.  

The most affected by overloading are indeed unpaved roads, mostly present in LMIC, because 

overloading will result in secondary rutting and corrugation, increasing the dynamic impact of the 

load and accelerating the pavement deterioration.  

Flexible pavements, with thin asphalt wearing courses and weak subgrade will also suffer 

exponentially with increasing overload, leading to accelerated fatigue cracking and secondary 

rutting. It is to be highlited that total failure (breakage) can be reached in only few days in flexible 

pavements (e.g. secondary roads), if heavy traffic passes, with loads that exceed the ones that were 

designed for. 

For fatigue damage, rigid and semi-rigid pavements are more sensitive to the dynamic load increase 

because of the higher power in the fatigue law (between 10 and 12), and, consequently suffer 

increased aggressiveness from overloads. 

Overloaded axles is the mechanism that results in a disproportionate level of road damage. The 

consequences of this can be specifically mitigated in different ways: by better vehicle loading 

practices, reducing the frequency and severity of overloading through enforcement, the use of 

‘road friendly’ suspensions and by proper road design, for heavy traffic and local temperature 

conditions. The leading principle in road infrastructure design should be to account for the real 

world situation, and not an ideal situation with perfect compliance. This of course requires a good 

understanding of real vehicle loads, and thus proper monitoring practices. 

Additionally, there are good practices that extend the pavement service life, such as good 

distribution of load among the vehicle axles, use of twin tyres, and one of the most critical: proper 

road maintenance in order to minimise road unevenness, corrugation and to prevent the water 

stagnation on the surface and water infiltration into the pavement structure.  

Effects on bridges 

Bridges are quite complex structures, the response of the structure and its elements could be 

different when there is an overload of individual axles, groups of axles, full vehicles or groups of 

vehicles, depending on the span length and spatial sensitivity to the loading cases. The effects of  
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overloads also depend on the materials used, on the parts of the bridges (sub-structures), on the 

bridge design, and on the combination of traffic loads with other actions. 

Moderate overloads are the most frequent and should be accounted for in the design and 

maintenance strategies of bridges. Extreme overloads should be exceptional and require a different 

approach. 

Fatigue is also a concern, mainly for steel and composite bridges. Heavy but legally loaded heavy 

vehicles contribute to crack propagation in steel structures, and may reduce the bridge lifetime. 

It is neither obvious nor as simple as with pavements, to understand and assess the load effects 

and potential damage to bridges due to overloading. The assessment of load effects, strains and 

stresses, and of their extreme values, requires information on a myriad of factors, including traffic 

loads (can be collected through e.g. WIM data),  load configuration (spatial distribution on the 

bridge deck), influence lines or surfaces (transfer function relating loads and load effects), and could 

best be calculated using specific software. 

There is a global trend to increase the maximum permitted vehicle mass of heavy duty vehicles (for 

freight transport efficiency and CO2 saving), though traffic volumes of heavy vehicles are still 

expected to increase. This leads to increasing pressure on existing bridges, and could bring a 

reduction of their lifetime and greater safety risks. Therefore, accurately monitoring the growing 

traffic loads (both in weight and in number) on bridges will be crucial, along with a closer follow-up 

of the condition of bridges. Enforcement of weight restrictions near the most sensitive bridges, is 

above all, essential to protect bridge assets and guarantee safety. 

Effects on road safety 

Indirectly, overloading of HGVs will reduce the safety of all road users if it results in degradation of 

the road surface that is not compensated by more frequent maintenance. Directly, it influences the 

safety performance of the overloaded vehicles in a wide variety of, sometimes complex, ways. 

Rollover stability and the severity of collisions with other heavy vehicles or rigid objects will always 

be adversely affected. Braking, steering, handling, load security, and the risk of structural failure 

may all be adversely affected, depending on exact vehicle specifications, configurations and the 

magnitude and distribution of the overload. Importantly, not all drivers of overloaded vehicles will 

experience all these effects in normal driving, which risks driver complacency. 

While collisions involving HGVs typically make up a substantial proportion of most countries road 

deaths and the dangers of overloading are clear, the limited data available in some high income 

countries suggest overloading only contributes to the cause of fatal collisions relatively rarely. 

Under-reporting may well be a factor but it seems unlikely to transform that finding. However, the 

countries with statistics available all have high standards of both new and in-service vehicles with 

extensive enforcement of both roadworthiness and overloading of vehicles, combined with 

relatively high standards of road construction and maintenance. The evidence suggests that 

countries that have less robust approaches are likely to suffer more substantially with the safety 

consequences of overloading. 
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Economic aspects 

The cost-benefit comparison for overloading is skewed, as can be suspected given the 4th power 

relationship between the amount of overload and the damage: 5% overload means 22% extra 

damage; 20% overload means 107% extra damage – doubling the maintenance needs and the 

required budgets to keep roads in proper condition. Road transport operators gain the benefit from 

overloading unless there is a strong enough incentive not to do so (a function of the level of fines, 

the chance of detection and the possibility to avoid a fine e.g. by bribing). A proper fine system with 

progressively higher penalties as the overload increases can act as an important deterrent for 

overloading, provided that there is enough enforcement. 

Prevention and mitigation 

There is a 4 step approach to prevent and mitigate the effects of overloading. The first is drafting 

of proper legislation that sets limits in function of the budget available for road network 

maintenance, and foresees proper enforcement methods within budget limits as well. 

Governments and road administrations should pay specific attention to the education of drivers as 

part of the efforts to prevent overloading. Providing information on proper loading procedures can 

help avoid axle overloads, which are, more often than gross vehicle weight overloads, inadvertent. 

On the other hand, prevention should also highlight the risk of overloading, not just to road 

infrastructure managers, but to other road users and to drivers themselves. 

Solving the issue of overweight vehicles cannot be done without proper enforcement. In HIC, high-

speed Weigh-in-motion (WIM) is commonly used for detection of overloaded vehicles on the 

primary road network, although infractions are mostly confirmed by using static weighing scales 

(fixed or mobile). Some countries also use WIM for direct enforcement. In LMIC, the use of WIM is 

less common, and limited to specific parts of the road network. The largest overloads often occur 

on secondary or local roads, in the vicinity of mining or forestry activity. Even when in-road 

detection systems are installed, drivers often bypass these locations. 

Penalties for overweight vehicles are typically either financial (fines), operational (immobilisation 

of the vehicle) or institutional (loss of reputation of the company). Fines should be sufficiently high 

to act as an effective deterrent (combined with a high enough chance of getting caught), and are 

ideally progressive (fines per weight unit of overload increase as the overload increases), to be in 

line with the damage they cause to the road infrastructure. When fines are not high enough, 

immobilisation of the cargo can provide a stronger disincentive, as this not only creates a financial 

loss for the operator, but also creates operational issues for the operators towards their customers, 

who do not appreciate late deliveries. A more formal “loss of reputation” penalty can also be 

considered by legislators, though this can also have unwanted economic effects like unemployment 

if the company goes bankrupt. 

As for the best practices to fight overloading, representatives from HIC often refer to the further 

development of WIM for direct enforcement as the most effective measure, though the importance 

of education should not be neglected. In LMIC, more effective enforcement of existing weight limits, 

presumably by the deployment of more staff and an increase of fines, is the most realistic option, 

as budgets do not allow for a more extensive deployment of WIM equipment. 
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1. INTRODUCTION 

1.1. CONTEXT 

Road and bridges are important assets for countries, as they require substantial investment but 

contribute enormously to the economic development and wealth creation, by providing efficient 

and safe transport connections between homes and workplaces, between raw materials producers 

and industrial processing sites, between ports and their hinterland, between warehouses and 

shops, etc. 

The costs for road consist of an upfront investment in the design and construction of the network, 

followed by regular maintenance and repairs to keep the structures in oprtimal condition, as well 

as upgrades to accommodate increasing and changing traffic flows. 

Countries around the world have set weight limits for vehicles using the road network. The main 

objectives of these limits are to preserve the road infrastructure and to ensure the road safety 

characteristics of the vehicle. Indeed, damage to the structural properties of road and bridges is 

mainly caused by the heaviest vehicles – which in practice means trucks. 

The weight limits are set for the whole vehicle but also for each wheel, axle and/or axle group of 

the vehicle. Additional rules apply to single bodies of a combination, such as tractor, trailer or semi-

trailer. Total weight, axle loads and spacing of the vehicle is crucial for road structures such as 

bridges and others, while axle and axle group loads are crucial for pavements. Both characteristics, 

as well as load balance and stowage, are important for road safety. 

Despite the weight limits set by the authorities, a certain number of vehicles exceed these limits 

creating overweight vehicles which can damage or collapse the road infrastructure and cause a road 

safety danger. The damage caused by overloaded vehicles increases disproportionately with the 

amount of weight over the design limit. 

Several studies have been conducted in Europe and the USA since the 1950´s, with  the AASHTO 

report (National Academy of Sciences - National Research Council, 1962) considered as one of the 

earliest and still most important references in the field. The conclusion reached was that the 

pavement damage increases exponentially with the load with a power between 4 and 4.5 (Figure 

0-1) – this is also known as the “fourth power law”, which implies for example that if 10% of 

overloading induces 46% more damage, 50% of overloading results in 5 times more damage. 
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Figure 0-1 – Damage Caused by Overloaded Vehicles adapted from  (Fioravanti, 2015) 

The life span of the pavement decreases with the overloading as shown in Figure 0-2. 

 

Figure 0-2 – Life span of a pavement vs % of overloading adapted from (Fioravanti, 2015) 

This exponential relationship is one of the core principles of this study and will be discussed in detail 

in the next sections. 

For the context of this project, “overweight vehicles” are defined as those that exceed the legal 

limits of Gross Vehicles Weight (GVW) or axle/axle group load. Also included are high capacity 

vehicles (HCVs) operated above the legal limits with a permit, but which have left the restricted 

itinerary where they were allowed. 

1.2. METHODOLOGY 

The results presented in this report are based on 2 methodological pillars.  

• A technical review of state-of-the-art literature was performed by experts in the field of 

road and bridge construction and maintenance, road safety and economic assessment.  

• A survey was distributed among PIARC members and other relevant experts to collect 

information on local situations, regulations and practices regarding weight limits for road 

(freight) transport, their impacts and their enforcement. The survey questions are 

presented in Annex 3: Survey. Representatives from following countries provided input to 

the survey: 

o Norway 

o Austria (Lower Austria + federal) 

o Switzerland 

o Estonia 

o UK 

o Portugal 

o Russia 

o Ukraine 

o UK (Scotland) 

o Denmark 

o Germany 

o Finland 

o France 
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o Hungary 

o Canada + Québec 

o USA: Minnesota + Federal 

o Mexico 

o South Africa 

o Sao Tomé e Principe 

o Ivory Coast 

o Singapore 

o South Korea 

o Malaysia 

o New Zealand 

1.3. READING GUIDE FOR THIS REPORT 

This report consists of 8 chapters and 5 annexes. After this introductory section, Chapter 2 provides 

an overview of current weight limits around the world. This allows the reader to become familiar 

with the different circumstances for road transport operation and road infrastructure 

management. 

In Chapter 3, we identify different types of overloading, followed by a presentation of the available 

information on the prevalence and magnitude of overloading in different countries and global 

regions. We show the input received through the survey on the potential reasons for overloading. 

Chapters 4, 5 and 6 present the technical information on the impact of overweight vehicles on 

infrastructure (road pavements and bridges), road safety and the economic position of the different 

stakeholders in road asset management and road freight transport. 

Chapter 7 presents information from the survey and from literature about the measures taken in 

various countries.  
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2. OVERVIEW OF CURRENT WEIGHT LIMITS AROUND THE 

WORLD 

The lifespan of roads depends on the relation between their design parameters and their effective 

usage. Roads and bridges are designed with a certain tolerance for traffic flows at given loads. 

Exceeding these design weights too frequently and/or too excessively will cause the lifespan of 

infrastructure to decrease (see Figure 0-1 and Figure 0-2). 

Given the different economic organisation of countries, design requirements for roads vary across 

countries and continents, and are adapted with time, as market demands shift. However, cost is 

another important factor in the relationship, with higher tolerances associated with higher costs 

for construction and maintenance. The budget available for the management of road infrastructure 

will also impact the quality that can be provided for road users. 

To provide context for the rest of the report, this chapter will present the available information on 

weight limits for vehicles, axles and axle groups, collected through the survey and additional 

literature review. 

Specifically, the survey distinguished following vehicle categories (see Table 0-1). 

Table 0-1 Vehicle types considered in the survey 

Vehicle image Vehicle description 

 

2 axle rigid 

 

3 axle rigid 

 
4 axle rigid 

 

T2S2 (2-axle tractor & semi-trailer with 

tandem) 

 

T2S3 (2-axle tractor & semi-trailer with 

tridem) 

 

T3S2 (3-axle tractor & semi-trailer with 

tandem) 

 

T3S3 (3-axle tractor & semi-trailer with 

tridem) 

 
2+2 (Rigid truck & drawbar trailer) 

 

2+3 (Rigid truck & drawbar trailer) 
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3+2 (Rigid truck & drawbar trailer) 

 

3+3 (Rigid truck & drawbar trailer) 

 

3+2 (Rigid & centre tandem trailer) 

 
4+3 (Rigid & centre tridem trailer) 

 

2+2+1 B-Double 

These vehicles differ by the total amount of axles, the grouping of axles, and by their components 

(rigid truck, tractor, trailers, semitrailers, dollies). 

A relevant parameter also covered in the survey questions is the maximum load per axle group (for 

steer axles, driven axles, other single axles, tandem and tridem axles), for both single and dual tyres. 

2.1. SYNTHESIS OF PERMITTED MAXIMUM WEIGHTS AROUND THE WORLD 

The following tables show the weights per vehicle and per axle for a sample of countries of Europe 

(Table 0-2), Americas (Table 0-3), Africa (Table 0-4) and Asia & Oceania (Table 0-5), based on survey 

input and literature. The permitted maximum weight is presented by: i) type of axle: non-driven 

and driven; single, tandem and tridem; ii) type of vehicle: rigid (lorry), road train (rigid+trailer) and 

articulated (tractor + semi-tailer(s)) and iii) number of axles: 2, 3, 4 and 5 or more axles. 

2.1.1. Europe  

The International Transport Forum provides this list of weight limits on its website (OECD-ITF, 2019). 

Table 0-2: Permitted Maximum Weights of Trucks In Europe (in tonnes), adapted from International Transport 

forum 

Country Weight 

per non-

drive 

axle 

Weight 

per 

drive 

axle 

Lorry 2 

axles 
Lorry 3 axles 

Road 

train 4 

axles 

Road train 5 axles 

and + 

Articulated 

vehicles 5axles 

and + 

Albania 10 11.5 (1) 18 26 (2,3) 36 40 44 

Armenia 10 10 18 22 36 (4) 36 (4) 36 (4) 

Austria 10 11.5 18 26 36 40 (5) 40 (5) 

Azerbaijan 10 10 18 24 36 42 44 

Belarus 10 10 / 11.5 18 / 20 25 38 / 40 40 / 42 42 / 44 

Belgium 
10 12 19 (6) 26 (6) 

39 

(7,8,9) 

44 

(10,11,12,13,14) 
44 (10,14,15) 

Bosnia-

Herzegovina 
10 11.5 18 25 / 26 36 / 38 40 / 42 42 / 44 (16,17) 

Bulgaria 10 11.5 18 26 (2) 36 40 40 

Croatia 10 11.5 18 25 (18) 36 40 40 (5) 

Czech Republic 10 11.5 18 26 (2) 32 48 48 

Denmark (19) 10 11.5 18 24 (20) 38 44 (21) 44 (21) 

Estonia 10 11.5 18 26 (2) 36 (22) 40 (23) 40 (23,24) 
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Country Weight 

per non-

drive 

axle 

Weight 

per 

drive 

axle 

Lorry 2 

axles 
Lorry 3 axles 

Road 

train 4 

axles 

Road train 5 axles 

and + 

Articulated 

vehicles 5axles 

and + 

Finland (25) 10 11.5 18 28 (2) 36 44 (26) 44 (26) 

France 12 (27) 12 (27) 19 26 38 (28) 40 / 44 (29) 40 / 44 (29) 

Georgia 
10 11.5 18 25 / 26 (30) 36 40 

40 / 42 (16) 

(17) 

Germany 10 11.5 18 (31) 26 (31) 36 40 (32) 40 (32) 

Greece 
7/10 13 19 26 

38 

(33,34) 
40 / 42 (35) 40 / 42 (24) 

Hungary 
10 (36) 11.5 (36) 18 (37) 25 (38) 36 (39) 40 

40 / 42 (16) 

(17) 

Ireland 
10 11.5 (40) 18 26 (41) 36 (42) 42 (2,43,44,45) 

44 

(45,46,47,48) 

Italy 12 12 18 26 (2) 40 44 44 

Latvia 10 11.5 18 25 / 26 (30) 36 40 40 (24,49) 

Liechtenstein 10 11.5 18 26 (2) 36 40 40 

Lithuania 
10 11.5 18 

25 

(18,50,51) 
36 40 (49) 40 (24) 

Luxembourg 10 12 (52) 19 26 44 44 44 

Malta 10 11.5 18 25 36 40 40 (53) 

Moldova 10 11.5 18 25 (18) 36 40 40 (53) 

Montenegro 10 11.5 18 26 (54) 36 40 40 (53) 

Netherlands (19) 
10 11.5 21.5 

21.5-30.5 

(55) 
40 50 50 

North Macedonia 10 11.5 18 25 36 (22) 40 40 

Norway (19,56) 10 11.5 19 26 (57) 39 46-50 (58) 46-50 (59) 

Poland 10 11.5 18 26 (2) 36 40 40 

Portugal (19) 10 (60) 12 19 26 37 (61) 44 (60) 44 (62) 

Romania 
10 11.5 18 25 / 26 (30) 36 40 

40 / 42 (16) 

(17) 

Russia 10 10 (63) 18 25 (64) 36 (28) 40 (65) 40 (65) 

Serbia 
10 11.5 18 (66) 25 (18,67) 36 (68) 40 

40 / 42 (16) 

(17) 

Slovakia 10 11.5 18 26 (2) 40 40 40 

Slovenia 10 11.5 18 25 (18,50) 36 40 40 / 44 (16,69) 

Spain 
10 11.5 18 25 (18) 36 (68) 40 

42 (49) / 44 

(24) 

Sweden 10 11.5 18 25 / 28 (30) 38 40 (70) 44 (53) 

Switzerland 10 11.5 18 26 (71) 36 40 40 

Turkey 
10 11.5 18 25 (72) 

36 

(28,73) 
40 40 (74) 

Ukraine 11 11 16 (75) 22  (76) 38  (77) 40  (77) 40  (77) 

United Kingdom 10 11.5 18 26 (78) 36 (79) 40 / 44 (80) 40 / 44 (80) 

NUMBERS BETWEEN BRACKETS REFER TO SPECIFIC 

SITUATIONS. DUE TO THEIR MULTITUDE, THEY ARE ADDED IN 

ANNEX 1: REMARKS TO TABLE 2-2 

. 
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Overall, weight limits in Europe are consistent due to a common legislative base. For EU member 

countries, the current relevant legislation is (still) Directive 96/53/EC. Non-EU countries are mostly 

aligned with this regulation, particularly for vehicles that commonly operate in the international 

context. 

• With the exception of Italy and France, the weight limit for a non-driven single axle is 10 

tonnes. For driven axles, the general rule is 11.5 tonnes, though exceptions are more 

common. 

• Lorry at 2 axles are generally capped at 18 tonnes. For 3 axle rigid lorries, EU countries are 

at 26 tonnes. 

• Most EU countries have a 36 tonne limit for 4 axle road trains, though some go up to 38 

or even 40 tonnes. 

• 5 axle articulated vehicles have a general limit of 40 tonnes (44t for intermodal). Larger 

vehicles up to 8 axles as an EMS combination are usually limited to 60 tonnes, though 

countries like Sweden (71 tonnes) and Finland (76 tonnes) have higher limits still. 

• Non-EU countries generally have lower limits than EU countries, though limits for vehicles 

that are mostly active in international transport have been harmonised with EU limits. 

• The Netherlands has a 50 tonne limit for 5 axle articulated vehicles and allows EMS 

combinations up to 60 tonnes. 

2.1.2. Americas 

Table 0-3 – Permissible Maximum Weights of Trucks in the Americas (in tonnes)  

Country Weight 

per non-

drive 

axle 

Weight 

per 

drive 

axle 

Lorry 2 

axles 
Lorry 3 axles 

Road 

train 4 

axles 

Road train 5 axles 

and + 

Articulated 

vehicles 5axles 

and + 

USA (Federal) 9.1 9.1 36.3 36.3 36.3 36.3 36.3 

Canada 

(interprovincial) 
7.7 7.7 16.35 24.25 46.5 46.5 62.5 

Canada (Quebec) 9 10 17.25 25.25 35.5 51.5 53 

Argentina  10.5     49.5/52.5/60/75 

Brazil 6 8.2 17 25.5 24  45/57/74 

Mexico 6.5/11 12.5 19 27.5 38 54 66.5 

MERCOSUR (Brazil, 

Argentina, 

Uruguay, 

Paraguay) 

6 10.5 18 25.5 18  45 

USA:  

• 15.4 tonnes per tandem axle 

• States may not impose lower limits, but higher is allowed 

Canada: 

• 15.4 tonnes per tandem axle 

• Axle weight max 7.7 tonnes for single tyres and 9.1 tonnes for dual tyres 

Mexico:  
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• Up to 46.5 tonnes for 5 axle vehicles, up to 54 tonnes for 6 axle vehicle, up to 66.5 tonnes 

for 9 axles 

• Up to 21 tonnes max tandem axle load, up to 26.5 tonnes for a tridem axle 

2.1.3. Africa 

Table 0-4 – Permissible Maximum Weights of Trucks in Africa (in tonnes) 

Country Weight 

per non-

drive axle 

Weight 

per drive 

axle 

Lorry 2 

axles 
Lorry 3 axles 

Road 

train 4 

axles 

Articulated 

vehicles 5axles 

and + 

Malawi 8 8 16 24 18 56 

Mozambique 8 8 16 24 18 56 

Namibia 8 8 16 24 18 56 

South Africa 8 8 16 24 18 56 

Tanzania 8 8 12 24 18 56 

Zambia 8 8 12 24 18 56 

Zimbabwe 8 8 16 24 18 56 

Cameroon 13 13    50 

UEMOA 6/11.5/12 6/11.5/12 18 26 38 51 

For Malawi, Mozambique, Namibia, South Africa, Tanzania, Zambia, Zimbabwe, values are taken 

from (Raballand, et al., 2008) and may be outdated.  

Only one survey respondent from Africa provided an indication of weight limits, for the UEMOA 

(Ivory Coast, Benin, Togo, Burkina Faso, Senegal, Mali, Niger, Guinee Bissau)  has a max axle load of 

6 (front single axle), 11.5 (middle or back single axle) or 12 tonnes (single axle, twin tyres), but roads 

have a tolerance and are designed for up to 13 tonnes. Tandem axles can be loaded up to 20 tonnes, 

tridem axles up to 25 tonnes. Rigid vehicles can weigh 31 tonnes at most, while articulated vehicles 

have a weight designation based on the number and type of axles: 30 tonnes for 3 axles, 38 tonnes 

for 4 axles, 43/44/46 tonnes for 5 axles, and 51 tonnes for vehicles of 6 axles and more. 

2.1.4. Asia & Oceania 

Table 0-5 – Permissible Maximum Weights of Trucks in Asia & Oceania (in tonnes)  

Country Weight 

per non-

drive 

axle 

Weight 

per 

drive 

axle 

Lorry 2 

axles 
Lorry 3 axles 

Road 

train 4 

axles 

Articulated 

vehicles 5axles 

and + 

Australia  7 7  15 23   30 130  

New Zealand  7.6  7.6         

China 10  10  18  25  36  49 

Japan  10  10   20   36  36 

Singapore  12  12  19  28  39  46 

South Korea      40 

Taiwan  9.5 9.5  15 25 35 42 

Thailand 11   15   25  37 50.5  

Vietnam  10 10  18  24/30 34  48  

Indonesia             
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Pakistan    12  22.5 33  33    

India  11.5    19 28.5  40   55 

Malaysia 12   27  53 

Cambodia 11   30  40 

Kyrgyzstan 11.5 11.5  32  44 

Tajikistan 10 10    40 

Uzbekistan 11.5 11.5  32  44 

Turkmenistan 10 10    36 

Azerbaijan 10 10  32  44 

Georgia 11.5 11.5  24  44 

Turkey 11.5 11.5  32  44 

Australia (based on (National Heavy Vehicle Regulator, 2016)): 

• Single axle load, single tyres max 6 tonnes for a steer axle, up to 7 tonnes for a non steer 

axle; dual tyres 9 tonnes 

• Tandem axle steer up to 10-11 tonnes, non steer up to 14 tonnes (single tyre), 16.5t (dual 

tyre) 

• Tridem axle single tyre up to 18 tonnes, dual tyre up to 20 tonnes 

• Max gross vehicle weight for quad road train up to 130 tonnes (17 axles) 

New Zealand (based on  (New Zealand Transport Agency, n.d.)): 

• Vehicle weight limits depend on road class and are the result of the combined mass 

allowed on individual axles or axle sets. 

• Single axle: 6 tonnes for single normal tyes, up to 7.6 tonnes for extra wide tyres, 8.2 

tonnes for dual tyre  

• Tandem axle: 11 tonnes single tyre, up to 15.5 tonnes for dual tyres 

• Tridem axle: up to 18 tonnes, depending on axlespacing 

Singapore (input from survey): 

• 12 tonne per axle, regardless of configuration (tandem axle: 24 tonnes, tridem axle: 36 

tonnes) 

• Truck-semitrailer combinations can weigh up to 46 tonnes (18 meter length), rigid + 

trailer combinations more restricted (length up to 14m, weight up to 34 tonnes) 

Thailand (from (Tangchaitrong, n.d.) 

• Single axle load single tyre 7 tonnes, dual tyre 11 tonnes 

• Tandem axle 20 tonnes 

• Tridem axle 25.5 tonnes 

Vietnam (from (Thach, 2017) 

• Single axle load 10t, tandam axle 18t, tridem axle 24t 

South Korea (from survey) 

• 10 tonnes max axle load 

India (from (Fleetable, 2020) 

Countries near European borders are more aligned with EU limits (see above). 

2.2. SPECIAL PERMITS 
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Special permits can be issued by the government or the road infrastructure manager for exceptional 

transport: vehicles that exceed the normal weight and/or size limits. These permits are limited in 

time and location: the vehicles in question can only follow a specific approved route on a specific 

date, so that precautions can be taken for other traffic. These vehicles are technically overloaded 

but when the transport operation is deemed necessary, they can still access the road network under 

strict conditions, which can also include that they can only operate in a convoy of guiding vehicles, 

and/or at a certain maximum speed limit. 

2.3. SUMMARY 

2 types of weight limits were considered in the overview above: gross vehicle weights and axle 

loads. 

Gross vehicle weights differ greatly between countries and continents, from as low as 36 tonnes to 

as high as 130 tonnes (or more with special permits). Higher weight limits are generally set in 

countries that aim to maximise the potential of their fleet, though motives for this may vary: in 

developed countries, the aim is to maximise productivity and reduce costs, while in developing 

countries, it may be more about meeting demand with existing fleet, as new vehicles may not be 

purchased easily. 

Maximum axle loads are directly related to infrastructure damage (see later chapters), and 

therefore relate closely to the budget available for road infrastructure investment.  

  



 

OVERWEIGHT VEHICLES: IMPACT ON ROAD INFRASTRUCTURE AND SAFETY 2022SP01EN 

14 

 

3. OVERWEIGHT VEHICLES AROUND THE WORLD 

This chapters presents information on the prevalence and intensity of overloading around the 

world. The level of detail may vary significantly and depends on what is available in literature and 

what could be collected through the survey. Therefore, a common presentation format could not 

be set up and the information is presented as-is. 

Countries mostly collect this information through Weigh-in-Motion (WIM) systems ( (Jacob, et al., 

2002), that allows to evaluate the amount of overweighting in practice, and also to identify the type 

of vehicles that travel with overweight. Some examples are presented herein. WIM is an efficient 

system for evaluation the traffic composition and weight without interfering with the users and an 

important tool for overweight control and potentially for enforcement as well. Nevertheless, a 

recent report about the use of WIM data (NCHRP, 2020) highlighted that, in order to obtain useful 

data, an appropriately sized WIM network (numerous stations) is required to provide effective 

coverage. Additionally, WIM systematic maintenance and calibration is needed. Without those 

costly requirements, the users lose faith in the efficiency of using the data and in their accuracy. 

3.1. CATEGORIES OF OVERWEIGHTING 

The issue of overweight can be studied from 2 angles.  

First, it needs to be considered how many vehicles drive while overloaded, as a percentage of the 

fleet or of total road freight kilometers. When many vehicles exceed the maximum load limits, this 

may indicate that there is insufficient detection. Repeated stress of pavement infrastructure with 

overloaded axles could induce specific deterioration effects, which will be further discussed in 

section 4.1. 

The other important consideration is the magnitude of overloading, i.e. the amount of weight by 

which a vehicle is overloaded. As was explained in the introduction and will be further elaborated 

in section 4.1 as well, the amount of damage caused by overloaded increases by the 4th power of 

the amount of overload. Additionally, extremely overloaded vehicles create a heightened stress on 

certain bridge structures that increase the chance of collapse. 

As much as possible, both aspects of overloading will be discussed in the rest of this chapter, 

country by country. 

3.2. ESTIMATION OF AVAILABLE INFORMATION ON OVERWEIGHT VEHICLE CATEGORIES 

AROUND THE WORLD  

The information presented herein is based on the literature and on the survey results. Additionaly, 

cost onformation was added if available. 

3.2.1. Europe 

3.2.1.1. Austria 

The operator of the national road system (ASFINAG) reports around 40 000 weight violations 

recorded per year. 

3.2.1.2. Estonia (from survey) 
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A recent study (Tali, et al., 2018) revealed that 11% of vehicles (sample size: 1.5 million weighings 

of vehicles with a maximum GVW of 4t and more) were overloaded. The 5% most overloaded 

vehicles can be up to 10 tonnes overweight. Overloading causes 1% extra cost to the infrastructure 

manager. 52 tonnes is allowed with a special permit, but these are 7 axle vehicles with no higher 

impact on infrastructure. 

3.2.1.3. Portugal (from survey) 

Old WIM data (from 1999) suggests that 37.5% of road freight vehicles were overloaded. 

3.2.1.4. Russia (from survey) 

It is estimated that up to 40% of road freight vehicles are overloaded. 

3.2.1.5. Hungary (from survey) 

0.5-1% of vehicles are overloaded; 0.4% by more than 5%. Overloads can be as high as 20 tonnes. 

3.2.1.6. France (from survey) 

WIM data indicates that 1-8% of vehicles are overloaded, but in 95% of cases, the overload is less 

than 10%. Most of the overloads are at the GVW level, as France has a higher axle load limit than 

most other European countries. 

3.2.1.7. Ukraine 

The majority of overweight vehicles in Ukraine (over 60%) are 4- and 5-axle vehicles. The share of 

such vehicles on the main routes reaches 10%. Axial loading studies indicate that: 

• single axles, as a rule, are overloaded at 10% HGV; 

• dual axles - overloaded in 37% of cases among all dual axles on domestic HGV and in 

18% on foreign ones; 

• triple axles - in 60% of cases exceed the norm of 22 t and on average reach 26 t on 

domestic HGV, foreign carriers reach overloading in 12% cases of tripled axles vehicles. 

The most intense destruction is caused by 4-axis HGV, since single and double axles in them are 

overloaded most often (up to 51% - domestic and up to 87% - foreign HGV). However, the most of 

damages occur as a result of the 5-axle HGV driving, as their number in the traffic flow is the largest 

(up to 42% - domestic and up to 55% - foreign), and overloads on individual types of axles reach 

20%. In addition, the 5-axle HGV of foreign owners have axles with single tires, which are 

particularly dangerous for the upper monolithic layers and the surface of non-rigid pavement. 

A survey respondent for the Ukraine indicated that 21.5% of all road freight vehicles are overloaded. 

62% of them are over the maximum GVW, while the remainder are overloaded on one or more 

axles or axle sets. 

3.2.2. Americas 

3.2.2.1. Brazil 

Road transport in Brazil is the most used transport mode, being responsible for 61.1% of freight 

transport and 95% of passengers transport (Reis, et al., 2017).  Although regulations exist for 
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overweight traffic control, there are a significant amount  of vehicles (an estimated 77%) that travel 

overweight, and 10% are with excess load per axle. This may reduce the predicted life span of a 

pavement in up to 40%. Furthermore, overloading has been identified as one of the main causes of 

accidents involving trucks in Brazil (Ghisolfi, et al., 2019).  

Case studies performed in the southern part of Brazil, using fixed scales, have shown that a higher 

incidence of overload occurs in the single tandem axles (11% to 14%) and that the maximum 

measured single axis load was 17.5 t, compared with 10.0 t as specified by legislation. This 

correspond to a induced damage equivalent to 26.9 standard axle load.  The incidence of 

overloading is lower on double (7 and 5%) and triple (6 and 2%) tandem axles. The largest heavy 

double tandem axle load was 29.57 tf, which corresponds to approximately 16.2 standard axle 

loads. The highest triple tandem axle load was 57.58 tf, which according to AASHTO causes the 

same damage as 48.5 standard axle loads (ANTT, 2008).  

The tolerance for excess weight per axle was changed in Brazil, in 1999, from 5% to 7.5%. 

3.2.2.2. USA 

Based on data recorded using WIM, a study for the state of New York with a focus on the area 

surrounding New York City (Ghosn, et al., 2015) found that 18% of trucks are overweight, with 6% 

illegally overweight (i.e. without a permit). Consequently, the damage caused to roads and bridges 

from illegal overweight was estimated in $100 million cited in (National Academies of Sciences, 

Engineering, and Medicine, 2020). 

For the state of Minnesota, (Minnesota DOT, 2005) (submitted by a survey respondent) reports that 

in 2004, less than 0.5% of trucks weighed were found to be overweight by more than 1000 lbs. 

Despite this high compliance rate, the study estimates that overweight vehicles increase road 

maintenance costs by 4.2%. 

(Department of Transportation, 2015) includes results on overweight citations for all 50 states from 

2008 to 2012, with around 190 million weighings performed annually. The trend shows a decrease 

in violations from 0.5% to 0.4% over this period, which is much more in line with the Minnesota 

state average than with the study for NYC. Of these overweight citations, around 60% are vehicles 

that exceed the GVW limits; 20-25% are axle load vviolations, with the remainder cited for 

exceeding the bridge formula based limits. 

3.2.2.3. Argentina 

It is estimated that 30% of the trucks are overloaded for 20% or more, resulting in the additional 

costs for the Argentina´s paved road network (3500 km national roads and 4200 km of regional 

roads) of about 740 millions of dollars annually (Fioravanti, 2015). 

In the same study it is mentioned that in spite of the legislation in force for several decades, there 

is a clear and generalized violation of it. 

3.2.2.4. Mexico (from survey) 

Respondent indicates that 14.3% of vehicles were overloaded in 2017, and that this number has 

been decreasing. Combinations of types C2R2, T3S2R4 and T3S3 show the highest share of 

overloading. 
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3.2.3. Asia and Oceania 

3.2.3.1. South Korea (from survey) 

The respondent indicated that just 0.07% of freight vehicles travelling on the expressway are 

overloaded. 

3.2.3.2. Taiwan 

In Taiwan it was observed that 14.2% of the total volume of the traffic along the National freeway  

is overloaded, and some of vehicles can reach even 24% of overloading  (Yassenn, et al., 2015).  

Weight in Motion results have shown that the tandem axle group overloading is significantly higher 

(53%) than single axle (12%), and that it was found that vehicle S112 type has the highest 

overloading rate for tandem axle (71.1%). 

3.2.3.3. Pakistan 

Based on the analysis of the WIM results collected in a main national road (N-5) data, it was 

concluded that 33% to 48% of the trucks were overloaded (Yassenn, et al., 2015). 

3.2.3.4. Thailand  

According to the surveys performed in 1996 as cited by (Yassenn, et al., 2015), almost 80% of the 

highway pavements damages are caused by 33% of the overloaded vehicles. It was also concluded 

that overloading is usually caused by class 5 heavy vehicles (3 axles and ten wheels), that carry 

approximately 78% of the freight road transport. Based on the data collected by WIM devices, it 

was found that 33% of class 5 trucks are overloaded and 94% of these vehicles weighted between 

21 to 30 tonnes, while the legal limits for this type of vehicles is only 21 tonnes. 

3.2.3.5. Malaysia 

A study performed in Malaysia in 2009 cited by (Yassenn, et al., 2015) found that 24% to 29% of the 

total number of the investigated vehicles violated the total allowable gross weight limits.  

Weigh-in-motion data for the PLUS expressway system provided by a survey respondent suggest 

that between 3.2% and 16% of vehicles are overloaded (depending on the location of the weighing 

station), with an average of 8%. Overloading mostly occurs in the manufacturing industry and 

forestry/mining sectors. 

3.2.3.6. Indonesia 

According to (Jihanny, et al., 2018), for the island of Sumatera, between 30 and 98% of trucks were 

overloaded between 2007 and 2014, based on the exceedance of the maximum axle load limit of 

10 tonnes. The Vehicle Damage Factor (which is the result of the 4th power law calculation) can be 

as high as 12.63, which means that these vehicles are more than 12 times more damaging than 

standard vehicles. The pavement service life in the area is reduced from the design life of 10 years 

to just 3.64 years. 

3.2.4. Africa 

3.2.4.1. South Africa 
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In South Africa it was concluded that overloaded heavy vehicles (representing 15% to 20% of the 

total traffic) were responsible by 60% of the damage to roads (CSIR, 1997), cited by (Cardoso, et al., 

2018). 

Survey respondents from South-Africa suggest that overloading on primary roads (where detection 

systems are installed) is limited to 5-10% of vehicles, though most are in non-prosecutable range. 

The share of overloaded vehicles on regional roads is likely much higher (respondent provided a 

“guestimate” of at least 50%). Vehicles in the construction and mining industries were considered 

to have a high chance of being overweight.  

3.2.4.2. Cameroon 

As presented in a recent study (Cardoso, et al., 2018), an intervention started in 1996 in Cameroon, 

with the approval of legislation on road maintenance and protection. Close monitoring of 

overloading was implemented. Before this intervention, it was observed that 85% of trucks were 

overloaded, 34% with more than 40% overload, and 32.5% of them between 20% and 40%. At that 

time, it was estimated that each passing heavy vehicle in the corridor corresponded to 2.87 

standard axles (13 t). After intervention and vigorously enforcing, by 2003 each passing vehicle 

corresponded to 0.89 standard axles and continued this way. In 2014 only 5.9% of trucks were 

overloaded, with most of them less than five tonnes over the limit.  

3.2.4.3. Ivory Coast and Union Economique et Monétaire Ouest Africaine (UEMOA) (from survey) 

The union of 8 West-African countries (Ivory Coast, Benin, Togo, Burkina Faso, Senegal, Mali, Niger, 

Guinee Bissau) have a common rule in place known as the “Règlement 14” to govern the weights 

and dimensions of commercial vehicles.  

In proceedings of a virtual meeting on the 25th of September 2020 of the responsible commission, 

it is reported that Senegal, Togo and Ivory Coast have an overload share of 18%, 6% and 17% 

respectively, for 2019/2020. Furthermore, it is noted that the average share of overloaded vehicle 

has decreased by 20 percentage points between 2013 and 2020, and that the most extreme 

overloads (of 40% and more) have effectively been eradicated. The remark is also made that 

landlocked countries experience a higher share of overloads. 

3.2.4.4. Africa – international agreements 

A significant step to overloading enforcement and mitigation was given recently by 20 African 

countries, being the Common Market for East and Southern Africa (COMESA) and East African 

Community (EAC) and the Southern African Development Community (SADC) by signing the 

Memorandum of Understanding on Vehicle Load Management (VLM-MOU) in 2017 (COMESA, EAC 

and SADC, 2018). These countries are: Republic of Angola, Republic of Botswana, Republic of 

Burundi, Democratic Republic of the Congo, Republic of Djibouti, State of Eritrea, Federal 

Democratic Republic of Ethiopia, Republic of Kenya, Kingdom of Lesotho, Republic of Malawi, 

Republic of Mozambique, Republic of Namibia, Republic of Rwanda, Republic of South Africa, 

Republic of Sudan, Kingdom of Swaziland, United Republic of Tanzania, Republic of Uganda, 

Republic of Zambia and Republic of Zimbabwe.  

The VLM-MOU specifics several crucial aspects such as: 
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• policy reform, e.g. decriminalise the offence of carriage of loads in excess of legal load 

limits and to introduce a system of administrative control of vehicle loading; 

•  harmonization between countries including the calculation of the overload fee taking 

into account the costs of additional road pavement consumption due to overload; 

• Regional network of weighing stations; 

• Regional performance audits; 

• Weighbridge certification, verification and maintenance; 

• Tolerance, (5% on axle or axle unit loads and a tolerance of 2% on vehicle loads or vehicle 

combination loads, shall be allowed); 

• Etc. 

3.2.5. Summary 

Table 0-6 below summarises the information on the prevalence of overloading collected through 

the survey. 

Table 0-6: prevalence of overloading in countries responding to the survey 

Country  Share of overloaded vehicles, % 

up to 4 t 10 t 13 t 

Estonia  4 5 

 

South Korea 0.07 

  

Quebec 0.5 

  

Portugal 37.5 

  

Russia  40 

  

Ukraine  10 20 5 

South Africa 10 

  

Scotland Impossible to evaluate  

 

Mexico 14.3 

  

Malaysia  3.2-16 

  

Austria  40 000 non-compliance with loading limits per year  

3.3. REASONS FOR OVERLOADING (FROM SURVEY) 

The survey results regarding the main causes of overloading are presented in Table 0-7.  

Negligence is generally considered to be of low to no relevance as a cause for overloading, in both 

HIC and LMIC. Only the respondents from Denmark, Minnesota, New Zealand and France indicate 

this is an important reason. 

Maximising fleet potential (i.e. when there are insufficient vehicles to fulfil the transport demand) 

is generally also considered to be of lesser importance. Malaysia, South Africa and Ukraine indicate 
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that this is a very relevant reason for overloading, while Estonia, Portugal and Denmark consider 

this somewhat relevant. 

Disproportionate limits (volume is still available while weight is maxed out) were only selected twice 

by respondents, from New Zealand and Estonia.  

Pressure from the customer to take on additional (over)load is cited by around half of respondents 

to be at least somewhat relevant as a cause for overloading. Austria, Ivory Coast, France, Hungary 

and one of the respondents from South Africa indicate this is a very important reason. 

Lack of enforcement is the 2nd most relevant cause of overloading according to survey respondents, 

with a large majority considering this at least somewhat relevant, several stating this is very 

relevant (1 respondent from New Zealand, Switzerland, South Korea, Russia, Denmark, Sao Tomé e 

Principe) and multiple indicating this is the most important reason (1 respondent from South Africa, 

1 respondent from Portugal, and Mexico). 

It should be noted that lack of enforcement is unlikely to be a real cause for overloading, but that 

it is merely a facilitator for overloading, which would be primarily caused by the other reasons. 

Nonetheless, it is remarkable that an important number of respondents did identify this as an 

important primary cause. 

By far the most commonly cited reason for overloading is cost saving. Austria, Switzerland, 

Estonia, the 2nd respondent from Portugal, Russia, Ukraine, Denmark, Malaysia, Finland, France and 

Hungary all consider this the most important reason for overloading. 

Table 0-7: Importance of causes for overloading (collected from the survey) 

Country / 

Overloading 

factor 

Lack of 

enforcement  

Cost saving 

  

Negligence 

  

Customer  

pressure  

Maximising 

fleet 

potential 

Disproportio

nate limits  

Canada  

 

+ 

    

Minnesota USA  +- + + 

   

New Zeeland + - +  +- 

  

New Zeeland 2 -   +- 

  

+ + 

South Africa + 

  

+  +- 

 

South Africa 2 + + 

  

+ 

 

Austria  

 

 ++  +- + 

  

Switzerland  + ++ + 

   

Estonia  

 

++ - 

 

 +- ++ 

South Korea  ++ ++ -  +- 

  

Portugal  + ++ -  +-  +- 

 

Russia  ++ ++ -  +- 
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Ukraine   +- ++ 

  

++ 

 

Scotland  

 

++ 

    

Mexico  ++ ++ ++ 

   

Denmark  ++ ++ ++ 

 

 +- 

 

Malaysia   +- ++ 

  

++ 

 

San-Tome & 

Principe  

++ 

 

++  +- 

  

Ivory Coast   +- ++ 

 

++ 

  

Finland  

 

++ 

 

 +- 

  

France   +- ++ ++  +- 
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4. IMPACT ANALYSIS: INFRASTRUCTURE 

4.1. PAVEMENT 

4.1.1. Introduction  

This section presents the impacts of overweight vehicles on road pavements, referring briefly to 

the main factors that influence it and their importance. The impact of overloaded vehicles on 

pavement damage is significant. A study developed in South Africa showed that, on flexible 

pavements the impact of only up to 20% of overloaded vehicles is responsible for more damage 

than the rest of legally load trucks, as shown in Figure 0-3. 

 

Figure 0-3: Overloaded vehicle damage impact on flexible pavements (CSIR, Roads and Transport Technology, 1997) 

In this subsection factors related purely to the structure of the pavement are considered, as well as 

the properties of vehicles that have a specific impact. The range of influence of each factor is 

presented based on literature review.  

The information is summarized and specific focus is given to factors related to thin flexible 

pavements (with a wearing course in asphalt concrete) and unpaved roads, most common in LMIC. 

Additionally, concrete pavements and semi-rigid pavements (consisting of an asphalt layer over a 

cement treated or concrete base layer), particularly their behaviour under overloading, are briefly 

considered.  The main type of pavements are presented in Figure 0-4. 

The damage induced by traffic is a complex phenomenon and depends on several factors: vehicle, 

tyre, pavement, and environment, as well as their interaction  (NCHRP , 1993), (Saarenketo, 2020)  

From the vehicle and tyre point of view, the extent of damage is sensitive to: 

• wheel loads,  

• number and location of axles and load distribution,  

• type of tyres, tyre pressure and tyre wander,   

• types of suspensions. 

In terms of pavement and operating conditions, the damage induced by a truck is sensitive to: 

• type of pavement,  
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• thickness,  

• subgrade quality,  

• materials quality,  

• geometry and road width,  

• drainage,  

• and maintenance.  

In terms of environment, there are two main factors that highly influence the pavement damage 

rate: 1) pavement temperature, mainly for asphalt concrete layers and 2) water presence, either 

on surface in pavement unbound layers, caused by poor drainage, infiltrations through cracking or 

thawing phenomena after wither  

The type of influence of each of those factors and its sensitivity to overloading is briefly reviewed. 

The information presented here is derived mainly from the following references: (NCHRP , 1993); 

(Saarenketo, 2020), ROADEX project research results and elearning packages; (COST 334, 2001); 

DIVINE project (1998); (OECD ITF, 2011) and completed with additional research results and case 

studies from literature. 

4.1.2. Main types of pavements  

Overloaded vehicles induce several distresses on pavements, the most significant being the total 

failure (breakage), fatigue (cracking) and permanent deformation (rutting), therefore, they are 

the main distresses addressed in this subsection. The total failure can be reached if heavy traffic 

passes on pavements that were not designed for their loads. For example, when a main road is 

temporary closed and the heavy traffic, instead of using the alternatives given by road 

administration, use shortcuts and passes on secondary (local) weaker roads. These secondary roads 

can reach the total failure in a few days, so very few passages of heavy traffic, overloaded in 

comparison with their design load. 

As the most significant percentage of the pavements in LMIC are flexible and unpaved (see Figure 

0-4) their behaviour under overloaded traffic is thoroughly analysed herein. Additionally, the main 

types of defects associated with overloading and their causes are presented for all type of 

pavements, including rigid and semi-rigid ones (see Figure 0-4).   
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Figure 0-4: Main type of pavements, adapted from (FDOT, 2013)  

4.1.3. Road network composition by type of pavement (input from survey) 

The data gathered by the survey performed in the frame of this report covered different continents 

and countries and they are presented in Table 0-8. 

The main findings from the survey are as follows:  

• Flexible pavement represents the majority of pavements among responding 

countries; 

• Flexible pavements are widely spread, being present in countries with different 

environmental conditions - from tropical to northern regions (with very low 

temperatures); 

• Rigid pavements are present mostly in developed countries such as: U.S.A. (Minnesota, 

from the survey, and also several other states), Austria, Germany with a share of the 

road network in each country between  10 - 32%; 

• African LMIC have most of the pavement network unpaved: San Tomé & Principe 

(66.6%) and Ivory Coast (91.5%);  

• Unpaved roads are also present in Northern counties with rigorous winters: Canada 

(20%) and Finland (35%); 
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• Semirigid pavements are also present in developed countries such as: Scotland (18.5%), 

U.S.A. (Minnesota)(23%),  France (50%). 

It can be concluded (from an admittedly limited sample size) that flexible (thin) and unpaved roads 

are the most common types of pavements in LMIC. Considering this, special attention is given to 

distresses that occur in these types of pavements due to overloaded traffic.   

Table 0-8 Distribution of the road network by type of road pavement 

Country  

Types of pavement (%) 

More Common 
Less 

common 
Total 
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Canada  20 7.5 50   20 97.5 

Quebec   96.7 2.3   99.9 

Minnesota USA   54 23 23  100 

New Zeeland   5 80   15 100 

Norway    100    100 

South Africa   95 2.5 2.5  100 

Lower Austria   95 3 2  100 

Austria    63.7 3.8 32.5  100 

Switzerland        0 

Estonia  3 25 68.99 1 0.01  100 

Singapore   95  5  100 

South Korea   84.1  2.6  86.7 

Portugal    99.8  0.2  100 

Russia    75.35    75.35 

Ukraine    90 5 5  100 

Scotland    78 18.5 3.5  100 

Mexico   98.7  1.3  100 

Denmark    96 4   100 

Malaysia    70 10 20  100 

San-Tome & Principe 67  33    100 

Ivory Coast  91.5 8.5     100 

Germany    90  10  100 

Finland  35  65    100 

France    50 50   100 

 

4.1.4. Pavement distresses induced by overweight 
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Along their life service, pavements suffer distresses caused by several factors, the traffic load being 

the most important, for all types of pavements, and the environmental factors that lead to 

weathering and surface deterioration in case of flexible pavements. Pavement distresses will 

decrease the pavement quality, serviceability and bearing capacity, accelerating its deterioration in 

time.  

The main deterioration mechanisms of flexible pavements are presented in Figure 0-5, while the 

distresses are identified in Figure 0-6. 

 

Figure 0-5: Flexible pavement deterioration mechanisms (Fontul, 2004) 
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1.  2.  

a) Fatigue cracking in flexible 

pavements  

b) Top down cracking due to 
environmental factors, pavement 

aging and tyre/pavement contact 
stress 

3.  

4.  

c) Primary rutting (asphalt layer) 
d) Secondary rutting (subgrade and 

granular materials  layers) 

Figure 0-6: Various modes of flexible pavement distresses, adapted from (Antunes, et al., 2005) 

In case of rigid pavements, generally consisting of jointed concrete slabs (not reinforced), the 

fatigue mechanism is similar to flexible pavement resulting in bottom up cracking at the centre of 

the slab (Figure 0-7a)). Additionally, top-down cracking can occur at pavement edge in case of 

deficient load transfer efficiency at the joint (Figure 0-7 b)). Regarding the distresses on semi-rigid 

pavements, the most common one is the reflective cracking caused by both traffic load and 

temperature gradient, as shown in Figure 0-7 c) and d). 
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5.  6.  
a) Fatigue cracking in rigid 

pavements (1) 

b) Fatigue cracking in rigid pavements 

near the edge (2) 

7.  
8.  

c) Semi rigid pavements – 

reflective cracking due to traffic 

d) Semi rigid pavements – reflective 
cracking due to temperature  
gradient 

9.  
e) Edge punchout – intermediate state, formation of longitudinal crack between 

two transverce cracks on constinuously reinforced concrete 

Figure 0-7: Various modes of rigid and semi-rigid pavement distresses, adapted from (Antunes, et al., 2005) and from 
(Zollinger & Barenberg, 1990) 

The main failure mechanisms caused by traffic loading are (COST 334, 2001): 

• Fatigue cracking. This occurs mainly on relatively weak / thin pavements (Figure 0-6, 

a)), but also on rigid pavements (Figure 0-7 a) and b)). It is defined as cracking in the 

bituminous or cement bound material originating at the bottom of the respective 

layers, due to fatigue of the material by a great number of repetitions of bending due 

to wheel loads 
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• Primary rutting. This occurs mostly on main roads with thick bituminous layers (Figure 

0-6, c)). Permanent deformation can be due to (post)compaction or (plastic and 

viscous) deformation caused by shearing stresses. 

• Secondary rutting. This occurs mainly on relatively weak / thin pavements and is 

associated with weak subgrade. It is the main failure mechanism on unpaved roads 

(Figure 0-6 d)) and is due to permanent deformation in the subgrade or in granular 

layers below the asphalt layers. 

Additional failure mechanisms that can be aggravated under overloaded vehicles are:  

• Reflective cracking, being cracking of the bituminous layers (often in a composite 

structure) because of cracks or joints in bound layers below (Figure 0-7, c) and d)). 

• Punchout distress is regarded as the most severe performance related distress of 

continuously reinforced concrete (CRC). Defined as a structural failure, punchout 

distress typically is associated with close transverse cracking and is bounded by a 

longitudinal crack on one side and a longitudinal edge joint on the other (Figure 0-7, 

e)).  The pavement pushes or punches downward under traffic loading, causing 

permanent deformation or faulting. The punchout can also develop at Y cracking, which 

is the development of closely spaced cracks that meet 0.5 m to 1.0 m from the 

pavement edge and form one crack (Zollinger & Barenberg, 1990).  

• Surface cracking, being cracking in the bituminous material originating at the surface 

of the pavement, due to fatigue of the material by a great number of shear loadings 

of the pavement surface by the tyre associated with ageing of bituminous materials 

due to environmental action (Figure 0-6, b)).  

• Surface cracking, being a cracking in rigid pavements due to deficient load transfer 

between slabs, next to joints (Figure 0-7, b)). 

• Ravelling, being the loss of stones in the surface of the pavement occurring mostly on 

unpaved roads and also in aged asphalt wearing courses as a result of failure of the 

bond between the aggregate and the binder by a great number of shear loadings in 

combination with ageing of the material. 

• Roughness, being (longitudinal) unevenness of the pavement, mostly due to several 

combined factors (rutting, cracking, potholes, uneven settlements, etc.). This 

phenomenon can result in washboarding or corrugation, being caused by various 

factors such as traffic volumes, vehicle speeds, subgrade characteristics, harmonic 

vibration of the vehicle's suspension system, and gravel properties. 

• Potholes, resulting either from local collapse due to structural defects, or from frost 

acting on water ingress (often through cracks). 

In this subsection the fatigue cracking, primary and secondary rutting will be addressed regarding 

their evolution due to overloaded traffic. Additionally, combinations of several distresses that can 

lead to increased damage on pavement structure under overloading are also referred.  

4.1.5. Considerations of truck aggressiveness on pavement structure 

Most design methods for flexible pavements are based on the prevention of fatigue cracking and 

secondary rutting. Primary rutting may become the dominant distress in case of thick pavements, 

mainly in HIC, and with inadequate asphalt concrete design for the environmental condition (soft 

bitumen), in LMIC. In order to avoid this distress, laboratory tests are performed on asphalt 
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concrete mixture to determine their rutting resistance (wheel tracking test). Surface cracking, being 

the most superficial distress mode, may be influenced by any differences in contact stress 

distributions between different tyre types. These distress types were not studied in detail, because 

they are of lesser practical importance and because their mechanisms are not fully understood 

(COST 334, 2001).  

To assess the mechanical impacts of trucks on the infrastructure as a whole, it is necessary to 

consider, in the following order (OECD ITF, 2011): 

• The actions applied to the structure, i.e. traffic loads, which include wheel loads, axle 

loads, group of axles (bogie) loads, gross vehicle weights. 

• The load effects that are induced in the structure as a consequence of the actions applied 

to it. These are a function of both the traffic loads and the mechanical behaviour of the 

structure. Analysis of these effects requires knowledge of the stresses and strains induced 

in the structure as well as material properties such as modulus, Poisson and Young’s 

coefficient. 

The amount of the distress induced by traffic is taken into consideration, during design, through 

the aggressiveness factor.  The most aggressive traffic is the heavy load traffic (freight). The 

aggressiveness of a truck on pavement is taken into consideration through the “equivalent standard 

axle load” measure (ESAL). This methodology consists of determining the number of standard axles 

that would have the same impact on a stretch of pavement as the passing of the group of real axles 

with real loads that is to be assessed. Once the aggressiveness of each group of axles has been 

calculated, the overall aggressiveness of a truck can obtained by adding the number of standard 

axles represented by each individual group of axles fitted to the vehicle under consideration (OECD 

ITF, 2011). The axle load value typically used to define a standard axle is between 80 kN and 130 kN 

per axle, depending on country and on the type of pavement being considered (see Figure 0-8). For 

example 80 kN standard axle is typically adopted for flexible pavement design, while 130 kN is 

adopted for rigid pavement. 

Some considerations regarding the influence of these factors are presented in Figure 0-8. 

 

Figure 0-8: Conversion of different axle configuration into equivalent single axle adapted from (Silva & Fontul, 2009) 

The ESAL methodology only allows the wear factor to be calculated individually for each axle. The 

aggressiveness of an axle may be assessed through the “load equivalent factor (LEF)” which is 

relative: it is the ratio between the damage created by the load and the damage created by the 

equivalent reference axles. 

𝐿𝐸𝐹 =
𝑁𝑟𝑒𝑓

𝑁𝑥
= (

𝑃𝑥

𝑃𝑟𝑒𝑓
)
𝑛

     eq. 1  
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where:  

LEF – Load equivalent factor 

𝑃𝑥 – the actual axle load 

𝑃𝑟𝑒𝑓 – the equivalent reference standard axle load (generally of 80 kN) 

𝑁𝑥– number of 𝑃𝑥 load applications 

𝑁𝑟𝑒𝑓– number of standard axle load applications 

n – damage factor, power law (generally 4, “fourth power” for asphalt pavements). 

While the exponent used in the ESAL calculation does vary among countries and for each type of 

pavement, the commonly used value 4 is generally accepted (the empirically developed “fourth 

power” law) for asphalt pavements (OECD ITF, 2011). 

Pavement behaviour is also highly dependent on the materials used and the traffic volume it is 

designed for. In according with the results of the COST333 and COST 323 actions (Jacob, et al., 

2002), in a study performed by (OECD ITF, 2011) four road structures, representative of the 

European roads, have been selected to perform aggressiveness calculations. 

During pavement design, the main objective is to design a structure that will carry the forecasted 

traffic levels while providing the intended performance for the entirety of the expected life time. 

The number of ESAL is considered in the design process, as well as the expected truck traffic growth 

rate over the design life of the pavement.  

Other areas of road design, such as traffic lane width and number of lanes, must also be considered 

(OECD ITF, 2011), because: 

• The number of lanes influences the number of trucks to take into account. 

• Small width of lanes channels all of the trucks into a common position, thereby 

augmenting their cumulative aggressiveness. 

• In the case of concrete pavements, the edge of the pavement is its weakest part; 

therefore, if the truck is near this edge, its aggressiveness increases. 

4.1.6. The influence of vehicles configuration 

4.1.6.1. Axle load  

The axle load has a considerable influence on pavement wear. Figure 0-9 presents the 

aggressiveness increase with load, based on the fourth power law, n=4, defined previously. It can 

be observed that adding 2 tonnes to a 10 tonne axle doubles the aggressiveness of the axle, 

reducing the service life by half (OECD ITF, 2011).  
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Figure 0-9: Aggressiveness against a 10 t reference axle according with the fourth power law, adapted from (OECD ITF, 
2011) 

The range of variation of the appropriate coefficient to be used in the “power law” was defined by 

several studies, but it is highly dependent on the type of pavement tested (gravel, bituminous and 

concrete) and the distress criteria (fatigue, permanent deformation). Some values are presented 

herein and vary from 2.4 to 6.6 based on AASHTO, Rolt (1981) cited by (Musbah, 2017), 5 to 6 for 

flexible pavements in France, 8 to 10 in the case of flexible pavements with weak subgrade 

(Saarenketo, 2020) and 12 in the case of semi-rigid pavements (DGITM, 2011). 

Consequently, different materials will have a different fatigue response to cumulative loads, so 

different road surfaces will behave differently with respect to a change in axle load. The most 

common values adopted for the exponential power, n, for the main types of pavement are (OECD 

ITF, 2011): 

• Bituminous pavement: n between 4 and 5. 

• Hydraulic bounded or concrete pavement: n between 10 and 12. 

The high exponential power applied to hydraulically bound pavement layers shows that they 

behave well with high levels of traffic but are highly sensitive to overload (OECD ITF, 2011). 

Although the exponential power varies with the type of pavement, the importance of overloading 

is dominating for all generally adopted power laws, and it highlights the nonlinearity of the wear 

caused by an increased load.  

The effect of overloading can be mitigated by: 

• Proper design, for the actual load that will use the pavement. If designed for 80 kN 

the pavement will have a reduced life if the main traffic is of 100 kN. 

• Reducing the frequency and/or magnitude of overloaded vehicles.  

4.1.6.2. Groups of axles 

The distance between axles has an important effect on the aggressiveness. An example of the effect 

of tridem axles spacing and wheel types is presented in Figure 0-10 (OECD ITF, 2011). Tridem axle 
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means any three axles suspended together with a spacing between the axles from 1.2 m to 2.5 m, 

and interconnected in a manner that any load imposed upon them will automatically be distributed 

in proportions predetermined by the design of the suspension system regardless of the road profile 

or road condition. When axles are positioned close together, the effect on the road is more 

aggressive than if isolated.  

 

Figure 0-10: Aggressiveness of tridem axles (OECD ITF, 2011) 

4.1.6.3. Wheels and tyres  

The load transmission from the wheel to the road is also important. Studies performed by (COST 

334, 2001) as cited by (OECD ITF, 2011) have shown that dual wheels are substantially less 

aggressive than single wheels because the contact footprint of the tyre is larger. Distinction is made 

between the number of areas over which a load is distributed (COST 334, 2001): 

• one contiguous area for wide base and single tyres, and 

• two areas, separated a distance, for dual tyre assemblies. 

The distance between the tyres of dual tyre assembly results in an increased area for the load 

distribution, reducing stresses and strains in the pavement (see Figure 0-11). 

 

 

Figure 0-11: Super single tyre (on left) and dual tyre assembly (on right) (COST 334, 2001) 
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The wide super single tyres, that are increasingly used especially in Europe, have proven to be 

twice as damaging as the dual tyres. Japan for example, recommended weight limit to be adopted 

for super single tyres (Musbah, 2017)(Milne, 2015). 

4.1.6.4. Load distribution 

The type of axles has a major effect on the level of aggressiveness. Heavy vehicles have different 

types of axles, from standard single to standard dual and tridem. The distribution of the load 

between these axles can greatly affect the aggressiveness.  

A study performed for the European Commission cited by (OECD ITF, 2011) concluded that even 

when the vehicles were within the gross weight limits, the worst-case load distribution was four 

times more aggressive than the case in which the load was evenly distributed between axles.  

Differences in static load distribution cause increased fatigue from the heavily loaded axle.  Load 

sharing coefficient (load on heavy axle divided by the average of both axles can vary from 1.02-1.21 

therefore, a 150 kN tandem with load sharing coefficient of 1.15 produces damage equivalent to 

80 kN) (NCHRP , 1993).  

A study performed by Ying (2008) cited by (Milne, 2015) refers that multiple axles cause less 

damage than singles for the same total weight.  

It is important to have weight limits expressed for each axle type in order to avoid poor load 

distribution otherwise the impact of overloading will increase.  

4.1.6.5. Suspension 

The type and performance of suspensions have an important impact on dynamic load repetition in 

some cases. The DIVINE project (OECD, 1998) has quantified the effect of suspension type, road 

longitudinal profile and speed of the vehicle on the dynamic wheel force. It was shown that the 

impact factor of steel suspension is of 1.3 on smooth roads and 1.5 on rough roads (see 4.1.7.2), 

while the impact of air suspension produced factors of  1.15 and 1.2, in smooth and rough roads, 

respectively. It was shown that pavement wear under steel suspension is at least 15% faster than 

under air suspension (see subsection 4.1.7.2).  

When the effect of suspension type is coupled with the effect of dynamic load, it is evident that the 

deterioration cycle of thinner pavements (LMIC) will be shorter than of thicker pavements (HIC), 

despite the fact that they have been designed for less traffic (OECD ITF, 2011). 

With overloading, this effect is expected to increase. 

4.1.7. The influence of pavement characteristics 

4.1.7.1. Type of pavement 

As already referred, the behaviour of the pavement under overloaded vehicles depends on the type 

of pavement and its structure.  

A study performed by OECD (2011) has observed, when comparing the aggressiveness effect on 4 

different pavements (three flexible and one rigid) that the ratio between the least aggressive and 

the most aggressive trucks varies from 5 on asphalt concrete pavements for low traffic, to more 
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than 500 for cement pavement with a high-volume traffic. This means that for the harder type of 

pavement (rigid pavements) the most aggressive vehicles are responsible for most of the pavement 

wear (OECD ITF, 2011). This is important mainly for HIC that have rigid pavements on their 

networks.  

Flexible pavements 

Most pavements in LMIC are thin flexible pavements, with an asphalt layer of about 50 mm, so the 

overloading effect is significant. This is even more critical if the base layer, under the asphalt 

concrete, is weak.   

On one hand, in flexible pavement with normal or thick bituminous mixture layers (>15 cm) damage 

will only occur after millions of passages. On the other hand, the damage is significantly faster in 

case of thin bituminous course (<15 cm), unpaved roads, weak subgrade or presence of water in 

the subgrade, when secondary rutting can occur after less than ten passages of overloaded traffic 

(Saarenketo, 2020) (Milne, 2015).   

Rigid and semirigid pavements 

This type of pavements are more common in HIC. For fatigue damage, rigid and semi-rigid 

pavements are more sensitive to the dynamic load increase because of the higher power in the 

fatigue law (OECD ITF, 2011).  An example of the aggressiveness increase with overloading on semi-

rigid and flexible pavements is presented in Figure 0-12. Pavements designed for 40 t total weight, 

when overloaded, suffer increased aggressiveness, most significantly in case of semi-rigid 

pavements (DGITM, 2011).  

 

Figure 0-12: Aggressiveness per transported tone for flexible and semi-rigid pavements for pavements designed for 40 t, 
adapted from (DGITM, 2011) 

In case of jointed concrete pavement, the pavement performance under overloading is more 

complex, as it depends on the joint transmission and subgrade condition.  

Unpaved roads 

The main distress of unpaved roads due to overloading is secondary rutting. The weak subgrade 

and water presence in the subgrade are the main causes of failure for these pavements.  
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The water has a determining role in pavement deterioration through both surface drainage and 

subgrade moisture content. The pavement will reach structural failure, namely secondary rutting, 

after only a few vehicle passages in case of wet /weak subgrade. Therefore, overload enforcement 

and track route control is essential during the rainy season in warm countries and during spring 

season in countries with rigorous winters.  

During the dry season, the main distress that occurs under overloading is corrugation. The traffic 

dynamic load effect (see subsection 4.1.7.2) on a stiff surface creates transverse ripples on unpaved 

road surfaces, as shown in Figure 0-13 a).  It initiates spontaneously on a flat surface under heavy 

traffic and aggravates considerably under the traffic even more if overloaded.  

A study performed by (Matsuyama  et. al., 2020) indicates that the vertical oscillation of moving 

vehicles, which is incited by the initial irregularities of the surface, plays a key role in the 

development of corrugation. This phenomenon increases the dynamic effect of the loads and 

reduces the safety of road users. Therefore, surface maintenance is required, consisting of drag or 

grade the road frequently (see Figure 0-14), applying light volumes of new gravel with minimal sand 

content and providing good drainage with a crown. The procedure consists in using a grader to cut 

and blend existing material to a depth of more than 3 cm below the bottom of the corrugated 

segment and then add the new material into the top layer (Skorseth & Selim, 2000).  

 

  
a) b) 

Figure 0-13: Distresses of unbound pavements: a) corrugation (Skorseth & Selim, 2000) and b) secondary rutting 
(Saarenketo 2020) 
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Figure 0-14: Aspects of unpaved road maintenance for corrugation correction (Skorseth & Selim, 2000) 

4.1.7.2. Unevenness and dynamic effect  

An uneven surface will induce dynamic effects in the traffic travelling over that surface, including 

heavy vehicle traffic. This phenomenon has been studied for decades, but its effect is not yet taken 

into consideration during pavement design. The load that an axle applies statically to the pavement 

is determined by the axle mass and gravity. When that axle travels over a disturbance in the road 

surface (a bump, or surface roughness) then the axle mass has to be accelerated vertically upward. 

In accordance with Newton’s laws the additional force required depends on the axle mass and how 

quickly it must be accelerated vertically. As such, the additional load will depend on the magnitude 

of the disturbance (e.g. the height of the bump), its profile (how steeply the axle must climb the 

bump) and the vehicle speed. This would be true of a completely rigid vehicle. However, real 

vehicles also have suspension and tyres that can overshoot and resonate and further increase the 

dynamic effect of the loading and the associated deterioration in the pavement.  

The magnitude of this dynamic loads is expresses as the Dynamic Load Coefficient (DLC) as the ratio 

of the root mean square (RMS) dynamic wheel load to the mean wheel load. The RMS of the 

dynamic load is the standard deviation of the probability distribution of the total wheel load. The 

mean value reflects the static load. The DLC is the coefficient of variation of the total wheel load. 

The DLC ranges between 5 to 10% for air suspension and between 20 to 40% for less road-friendly 

suspensions (COST 334, 2001). 

Dynamic loading increases pavement wear because of the power-law dependency on axle loads 

(see section 4.1.6.1), consequently the loads above static load increases the pavement wear more 

than the decrease in wear due to loads below the static load (COST 334, 2001). 

The DIVINE project (OECD, 1998) showed that an uneven road surface can result in a dynamic axle 

load that is 20% greater than the static axle load. For relatively thick pavements (> 16 cm asphalt 

layers) horizontal strains at the bottom of asphalt layer (fatigue failure) are almost directly 

proportional to the dynamic wheel force: 10 % increase in dynamic load produces 7-12% increase 

in strains. This implies significantly increased pavement wear.  

Heavier vehicles have more inertia, so it is expected that the factor by which dynamic load increases 

over static load would reduce. However, because an overloaded vehicle has a higher base static 

load, it is expected that overall the increase in their aggressiveness over unevenness surfaces will 

remain greater than on smooth surfaces.  

4.1.7.3. Maintenance   

Besides unevenness and corrugation resulting from the lack of pavement maintenance, when 

cracking occurs it allows water to penetrate into the pavement layers. More information on the 

effect of water on structural and functional performance of the pavement is presented in 

subsection 4.1.8.2. 

The total cost of operating the road transport system, including the cost of building and maintaining 

all roads is usually very expensive, therefore governments have introduced axle load limits to 

regulate carrying capacities of road vehicles to minimize road deterioration through overloading 

and maintain efficiency of road transport (Musbah, 2017). 
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When the axle load is increased by 30 percent, from 10 to 13 tonnes, the annual maintenance 

cost will increase by 30 to 40 percent, as shown in a study performed by TRL (1999), cited by 

(Musbah, 2017). Even more, the presence of overloaded vehicles can increase pavement 

maintenance costs by more than 100% compared to the cost of maintenance with legal loads (Pais 

& Minhoto, 2013).  

The impact of overloading on a pavement accelerates its deterioration by creating high levels 

of cracking, rutting or roughness. Consequently, due to overloading, pavement rehabilitation 

is required, before the expected design life of the pavement has been reached (see Figure 0-15). 

This results in increased costs for the road administration. 

 

Figure 0-15: Scenario of road serviceability decrease due to overloading vehicle (Musbah, 2017) 

where:  

W = lowest serviceability condition requiring rehabilitation 

Y = lowest serviceability condition requiring periodic maintenance 

Z = targeted serviceability condition on rehabilitation. 

 

Overloading will increase the maintenance costs and lead to accelerated pavement deterioration.  

4.1.8. The influence of environmental factors 

4.1.8.1. Temperature  

The temperature has a significant influence on asphalt layers, as the stiffness moduli decrease 

considerably with the increase in temperature. The main distress caused is primary rutting in the 

asphalt layer. Specifically, high temperature combined with slow speed driving leads to rutting in 

specific locations of the roads, e.g. access to ramps, crossings and roundabouts. 

In addition, as an increase in temperature results in a decrease of asphalt layer modulus, the effect 

of overloading increases. Consequently, the strains and stresses increase, resulting in increases of 

fatigue and secondary rutting. Figure 0-16 shows that the increase in load intensity will have 

tremendous damaging effects on the pavement. However, the damaging extent will vary depending 

on different asphalt concrete modulus. In the graphs below, the low temperature is associated with 
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high asphalt concrete modulus and high temperature is associated to low asphalt concrete 

modulus. The increase in axle load when asphalt modulus is decreasing due to high temperature 

will result in higher tensile strain at the bottom of asphalt layer, causing fatigue, and in higher 

compressive strain at the top of the subgrade, causing secondary rutting. 

Figure 0-16 shows that the fatigue damage increases with the increase in axle load. At lower axle 

loads the effect of temperature on fatigue is minimal, while for high axle load (overloading) the 

fatigue damage in increasing significantly.   

 

Figure 0-16: The relationship between axle load and fatigue damage ratio with temperature (Musbah, 2017) 

Figure 0-17 presents the rutting damage increasing with an increase of axle load for both pavement 

stiffness types, low and high temperature. It can be observed that the temperature does not have 

significant impact on rutting damage up to a load limit of 15 tones, but after 15 tonnes the effect 

increases due to stiffness variation (Musbah, 2017).  

 

Figure 0-17: The relationship between axle load and rutting damage ratio with temperature (Musbah, 2017) 
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It can be concluded that temperature has a significant impact on pavement distress under 

overloading. This is the case of LMIC with thin asphalt wearing courses, where the impact of 

overloading is even more significant with high temperatures. 

4.1.8.2. Drainage and water presence  

The presence of water on and into the pavement structure will have different effects, depending 

on the layer affected, on accelerating the pavement degradation under overloaded trucks (OECD 

ITF, 2011): 

• In the case of a wet surface layer, heavy traffic generates ravelling, namely progressive 

disintegration of the pavement surface as result of dislodgement of aggregate particles, 

which leads to pot-holes and peeling. In gravel pavements, the surface deterioration is 

accelerated due to water presence.  

• In the case of a water presence in the unbound layer below the asphalt layer, either by 

poor drainage or water infiltration through cracked pavement, the base layer becomes 

weaker, consequently the pavement will fatigues quickly.  

• In case of water presence at subgrade level, mainly due to deficient drainage systems, 

secondary rutting will appear earlier as the water presence decrease the subgrade 

strength. This phenomenon is even more significant in case of unpaved roads. 

When a road is in such a condition, the axle load must be lowered to maintain the same level of 

aggressiveness to the pavement. 

On unpaved roads, ruts, subsidence potholes and other types of defects appear and develop faster 

than on paved roads due to water effect and dynamic impact of vehicles. 

4.1.9. Summary 

In summary, the effect of overloading on the pavement residual life depends on different factors 

including the type of pavement, its structural and functional condition, type of traffic (if 

channelized), vehicle wheel and suspension, tire pressure. A brief classification of the impact of 

different factors into the pavement service life is presented in Table 0-9. 

Table 0-9: Influence of different factors on pavement service life 

 Influence on pavement service life* 

Type of pavement 

Unpaved  Flexible Semi-rigid Rigid 

Vehicles configuration  

Axle load H H H H 

Group of axles  M M L L 

Wheels and tyres M M L L 

Load distribution H H M M 

Suspension M M L L 

Pavement characteristics  

Type of pavement H H Only above 

over design 

load 

Only above 

over design 

load 

Unevenness  M M L L 
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Environmental factors   

Temperature L H L L 

Drainage and water 

presence  

H H L L 

 * H – high; M – medium; L – low 

The most affected are the unpaved pavements, mostly present in LMIC, because overloading will 

result in permanent deformation and longitudinal unevenness, increasing the dynamic impact of 

the load and accelerating the pavement deterioration.  

Flexible pavements, with thin bituminous layers and weak subgrade, also common in LMIC, will 

suffer exponentially with increasing overload, leading to accelerated deterioration, initially fatigue 

cracking but also secondary rutting. 

Another factor that is significant to the effect of overloading is the pavement condition: an old 

pavement not maintained and with cracking initiation will be more affected by overloading than 

a newer, better-maintained pavement.  

Properly designed and constructed rigid and semi-rigid pavements, most common in HIC, behave 

great for the designed loads but the aggressiveness increase is higher with overloading.  

Maintenance of the existing pavements and traffic load control during critical periods of the year, 

namely after freezing season for paved and unpaved roads and during rainy season for unpaved 

roads, are crucial for pavement residual life extension. 

Focussing on the fatigue damage mechanism the conclusions that can be made are that: 

1) Overloading axles is the mechanism that results in a disproportionate level of road damage 

coming from overloaded trucks. The consequences of this can be specifically mitigated in 

different ways 

• Better vehicle practice 

- Eliminate vehicle sources of overload (i.e. by installing suspensions on tandem or 

tridem axles that distribute the load evenly among the axles) 

- Reduce frequency and severity of overloading (through enforcement, incentives 

etc) 

• Road design taking into account heavier loads  

- Thicker pavements 

2) In addition to this, there are a range of good pavement design and maintenance practices 

that will generally reduce the extent of damage for both legally loaded and overloaded 

vehicles. These include: 

• Vehicles: 

- Encouraging good distribution of load among the axles 

- The use of ‘road friendly’ suspension and twin tyres 

• Pavements: 

- Minimising pavement roughness 

- Designing correctly for the temperature conditions. 
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The leading principle in road infrastructure design should be to account for the real world situation, 

and not a hypothetical “ideal” situation with perfect compliance. This of course requires a good 

understanding of real vehicle loads, and thus proper monitoring practices. 

4.2. BRIDGES 

4.2.1. Bridge construction and design vs traffic loads 

4.2.1.1. Bridge construction 

Bridges are complex and varied structures (Structurae, n.d.). Even if they only form a few percent, 

or even less than 1%, of the total length of the road networks, they are critical to ensure transport 

efficiency and safety. A bridge closure generally causes a long detour and congestion, and the 

construction and repair costs of bridges are quite high. Bridge collapses often cause fatalities and 

great disruption. 

The main components of bridges are the foundations, piers, abutments and the deck. The deck 

carries the traffic lanes and the vehicles and is supported by piers and abutments. Piers and 

abutments are founded in the soil. Generally, the deck is supported and stiffened by structural 

elements such as main girders, cross or truss beams, arches or bowstrings, stiffeners, pylons, 

suspension cables, cable stays, etc. 

Various materials were, or are, used for bridge construction (Structurae, n.d.).The first bridges 

were built in wood and stone (masonry bridges). In the eighteenth century, iron bridges appeared 

and in the nineteenth century, steel bridges became more common (suspended and truss bridges). 

Vicat invented cement and concrete in the middle of the nineteenth century, and the first 

reinforced concrete bridges were built at the end of that century and became very common during 

the second half of the twentieth century, in particular. Freyssinet invented prestressed concrete in 

the first half of the twentieth century, and this material became very common after World War II 

for span lengths between 50 and 200 m. Since the 1980s, composite bridges (steel and concrete) 

are more and more used for these span lengths, and after 1950, cable stayed bridges were also 

developed, mainly for long spans above 100 m, and today up to 1100 m (above this length only 

suspended bridges are used). 

4.2.1.2. Action on bridges 

The actions applied to civil engineering structures are mainly classified into 5 categories ( (JCSS, 

n.d.)). For road bridges the main actions to be accounted for are: 

1. dead load: weight of the deck, beams, piers and pylons, and all the structures above the 

supporting soil; 

2. natural and climatic actions: wind, water current (on the piers), earthquakes and 

temperature; chemical actions such as corrosion (water and salt on steel), alkali-

aggregate reaction and ettringite formation (in concrete), and creep and shrinkage may 

be added as long-term self-deformation of the concrete; 

3. the main live loads on road bridges are the traffic loads (vehicles, and mainly heavy 

vehicles); pedestrian bridges are sensitive to pedestrian loads; 

4. accidental loads are mainly shocks against piers, e.g. from crashing ships or heavy 

vehicles, heavy floods, hurricanes, or explosions and bombing (during war periods). 
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However, a severely overloaded vehicle, much above the legal limit imposed on a bridge, 

may be considered as an accidental load as well. 

This chapter focuses on traffic loads, and mainly on overloaded traffic, but also considers the 

combination of traffic (over)loads with other actions, to assess the influence of the overload on the 

bridge. 

4.2.1.3. Bridge design versus traffic loads 

Until the late nineteenth century, bridges were designed either by “guesstimation” or by simple 

hand-made calculations of skilled workers or engineers, mainly accounting for the dead load. With 

horse-powered vehicles and masonry bridges, the ratio of dead to live load was high enough to 

neglect the traffic loads. Over the span of the twentieth century, heavy vehicle weights increased 

from a few tonnes up to 40, 60 or 80 tonnes, while the self-weight of modern bridges decreased. 

Therefore, the ratio live/dead load increased significantly, and the traffic loads frequently became 

the governing loads for bridge design and assessment. Bridge loading codes were developed after 

World War II, and became quite detailed with the development of computer calculations  (Ministry 

of Transportation and Communications, 1979), (EN1991-2, 2003). They contain load models 

designed to cover the current and exceptional traffic loads (calibration of the load models is made 

on extrapolated loads) and safety factors to make provisions for future increases of permitted 

vehicle weights, of bridge aging or lightweight design and construction errors. 

The (partial) safety factors applied on notional traffic loads are generally between 1.25 and 1.5, to 

make provision for errors in modelling and deriving the characteristic design loads or assessing the 

load effects (EN1990, 2002). Dynamic amplification factors (DAF) are included or added to account 

for the dynamic interaction between heavy vehicles and bridges, and resulting load amplification. 

The load models mainly contain: 

(i) Uniformly distributed loads (UDL), are used to simulate the effect of a series of heavy 

vehicles (i.e. congested traffic) on the bridge. They are expressed in kg, t or kN per unit of 

length or area in each traffic lane (Fig. 1). The intensity may be higher for a main lane and 

lower for secondary (fast) lanes. It also decreases with increases in the loaded span 

length. 

(ii) Concentrated vehicle or axle loads are used to simulate the effect of a single heavily 

loaded vehicle or axle. It may comprise a series of a few axles, a group of axles (tandem, 

tridem) or one single (virtual) heavy vehicle, with specified wheel or axle loads (Figure 

0-18). 

(iii) Bridge fatigue is checked using a series of heavy vehicles (one to 3 or 4) with specified 

weights and axle spacing, and a required number of repeated passages over the bridge. 
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Figure 0-18 Load model 1 (Eurocode 1991-2) 

In some codes, the loads (i) and (ii) may be applied simultaneously (Figure 0-18). The load models 

defined in (i) above, mainly govern the global load effects, i.e. pier reactions and forces on the 

foundations, bending moments and shear forces of main girders, truss beams, large slabs, and 

tensions in suspension cables, cable stay or long prestressing cables. The load models defined in (ii) 

above, mainly govern the semi-global and local load effects, i.e. bending moments and forces in 

cross beams, stiffeners, small slabs, connectors (steel to concrete in composite bridges), hangers, 

expansion joints and pavement. 

A structural design addresses two types of limit states (EN1990, 2002): 

• Ultimate limit states (ULS) correspond to an irreversible failure of a sub-structure or of a 

component of the structure, or in the worst cases to a collapse of the structure, 

• Serviceability limit states (SLS) correspond to a temporarily but reversible loss of ability 

to safely operate or use the structure, e.g. because of excessive strains. 

A sudden failure can occur when a single application of a load exceeds the ultimate limit state, 

while a failure in fatigue results from cumulative damage after application of a (long) series of 

stress cycles. In the latter case, the limit state is called fatigue ULS. 

The maximum vehicle loads, or some upper fractile of vehicle loads, govern whether the ULS or SLS 

(for lower load fractiles) are exceeded. For fatigue ULS, above all in steel or composite structures, 

all the loads inducing stresses above certain limits (fatigue thresholds) contribute to the failure. 

In most of the bridge codes, there are also provisions for the horizontal forces generated while 

heavy vehicles are braking, or for centrifugal and transverse forces on curved bridges. 

4.2.2. Impact of traffic loads on bridges 

4.2.2.1. Traffic loads on road bridges 

As explained in section 4.2.1.3, the heavy vehicle gross weight and wheel or axle loads impose 

forces, stresses and strains in bridge structures. An influence line (Figure 0-19) is a function (of the 

abscissa along the bridge), which gives the amplitude of a given load effect (e.g. a bending moment, 
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a shear force, a pier reaction, etc.) caused by a unit load applied at any abscissa. By summing the 

effect of each axle or vehicle at its own location, it allows calculating the total load effect caused by 

all the vehicles on the bridge at any time. 

10. The influence line f(x) or surface f(x,y) expresses the amplitude of a given load effect (or stress) when 

a unit load is applied at the abscissa x (along the bridge deck in the traffic direction), or at the point of 

coordinates (x,y) on the bridge surface, y being the lateral abscissa (transverse direction to the traffic). 

For a series of n wheels, indexed by i, the ith wheel carrying a load Li, and positioned at the point (xi,yi) 

at a given time t, the resulting load effect (or stress) at t is given by: 𝑆 = ∑ 𝐿𝑖
𝑛
𝑖=1 𝑓(𝑥𝑖, 𝑦𝑖). 

11. For a series of n axles, indexed by i, the ith axle carrying a load Li, and positioned at the abscissa xi, 

the resulting load effect (or stress) is given by: 𝑆 = ∑ 𝐿𝑖
𝑛
𝑖=1 𝑓(𝑥𝑖). The latter case assumes that there 

is no effect of the transverse location of the load. 

Overweight vehicles may lead to exceedance of certain design loads or bridge capacity, 

particularly for aged bridges with lower capacity, and thus induce damage. 

• Individual wheel and single axle loads govern local load effects, i.e. related to influence 

lines of 1 to 5 m in length, with possible dynamic amplification (up to 40 or 50%), which 

depends on the pavement evenness, bridge stiffness and vehicle suspension.   

• Single gross vehicle weight and group of axle loads govern semi-local effects, with 

influence lines of 5 to 20 or 30 m in length, also with possible dynamic amplification (up 

to 15 to 25%). Two heavy vehicles (or group of axles) side by side on two adjacent lanes 

may also induce high semi-local load effects. 

In both cases, maximum loads and overloads are critical. Legally loaded vehicles complying with 

an eventual limitation on specific bridges do not expose the structure to any damage. 

A series of heavy vehicles at close distance, such as in a congested traffic without cars, or in a 

platoon, govern global effects. The cumulative weight of a series of heavy vehicles on a single span 

may lead to the exceedance of a bending moment in the main girders, or the allowed tension in 

cables. In that case, not only the overloaded trucks are of interest, but an accumulation of legally 

loaded heavy trucks may be critical. It may occur under special traffic circumstances (e.g. 

demonstration of trucks, or event inducing a truck congestion while the cars may escape), or on an 

aged bridge with a reduced capacity. 
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Figure 0-19: Influence lines of global effects (bending moments and shear forces, l > 5 m), (a) simple supported span, (b) 
two continuous spans. 

Moreover, the trend, almost everywhere in the world, is to increase the permitted gross vehicle 

weights (High Capacity Vehicles, HCVs) for transport efficiency improvement and energy (CO2) 

saving. The traffic volume of heavy vehicles also increases through time with economic growth, 

development of LMICs and economic globalization. These trends put the safety margins 

provisioned in the design codes under pressure. Therefore, enforcement of weight limits becomes 

much more important if the permitted weight limits are increased (e.g. if HCVs are permitted), 

when the bridges were designed for lower loads. 

The bridge formula, applied in several countries (e.g. Australia, Canada, Mexico, South Africa, USA, 

etc.), limits the gross vehicle weight and/or the total load on a series of consecutive axles for a long 

time period (or even forever) depending on the number and spacing of axles (Moshiri, et al., 2011). 

They are designed to prevent any excessive load on existing bridges, whatever the regulation on 

vehicle weights and dimensions. Such a formula is not yet included in the governing Directive 

2015/719 in Europe. This approach could offer significant benefits in light of the increasing use of 

the European Modular System (EMS) of longer heavier vehicle combinations. 
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Horizontal forces induced by braking or centrifugal and transverse effects, are proportional to 

vehicle mass. Therefore, any overload also increases these forces, which is particularly important 

on medium and short span bridges, where a single vehicle may govern these forces. 

Fatigue (of steel bridges of steel parts of bridges) results in crack propagation under repeated stress 

cycles, i.e. moving loads crossing the bridge. Fatigue laws (Miner, 1945), (Paris & Erdogan, 1963) 

suggest that the damage is proportional to a power (3 to 5) of the stress intensity, thus of the load 

in the elastic domain, and to the number of applied cycles, accounted for by a rain-flow procedure. 

The most aggressive loads are those around 60-70% of the maximum, because they are much 

more frequent, Obviously, a highly overloaded vehicle or axle (e.g. by 30%) may contribute as much 

stress as two or more legally loaded vehicles or axles. However, if only a very low proportion of 

heavy vehicles is overloaded, they will not be a dominant cause of fatigue. Conversely, if a high 

proportion of heavy vehicles are overloaded, the lifetime of (steel) bridges may be severely 

reduced. 

4.2.2.2. Combination of traffic and other actions 

Before analyzing the effects of overloads, it is important to understand with which other actions 

the traffic loads may be combined on road bridges and what the influence of these other actions is. 

Traffic loads are superimposed on the dead load, which is a permanent action. Therefore, bridges 

with lighter structural elements and materials are more sensitive to traffic loads. Masonry bridges 

are among the heaviest structures, so they are almost not sensitive to traffic loads. Long span 

bridges without structural elements sensitive to local or semi local effects, massive structures (e.g. 

concrete box girders, truss beam bridges), continuous span and hyperstatic structures are also less 

sensitive to traffic (over)loads. Except in the case of structural deficiency, all these bridges are rarely 

affected by overloads. 

Conversely, short and medium span bridges with rather low self-weight are quite sensitive to 

overloads. Examples include concrete slab bridges, reinforced and prestressed beam bridges with 

simple supported (isostatic) span, short and medium span steel and composite bridges (with 

isostatic girders). Some long span bridges, such as suspended or cable stayed bridges may also be 

affected by overloads because of elements exposed to local or semi local effects, such as hangers, 

cable stays or cross beams. 

In summary, non-redundant bridges or critical sub-structures, exposed to load effects with 

influence lines shorter than 40 to 60 m or sharp influence lines, are exposed to failure if one single 

heavy vehicle crosses with a high overload. For local load effects (influence lines shorter than 5 

m), a heavy overloaded axle may induce a failure, which may end in a bridge collapse if the 

structural element is not redundant. 

Long span bridges can be affected by overloads if several overloaded trucks are crossing them 

simultaneously, and do not respect the mandatory spacing (generally 50 m in free traffic).  

Wind and earthquakes are mainly not correlated, or even negatively correlated, to traffic loads 

(limitation of truck traffic on bridges exposed to strong wind). 

Corrosion due to water and salt increases the risk of failure under overloads. Corroded reinforced 

steel or prestressing cables in concrete bridges, or suspension cables, hangers and cable stays can 
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significantly reduce the strength of the structure. Corrosion also affects steel girders, cross beams, 

stiffeners, deck plates and any other sub-structures made in steel. In such cases, a slight overload 

or even a legally loaded heavy vehicle may induce load effects or stresses exceeding the residual 

load capacity of the element and cause a failure, or even a bridge collapse. 

 

Alkali-aggregate reactions and ettringite formation also deeply affect the concrete strength and 

integrity. In some cases, it may lead to a bridge collapse under its self-weight. However, before that, 

the strength reduction exposes the bridge to severe damage or collapse under any overload. 

Temperature variations induce thermal gradients in concrete girders or boxes and expansions in 

steel structures. These gradients or expansions create internal stresses in the concrete or steel 

structures, which are in some cases superimposed to the stresses due to traffic loads. Moreover, 

these gradients may open cracks in the concrete, which results in a non-linear increase of stresses 

with respect to the applied traffic loads. It was found that in some bridges, a 30 t truck crossing the 

bridge at certain period of the day (or night) may induce the same stresses as a 50 t truck, solely 

due to temperature variations! This may be considered as a virtual or involuntary overload, and 

obviously, an overloaded vehicle would be even worse. 

Concrete shrinkage also leads to open cracks in beams or slabs, which may have the same effect as 

thermal gradients, but permanently. All heavy vehicles crossing a bridge affected by shrinkage can 

have the same effects as overloaded vehicles on a healthy structure. Concrete creep causes strains, 

which can also open cracks or release prestressing forces, and finally increase the load effects due 

to heavy vehicles. 

All these mechanisms - steel corrosion and chemical reactions and permanent strains in concrete - 

increase the consequences of bridge overloading. 

Finally, accidental actions related to heavy vehicles, such as collisions against a bridge pier or 

abutment (for motorway or highway overcrossings), or a bridge safety barrier, are exacerbated with 

overloads, because of an increase of the kinetic energy, proportional to the vehicle mass. 

4.2.3. Impact of overloading on bridges 

4.2.3.1. Single overloaded wheels or axles 

Overloaded wheels or axles may induce damages or failure of some bridge elements sensitive to 

local effects. This is the case for expansion joints or thin decks (above all steel decks) sensitive to 

punching. Longitudinal stiffeners and some welds in steel orthotropic decks are also sensitive to 

axle loads. In case of dynamic amplification, the overloads are increased. 

In most cases, the load effects are proportional to the applied (over)loads. 

4.2.3.2. Overloaded vehicles 

As shown above, a single overloaded heavy vehicle mainly governs semi-local effects in bridges. 

The most common damage resulting from overloaded vehicles are cracking or failure of short or 

medium main girders or slabs, mainly on simple supported span bridges; failure of hangers, cross 

beams, prestressing cables, or any other sub-structure.  
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On well-designed and healthy bridges, only very high overloads (50% or more above the legal 

threshold) may cause severe damage immediately, because of the safety factors and the provisions 

of the design load models in the codes. Bridge collapse may only happen under much higher 

overloads (more than 100%). However, on older or partly damaged bridges, affected by corrosion, 

cracking, or any other strength loss, much lower overloads may induce wear and sometime 

collapse. Therefore, bridge owners should reduce the permitted vehicle mass on such bridges to 

keep an acceptable safety margin. If some drivers ignore these limitations, they may damage or 

destroy the bridge by overloading. 

4.2.3.3. Accumulation of overloaded vehicles 

The accumulation of overloaded vehicles may be critical for long span bridges, but very rarely 

occurs. The most frequent (but even rare) reported bridge collapses under a large series of heavily 

loaded trucks are related to bridge testing right before its opening. It may reveal faulty design or 

an error in the construction process. However, for some sensitive bridges, either older bridges or 

light new bridges, or during work periods, the total load on a span may be limited/controlled, by 

imposing longer distances between heavy vehicles, or banning heavy vehicle crossing (alternate 

traffic). 

4.2.3.4. Fatigue 

As explained in section 4.2.2.1, a low proportion of slightly overloaded vehicles will not affect the 

bridge lifetime too much due to fatigue. However, if a large proportion (more than 10 to 20%) of 

heavy vehicles are overloaded, the lifetime of welded steel structures may be significantly 

reduced. If welds are corroded, the risk is increased because of a reduction of the resistance to 

fatigue and an increase of the stress intensity (loss of rigidity and strength). 

4.2.3.5. Accidental loads 

A single overloaded vehicle may cause severe damage or even collapse of a bridge if hitting an 

inadequately protected pier, or fatalities by crossing a safety barrier and failing on another road, a 

railway track, etc. Moreover, an overloaded truck may have a higher probability of a loss of control, 

for example due to brake fade or reduced roll stability, and thus may be more likely to be involved 

in such an accident. 

4.2.4. Failure cases 

Some examples of bridge collapses due to overloads are showm in Figure 0-20. 

(a) The Tittle bridge, built in 1950 in Nova Scotia (Canada) was about to be dismantled and 

replaced, when an 80 tonne truck carrying a crane crossed it, causing its failure. 

(b) The suspended steel bridge of Mirepoix over the Tarn river in the south of France, built in 

1930-35, which was limited to 19 t because of identified weaknesses, collapsed under the 

passage of a 51 t truck, almost 3 times heavier than the legal limit. 

(c) The Wuxi bridge in Jiangsu, China, collapsed under the simultaneous crossing of four 

overloaded trucks, weighing 186 t all together. 

(d) The steel arch bridge of Nanfang’ao collapsed in Taiwan while a tank truck crossed it. The 

truck was likely not overloaded, but the bridge suffered of a design default (lack of 
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redundancy and wrong cable position), was affected by corrosion and poorly inspected. 

However, the truck load initiated the collapse mechanism. 

(e) The Dale Bend in Arkansas, was limited to 6 t and collapsed under a 32 t truck crossing. It 

was reported that the driver was tired, got wrong information from his GPS which 

recommended a route for cars, and did not pay attention to the load limit on this bridge. 

(f) The Myaungmya suspended bridge in Pathein (Burma), with a main span of 268 m, and 

two side spans of 86 m, was built in 1996 and collapsed 22 years later. Several design and 

corrosion issues, above all with cable anchorages, led to a decision to limit the traffic to 

one lane and the truck mass to 20 t (instead of 60 t). When the bridge collapsed, a 16 t 

truck on 6 wheels was crossing the bridge. 

(g) The bridge of Annone, overcrossing a motorway near Milan in Italy, built in the late 1960s, 

collapsed under the passage of an abnormal loaded truck of 108 t, while it was limited to 

44 t. The bridge was known as partly damaged and the local authorities already sent 

warnings about its safety and required funds for repair. 

(a) An access viaduct of the bridge over the Qiantang river in Hangzhou, Zhejiang, China, built 
in 1999, collapsed under the passage of a 100 t truck (loaded with steel plates), i.e. 66 t 
above the legal limit! 

 

 
(a) Tittle Bridge, Nova Scotia, Canada, 7/7/2020          (b) Mirepoix bridge, France, 18/11/2019        
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     (c) Wuxi, Jiangsu, China, 10/10/2019                (d) Nanfang’ao bridge, Taiwan, 1/10/2019 

 

     

 

(e) Dale Bend Bridge, Arkansas, USA, 30/01/2019      (f) Myaungmya bridge, Burma, 1/4/2018 
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(g) Annone bridge, Italy, 28/10/2016              (h) Qiantang river bridge, Hangzhou, China, 15/7/2011  

Figure 0-20: Bridge collapses resulting of overloads 

4.2.5. Mitigation measures 

To mitigate severe damages or even bridge collapses under overloaded trucks, the following 

measures are recommended: 

1. to identify the most sensitive bridges and sub-structures sensitive to axle/vehicle loads 

in the network, above all among the light and aged structures. Any loss of load capacity 

should be identified. 

2. to prevent or repair corrosion of steel parts, reinforcement and prestressing cables, and 

chemical reaction (alkali-aggregate and ettringite formation) in concrete. To carefully 

monitor overloads on bridges affected by these disorders. 

3. to prevent crack opening in concrete structures due to thermal gradient or shrinkage, 

and loss of prestressing due to creep. 

4. to limit the permitted load on any aged or partially damaged bridge with a loss of load 

capacity, or not fulfilling the current bridge loading code requirements. 

5. to monitor the loads crossing steel and composite bridges sensitive to fatigue, and under 

capacity with respect to the current design codes or affected by cracks, and to periodically 

recalculate their lifetimes. 

6. to install WIM or bridge-WIM system before or on bridges with limited load capacity, 

with ANPR, to identify the overloaded vehicles crossing them, and to issue warnings to 

the truck owners (at least), or fines (if the WIM system are type approved by the legal 

metrology). 

7. to report suspected overloads identified on sensitive bridges to the bridge owners and 

the road authorities, and to take preventive measures by the truck operators. 

8. to monitor the total load on long span bridges, above all in congested traffic, and to 

prevent crossing or multiple presence (overtaking) of overloaded trucks on short and 

medium span bridges, or on part of them with structural elements sensitive to local and 

semi local effects. 
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5. IMPACT ANALYSIS: ROAD SAFETY 

This review of the impact of overweight vehicles on road safety aims to provide clear, 

understandable and well-evidenced information on the specific effects of overloading such that 

freight and enforcement practitioners around the world can be provided with useful information 

to help them design appropriate interventions.  

The effect of mass on vehicle dynamics is one of fundamental physics. Certain basic characteristics 

will be applicable to all types of vehicles, in most circumstances in different countries around the 

world. However, the effect of mass will interact significantly with the vehicle design and other 

characteristics of the load. These can vary substantially around the world and in different freight 

operations. Thus, any practitioner considering the influence on safety of overloading outside of the 

permitted limits, or the rules around permitting vehicles above standard weights, needs to 

understand these differences to ensure any intervention works well for the specific circumstances 

intended. 

It is also important to note that the effects of overloading on the vehicle behaviour is not the same 

for different aspects of vehicle performance. In some areas, the effect will be directly proportional 

– the greater the load, the greater the detriment in vehicle performance. However, in others, it will 

be far from linear. In particular, manufacturers will tend to design vehicles to a standard that is valid 

and saleable in a wide range of different countries with different weight restrictions. This gives rise 

to the concept of a maximum design weight and, in most countries, this design weight will be 

substantially in excess of the maximum weight the same vehicle will be permitted to carry by the 

national or local legislation. In some areas of performance exceeding the national limit by a modest 

amount will not adversely affect safety because, although illegal, it remains within the weight for 

which the vehicle was designed. 

So, in reality, the effect of overloading on safety is rather complex. By contrast, most overloading 

guidance aimed at operators and enforcers is very simple. For example, guidance in the UK states 

that overloading “makes the vehicle less stable, difficult to steer and take longer to stop. Vehicles 

react differently when the maximum weights which they are designed to carry are exceeded. The 

consequences can be fatal.” (DVSA, 2012). 

Trasmitting this information to drivers is usually done with simple messaging, which has the 

advantage of being easy to communicate to a non-specialist audience. As a result of the complex 

reality, this does introduce a risk. If a driver or operator has driven modestly overloaded vehicles 

and their experience has been that in fact the vehicles were not difficult to steer, or didn’t take 

longer to stop, which is technically feasible, then this can undermine their trust in the advice they 

are given. In turn, this could undermine compliance with the guidance. 

1. A technical review of the impact of overloading on the full range of performance factors is 

included in   
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Annex 2: Detailed analyses of safety impacts and the main findings are summarised below. 

5.1. DIRECT EFFECTS ON VEHICLE PERFORMANCE 

Several areas of performance do conform with the general expectation that the extent of 

deterioration would be progressively worse as overloading increases. For example, load restraint 

systems and guidance on load restraint is based around a legally compliant load and will become 

progressively more likely to fail the heavier the load is (assuming the restraints are not upgraded to 

match).  

However, in most of the performance areas there are at least some complicating factors that make 

the effects less straightforward. 

At the relatively simple end of the spectrum, the rollover stability of vehicles will generally get 

progressively worse with increasing load (and overload). However, the magnitude of effect will 

vary depending on the type of load and, in particular, its density. Where very dense loads are 

carried, then overloading may not increase the centre of gravity height very much, so that only a 

relatively small deterioration in rollover stability would be expected. Where very low density goods 

are carried, the vehicle is likely to be full before mass limits are reached so that overloading is not 

possible. It is with medium density loads where, for example, a 20% mass overload would result in 

the cargo volume being completely filled to a tall height, that the most severe effects on rollovers 

would be expected. A poorly distributed load (for example heavier items on top) will also have a 

substantial effect on rollover. 

The severity of collisions is an area where the risk would increase progressively with increasing 

overload. However, a simple view would be that this is the case for all collisions and that is not true. 

The important factor in considering the effect of mass on collision severity is the mass ratio between 

the parties involved. The fact is that most legally loaded and fully compliant HGVs are already much 

heavier than the other road users that they typically hit in collisions. In an extreme illustration of 

the point, the outcome is not likely to be significantly different if a 75 kg pedestrian is hit be a legally 

loaded 40 tonne truck or if that truck is overloaded by 10 tonnes for a total mass of 50 tonnes. The 

mass ratio is already more than 500 to 1 when the truck is legally loaded. In general, the impact 

severity becomes relatively insensitive to changes in mass once the mass ratio exceeds about 10 to 

1. So, impact severity does get progressively worse with increasing overload, but only in a 

relatively narrow range of collisions where the HGV hits other commercial vehicles of comparable 

mass or in certain single vehicle collisions where the HGV hits essentially rigid objects such as 

bridge supports. 

The heavier the load is, the more chance there is of a deterioration in brake performance as a 

consequence of over heating the brakes either when braking repeatedly or when using the brakes 

to maintain a constant speed on a long down hill descent. This is known as brake fade. Although 

the effects will be progressive with overload, the rate of progression may get significantly worse 

once the vehicle’s design weight is exceeded. 

Structural failures in wheels, suspension and even chassis members can result in catastrophic 

outcomes. However, if the vehicle is well maintained and the overload is still within the vehicle 

design weight (and probably a margin over the design weight because manufacturers allow a factor 

of safety) then these failures will be extremely rare. They will only become likely once the design 

weight is exceeded by a substantial margin. So these risks are less progressive and more of a step 
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change in risk once the design weight is exceeded by a significant margin with progressively 

increasing risks thereafter. 

The acceleration potential of a vehicle is an area that will reduce progressively with increasing 

overload for one aspect of performance. When travelling up a significant incline in conditions of 

good traction, the increasing overload is likely to reduce acceleration potential and can result in 

slower HGVs and an increased speed differential between HGVs and other traffic. However, in 

slippery conditions the effects will depend more on the vehicle configuration and the distribution 

of the load. If an overload is carried largely on the driven axle of a multi-axle vehicle, then the 

traction in slippery conditions may improve such that a legally loaded vehicle becomes stranded 

but an overloaded one can move. 

Issues of weight distribution and interaction with vehicle design greatly complicate the 

consideration of load effects on steering and, in particular, emergency stopping distance under 

braking. Overloading can indeed make a vehicle difficult to steer. When the steered axle is 

overloaded, more force can be required to turn the steering wheel. However, when the overload is 

biased toward the rear of the vehicle it can reduce the mass carried by the steered axle and reduce 

the force required to turn the wheel. This would also reduce the grip available at the steered axle 

making understeer much more likely. In addition to that, less obvious dynamic effects can be 

produced within the suspension when sudden inputs coincide with a changed resonant frequency 

of suspension and these may be less predictable. Effects will also be more complex on some types 

of tow vehicle – trailer combinations, particularly where multiple trailers are involved. 

Mass effects emergency stopping performance (as a one off event, where excessively heated brakes 

are not a factor) in different ways. Overloading a tyre is likely to reduce the friction coefficient 

between that tyre and the road and this can and does reduce braking performance. However, 

braking performance is a complex compromise of several competing factors and so the overall 

effect is strongly dependent on the design choices the manufacturer makes (e.g. choosing brake 

ratios between the axles, the sophistication of load sensing or the ability to dynamically vary brake 

distribution during braking) and the distribution of the load. In practice, many vehicles will offer 

better braking performance when fully laden than they do when lightly laden. This will deteriorate 

again as overloading increases, particularly if the centre of mass position of the load is unusual or 

if the extent of overloading goes beyond the design weight. However, it remains quite possible 

that a modestly overloaded vehicle has an emergency stopping performance slightly better than 

the same vehicle very lightly laden. Coupled with the fact that most brake applications are very 

gentle (<2 m/s2) and emergency stops are rare, this means that drivers will often not experience 

the adverse effect of moderate overloading that the advice suggests that they will. 

5.2. INTERACTING FACTORS 

Many factors will interact with the above physical effects to produce a range of safety outcomes. 

This literature review highlighted several mechanisms: 

• Standard of the infrastructure: Where the infrastructure has not been designed to 

mitigate the safety problems of heavy vehicles then the influence of overloads will be 

unmitigated. However, in many situations infrastructure features will be designed for 

HGVs, for example, roadside restraints, emergency escape routes and arrestor beds 

intended to stop vehicles running out of control into higher risk areas. These will, at best, 

be designed for the worst case legally loaded vehicles. Their effectiveness in restraining 
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the biggest and heaviest types of goods vehicle when overloaded will inevitably be 

reduced. In one sense, the presence of these systems will mitigate some of the risks of 

overloaded vehicles compared to not having them at all. However, in another sense, the 

benefits of such systems will be undermined by the presence of overloaded vehicles. 

Furthermore, road vehicles are mainly designed to use high quality road surfaces. If 

surfaces become prematurely damaged, or the tyre road friction is reduced, as a 

consequence of HGV traffic, then the level of safety is reduced for all traffic. 

• Magnitude of overloading: Countries with well-developed freight systems and rigorous 

enforcement may see that where vehicles are overloaded, it is on average by only a 

relatively small amount. Other countries without good systems may see a much higher 

average overload. The risks of overloading increase with the amount by which they are 

overloaded and the relationship may not be linear. 

• Standards of new vehicles: Most manufacturers of rigid HGVs and tow vehicles for 

articulated combinations are global in nature. For example Paccar is a global truck group 

that includes the European brand DAF as well as North American brands Kenworth and 

Peterbilt. Much of the underlying structure and technology will be standard across the 

globe but the detailed specification will be varied to be competitive in local markets. 

Trailer production tends to be much more local and standards may vary more widely. 

Higher quality vehicles may have greater in-built ‘factors of safety’ in the structures and 

in the design of critical systems such as brakes, using more modern expensive materials. 

They may also have more sophisticated control systems (e.g. electronic braking and 

electronic stability controls) that may partially offset the adverse effects of increased 

load, though it can also be argued that overloading undermines their otherwise excellent 

effectiveness. It is also possible that the proportion of new vehicles is lower in low income 

countries, with a number of used vehicles imported from higher income nations after they 

have become less economically viable there. 

• Roadworthiness: Where a vehicle is routinely overloaded it will suffer increased wear and 

fatigue. In countries where good maintenance regimes and rigorous roadworthiness 

enforcement exists, these problems are more likely to get caught and repaired before 

they reach the point of catastrophic failure. Also, vehicle failures can combine with 

overloading to increase risk far beyond either parameter in isolation. If one brake on a 4 

axle vehicle is not functioning, the remaining 7 brakes must do the work of 8 and will get 

hotter as a result. However, the system may be resilient enough to still provide the 

required braking. Similarly, an overloaded vehicle increases the work of the brakes but 

may be insufficient in isolation to cause a significant problem. However, if both are 

present, the remaining 7 brakes must do the work of more than 8 and overheat and fail 

with potentially catastrophic consequences. 

Further investigation of how these factors varied around the globe was undertaken via the survey. 

The results in relation to infrastructure were presented in section 4.1.3 and WIM data relating to 

the extent of overloading was presented in chapter 3. Although based on a limited sample of 

especially LMIC, it appears that overloading is much more common in LMIC compared to HIC, and 

that the magnitude of overloading is also greater in LMIC.  

Questions were asked in the survey about the standard of both new and in-service vehicles in 

different countries. Seventeen responses were received in the section on vehicle specification and 
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condition. According to World Bank definitions1, 12 of these would be considered to be from high 

income countries. These 12 respondents all reported good new conditions of vehicles with high 

fitment of safety systems such as ABS and ESC. Most reported little or no fitment of on-board axle 

weighing systems. All respondents reported a good standard of in-service vehicles as well. Only the 

USA reported not using periodic technical inspections (annual or biannual roadworthiness checks 

on vehicles) and no problems were reported with these schemes. 

The 5 responses from LMIC countries were more variable. All but one reported high fitment of ABS, 

the one outlier did not report on ABS (som may or may not have been high), two reported high 

fitment of ESC and one specifically referred to new vehicles being in good condition. Two more 

referred to average new vehicle conditions with the remaining two not commenting. In service 

vehicle condition was reported as average by 3 respondents, average to poor by one and poor by 

the final one. Only three countries referred to mandatory periodic technical inspection and two 

referred to problems with these schemes. One stated that it was not necessarily done properly and 

the other stated that only 60% of the fleet complied with the requirement.  

Combined with the analysis of physical effects on the vehicle and the interacting factors, then this 

suggests that, for the same frequency and magnitude of overloading, the safety consequences 

would be expected to be greater in low and middle income countries because of the standards of 

their vehicle fleets. 

5.3. EFFECTS ON FREQUENCY AND SEVERITY OF COLLISION 

The number and severity of collisions where overloading are a factor would be expected to be a 

function of both the physical effects and the interacting parameters and so would be expected to 

vary around the world. Statistics on the role of heavy goods vehicles in casualty populations around 

the world are available. 

Several authors have found that there is an increase in collision rates with higher weight vehicles. 

However, it is important for this to be placed in full context. For example, which unit of exposure 

to risk to use in calculation of a rate is very important. Larger HGVs will often have a much higher 

rate of serious collisions per vehicle km than a smaller vehicle. However, when considered per 

tonne km, the order can be reversed because it takes many smaller vehicles to carry the same mass 

of load as a larger vehicle. 

Similarly, the context will change very significantly in different countries with different economies, 

different splits of urban and rural freight flows, different infrastructure and different vehicle 

standards.  

Figure 0-21 maps the number of truck occupant deaths in 2016 as a percentage of all road fatalities 

in countries around the world  (World Health Organisation, 2018). Although truck occupant 

fatalities cover only a small proportion of the total fatalities arising from collisions involving trucks, 

it does indicate the expected variation around the world. It is observed that around 23% of the 

countries present a percentage of deaths lower than 1%, showing that these types of users are not 

in particular risk in these countries. Intermediate risk groups of 1-2% of deaths and 2-4% of deaths 

are represented in 19 and 34% of the countries, respectively. The critical group with the highest 

percentages of deaths covers around 24% of countries, deserving as so, particular attention to 

 
1 https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups 
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reduce the bigger risk of death. In this group we highlight Zimbabwe, with 18% of deaths, Togo, 

with 11%, Malta with 9% and United Arab Emirates with 8%.  
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Figure 0-21: Percentage of drivers and passengers of truck deaths (data source WHO, 2018) 

The project team has directly accessed national collision statistics for GB and Portugal, where some 

information on the frequency with which poorly or overloaded vehicles are involved in collisions. 

Two different reporting formats are used. The Portuguese data records overloading whenever one 

of the vehicles involved in the collision was overloaded, regardless of whether that overloaded 

condition played any part in the cause or consequences of the collision. In GB, overloading is only 

recorded if the police officer attending the scene of the collision considered that it might have 

contributed to the cause of the collision.  

The survey attempted to extend the data generated to other parts of the world. However, only 8 

respondents provided any collision data. For seven of these, only the total number of collisions and 

casualties where HGVs were involved was provided, which ultimately would only update some of 

the information already in the map above. No information was made available about the number 

where overloading was either present or contributory so this could not be used to quantify this. 

The one respondent who did provide overloading data did so for Scotland, which is a sub-set of the 

GB data already analysed. The results of the analyses are summarised below. 

 

Country Proportion of all where HGV involved where overloading was present (Portugal) or 

contributory to cause (GB/Scotland) 

Collisions Fatalities 

Portugal 0.3% 1.2% 

GB 1.0% 0.3% 

Scotland 1.3% 0.0% 

Table 0-10: survey response on road safety 

It should be noted that all samples are subject to some variability in percentages as a consequence 

of low total numbers, particularly with respect to fatality statistics. However, it can reasonably be 

concluded that, as a proportion of the total HGV safety problem in each country, the contribution 

of overloading is relatively low. However, each of these countries would be classified as high 

income and each report a high standard of vehicles, period technical inspections and weight 

enforcement. Even despite the low proportion and the high standards, it is important to note that 

the safety effect of overloading is not zero. In countries, with lower vehicle standards or less 

effective enforcement, the contribution could be substantially worse. Unfortunately, it has not 

been possible to numerically prove that hypothesis in this work. 

The effect on the safety of substandard pavement as a consequence of truck overloading is also 

extremely difficult to quantify based on existing statistics. 
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6. ECONOMIC IMPACT OF OVERWEIGHTING  

6.1. ROAD TRANSPORT OPERATORS 

While road freight transport is incredibly diverse, its economic setup lends itself to a market 

organisation which is very disaggregated, with many small companies (often owner/operators with 

a small fleet of just one or two vehicles) engaging in price competition to attract customers. While 

larger transport companies exist as well, these often also work with a combination of own 

vehicles/drivers with subcontractors, i.e. the same small companies who also work on the open 

market. Larger companies have the benefit of a stronger organisational structure that may lead to 

lower costs and a higher investment capacity, but all in all, the structure of costs and revenues of 

road freight transport companies does not differ significantly with the size of the fleet owned.  

Costs for road transport operators can typically be divided into 4 components: 

• Variable transport costs 

• Semi-fixed transport costs 

• Fixed transport costs 

• Overhead costs 

The 3 main cost components are fuel, labour and equipment (depreciation), who roughly account 

for 90% of the total. While a rule of thumb states that each represents about 30% of total cost, this 

may vary based on the circumstances. For the Netherlands for example (Panteia, 2016), the share 

of labour cost is higher due to higher wages. 

Among the non-fixed transport costs, there are multiple parameters that can impact the cost level: 

type of cargo, travel distance and time, nationality of the driver, type of road, but the total weight 

of the vehicle is among the most impactful, as it strongly affects fuel consumption as well as vehicle 

wear. (Kulovic, 2004) presented a cost model ($/tkm) for road freight transport, which accounts for 

the most relevant parameters: 

Ct = X*[Y*Cf*(Z +F)+Z*Cv] 

where Ct= total transport costs; Cf = fixed transport costs; Cv = variable transport costs.  

X is the factor which expresses the influence of vehicle capacity and its utilization. 

X= 1/ε*q 

where ε = coefficient of vehicle capacity utilization; and q = vehicle capacity (in tonnes). This is 

where the weight of the cargo and the impact of overloading shows.  

The other parameters reflect the relative availability of the vehicle throughout the year (Y), the 

occurrence of empty running, road and traffic conditions (Z) and share and efficiency of 

loading/unloading operations in total trip time (F). 

Figure 0-22 shows the relative impact of the different parameters on transport cost for a reference 

case. Clearly the impact of weight and load factor is the most dominant in the main graph, which 

underlines the importance of maximising the amount of cargo carried per trip for road transport 

operators. 
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Figure 0-22: impact of cost function parameters on cost levels 

Overloading also impacts other costs components, as it increases the strain on the vehicle and 

increases wear and tear, with more preventable breakdowns and higher maintenance costs as a 

result. 

The second term of the profit/loss equation are the revenues: while often the price setting for road 

freight transport is non-linear, a higher cargo weight will almost always mean a higher price. 

However, the increase in transport price is not necessarily proportional to the increase in the 

costs for the operator, as only variable costs are impacted (to some degree). This would entail that 

taking more cargo on a trip would lead to higher profits for operators, creating an incentive to 

maximise the cargo per trip, up to and in some cases over the legal limits, i.e. overweighting.  

In case an operator decides to overload his vehicle, there is a third term in the profit calculation: 

the risk of getting caught by police and penalised when the overloading is detected. This term 

consists of two elements: 1) the risk; and 2) the penalty. The risk of getting caught varies wildly 

between countries and regions. Technology can be deployed by authorities to improve the 

detection, but it could also be a question of manpower available to law enforcement, or policy 

priorities formally or informally set by policy makers to affect the chance of road freight operators 

getting away with overweighting. The level of the penalties (fines) associated with overweighting 

will also impact transport operators’ decisions. It might very well be that despite a high chance of 

detection, a conscious decision to overload is still made when the fine is not in proportion to the 

additional benefit of overloading. (Euritt, 1987) describes the logic behind a fine structure in Texas 

that effectively discourages overloading by using a stepwise increase in the additional fine per 

excess weight carried. 

Another element to consider that is relevant in many countries, is the likelihood that corrupt law 

enforcement staff is willing to accept bribes of a certain level to look the other way in case an 

infraction is identified. The level of the bribe would logically be correlated to the level of the official 
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fine. Outside of direct bribes, there could be other ways to avoid fines post-factum, e.g. by 

appealing the fines in court. 

In case the vehicle itself is not overloaded, violations of axle load limits are generally involuntary 

and rather a consequence of improper loading procedures. While lifting axles does have a positive 

impact on vehicle fuel consumption, it is unlikely that it is done while knowingly breaking said limits. 

6.2. ROAD INFRASTRUCTURE MANAGERS 

Whereas road transport operators (and/or their clients) are the main actor benefitting from 

overloading, the responsibility of road infrastructure managers to maintain and repair roads with a 

limited budget makes them the primary disadvantaged party, and as a result, all road transport 

users suffer from the degraded condition of the road pavement and bridges. 

In terms of business model, this analysis will again focus on the identification and estimation of 

revenues and costs, and how these may vary as a function of (excess) weight carried by road freight 

vehicles. 

There are 2 main revenue sources for the revenue (or budget) of road infrastructure managers: 

public funds provided by the government, and tolls or fees collected from road users in case a 

pay-per-use system (road tolls) is applied. In some cases, these tolls feed directly into the budget 

for the road infrastructure manager, while in others, they are revenue for the government, which 

can then decide to adapt the budget for road infrastructure investment to the tolls collected. 

Costs for infrastructure managers consist of operational costs related to the construction of new 

roads and the maintenance and repair of the existing network, and costs for supporting activities 

like research and administration. The former are directly affected by vehicle overloading, in which 

both the prevalence of overloading (the share of overloaded vehicles on the road) and the intensity 

of the overloading (the amount of weight above the limits vehicles are loaded with) have an impact. 

The types of road surface used and the design of bridges, road safety barriers are also affect the 

costs for road infrastructure managers. 

The prevalence of overloading varies significantly between countries. (Jacob & Van Loo, 2008) state 

that some European countries found that shares of overload vehicles in Europe reached 15%, but 

are mostly around 2-5% in developed countries. In developing regions and countries, it can be as 

high as 80% (Chan, 2008) and in some cases up to 98% (Jongga, et al., 2018). Chapter 3 discusses 

the prevalence and magnitude of overloading around the world in more detail. 

Road pavement management is based on the principle of a design life that is dependent on a certain 

amount of vehicles passing over it – or more precisely, a number of Equivalent Single/Standard Axle 

Loads (ESAL). Every passing vehicle causes fatigue cracks that accumulate over the service life of 

the pavement, with a deteriorating quality of the road as a result. The definition of ESAL is almost 

60 years old, as was described by (Cebon, 1999), though its practical application varies between 

countries and regions (reference load, area of contact with the road, form of performance laws 

considered). In (ACEA, 2015) a summary of the standard practice is presented.  

The equivalence factors (also called “aggressivity”) are calculcated according to the law in power α: 

a = (
P

Ps
)α 
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where α is the equivalence factor, P is the measured dynamic axle load, PS is the reference weight 

of the relevant axle (usually an 80kN single axle with dual tyres) (Pais & Minhoto, 2013) and 

(AASHTO, 1993), and α is the power related to the type of pavement (rigid, semi-rigid, flexible...). 

The fatigue damage of well-designed rigid pavements is around one half that of standard flexible 

pavements (Cebon, 1999) and weaker pavements are much more sensitive. Still, most countries 

use a constant power of 4 for all types of pavements (“fourth power law”). 

For all traffic, adding up to N axles, the total aggressiveness, A, is defined as: 

A =∑(
Pi
Ps
)α

N

i=1

 

The composition of various vehicles and loads using the pavement is converted to a cumulative 

number of passages of a loaded reference axle. This equivalent traffic produces the same rate of 

distress as the actual combination of the different traffic loads. The service lifetime of a pavement 

is thus converted to an equivalent number of standard axles on the basis of assumed or simulated 

traffic flows and composition.  

It is important to understand that the rate at which traffic wears down a road is proportional not 

to the gross weight of the vehicles but to the power of the axle loads. Therefore, assuming the 4th 

power, the effect of a 5% overloaded axle would result in a 1.054 = 1.22 or 22% increase and a 20% 

overload in a 1.204  = 2.07 or 107% increase in fatigue damage. However, the 4th power law should 

not be considered as generally applicable, as this is affected by evolutions in axle loads and axle 

group configurations; tyre sizes and pressures; road construction; and traffic volumes (Cebon, 

1999). Chapter 4.1 has more detail on this. 

(De Ceuster, et al., 2008) examined the effects of increasing the allowed weights and dimensions in 

Europe, in multiple scenarios, with one of them essentially mimicking the situation of allowing a 

10% overloading of current vehicles (44 tonnes instead of 40 tonnes on 5 axle heavy duty vehicles). 

They found that allowing such vehicles, where they would obtain a market share of around 25%, 

would lead to increase in annual pavement maintenance costs in the EU27 of 1.7 billion € (just over 

10% increase). The additional investment in bridge maintenance as a result of such a policy would 

be between 0.5 and 5 billion annually. A scenario with 48 tonne vehicles was also considered though 

not fully calculated through. Following a similar approach in matching actual road pavement 

maintenance and repair costs (accounting for road life cycle) to estimated number of ESAL-miles, 

(Ahmed, et al., 2013) found costs of $0.006 per ESAL-mile on Interstates up to $0.218 per ESAL-mile 

on non-national highways in the state of Indiana (USA). 
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Figure 0-23: impact of allowing overloading in Europe – source (De Ceuster, et al., 2008) 

From (Pais & Minhoto, 2013), we learn that it is also important to consider the difference in road 

wear (and thus maintenance cost) between vehicles at maximum legal loads and average vehicles, 

as these often travel with axle loads considerably lower than the maximum allowed level (generally 

between 20% and 90% of the maximum in their case study for Portugal). On average, overloaded 

vehicles do not cause more damage to pavement than vehicles with the maximum legal load in all 

axles. This happens because a significant number of overloaded vehicles are overloaded on one or 

more axles and not overloaded in terms of the total load. 

One of the most important considerations regarding the impact of overloading on the business 

model of road infrastructure managers is that while overloading causes a quasi-linear 

improvement in the profits of transport operators, the costs to the infrastructure manager (and 

thus society as a whole) increase to a much higher degree. If vehicles are on average 20% 

overloaded, the service life of pavement is halved and road maintenance costs double (based on 

the 4th power law). When accounting for the fact that most vehicles travel at axle loads considerably 

lower than the maximum allowed value, overloading could cause even greater spikes in 

maintenance and replacement costs.Maintenance itself also comes with an environmental cost 

that could to some degree offset any the environmental benefits of higher loads on vehicles. 

The business model of the road infrastructure operator is generally not affected by the efforts of 

law enforcement, in the sense that fines for violations of load regulations do not flow to the budget 

of the infrastructure manager, but to the general state budget. The costs of enforcement by police 

is of course not borne by the infrastructure manager, but the installation of WIM detection systems, 

that aids law enforcement in the detection and penalization of overloaded vehicles, does represent 

a cost for the infrastructure manager. 

Fees paid for licenses of exceptional overloading that are issued by the infrastructure operator can 

generally be considered as additional income for the infrastructure manager, but often those are 

only intended to cover the administrative burden of the registration and not the additional 

maintenance costs created by the overloaded vehicle. 

As a final point, it is useful to consider the different perspectives of the road infrastructure manager 

purely in that role, versus its general interest as a representative of the government and society as 

a whole. It has been established that overloading is detrimental to the business model of road 

infrastructure management, when considering only that aspect. When accounting for the broader 

perspective, overloading can bring benefits not just in terms of operational costs (fewer trips 

needed to transport a certain amount of cargo), but also for the environment, as the amount of 
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fuel required per tonkm does decrease when more cargo is carried on a single vehicle. For a full 

societal cost-benefit analysis, other aspects such as road safety, congestion, etc. also need to be 

considered. In a case study for Brazil, (Ghisolfi, et al., 2019) compared the effects of a strict, 

moderate and tolerant policy regarding overloading. They concluded that total costs for all parties 

decreased with an increase in the prevalence and intensity of overloading, notwithstanding a 

serious increase in social (external) costs. This tradeoff is important to consider, but local 

parameters can have an important impact on this evaluation. 

6.3. OTHER STAKEHOLDERS 

Road transport operators and road infrastructure managers have the most direct stakes in the issue 

of road vehicle overloading. However, there are still other parties that can be affected or that have 

an impact on the vehicle overloading. 

• Shippers/cargo owners are always pushing for lower prices, putting pressure on road 

transport operators to improve their efficiency and cut costs where they can. This 

pressure could push transport operators towards overloading if the policies to discourage 

or penalize overloading are not strong enough, or other efficiency improvements are no 

longer feasible. This group can be expanded to all other parties in the freight logistics 

chain that benefit from higher efficiency (e.g. port authorities dealing with local 

congestion would prefer to have fewer vehicles on the roads, even if they are 

overloaded). However, these groups rarely assume any risk of prosecution. 

• Law enforcement: while road infrastructure manager can install Weigh-In-Motion systems 

to detect overloading, responsibility for establishing the infringement lies with law 

enforcement – (traffic) police. They have to deploy their manpower to set the process in 

motion. If this is insufficient, the chance of detection is too low. Particularly in LMIC, law 

enforcement officers may be inclined to accept bribes to let drivers of overweight vehicles 

pass without a fine. While this also discourages overloading to some extent, the bribe 

would logically be much lower than the cost of a fine and the damage to road 

infrastructure remains. Therefore, the collaboration of law enforcement with road 

infrastructure managers is essential to fight overloading. 

• Citizen groups: representatives of other road users, which is essentially the entire 

population, are an important voice in the debate on truck weights limits and their 

enforcement, as they are on the other end of the safety risks created by overloaded 

vehicles. Whether they are directly involved in crashes with these vehicles or indirectly 

suffer increased crash risk when driving on roads destroyed by overweight vehicles, the 

cost to the broader population should not be underestimated. 
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7. MITIGATION OF OVERWEIGHT VEHICLES: BEST 

PRACTICES 

There are 4 steps in the mitigation process for overloaded vehicles: 

1. Legislation 

2. Prevention & education 

3. Detection & Enforcement 

4. Penalisation 

In this chapter, we consider several aspects of the practices that are in place around the world to 

prevent and mitigate overloading, for each of these 4 steps. We conclude by discussing the best 

practices highlighted by survey respondents as the most effective measures against road freight 

vehicle overloading. 

7.1. LEGISLATION 

Proper legislation is the first step in the mitigation of overloaded vehicles. A well formulated legal 

text should contain at least following elements: 

• Precise definitions of the vehicles considered by the legislation, describing their structure, 

components and purpose; 

• Precise definitions of the types of axles and axle sets concerned by the legislation, 

including the tyre configuration and the suspension type; 

• Precise definition of the scope of the network on which the legislation is valid: the 

classification of roads, their physical characteristics, and their geographic delineation; 

different road classes may have different applications of the legislation; if not all roads 

within the territory are covered, the legislation should mention which other authority is 

responsible for the management of these roads and their legal considerations; 

• The exact weight limits that apply to the different vehicles and components on the 

different road classes; it is recommended that this is based on a survey of all relevant 

vehicles and components that are in use in the territory. Limits should also consider the 

composition and state of the road network and the budget available for road 

maintenance; 

• The relevant derogations under which the legislation does not apply, and how such a 

derogation can be obtained; 

• The methods of detection that can be applied to discover and establish violations; the 

legal procedures applicable to the calibration of any equipment used for detection and 

the identification of the entities responsible for the detection procedure(s); 

• The consequences of such violations in terms of penalties; the legal procedures available 

to those found to be in violation to appeal the decision and the term and conditions to do 

so. 

Having a solid legal base with as little room for interpretation as possible for road users is an 

essential first condition to establish a successful anti-overweighting policy.  

7.2. PREVENTION AND EDUCATION 
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Before vehicles enter the road network, planning processes steer the logistic and transport needs 

that determine the loading of vehicles. By providing input to these planning processes, policy 

makers can impact the decision making and avoid overloading before it can materialise. 

Education is an important process in this regard. Policy makers should strive to ensure that road 

transport operators and all other actors in the transport chain are aware of the applicable 

legislation and all its modalities (see above). The fact that most survey respondents indicate that 

“negligence” is rarely a reason for overloading suggests that knowledge of regulation is not typically 

a major issue. Many countries responding to the survey have indicated that the government 

provides brochures that are more accessible that legal texts with a description of limits and guides 

for the proper loading of vehicles. 

However, the availability of information regarding load limits is not the only aspect of education. 

Proper information regarding the potential consequences of overloading should be published as 

well. This includes the direct consequences for road operators: fines, immobilisation, offloading, 

loss of reputation; but also those for society: deteriorated road conditions or bridge collapses 

resulting in increased risk of accidents: loss of life, vehicle damage, congestion; reduced road safety 

due to lower steerability and control of vehicles. It should be made clear that all of these do not 

just impact parties outside of the transport value chain; everything directly impacts the bottom line 

of road transport operators and the lives of drivers themselves. The risks of overloading should thus 

be properly communicated; not just for worst case scenarios, but for any impact overloading has 

(e.g. an reduced steerability may not be noticed in most cases, except when it is too late). 

Countries and regions (of those that reponded to the survey) that indicated they engage in 

information and prevention campaigns are the UK, New Zealand, Quebec, Austria, Singapore, 

Portugal, Russia and the USA. Several countries, including South-Africa and France, have also seen 

the establishment of self-regulation schemes, initiated by road operators to prevent the negative 

impacts of overloading. 

7.3. DETECTION AND ENFORCEMENT 

Equipment for the detection of overloading ranges from low-tech to high-tech. This section is not 

intended to describe the different techniques in detail, but rather to discuss the use of the different 

technologies in countries around the world. 

(Dmytrychenko, 2017) analyzed various means of weighing HGV by their types and schemes of 

application, thus allocating three groups: 

• weighing on static scales (Low speed); 

• weighing by mobile complexes (Medium speed); 

• HS (High speed) WIM. 

The optimal mix of these detection devices is a function of traffic flow distribution, detection need 

(which in turn is a function of the expected prevalence of overloading and the risk posed by failure 

of infrastructure ; e.g. in the vicinity of bridges with reduced load bearing capacity) and available 

budget. (Jacob, 2010) gives a clear overview of the positives and 67he nit67s of different 

technologies. 

All countries deploy static weighing scales. The devices require vehicles to come off the road onto 

a dedicated weighing site, where they have to come to a full stop to complete the weighing. This 
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requires the deployment of dedicated staff, has limited capacity in terms of the number of vehicles 

that can be weighed. Additionally, when multiple vehicles need to be weighed, travel time delays 

will occur.  

Until the 1990’s, these sites were the only ones certified for the detection of weight limit 

validations, and are still used effectively for validation of a violation rather than the first detection, 

e.g. when WIM is used for preselection, vehicles with a suspected overload can be diverted toward 

a weighing site by police to confirm the WIM measurement. Movable static scales operate by the 

same principle but can be moved to a different location more flexibly. 

(International society for Weigh-in-motion, n.d.) define Weighing In Motion as the process of 

measuring the dynamic tire forces of a moving road vehicle and estimating the gross-vehicle weight 

and the portion of that weight carried by each wheel, axle, or axle group of a corresponding static 

vehicle. 

A WIM system implements the process of weighing a moving road vehicle by first measuring the 

dynamic (varying with time), vertically-downward component of the tire force from each wheel on 

the vehicle as the vehicle passes on a smooth road surface over specially-designed sensors. Then, 

the characteristics of these measured tire forces—along with other measured or calculated 

parameters such as speed and longitudinal position of the vehicle in the traffic lane—are used to 

estimate the gross-vehicle weight and the portion of that weight carried by each wheel, axle, and 

axle group of a corresponding static vehicle.  

 

Figure 0-24 : WIM technologies (source : (International society for Weigh-in-motion, n.d.)) 

Depending on the WIM location and velocity, low and high speed (LS- and HS-)WIM are 

distinguished: 

• Low speed weigh-in-motion (LS-WIM): the weighing is done on a dedicated area, mostly 

outside the traffic lane, on a flat and smooth platform (generally in concrete), longer than 

30 m, and at a velocity below 5 to 10 km/h, in order to eliminate the dynamic effects of 

the vehicle and to assume that the tire impact forces are equal to the wheel static loads. 

LS-WIM uses mainly load cell scales and is legally approved for direct enforcement or 

trade. 
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• High speed weigh-in-motion (HS-WIM): the weighing is done in the traffic lane at current 

speed (i.e. 60 to 90 or 100 km/h), without slowing down or stopping the vehicles. The 

measurements are affected by the vehicle dynamics (vertical accelerations), and may 

significantly differ from the static weights on uneven pavement surfaces. 

An additional application of WIM, that is yet to become mainstream however, is on board WIM. 

Directive 2015/719 of the European Commission, which amends Directive 96/53 on weights and 

dimensions, enters into force on 27 May 2021 and mentions the application of on board WIM. 

However, certain remarks can be made to the (mandatory) application of on board WIM: 

• Not all transport is equally likely to overload. Transport for mining, forestry, industrial 

production,.. is typically weight limited, while many sectors are volume limited and are 

essentially not able to overload. Requiring on board WIM in all vehicles would thus 

create a cost penalty for those sectors, in addition to all transport operators that already 

comply with weight regulations. 

• Negligence is not an important reason for overloading, implying operators overload 

knowingly, so on board weighing will only really work if it substantially improves the 

chances of getting caught. 

Outside of weight limit enforcement, WIM results can also be used for the (re)design of pavement 

and bridge infrastructure, vehicle concepts, and traffic flow management. 

For a more detailed description of different WIM technologies, we refer to the library of the 

International Society for  Weigh-in-motion (http://www.is-wim.org/). 

All survey respondents indicate that static weighing scales are used to detect overloading, along 

with sporadic controls by law enforcement. Most countries use both fixed and movable scales.  

The use of WIM is less common, though most HIC have installed High-Speed WIM in the pavement. 

WIM in bridges is far less common, with only Ukraine and New Zealand reporting the application of 

this system. On board vehicle weigh-in-motion, which would be the most advanced and most 

detailed form of WIM, is yet to break through on the market. 

It is notable that even in HIC, WIM systems appear be installed only on the primary national road 

network (with the exception of the state of Minnesota in the USA among survey respondents – 

though WIM systems are only used for highway planning purposes, not enforcement (Minnesota 

DOT, 2005)). Regional road infrastructure managers may consider the cost of installation to be 

prohibitive relative to the expected results, which is a sensible argument given that most heavy, 

long distance road transport takes place on the primary network, where average speeds are higher. 

The denser the stream of heavy goods vehicles, the greater the efficiency of the system, as more 

vehicles can be weighed over a given time period. 

The Canadian province of Quebec, which is among the regions not applying WIM on its regional 

network, quotes 3 main reasons for that: 

1. Climate conditions in the region give rise to increased maintenance costs; 

2. Compliance rates are high; 

3. WIM is not precise enough. 

As most road freight vehicles indeed aim to maximise their transport speed by staying on the 

primary network, there is a good case for focusing the weighing efforts on those roads. However, 

http://www.is-wim.org/
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particularly in the case of static scales, the risk is that drivers of overloaded vehicles that are 

familiar with the location of those weighing stations, will attempt to bypass those scales – as was 

reported by a respondent from South-Africa. This puts additional pressure on the secondary road 

network in those areas. Spot checks on known bypass routes could reduce the chance of 

overloading as a general practice. Furthermore, in countries with an underdeveloped primary 

network and industrial sectors creating heavy traffic with a greater degree of overloading (such as 

mining and forestry), local roads in those industrial areas are often in very poor condition due to 

overloaded vehicles. 

Often WIM systems are coupled with Automatic Number Plate Recognition (ANPR) systems to 

identify overloaded vehicles. This information can then be used for preselection of vehicles to be 

intercepted and taken to an official weigh bridge where infractions can be registered. Using WIM 

for direct enforcement is not yet applied in many countries (from the survey: Canada and Russia; 

Czech Republic and Hungary also do this), though trials are underway in several more countries (like 

France and Belgium). 

In addition, a number of technical parameters are described by (Gajda, 2016) and (Burnos, 2016), 

which describe the use of WIM technologies in Poland. They indicate that the implementation of 

the WIM system for direct use is the only way to effectively control the weight of vehicles and, in 

the same way, to ensure the proper operation of the entire transport system. To determine the 

technical requirements for WIM systems used for direct implementation, the authors indicate that 

it is necessary: 

• to determine the number of load sensors and their mutual distances; 

• to determine a set of alarming values that impact on the accuracy of the weighing 

result; 

• to determine the permissible errors occurred when taking into account all the 

influential values. If all the influential values are within certain limits, then the 

uncertainty of the weighing result is acceptable; 

• to develop procedures to ensure the required weighing accuracy regardless of the 

vehicle’s maneuvers when passing the WIM site. 

In addition, the study «Application of vehicle’s Weigh-in-Motion systems to enforcement» (Burnos, 

2016) highlights a number of other parameters that must be taken into account when using WIM. 

Also, particularly noteworthy is the publication of Bogusz Wiśnicki, Anna Wolnowska « The systems 

of automatic weight control of vehicles in the road and rail transport in Poland » (Wiśnicki, 2011), 

which describes the legal and organizational conditions for the inspection of oversized vehicles in 

Poland. Practical weighing of road vehicles on the basis of static technology is characterized. 

(Cardoso, et al., 2018) presented the Cameroon experience on mitigation of overloading. The 

legislation on road maintenance and protection was approved in 1996 and close monitoring of 

overloading practices was implemented along the 1844 kilometre corridor. 10 weighting stations 

were installed at key locations in the corridor and the effective enforcement of both the vehicles’ 

gross weight and the individual axle loads monitored.  

The use of automatic measuring equipment for direct enforcement in motor transport causes a 

number of potential legal issues concerning the supervisory powers of control bodies, the legality 

of measuring equipment and the accuracy (calibration) of registration data and the possibility of 
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sanctions based on them. Proper maintenance (with a budget associated to that) is thus a 

precondition for the successful implementation of WIM for direct enforcement. Measurement 

errors should also be considered. (Havrylenkov, 2020) characterizes the fact that the values of 

measured dynamic axial loadings and dimensions in the process of vehicle movement continuously 

change relatively to their values measured in static mode. The computational and experimental 

studies of changes in weight and size parameters of vehicles use a dynamic model with four degrees 

of freedom and direct measurements of vertical accelerations of the under-spring weight of a two-

axle cargo trailer or two-axle truck in the process of driving on uneven roads. 

These studies and calculations have concluded that in order to avoid the erroneous decisions on 

penalties for owners of vehicles whose drivers travel without violations, it is needed to increase the 

difference between the maximum permissible overweight to 10% of axle loadings and gross weight, 

and also to introduce such thresholds of the measurements results of the overall dimensions: by 

height and width – not less than ± 20 cm, and by length ± 1 m accordingly. 

7.4. PENALTIES AND INCENTIVES 

When an overload is detected, several parties could be identified as liable : the driver, the owner 

of the vehicle (transport company) or the owner of the cargo. In many cases, two or more of these 

parties are the same person, e.g. in the case of owner-operators of vehicles. The most common 

organisation is that the entity to which the vehicle is registered (i.e. the owner) is responsible for 

the violation, though in case that party cannot be easily identified, the driver may be held 

accountable. For example in Vietnam, the driver (fine + drivers licence suspension), the owner of 

the vehicles (a fine about 4 times larger than that for the driver) and the person responsible for 

loading the cargo (half the fine of the driver) can all face consequences. 

Three types of penalty are commonly applied around the world : 

• A financial penalty (fine) 

• An operational penalty (immobilisation and offloading) 

• An institutional penalty (loss of reputation for the operator) 

Financial penalties were discussed in chapter 6. Fines can be proportional (a given amount of 

overload is associated with a proportional fine, e.g. 50€/100 kg), progressive (the fine per unit of 

overweight increases with the amount of overweight, e.g. first 5 tonnes 500€/tonne, 5-10 tonnes 

1000€/tonne, etc) or even degressive. Fines can increase continuously or discretely (stepwise), with 

the former providing the stronger dissuasive power. Using wide intervals (e.g. a given fine for an 

overload between 1 tonne and 5 tonnes) could be an incentive to overload to the top of the interval 

(closer to 5 tonnes in this example). Progressive, continuous fine systems most closely ressemble 

the actual damage curve of overloading (4th power law).  

 Examples of fine systems from the survey : 

• Canadian provinces have different continuous fine systems ((Oversize.io, n.d.) has 

information on overload fines from Canada and the USA) 

o Ontario : $ 200 + $4 per 100 kg (0-2499 kg overweight) + $5 per 100 kg (2500-

4999kg)+$6 per 100kg (5000-7499kg)+$8 per 100 kg (7500-9999kg) + X for an 

overload of more than 10 tonnes ; 

o Manitoba : $3.6 per mile per pound overweight ; 
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o Quebec : $90-$270 (0 – 2499kg), $175 - $525 (2500-7499 kg), $350-$1050 (7500-

9999kg) 

• New Zealand has a progressive fine system, increasing the fine per kg for every step of 

500 kg (up to 6500 kg) for axle overweight, from $350 to $10 000, and for every step of 

1000 kg for GVW overweight (to a maximum of 13000 kg), also from $350 to $10 000 ; 

(see 

https://www.legislation.govt.nz/regulation/public/1999/0099/latest/DLM280187.html) 

• South Africa has proportional fines by weight – though the survey respondent states fines 

are low ; the maximum fine for an overload of up to 14% is ZAR 1500, equivalent to 

around €90 ; (see http://www.foresightpublications.co.za/AARTOop.html) 

• Singapore fines per kg overload (proportional) ; 

• Russia hasa progressive, discrete fine system : first 10% (100 000RUB, equivalent to 

around €1100), 10-20% (additional 250 000 RUB), 20-50% (additional 350 000 RUB), over 

50% (additional 400 000 RUB) ; 

• Finland has a progressive, continuous fine system per weight : 30€/ 100 kilo up to 2 

tonnes overweight, from 2-4 tonnes overweight 90€/100 kilo, over 4 tonnes overweight 

120€/100 kilo ; 

• France has proportional fine system per tonne overweight (GVW) or per 300 kg 

overweight (axle) ; 

• Fines in Malaysia were recently increased significantly. 

• Overweight vehicles in Cameroon are fined 25,000 CFA francs/ton (38 €/ton) for loads 

below 5000 kg and 75,000 CFA francs/ton (115 €/ton) for loads in excess of 10000 kg.  

In addition to a financial penalty – which in many cases, especially when fines are too low, is 

considered only a nuisance – an operational penalty can often be applied as well, in this case the 

immobilisation of the overweight vehicle and the mandatory offloading to the maximum limit. 

Whereas a fine does not disturb the logistic chain, immobilisation for a longer period (e.g. until 

another available vehicle can come to the location of the immobilised vehicle to load the excess 

cargo) will negatively impact the operator’s relationship with its client as deliveries are delayed. 

New Zealand, South Africa, Austria, the UK, Estonia, Singapore, Mexico, Finland and France all 

indicate that immobilisation is a potential penalty for overloading. In Mexico, this is possible when 

the overload is more than 10% ; in France, it is possible for an overload of 5% or more. 

A third type of penalty is a more administrative version of a loss of reputation, whereby the 

company receives an official blame. Repeat offenses could lead to the company losing its licence 

and going out of business. While this is an effective deterrent, it also comes with an economic loss 

for society, as this creates unemployment – this is cited as the reason why France chose not to apply 

this penalty. Respondents from Estonia, Malaysia and Quebec indicate that loss of reputation is 

applied there. 

Revenue from fines generally flows to the state budget. Exceptions are Austria and Russia, where 

at least a part of fine revenues are earmarked for the owner of the road infrastructure. A 

compensation for overloaded vehicles paid to infrastructure owners is a reasonable approach 

based on the additional costs they incur as a result. 

Instead of punishing bad behaviour, authorities also have the option to reward good behaviour. An 

example is the Intelligent Access Program as it is applied in Australia (and being considered in other 

https://www/
http://www/
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countries such as the Netherlands) (National Heavy Vehcle Regulator, 2021).  In return for better 

compliance guarantees (e.g. by using on board weighing devices) and the deployment of better 

vehicles, operators are granted improved access to the road network, bringing increased efficiency 

and thus better profitability to those operators. More basic reward systems could include fewer 

detection stops for operators with better compliance scores (i.e. in the vehicle preselection phase), 

as it is applied in the UK. 

7.5. BEST PRACTICES TO MITIGATE ROAD FREIGHT VEHICLE OVERLOADING AS 

ASSESSED BY SURVEY RESPONDENTS 

One of the questions in the survey was to identify those mitigation measures that were considered 

as the optimal solution against overweight vehicles. 

• Canada : WIM 

• New Zealand : Effective enforcement 

• Norway : on board WIM 

• South Africa : 24/7 operation of weigh bridges + heavy fines + impounding of trucks for 

repeat offenders 

• Austria : Road or vehicle WIM 

• Estonia : fines and prosecution (i.e. enforcement) 

• France : awareness raising about potential consequences of overloading + enforcement 

and fines 

• Russia : on board WIM + vehicle WIM 

• USA : enforcement + education 

• Mexico : enforcement + mandatory passage through weighbridges + dynamic weighing 

systems 

• Malaysia : hefty fines, revoking operator’s licence 

• France : video WIM 

A more widespread application of WIM, presumably as a means of direct enforcement, is 

considered by most of the respondents from HIC to be the most effective measure against 

overloading. The next step would be to implement on board weighing systems, though this 

technology has not yet achieved significant penetration. An important consideration is the optimal 

location of weighing sites : roads with high traffic volumes of HDVs, especially near ports, terminals, 

mining areas and railway stations. 

Effective enforcement is a more general best practice that can cover a number of possible 

measures, including WIM. However, outside of an advanced technology as WIM, enforcement is 

mostly a matter of focussed deployment of law enforcement staff with (more basic) weighing 

equipment along the entire relevant road network, along with a proper penalty system that is 

effectively applied. 

Prevention of overloading through educational campaigns directed at road transport operators, 

initiated by either the government or associations of road transport operators themselves (as the 

sector itself suffers greatly from freeriders that overload their vehicles), is a third type of measure 

highlighted by survey respondents. These campaigns should be both informative (e.g. proper 

loading guides) and dissuasive (showing the potential consequences of overloading). 
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8. CONCLUSIONS 

This report has highlighted that overloading of vehicles remains relatively frequent in most parts of 

the world, the amount by which vehicles are typically overloaded is quite variable, in some cases 

very high, and the results are very damaging and expensive. The damage caused by overloaded 

vehicles to pavements is particularly disproportionate because it is related to a higher power of the 

axle weight. While the factor of safety inherent in many bridge designs means that the damage due 

to overloaded vehicles is less frequently observed, the consequences when it does occur can be 

extreme in terms of bridge collapse or even just the considerable congestion and delay that occurs 

if a bridge is closed for an extended period to allow remedial works to fix problems caused by 

overloading. The effect on safety can be kept relatively low where the magnitudes of overload 

remain relatively low and the quality of vehicles and infrastructure are good, but is expected to be 

much larger where that is not the case. 

The fact that overloading remains a concern in all countries, even well developed high income 

countries, shows that it is not a simple problem to solve. This study suggests that effective 

prevention of the damage caused by overloading needs to be considered from a system 

perspective : 

• Economic need and market structure drives the frequency and magnitude of overloading. 

Positive economic incentive can reduce overloading. 

• Strong enforcement in terms of both monitoring to detect overloading and in terms of 

the severity of penalties and the range of organisations in the transport chain that they 

can apply to can reduce the frequency and magnitude of overloading 

• High quality infrastructure, well monitored and maintained, is better able to withstand 

high loads. The power factor relating axle load to pavement damage is not always 4, some 

pavement types are tougher and some substantially more vulnerable. Bridges with high 

factors of safety inherent in the design and well maintained will be less vulnerable to 

damage. Bridges that are more sensitive to overloading (older bridges, medium or long 

span bridges experiencing high volumes of very heavy vehicles, or short span bridges even 

for a single overload vehicle) need to be well monitored to minimise the risk of collapse. 

• High quality vehicles with good safety specifications and a high margin of safety between 

the legal “in-use” weight limit and their design weight can be less sensitive to overloading, 

particularly where well maintained. 

The ultimate outcome of overloading can be considered in terms of monetary cost for the 

maintenance, repair and replacement of infrastructure and casualties as a consequence of 

infrastructure failure or reduced vehicle safety performance. The magnitude of adverse outcomes 

will be some complex function of the variables listed that it has not yet been possible to define 

quantitately. However, the basic principles of the system will apply universally all around the world. 

Each country or region will benefit from considering each part of this “equation”. If a region has 

high economic need, weak enforcement, poor quality infrastructure and old, poorly maintained 

vehicles, then it can reasonably expect high frequency and magnitude of overloading causing 
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nonlinear and disproportionate damage to infrastructure and road safety. This same systems 

approach shows that there is no silver bullet. There is no single measure that will solve the problem. 

Implementing ten times the enforcement effort and the size of the penalties will not eliminate the 

problem if the economic need remains sufficiently high and the road and vehicle standards 

sufficiently low. 

Fortunately, the solutions are well known in some areas. What is required for high quality roads, 

bridges and vehicles is well documented. Tackling the economics and enforcement can be more 

complex and more specific to individual markets. However, in general, policies that make it more 

profitable for a transport operator to remain compliant with weight limits than to overload would 

be expected to be effective. Weigh in motion technology, either used as a filter to identify vehicles 

for full enforcement weighing, or as direct and instant enforcement has a large potential to increase 

the probability of an operator getting caught. Increasing penalties also increase the cost of getting 

caught as will policies to extend the chain of responsibility for offences from the driver to the 

operating company or even to those paying the transport company and benefiting from the 

otherwise lower cost of transport achieved by overloading. Incentive schemes can also help 

compliant operators. For example, in the UK the operators compliance and risk score is calculated 

based on how often operators have roadworthiness, hours or weight offences or vehicle test 

failures recorded. Those with a lower risk score are less targeted for further enforcement action. In 

Australia, an Intelligent Access Programme allows operators who have good compliance records to 

use special permit vehicles with higher weight capacity on routes designated suitable for them such 

that compliant behaviour allows access to greater efficiency options. 

Specific for LMIC 

Overloading is much more common in LMIC, from 10% to almost 100% of vehicles, especially on 

secondary road networks (e.g. near industrial, mining and forestry sites in the back country), where 

enforcement levels are low. Overloads also tend to be much greater in magnitude. 

Unpaved and thin flexible pavement roads represent the majority of road infrastructure in LMIC. 

These road types are particularly sensitive to overloaded traffic due to secondary rutting (fewer 

than 10 vehicle passages are needed). This effect is stronger when the subgrade is weak and there 

is water present in the subgrade – which is especially relevant during the rain season. During the 

dry season, high temperatures can additionally lead to fatigue in thin asphalt pavements. In both 

instances, overloads  exacerbate the problem disproportionately. 

The safety risks of overloaded vehicles in LMIC could not be assessed in practice due to a lack of 

data. However, the extreme overloads that occur much more frequently in LMIC do not only 

contribute to greater damage in case of collisions, they also bring additional risks of structural 

vehicle failure when the design weight is exceeded by a significant margin, particularly in older, 

insufficiently maintained vehicles.  
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9. RECOMMENDATIONS 

9.1. RECOMMENDATIONS FOR DECISIONS MAKERS  

9.1.1. Root causes of overloading  

Overloading is an economic issue. In many cases, the operator’s economic profitability is the most 

important driver for overloading. However, particularly in LMIC, where poverty levels are higher 

and social support systems are weaker, road operators are often faced with no other options and 

it becomes an issue of physical rather than economic survival.  

Improving the working conditions in the road freight sector (or society as a whole) could reduce the 

pressure on operators to resort to overloading. 

9.1.2. Apply a system approach 

Avoid tackling just one dimension of the problem. Consider the economic imperatives, the 

standards controlling the design of roads, bridges and vehicles and the maintenance, education and 

enforcement applied across all of the elements. Follow the international best practices available 

but adapt them to the specific conditions in the market or country your decisions will be 

implemented in. 

9.1.3. Penalties for overloading 

The benefits from overloading for operators increase in linear fashion, while costs for infrastructure 

managers increase exponentially. Many countries still apply a linear fine system as well, and one 

which is often not even in proportion to the benefits gained by operators. Aligning the incentives 

for operators with the interests of infrastructure managers will promote compliance. Provided that 

enforcement is strong enough, a progressive fine system (penalty amounts per unit of overweight 

increase as the overweight increases) will act as stronger deterrent to extreme overloading. 

Immobilisation of cargo is often a stronger deterrent than financial penalties;  positive incentive 

schemes (improved access, reduced administrative burden) should also get strong consideration 

from policy makers. 

9.1.4. Location of enforcement sites 

The identification of the critical points in the road network where overloading would have the 

strongest negative effects (certain bridges, busy road sections, populated areas, …) should be a 

priority for infrastructure managers and a focus of enforcement efforts. Avoidance behaviour 

(bypassing weighing sites) should be anticipated.  

9.1.5. Use of WIM technology 

Solving the issue of overweight vehicles cannot be done without proper enforcement. In HIC, high-

speed Weigh-in-motion (WIM) is commonly used for detection of overloaded vehicles on the 

primary road network, although infractions are mostly confirmed by using static weighing scales 

(fixed or mobile). Some countries also use WIM for direct enforcement. In LMIC, the use of WIM is 

less common, and limited to specific parts of the road network. The largest overloads often occur 

on secondary or local roads, in the vicinity of mining or forestry activity. Even when in-road 

detection systems are installed, drivers often bypass these locations. 
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In LMIC, more effective enforcement of existing weight limits, presumably by the deployment of 

more staff and an increase of fines, is the most realistic option, as budgets do not allow for a more 

extensive deployment of WIM equipment. Mobile weighing stations could be the second best 

option in these countries. 

9.1.6. Pavement Design 

Adequate pavement design is crucial for proper behaviour of the infrustrucure during service life. 

The design has to take into account the vehicle types and loads foreseen for the use of the 

pavement. Besides traffic loading, the design has to take into consideration the asphalt/concrete 

stiffness for the service temperature. Also, drainage has to be well designed in order to avoid water 

stagnation on pavement surface and water infiltration into the pavement structure.  

9.1.7. Traffic 

It is important to avoid traffic of vehicles whose load is above the one used for design, even for 

short periods of time, as it can cause rapid ruin of pavements. Road adminstations should plan 

traffic detours in exeptional cases in order to avoid overloading of secondary roads.  

An important measure is also overload enforcement and track route control is essential during the 

rainy season in warm countries and during spring season in countries with rigorous winters, as the 

pavement condition can deteriorate faster.  

Additionally, there are good practices that extend the pavement service life, such as good 

distribution of load among the vehicle axles and use of twin tyres. 

9.1.8. Pavement maintenance 

Current maintenance of pavements should be considered periodically in order to assure surface 

eveness, crack sealing, dranaige cleaning, which are essential to avoid accelerated pavement 

deterioration. Vehicle design and operation policies 

The relationship between the regulations in place to control masses and the standards of vehicles 

used in the country should be considered, particularly in smaller markets that are reliant on 

importing ‘standard’ vehicles from a larger market. Ensuring that in service weight limits are 

significantly lower than the typical design weights of the vehicles used allows a factor of safety in 

the effect of modest overloads on the behaviour and safety of the vehicle. Also, ensuring that 

vehicle specifications include common safety features such as electronically controlled braking 

systems, or roll stability controls can mitigate some of the adverse safety effects of modest 

overloads. 

Minimum standards of ongoing roadworthiness should be considered for older vehicles in service 

and enforcement of that undertaken together with weight enforcement. Vehicle defects, poor load 

distribution or poor load security can substantially exacerbate the safety risks associated with 

overloading. 

Weights and dimensions limits should be considered alongside the economics driving a high 

perceived need for overloading. It may be cheaper and safer to permit an operator to tow an 

additional trailer so that weight is carried on more axles than it is to tolerate excessive overloading 

of a shorter combination or to solve the same problem by forcing operators to buy a greater number 
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of standard vehicles to meet the needs. However, this will only be the case if it can be ensured that 

the larger vehicles do not become overloaded as well. 

9.1.9. Safety monitoring 

This study has shown that most countries can produce very little, if any data, on the role that 

overloading plays in the collision record of their country. Implementing a robust collision 

investigation, reporting and analysis systems that allows the identification of the size and type of 

truck, the existence and magnitude of overloading, and its contribution to the cause or 

consequences of a collision would allow a much better understanding of the scale of the problem 

and what policies would be most cost effective in mitigating it. 

9.2. RECOMMENDATIONS FOR PIARC 

9.2.1. Improve the knowledge base for LMIC 

Despite the best efforts of both the project research team and the project oversight team, input 

from LMIC to the data collection has been limited. Building a better knowledge base for those 

countries will help improve the relevance of the findings of this type of research. 

9.2.2. Overlapping disciplines 

This study covered several disciplines within the PIARC range: pavements, bridges, safety and 

financing. Whereas each requires a specific technical background, the overlap between those on 

the topic of overloading could be a reason to create a working group with experts from the different 

domains to work on the issues that are a common concern. 
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10. GLOSSARY 

Term Definition 

AASHTO American Association of State Highway and Transportation Officials 

ANPR Automatic Number Place Recognition 

CRC Continuously Reinforced Concrete 

DLC Dynamic Load Coefficient 

DOT Department of Transportation 

EMS European Modular System 

ESAL Equivalent Single Axle Load 

GVW Gross Vehicle Weight 

HCV High Capacity Vehicle 

HDV Heavy Duty Vehicle 

HGV Heavy Goods Vehicle 

HIC High Income Countries 

LEF Load Equivalent Factor 

LMIC Low and Middle Income Countries 

RMS Root Mean Square 

OECD-ITF Organisation for Economic Cooperation and Development – International 

Transport Forum 

SLS Serviceability Limit States 

UDL Uniformly Distributed Loads 

UEMOA Union Economique et Monétaire Ouest Africaine 

ULS Ultimate Limit States 

VDF Vehicle Damage Factor 

WIM Weigh In Motion 
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ANNEX 1: REMARKS TO TABLE 2-2 

2. National traffic: 10 t. 

3. Only with air suspension or similar, and ABS (Anti-lock Braking System). 

4. National traffic: 24 t. 

5. Above the authorised weight of 36 t, each additional tone is subject to a fine of AMD 55 (1 USD 

= 364 AMD) per km. 

6. Vehicle engaged in combined transport: 44 t. Austria: initial and final road hauls in combined 

transport to/from the nearest technically suitable terminal in Austria. 

7. (Flanders and Brussels Capital Region) The maximum authorised weight is increased by the 

added additional weight required for the alternative fuel technology with a maximum of 1 t. 

8. (Flanders) Two-axle motor vehicle with one-axle trailer: 36 t. 

9. (Flanders) Two-axle motor vehicle with two-axle trailer (with a tandem axle with axle spacing < 

1.80 m): 36 t. 

10. (Wallonia) Two-axle motor vehicle with a trailer with a tandem axle: 36 t. 

11. (Brussel Capital Region) Mechanic suspension: 43 t. 

12. (Flanders) Two-axle motor vehicle with three-axle trailer (with axle spacing < 1.80 m): 40 t. 

13. (Flanders) Three-axle motor vehicle with two- or three-axle trailer (with axle spacing < 1.80 m 

and mechanical suspension): 42 t. 

14. (Wallonia) Three-axle motor vehicle with trailer with a tandem or tridem axle with mechanic 

suspension: 42 t. 

15. (Wallonia) 50 t in two cases: 1) articulated vehicles consisting of a three-axle tractor and a three 

axle semi-trailer; 2) trains of vehicles consisting of a motor vehicle with three or more axles and 

a trailer with three or more axles, subject to the following conditions: a) the set of axles is of 

the type air suspension or recognised as equivalent; b) the distance between the two axles is 

greater than or equal to 1.3 m; c) the maximum mass of any tridem is 25 t; d) the articulated 

vehicle or the vehicle train is equipped with an on-board sensor device indicating the laden 

mass of the vehicle and the load of axle to the driver; e) the trailer or semi-trailer tractor is in 

category N3, covered by a certificate of approval issued by a Member State of the European 

Union, and meets the minimum environmental class EURO VI, in accordance with the Royal 

Decree of 26 February 1981 implementing the European Communities’ Directives on the type-

approval of motor vehicles and their trailers, wheeled agricultural or forestry tractors, their 

components and safety accessories, or in accordance with Regulation (EEC) No 49 ECE; f) EBS 

(Electronic Braking System), AEB (Automatic Emergency Braking) and ESC (Electronic Stability 

Control) or RSC (Rolling Stability Control) systems are mandatory and the EBS calculator and 

modulators provide an immediate response based on the state of charge of the vehicle; g) the 

driver of a vehicle and train of vehicles shall maintain an interval of at least 50 m with other 

vehicles and vehicle trains with a maximum authorised mass exceeding 3.5 t; h) the special rules 

in point 1.4.2 art. 32bis of the Royal Decree laying down general regulations on the technical 

conditions to be met by motor vehicles and their trailers, their components and safety 

accessories cannot be applied. 

16. Two-axle tractor with three-axle semi-trailer: mechanical suspension = 43 t; pneumatic 

suspension = 44 t. 

17. Two-axle motor vehicle with three-axle semi-trailer carrying, in intermodal transport 

operations, one or more containers or swap bodies, up to a total maximum length of 45 ft. 
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18. Three-axle motor vehicle with two- or three-axle semi-trailer carrying, in intermodal transport 

operations, one or more containers or swap bodies, up to a total maximum length of 45 ft: 44 

t. 

19. The driving axle is fitted and pneumatic suspension or recognised as equivalent to EU level, or 

each driving axle is fitted with double tyres and the MMA on each axle does not exceed 9.5 t: 

26 t. 

20. Under specific conditions EMS (European Modular System) combinations may have a maximum 

length of 25.25 m and maximum weight of 60 t. 

21. The driving axle is fitted with double tyres and pneumatic suspension: 26 t. 

22. Six-axle: 50 t; seven-axle or more: 56 t. 

23. Three-axle tractor with one-axle trailer: 35 t. 

24. Three- and more axle tractor with three- and more axle trailer: 44 t. 

25. Three-axle motor vehicle with two- or three-axle semi-trailer carrying a 40 ft ISO container as a 

combined transport operation: 44 t. 

26. For vehicles registered in an EEA member country. 

27. Five-axle: 44 t; six-axle: 56 t; seven-axle: 60 t; eight-axle: 64-68 t (restrictions for ADR), 69-76 t 

(not for ADR). 

28. Lorry weighting less than 40 t: 13 t. 

29. Four-axle (single unit) lorry: 32 t. 

30. 44 t is applicable under special conditions concerning axle weight, tridem weight, euro-norm, 

suspension type (cf. 

https://www.ecologiquesolidaire.gouv.fr/sites/default/files/Plaquette%2044%20tonnes.pdf). 

31. Vehicle with three axles equipped with double mounted tyres on running axle and with 

pneumatic suspension or an equivalent system to EU level, or each running axle has double 

mounted tyres and axle load less than 9.5 t. 

32. Vehicle with alternative drive systems: 19 t (two-axle lorry) or 27 t (three-axle lorry) [cf. 

Fünfundfünfzigste Verordnung über Ausnahmen von den Vorschriften der Straßenverkehrs-

Zulassungs-Ordnung (55. Ausnahmeverordnung zur StVZO)]. 

33. Vehicle in intermodal transport: 44 t [cf. Dreiundfünfzigste Verordnung über Ausnahmen von 

den Vorschriften der Straßenverkehrs-ZulassungsOrdnung (53. Ausnahmeverordnung zur 

StVZO) and §34 StVZO Absatz 6 Nummer 6]. 

34. Three-axle tractor with one-axle trailer: 33 t. 

35. Two-axle motor vehicle with two-axle semi-trailer carrying a container: 40 t. 

36. Four-axle motor vehicle with one-axle trailer: 38 t. Three-axle motor vehicle with two-axle 

trailer: 38 t. Two-axle motor vehicle with three-axle trailer: 38 t. 

37. +20% if the vehicle is fitted on the same axle with: a) four or more wheels at least 0.65 m 

distance from each other and two independent suspension; b) three or more wheels fitted with 

independent suspensions. 

38. National traffic: 20 t. 

39. Road friendly suspension: 26 t. 

40. Towing vehicle with a semi-trailer where the towing vehicle has a road friendly suspension and 

the wheelbase of the semi-trailer is ≥ 1.8 m: 38 t. 

41. Mechanical suspension (national traffic): 10.5 t. 

42. Provided that the vehicle is equipped with twin tyres and an air suspension system or an 

equivalent system on each driving axle, or is equipped with twin tyres and two driving axles 
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neither of which transmits to the surface of a road a weight in excess of 9.5 t. Distance 

measured from centre of front to centre of rearmost axle allowing 5.5 t per metre, subject to a 

maximum of 26 t for three-axle rigid. 

43. Distance between the rearmost axle of the vehicle and the foremost axle of the trailer less than 

3 m: 30 t. 

44. Six- or more axle rigid truck and drawbar trailer combinations may operate at 46 t provided 

they are fitted with road friendly or equivalent suspension and Electronic Braking Systems 

(EBS). Rigid trucks (with not more than three axles) first registered from 1 June 2015 must also 

be equipped with Electronic Stability Control (ESC) for 46 t operation, with drawbar trailers first 

licensed from 1 June 2015 requiring Roll Stability Control (RSC) )cf. 

http://www.rsa.ie/en/RSA/Your-Vehicle/Vehicle-Standards/Weights--Dimensions-/46-tonne-

weight-limit-rigid-and-drawbar-trailer/). 

45. Two-axle rigid towing a three-axle trailer: 40 t. 

46. Mechanically propelled vehicle having at least three axles, air suspension or an equivalent 

suspension on each driving axle and ABS brakes: 46 t. The vehicle must also be fitted with a 

plate complying with the requirements of Statutory Instrument 224 of 2000. 

47. Six- or more axle articulated vehicle combinations may operate at 46 t provided they are fitted 

with road friendly or equivalent suspension and Electronic Braking Systems (EBS). Tractor units 

first registered since 1 April 2013 must also be equipped with Electronic Stability Control (ESC) 

for 46 t operation, with semi-trailers first licensed since 1 April 2013 requiring Roll Stability 

Control (RSC) (cf. http://www.rsa.ie/en/RSA/YourVehicle/Vehicle-Standards/Weights--

Dimensions-/46-tonne-weight-limit/). 

48. Two-axle motor vehicle with three-axle semi-trailer carrying, in intermodal transport 

operations, one or more containers or swap bodies, up to a total maximum length of 45 ft can 

operate to 42 t (subject to 5.5 t per metre rule). 

49. Three-axle appropriate motor vehicle with two-axle semi-trailer carrying, in intermodal 

transport operations, one or more containers or swap bodies, up to a total maximum length of 

45 ft. 

50. Two-axle motor vehicle with three-axle semi-trailer carrying a 40 ft ISO container as a combined 

transport operation: 42 t. 

51. Vehicle using alternative fuels: 26 t. 

52. The driving axle is fitted and pneumatic suspension or recognized equivalent to EU level, or 

where each driving axle is fitted with double tyres and the MMA on each axle does not exceed 

9.5 t and used alternative fuels: 27 t. 

53. Mechanical suspension: 11.5 t. 

54. 40 ft long ISO containers: 44 t. 

55. Only with air suspension or similar and double mounted tyres. 

56. Depending on the distance between the axles, number of driven axles, type of suspension and 

single or double mounted tyres. 

57. The Norwegian road network is divided into categories in terms of permitted weights and 

dimensions. The permitted weights listed here apply to roads with the Bk 10/50 classification. 

58. The maximum authorised weight is increased by the added additional weight required for the 

alternative fuel technology with a maximum of 1 t. 

59. Five-axle (3 + 2): 46 t; five-axle (2 + 3): 47 t.; six-axle: 50 t; timber transport between 19.5 m 

and 24 m with an overall wheelbase of at least 19 m: 60 t. 
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60. Five-axle [(2 + 3) fixed]: 43 t; five-axle (2 + 3 [with a tandem axle with axle spacing 1.30-1.79 m 

followed by a positive steering axle at a distance of more than 1.79 m, where at least the fixed 

axles has twin wheels]): 46 t; five-axle (3 + 2 [axle spacing 1.30-1.79 m]): 43 t; five-axle (3 + 2 

[axle spacing ≥ 1.80 m]): 46 t; six-axle (3 + 3): 50 t. 

61. Increased values are applicable for certain types of transport. 

62. Tractor with semi-trailer, combination with four axles: 38 t. 

63. 44 t is applicable for two 20 ft or one 40 ft ISO containers. 60 t is allowed under specific 

conditions: transportation of woody material, paper, wood paper and ceramic products. 

64. Road sections constructed according to this norm: 11.5 t. 

65. Three-axle road train: 28 t. 

66. Six-axle and more: 44 t. 

67. Two-axle alternatively fueled motor vehicles other than buses: the maximum authorised weight 

is increased by the additional weight required for the alternative fuel technology with a 

maximum of 1 t. 

68. Three-axle alternatively fueled motor vehicles: the maximum authorised weight is increased by 

the additional weight required for the alternative fuel technology with a maximum of 1 t. 

69. Articulated vehicles with four axles: 38 t in the following cases: a) the driving axle is fitted with 

twin tyres and pneumatic suspension or recognized as equivalent to EU level, the wheelbase of 

the semitrailer is > 1.8 m and the motor vehicle MMA is respected (18 t) and the MMA of the 

axle tandem of the semi-trailer (20 t); b) the semi-trailer (the wheelbase of the semitrailer is ≥ 

1.8 m) is equipped with enhanced tipper body specifically for the use in construction or mining 

it will be 38 t, provided that the burden imposed on the coupling device is compatible with the 

maximum mass per axle. 

70. 44 t is applicable for triaxle tractor with a two or triaxle trailer in combined transport 

transporting the container(s) or if the trailer has been strengthened for unattended transport 

service or if the trailer has been adapted for interchangeable load compartments, and on 

highway section A3 Terminal Sežana – Terminal Fernetiči, No. of section 0372. 

71. On some roads the permissible maximum weight is 74 t. The permissible maximum weight of a 

vehicle is determined by the distance between the outermost axle of the vehicle or combined 

vehicle. 

72. Only with twin tyres and air suspension or similar (otherwise only 25 t), and ABS (Anti-lock 

Braking System) (cf. EU regulation RL 96/53/EG). 

73. With the conditions laid down in Regulation for type approval: 26 t. 

74. Vehicle with four axles and axle group weight of 20 t of the semi-trailer: 38 t. 

75. Three-axle motor vehicle with two- or three-axle semi-trailer carrying a 40 ft ISO container: 44 

t. 

76. Two-axle container truck: 18 t. 

77. Three-axle container truck: 24 t. 

78. Four-, five- and more axle road train and five and more axle articulated vehicle: 44 t. Container 

truck licenced by the state Motor Road service of Ukraine and State Traffic Inspection 

Department, five- and more axle road train and articulated vehicle: 46 t. 

79. Only with air suspension or similar. 

80. Four-axle articulated vehicle with air suspension or similar and above other requirements: 38 

t. 
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81. For general operation at 44 t, at least six axles are required. The drive axle(s) must not exceed 

10.5 t and have twin tyres/road friendly suspension. Vehicles not having road friendly 

suspension on the drive axle(s) must have twin tyres and a maximum axle weight not exceeding 

8.5 t. Each part of the combination must have at least three axles and the trailer must have 

road friendly suspension.  
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ANNEX 2: DETAILED ANALYSES OF SAFETY IMPACTS 

This review of the impact of overweight vehicles on road safety aims to provide clear, 

understandable and well-evidenced information on the specific effects of overloading such that 

freight and enforcement practitioners around the world can be provided with useful information 

to help them design appropriate interventions. The analysis will consider: 

• Direct effects on vehicle dynamics, structures and behaviour 

• Indirect effects flowing from those changes 

• How these observed physical effects translate into measured collision outcomes in 

different situations in different countries 

11.1. DIRECT EFFECTS 

The effect of mass on vehicle dynamics is one of fundamental physics. Certain basic characteristics 

will be applicable to all types of vehicles, in most circumstances in different countries around the 

world. However, the effect of mass will interact significantly with the vehicle design and other 

characteristics of the load. These can vary substantially around the world and in different freight 

operations. Thus, any practitioner considering the influence on safety of overloading outside of the 

permitted limits, or the rules around permitting vehicles above standard weights, needs to 

understand these differences to ensure any intervention works well for the specific circumstances 

intended. 

This section reviews the fundamental effects of mass on different aspects of vehicle design and 

behaviour.  

11.1.1. What is typically stated in current guidance for operators and enforcers? 

Most guidance aimed at operators and enforcers is intended to provide a very simple message that 

overloading is bad and shouldn’t be done. The messages on safety effects are consequently simple, 

for example, guidance in the UK states that overloading “makes the vehicle less stable, difficult to 

steer and take longer to stop. Vehicles react differently when the maximum weights which they are 

designed to carry are exceeded. The consequences can be fatal.” (DVSA, 2012) 

11.1.2. Permitted limits 

Section 2 reviewed the maximum permitted masses for vehicles and individual axles for different 

types of vehicles around the world. These limits are set by regulators locally with the aim of 

producing vehicles that perform well on their infrastructure while also being economically 

productive and suitable for the freight task in that area. 

Vehicle manufacturers will design their vehicles for sale in as wide a market as possible. While 

tailoring of that vehicle to local conditions is possible, economies of scale mean that key structural 

and performance details will be harmonised wherever it is economic to do so. Thus, a particular 

vehicle will be designed for a particular total loaded weight and that design weight vehicle will be 

sold into all markets for which it is deemed suitable. Thus, in most situations in most developed 

countries this design weight will exceed the maximum permitted mass set by local regulations, 

though the margin by which it exceeds it may vary in different jurisdictions. The degree of variation 

may be greater in less developed countries where vehicle construction standards and usage limits 
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may be less well aligned and it may also be greater for trailers, which are much less international 

and less sophisticated in their manufacture. 

In Europe, the concept of the design weight is a requirement of type approval regulation (EU) 

1230/2012 as amended. It is defined as the ‘technically permissible maximum laden mass’ and 

means the maximum mass allocated to a vehicle on the basis of its construction features and its 

design performances. So, for example, it is possible to use Scania’s online configuration tool to 

configure a ‘G’ series tractor unit for an articulated vehicle, with two axles (4*2) and get a 

technically permissible gross train weight of 45,000kgs. However, the maximum train weight for a 

4*2 tractor towing a 3 axle semi-trailer (the most common long-haul workhorse vehicle in the EU) 

that guarantees free circulation across all EU Member States is 40,000 kg. As such, that combination 

can exceed the regulatory maximum by 5,000kg before it starts to exceed the mass for which it is 

designed. 

 

Figure 0-1: Screenshot from Scania GB online ‘vehicle configurator’ showing the design weight for a typical 

4*2 tractor unit that within GB and in international EU traffic would have a max 40,000 kg limit 

Some areas of performance will be affected by changes of mass within the design limits. In others, 

additional mass may only create changes once the design limits are exceeded. 

11.1.3. Collision Severity 

It is obvious that mass is an important factor in determining the collision severity. One of the most 

fundamental principles of physics underlying this is the law of conservation of momentum. 

Momentum is the product of mass and velocity and when two objects collide the total momentum 

in the combined ‘system’ of objects will be the same after the collision as it is before the collision. 

If it is assumed that two vehicles suffer a perfectly inelastic collision (a good approximation in well 
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aligned collisions at significant speed) then the two vehicles will achieve the same common velocity 

after collision and the formula below will apply 

(𝑀1𝑉1) + (𝑀2𝑉2) = 𝑀1+2. 𝑉 

If this equation is applied to a collision between the front of vehicle 1 travelling at 50 km/h and the 

rear of vehicle 2 and vehicle 2 is stationary, and both vehicles move at a common speed after impact 

then both vehicles will see a change in velocity (ΔV1=V1-V; ΔV2=V2-V). If the mass of both those 

vehicles is equal then the common post impact velocity (V) will be 25 km/h and the magnitude of 

the change in velocity (ΔV) will be the same for both at 25 km/h each (the direction would be 

opposite, V1 would slow down while Vehicle 2 would speed up).  

If in the above example, the mass of vehicle 1 was double that of vehicle 2, then the common post 

impact velocity would be 33 km/h. Thus the change in velocity for vehicle one would be 17 km/h 

but for vehicle 2 would be 33 km/h. For a vehicle of a given uniform stiffness then the change of 

velocity will be proportional to the acceleration experienced by the vehicle and thus the forces 

applied to the vehicle and occupant. Across a population, change in velocity has been consistently 

shown to correlate with collision severity across most types of collision. Thus, all other things being 

equal, the occupant of vehicle 1 would be expected to suffer less severe injuries and the occupant 

of vehicle 2 would be expected to suffer more severe injuries, compared with a situation where the 

vehicles are of the same mass. 

When this basic analysis is applied to a truck loaded to the maximum EU mass of 40 tonnes at 50 

km/h colliding with the rear of a passenger car of 1.5 tonnes, then the common post impact velocity 

will be 48 km/h. Thus, the car has accelerated from zero to 48 km/h and the truck decelerated from 

50 km/h to 48 km/h. The outcome is clearly much worse for the occupant of the car than it is for 

the occupant of the truck and this can be seen in the distribution of fatalities from collisions 

involving HGVs. This basic property of physics is reflected in collision statistics showing that in 

collisions where at least one HGV was involved, then car occupants are much more frequently killed 

(49% of all fatalities from collisions involving trucks in EU2) than truck occupants 13%Erreur ! Signet non 

défini.). It is also thought to be a substantial contributor to the fact that HGVs are disproportionately 

involved in fatal collisions generally (for example, across the EU, HGVs typically account for around 

4%-5% of road vehicle traffic but are involved in approximately 15% of road fatalities (ERSO, 2016)). 

So, if the additional mass of trucks compared with other road users creates additional safety risk, 

then it is logical that permitting additional mass, either through illegal overloading, or through 

amending weight limits to permit higher capacity vehicles, would further increase the risk. 

However, in reality, it is not as simple as that. 

Going back to the basic physics example of a truck travelling 50 km/h hitting the rear of a stationary 

car, then even if the mass of the truck doubled from 40 tonnes to 80 tonnes, then the change in 

velocity experienced by the car would only increase from 48 to 49 km/h. Thus, a doubling of total 

mass (almost trebling the mass of payload) produces only a 2% increase in collision severity. This 

analysis is supported, though presented differently, by (FHWA, 2000) as shown in Erreur ! Source 

du renvoi introuvable., below. 

 
2 (ERSO, 2016) 
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Figure 0-2: Relationship between the difference in weight of two vehicles involving in collision (mass ratio) 

and the relative change in velocity experienced by the smaller vehicle. Source: (FHWA, 2000) 

It can be seen from this analysis that at a mass ratio of 10:1, then the change in velocity experienced 

by the smaller vehicle will be 90% of the difference in velocity between the vehicles before impact. 

As such, it can be concluded that an overloaded truck will tend to increase the collision severity 

only very marginally in collisions with other road users that are much lighter such as cars, vans, 

motorcyclists, cyclists and pedestrians. This represents a very substantial proportion of all types of 

collisions experienced by HGVs. 

In collisions between overloaded HGVs and, for example, other legally loaded HGVs, buses, coaches, 

agricultural vehicles, or plant, then the severity of the collision could still be increased for the 

collision partner compared to the situation where there was no overloading. In these situations, 

the impact severity for the occupant of the overloaded HGV will actually be reduced because the 

overloaded vehicle will see a smaller proportion of the change in velocity. 

Collisions with rigid fixed objects, such as bridge supports, can be considered a special case. For the 

purposes of the basic momentum exchange calculation, an object such as a bridge support is 

effectively immovable and so can be considered to have infinite mass. As such, the HGV will see all 

of the change in velocity whether legally loaded or overloaded. However, a similar simplistic 

assumption can be made that the bridge support is infinitely stiff compared to the structure of the 

HGV. In this case, the structure of the HGV will have to absorb all of the impact energy. The impact 

energy in this case will be equal to the kinetic energy of the HGV before impact. Kinetic energy is 

directly proportional to mass, such that an HGV overloaded by 10% will have 10% more kinetic 

energy than a legally loaded vehicle. This will translate directly into more structural deformation 

which, for a given impact speed, will also tend to increase injury risk and/or severity. 

Thus, it can be summarised that overloading will have a tiny effect on the severity of most collisions, 

but will increase severity more substantially in a small proportion of cases where the overloaded 

vehicles hits rigid fixed objects and potentially where it collides with other heavy vehicles. 

11.1.4. Centre of mass position 
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In physics, a vehicle and its load can be considered a system of separate objects. The centre of mass 

of such a system is effectively the average position of all of the parts of the system, weighted 

according to their mass. The centre of mass is a very important property in vehicle dynamics 

because it is the point around which the vehicle will balance and the point through which inertial 

forces can be considered to act. 

The effect that overloading has on the position of the centre of mass depends on what type of 

loading has caused the problem and the effects on height can be categorised as follows: 

• Zero risk: When carrying many low density loads, or where specialist vehicles are 

designed to have a volume matching the mass limit for a specific load (e.g. petroleum fuel 

tankers), the available load volume in the truck is filled before the maximum weight limit 

is reached. Overloading is impossible in most cases in this situation (except where 

specialist vehicles are mis-used for the wrong product). 

• Minimum Effect: Overloading will have least effect on the centre of gravity position when 

it involves very dense loads that, at legally permitted weights, do not fill the available load 

deck area. If lead bars are considered as an example, then a vehicle loaded to the legal 

maximum may be carrying a single layer of bars, positioned in the middle of the load bed 

in order to distribute the load evenly across the axles. If additional lead bars were added, 

in the same single layer, to the empty parts of the load bed, then it would not change the 

height of the centre of mass of the load at all. However, the mass of the load would 

increase relative to the mass of the unladen vehicle and the centre of mass of the load 

will normally be higher than the centre of mass of the unladen vehicle. Thus, the centre of 

mass of the combined vehicle and load will increase slightly but will remain low compared 

to vehicles carrying less dense loads at legally permitted weights.  

• Moderate Effect: Where a given volume of load (M3) is replaced by the same volume of 

more dense load, then as for the very dense loads, the mass of the load will increase but 

the height of the centre of mass of the load will not. However, this will increase the height 

of the centre of mass of the combined vehicle and load. Where the density of goods is 

much lower than lead bars such that the height of the load is greater, then this will have a 

bigger effect on the overall centre of mass height than is the case for the very dense loads 

that don’t fill the area. In a practical sense, then this case does not arise in most 

operations. On any given operation, the commercial incentive would be to add more of 

the same product to the load rather than swapping for the same volume of a denser 

product. However, it can occur in certain circumstances. For example, where a vehicle is 

loaded with a full load of an absorbent material such as dry sand that then becomes 

denser because of soaking up rainwater. Alternatively, specialist vehicles such as 

petroleum tankers could be used instead to carry heavy fuel oils and, if filled to max 

volume, could be substantially overloaded as a consequence. 

• Largest effect: The largest effect on the centre of gravity height and possibly the most 

likely situation in which overloading might occur is where medium density goods are 

carried and are sufficiently robust to be able to be stacked high. These goods are of a 

density that is sufficiently low to ensure that they fill the available floor area but 

sufficiently high that they leave significant available volume to be filled when maximum 

permitted mass is reached. In this case, adding additional product adds to the mass of the 

load and also increases the overall height of the load. Thus, the load becomes a bigger 
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proportion of the total vehicle and load mass, AND the height of the centre of mass of the 

load increases. 

In summary, it is possible to say that although the magnitude of effect will vary depending on the 

type of product and the type of bad practice, the effect of overloading will always be to increase 

the height of the centre of mass of the load. 

It should be noted that changes in longitudinal, lateral or vertical position of the centre of mass of 

the load can be created if the additional product causing the overload is poorly distributed. 

However, this is equally possible within legally permitted loading limits and can be considered a 

separate issue. 

11.1.5. Static rollover stability 

Newton’s laws state that a mass will travel in a straight line at a constant speed unless an external 

force acts upon it. Therefore, for an object to negotiate a corner (rather than travel in a straight 

line) a force must act upon it. In the case of a vehicle, the force comes from the frictional forces 

generated between the tyre and the road when the steering wheel is turned. The force is directed 

toward the centre of the circular path that is followed, as shown in Figure 0-3Erreur ! Source du 

renvoi introuvable.. 

 

Where: F = Lateral Force 

 V = Vehicle speed 

 r = Radius of Bend 

Figure 0-3: Plan view representation of a vehicle during cornering 
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When a force is applied to a mass this will result in an acceleration in the same direction as the 

force. Therefore, for a vehicle negotiating a circular path as shown in Figure 0-3, an acceleration is 

present, directed towards the centre of the circle. This is known as the centripetal (or more 

commonly, lateral) acceleration. Mathematically, the lateral acceleration (a) is equal to the square 

of the vehicle speed divided by the radius of the bend. 

𝐹

𝑀
= 𝑎 =

𝑉2

𝑟
 

Where: M = Mass of vehicle (kg) 

Assuming that vehicle mass and radius of bend remain constant, then increasing the speed (V) 

results in an increase in the lateral acceleration and an increase in the frictional force (F) required 

to maintain the circular path of the vehicle. The size of the frictional force that can be generated is 

limited by the coefficient of friction (µ) between the tyres and the road. As vehicle speed increases, 

there will come a time when the force required to maintain the circular path exceeds the maximum 

frictional force that can be generated between the tyres and the road. At this point the vehicle will 

begin to slide outwards, away from the chosen circular path. 

Newton’s laws also state that, for every action there must be an equal and opposite reaction. 

Therefore, there must be an equal and opposite force reacting against the frictional force (F above). 

This force is known as the centrifugal force and it acts outwards from the centre of the circle 

through the centre of gravity of the mass as shown in Figure 0-4. 
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 Fc   = Centrifugal force 

 H     = Height of Centre of Gravity (C of G) 

 M*g = Weight of vehicle 

 T     = Track width of vehicle 

Figure 0-4: Rear view of forces applied during cornering 

The centrifugal force is acting at a height in line with the vehicle’s centre of mass and the frictional 

force is acting at the tyre/road interface so the two forces act in combination to try to roll the 

vehicle over. This is counteracted by the weight of the vehicle acting vertically downwards, which 

acts to keep the vehicle on its wheels. 

From these forces and dimensions, a rollover threshold can be defined for a particular vehicle. The 

rollover threshold is defined as the lateral acceleration at which the vehicle will begin to rollover 

and is given by the following expression: 

𝑀𝑎𝐻 = 𝑀𝑔
𝑇

2
 

𝑎

𝑔
=

𝑇

2𝐻
 

This is known as the static stability factor of the vehicle and has long been used as an indicator of 

the risk of rollover for heavy vehicles. It can be seen that the rollover threshold depends only on 

vehicle characteristics and is independent of speed, radius of bend and coefficient of friction. In 

reality, this over simplifies the true stability of the vehicle because it ignores factors such as the roll 

inherent in the suspension and tyres while cornering, additional roll allowed by couplings between 

tow vehicles and trailers and dynamic real world effects (sudden steering, bumps etc). However, it 

is a representation of the rollover threshold of the vehicle (in units of ‘g’ the acceleration due to 

gravity), which has been shown empirically to correlate with the statistical risk of becoming involved 

in a rollover collision as shown, for example, in Figure 0-5 below. 
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Figure 0-5: relationship between rollover threshold and the proportion of single vehicle collisions that involved 

rollover (based on 21,000 collision cases). Source: (Ervin, et al., 1980) 

As such, a clear link can be established between overloading causing increased centre of mass 

height, in turn decreasing the rollover threshold and increasing the risk per vehicle km of a vehicle 

becoming involved in a rollover collision. 

However, additional complexities do exist. Problems with rollovers that occur purely as a result of 

going too fast around a bend and exceeding the rollover threshold can be mitigated by fitment of 

an appropriate electronic stability control (ESC). In many high income countries, including Europe, 

USA and many of the 50+ contracting parties UN vehicle regulations, these are a mandatory part of 

type approval which means nearly all new HGVs and trailers will need to be fitted with one (subject 

to a few small exemptions). This is not necessarily the case in low or middle income countries. 

The roll stability element of an ESC typically works by measuring lateral acceleration, a simple and 

relatively cheap sensor. However, the lateral acceleration at which any vehicle will begin to roll is 

dependent on the roll threshold which in turn is heavily dependent on the load carried. This can 

vary daily. To overcome this limitation, systems tend to define a “test intervention” limit, which is 

initially set at a very low lateral acceleration. When cornering reaches this limit, the system applies 

a very short burst of modest brake force to the wheels on the inside of the turn only. It then uses 

the ABS wheel speed sensors to assess whether or not this short brake application slowed the 

wheels. If it did slow the wheels, then it implies that little weight was being carried by these wheels 

and the vehicle is nearing rollover. In this case, full braking is applied to slow the vehicle, reduce 

the speed and hence the lateral acceleration causing the rollover. If the wheels do not slow then it 

implies lots of weight is still being carried by them and in this case, the test limit is increased slightly 
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because the system knows that level of lateral acceleration is safe. In this way, the system 

effectively learns the centre of mass of the vehicle over the course of a journey and adapts its 

intervention to suit. 

There are limits to this approach. If a vehicle enters a curve at a speed that results in a lateral 

acceleration a large margin above the roll threshold, then rollover can happen so fast that the 

system cannot intervene quickly enough to stop it. At the other end of the scale, if overloading was 

so severe that it reduced the static stability factor to a level below the initial test intervention level 

set by the ESC, then it would rollover before the ESC intervened. In addition to this, not all rollovers 

are caused simply by excess speed; for example, some are related to running off road down 

embankments or occur after severe collision. However, the number of additional rollovers caused 

by overloading is likely to be less in countries where ESC is a mandatory requirement, or at least a 

common voluntary fitment. 

11.1.6. Braking performance 

Newton’s laws of motion state that an object will continue at a constant speed unless an external 

force is applied to it. Applying an external force will apply an acceleration to the object in the same 

direction as the force and of a magnitude proportional to the force and inversely proportional to 

the mass of the object. This translates to the basic equation of physics: 

𝐹 = 𝑚. 𝑎 

Where  F = Force (Newtons, N) 

 M = Mass (kg) 

 A = Acceleration (m/s2) 

When braking a vehicle, the force that causes the mass of the vehicle to decelerate is generated by 

friction at the tyre road interface. The most fundamental expression in physics of the frictional 

forces is 

𝐹 = 𝜇. 𝑅 

Where µ = Coefficient of friction (unitless) 

R= Reaction force (N) or the force applied normal to the friction surface, in the 

case of a vehicle the mass on a specific wheel multiplied by the acceleration 

due to gravity (g=9.81 m/s2). 

If it is assumed all of the wheels on a vehicle are braked, then R=m.g then the two equations above 

can be combined and simplified to: 

𝑎 = 𝜇. 𝑔 

Mass was present on both sides of the equation and has effectively cancelled out, suggesting that 

the braking deceleration depends only on the coefficient of friction and is completely independent 

of mass. 

If this is the case, then overloading would not be expected to have any influence on the stopping 

distance of a vehicle. This would be in stark contrast to most existing published advice on 

overloading (see section 4.2.2.1) 
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The first explanation for this difference lies with pneumatic tyre behaviour. Tyres are complex and 

do not completely confirm to classical friction theory. In fact, the coefficient of friction of tyres 

(expressed as the lateral or longitudinal force developed at the tyre road interface divided by the 

vertical force acting on the tyre) is dependent on the load. For any given tyre, the coefficient of 

friction tends to reduce at higher vertical loads, see for example (Pauwelussen, 2015), though note 

that the example shown relates to friction in cornering rather than braking because the graph 

shows the effect more clearly.  

 

Figure 0-6: Typical relationship between tyre lateral friction coefficient (y-axis) and tyre slip angle (x-axis) at 

different vertical loads (Fz). Source: (Pauwelussen, 2015) 

So, if an existing vehicle is overloaded such that the load increases at individual wheels, then 

effectively the coefficient of friction available from the tyres will reduce. This can allow stopping 

distance to increase. However, it is important to note that if designing a new vehicle for a heavier 

load configuration, this factor may not be a limitation, firstly because the additional load can be 

spread among an increased number of axles such that individual wheel loads do not increase. Also, 

different tyres can be specified that perform better at the intended load. 

Other brake design features can also have a similar influence. The brakes on commercial vehicles 

are usually air (pneumatic) brakes. Air is a compressible fluid and it takes a significant amount of 

time for pressure waves to move around the vehicle and for pressure to build in the brake chambers 

in order to produce a braking torque on the rotor (drum or disc). When there is more load on a 

wheel, the force required to produce the same level of deceleration is greater. Greater force 

requires greater air pressure in the chamber and thus the brake build up time before maximum 

deceleration will be greater when the axles are heavier than when they are light.  

The maximum brake force that can be applied at the tyre road interface is dependent on the 

frictional force applied between brake lining and rotor. However, it also depends on the ratio 

between the radius of the brake rotor and the rolling radius of the tyre and air brakes have a 

maximum system pressure that can be applied. Given that brake rotors are almost always housed 

within wheels, they are at a mechanical disadvantage. Passenger cars will typically carry only 

around 300kg per wheel and might use wheels of 16 or 17 inches in diameter with relatively low-

profile tyres. The drive axle of an HGV might carry 5250kg per wheel and the wheels are usually 22 

inches in diameter. Thus, for the same nominal deceleration, HGV drive axle brakes must generate 

somewhere in the region of 17 times as much brake force as cars but may have only around 1.4 

times the space inside the wheel to achieve it as passenger cars. In addition to this, HGVs have 
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higher profile tyres such that the ratio of radii between rotor and rolling radius is less favourable. 

Thus, it is relatively easy to produce car brakes capable of sufficient brake torque to produce 

decelerations of more than 2 g (that is, considerably more than the tyres will sustain) but it is much 

more difficult to achieve with HGVs. Historically, it was not uncommon to have brakes on HGVs that 

produce enough torque to meet minimum standards but did not produce enough torque to fully 

exploit the available tyre road friction (i.e. wheels could not be locked in emergency braking on dry 

surfaces). Modern HGVs tend to have better performance but there remains considerably less 

margin than with passenger cars. Once an axle is sufficiently overloaded such that maximum brake 

torque is no longer sufficient to produce wheel lock, then overall deceleration is likely to reduce 

and stopping distance increase. 

All of the above considerations will also interact with the issue of dynamic load and brake force 

distribution. 

The mass of the vehicle and its distribution of mass among its wheels when stood stationary is 

clearly a major effect on the vertical load on a given tyre. However, once a real vehicle is in motion, 

it is not the only influence. When a vehicle is braked, the braking force is generated at the tyre road 

interface. According to Newton’s laws, then every action has an equal and opposite reaction. In this 

case the reaction is the inertial force that acts through the centre of mass of the vehicle. The centre 

of mass of any real vehicle is above the ground plane where the tyre force is generated. This height 

separation between the braking force and the inertial reaction creates a moment. For the vehicle 

to stay in equilibrium, then that moment must also have a reaction and this comes in the form of 

the vertical load indeed at the tyre road interface. 

 

Figure 0-7: Illustration of weight transfer under braking. 

The higher the centre of mass is from the ground (h), the shorter the wheelbase, and the greater 

the vehicle deceleration, the more the weight distribution will shift forward under braking. So, in 

the example above the stationary vehicle has 50/50 weight distribution. If designing the brakes for 

that static brake distribution you would also aim to generate equal brake forces at each wheel, so 

that the brake force distribution was also 50/50. However, one the vehicle is braked and begins to 

decelerate, then weights shifts off of the rear axle and onto the front axle such that, in a given 

instant, the front axle might be caryying 65% of the weight and the rear 35%. If the brake ratio is 

still 50/50, then there will not be enough brake force at the front wheel to allow maximum friction 

to be reached. The brake force at the rear axle will exceed that which can be supported by the 

available friction and the wheel will lock. In this way, the maximum possible brake force will be less 

than the total vertical force (mass * gravity). On a surface with a coefficient of friction of 1, the 

maximum deceleration would be considerably less than 1g (9.81 m/s2). 
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This situation becomes considerable more complex for vehicles with more than two axles, and 

particularly articulated vehicles involving tow vehicles and trailers or semi-trailers, as illustrated by 

, below. 

 

Figure 0-8: Illustration of forces applied to an articulated vehicle under braking. Source (Wildig, 1997) 

 

 

Figure 0-9: Load transfer during braking of an articulated vehicle. Source: (Wildig, 1997) 

It can be seen that load increases substantially on the steer axle and decreases on the trailer bogie. 

The load on the fifth wheel increases and decreases on the drive axle, but less steeply. Most brake 

applications are undertaken at low decelerations of 0.2g or less. If the brake force distribution is 

optimised for this low level braking then it will spread brake wear evenly amongst the axles. 

However, emergency braking could be up to around 0.9g based on peak tyre frictions for 
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commercial vehicles. If brake force distribution is not optimised for weight distribution at high 

deceleration then this will not be achievable and could lead to unstable (wheel lock) conditions. 

HGVs experience large variations in total mass and centre of mass height with different types of 

load carried by the same goods vehicle, meaning the static and dynamic weight distributions will 

vary considerably from journey to journey and it can be seen that braking of articulated vehicles 

becomes remarkably complex. 

It is this complexity, and the choices of which conditions the braking should be optimised for, that 

has led to a wide range of counter-intuitive results in experiments with brake tests. For example, 

the Turner Truck Study (Fancher, et al., 1989) found that vehicles with lower brake efficiencies 

tended to be empty whereas those with better brake efficiencies tended to be loaded and that the 

lower brake efficiencies also correlated with higher involvement in jacknife incidents. This implies 

that the brake ratios of these vehicles (dating at least back to 1989) were optimised for loaded 

conditions and that at lighter loads mismatches between brake force distribution and dynamic 

weight distribution could lead to increased instability. 

 

Figure 0-10: Involvement in jacknife incidents of empty and laden trucks by braking efficiency. Source: 

(Fancher, et al., 1989) 

Many of the problems of dynamic load and brake force distribution can be mitigated by brake 

design and newer technologies. Load sensing valves have been around for many decades and limit 

the brake force on certain axles when the vehicle is only lightly loaded. Antilock Braking Systems 

(ABS) allow some of the compromises to be overcome by preventing wheel lock and thus preventing 

some of the stability consequences, such as jacknife) of imperfect load distribution. Most recently, 

electronically controlled braking systems (EBS) allow much faster transmission of brake signals 

around the vehicle and much more sophisticated control and modulation of the brakes. This allows 

the system to calculate in real time if the brake force distribution is not optimal and adjust it to 
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improve during the brake application. However, even with all three systems in place, it is not certain 

that brake performance will be worse at full load compared with empty. (Knight, et al., 2002) 

reported on brake testing that showed a 3 axle EBS equipped tractor unit towing an ABS equipped 

3 axle semi-trailer (44 tonne combination) produce better brake performance when fully laden (7.5 

m/s2) than when empty (6.5 m/s2). 

Another aspect of brake performance is the effect of heat on the friction brakes. All friction brakes 

work by converting kinetic energy to heat energy. This heat energy increases the temperature of 

the brakes, by an amount proportional to the thermal mass of the brake. The increased 

temperature then dissipates heat energy to the environment at a cooling rate dependent on many 

factors including the ambient temperature, surface area of the brake surface exposed, airflow etc. 

The amount of kinetic energy converted depends on the square of the speed at the start and end 

of the process and is proportional to the mass of the vehicle. Thus, when a heavily laden HGV brakes 

repeatedly from high speed, or brakes to maintain a constant high speed on a steep downhill 

gradient, very large quantities of energy are converted to heat and the brakes can get very hot. The 

coefficient of friction between brake linings (fitted to brake shoes within drums or brake pads in 

calipers) and the rotors (drums or discs) does vary with temperature and for most materials gets 

lower as temperature increases. This means that the same brake pressure results in reduced brake 

torque. When temperatures get substantially above the design range this friction can drop to the 

extent that it severely increases the stopping distance and can feel to the driver as if it is complete 

brake failure. This condition is known as brake fade. 

The ability of a brake system to resist brake fade is dependent on many factors including material 

properties, thermal mass, cooling rates, airflow etc. However, the same arguments around wheel 

and brake size that relate to torque mean that it is fundamentally a more significant problem for 

HGVs than it is for cars. Also, disc brakes are typically substantially better in terms of brake fade 

than drum brakes (see for example (Knight, et al., 2002)). However, for any given brake application 

and speed, an increase in the mass will increase the energy the brake must convert and increase its 

temperature, thus risking increased brake fade. Within the design mass of the vehicle, regulations 

prescribe minimum standards of performance such that an overload that remains within the higher 

design limit, may result in a relative increase in fade risk but performance should not drop to 

catastrophic levels. Mass increases above the vehicle (or axle) design weight will substantially 

increase the risk of brake fade and the relationship between mass increase and risk could be 

substantially nonlinear, as shown in the example in Figure 0-11, below. This shows the temperature 

dependency for different formulations of brake linings within the same brake subject to the same 

load cycling. 
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Figure 0-11: Example of the dependence of lining to rotor friction on surface temperature for different brake 

linings. Source: (Wan Nik, et al., 2011) 

Thus, if a vehicle is overloaded according to national regulation but remains within the design 

weight specified by the manufacturer, the normal stopping distance may or may not be worse. It 

could be substantially better than the same vehicle empty and could even be better than the same 

vehicle full to the legal limit. However, once the vehicle design weight is exceeded, it is likely that 

the torque limits on individual axles will be reached and the loads applied to individual tyres will 

increase such that a reduction in brake performance would be much more likely. Overloading above 

the design weight will also significantly increase the risk of brake fade. 

11.1.7. Acceleration/traction performance 

The same basic laws of motion and simple formulae as described for braking, also apply for forward 

acceleration. The rate of acceleration is dependent on the force generated at the tyre road interface 

and the mass of the vehicle. For the same engine torque, gearing, number of driven axles, tyre 

rolling radius and tyre road friction, then increased mass equals decreased acceleration potential 

on a flat road. When travelling up a slope then the force generated at the tyre road interface must 

first overcome a proportion of gravitational acceleration (dependent on the steepness of the slope) 

simply to keep a constant speed. Thus, increased mass will also reduce the ability of the vehicle to 

maintain speed up a slope and in some circumstances this will mean that the speed of overloaded 

vehicles on slopes will reduce by more than that of a legally loaded vehicle. 

For many trucks, the engine drives only one axle. For a two-axle vehicle the single driven axle can 

carry more than half of the weight. Thus, the frictional force at the tyre road interface that will 

accelerate the vehicle is enough to sustain very substantial accelerations without the wheels losing 

traction and spinning. However, where a much larger vehicle, for example a 5-axle articulated 

vehicle, has only one driven axle then at full load only 10.5 tonnes (26%) of a total 40 tonnes might 

be carried by the driven axle. If the coefficient of friction is high (e.g. 0.9) then the maximum 
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acceleration that can be achieved without wheelspin is still relatively high at around 0.23g. 

However, overload carried on the drive axle will reduce the tyre/road friction which will reduce the 

acceleration potential. Similarly, if the additional overload is disproportionately carried on non-

driven axles the traction will be reduced. These factors may become a significant issue in low friction 

conditions, particularly on uphill gradients. Engine torque may be sufficient to accelerate the 

vehicle but traction under the drive axle may be more of a limitation when the vehicle is overloaded 

than when legally loaded. 

11.1.8. Steering and Suspension performance 

The tyre load sensitivity already noted for braking and accelerating will also apply to cornering. 

Overloading will result in reduced tyre friction, which will increase the probability of sliding in a 

corner, though this is unlikely to be a direct safety concern in dry conditions, where the limiting 

factor for cornering speeds is often rollover. 

If an overload is distributed evenly amongst the axles, then the steer axle will also be overloaded. 

The additional mass will create additional frictional forces at the tyre road interface (even though 

the coefficient of friction will be slightly reduced by tyre load sensitivity). This means that the 

steering system must apply greater forces to turn the steered wheels, which will translate to a 

heavy steering feel for the driver. If the load is not distributed evenly and disproportionately 

overloads axles other than the steer axle, this may limit the ability of the steering to generate 

enough cornering forces and further limit maximum lateral acceleration that can be achieved. 

Suspension is designed to be progressive so that, for example, the body will roll on the suspension 

progressively more as the cornering speed increases. This is achieved with some form of spring that 

deflects as the load on it increases and the force required to deflect it will decrease in proportion 

to the deflection. This leads to progressive and predictable handling. However, all springs will have 

a limit to the amount which they can deflect. For example, a coil spring can only compress until all 

the coils are bound together. An airbag can only compress until the upper and lower mounting 

points meet. There is a maximum travel. Most vehicles are equipped with some form of ‘bump 

stop’. Effectively a much stiffer spring with very short travel (e.g. a stiff rubber block) that comes in 

just before the maximum travel of the main spring is reached. When a vehicle is overloaded, the 

spring compression when stationary will be significantly greater than at a legal weight. This means 

that much less cornering force (or bump force) is required to compress it to maximum. When a 

vehicle suddenly hits the bump stops it represents a step change in the handling characteristic and 

can lead to sudden changes in behaviour. Overloading increases the risk of this happening and, in 

extreme cases, this can happen in static conditions, effectively making the suspension near rigid. 

This increases the risk of unpredictable cornering behaviour. 

A vehicle suspension in engineering terms is a mass-spring-damper system and all such systems 

have a natural frequency at which the magnitude of the suspension deflection in response to an 

input can be greater than if the same size input made at a different frequency. This is illustrated by 

the graph below, which shows the frequency response plots for 3 different vehicles. The two 

parameters of interest are the resonant frequency and the gain at this frequency.  A resonance will 

show as a peak in the magnitude plot, and the frequency at which this occurs is known as the natural 

frequency.  The gain at the natural frequency is given by the increase in magnitude at this frequency 

relative to the magnitude at low frequency.   
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Figure 0-12: Theoretical frequency response plots 

The green and blue curves in Figure 0-12 both show a resonance around the frequency given by f = 

fn, whereas the red curve shows no resonance.   

In terms of vehicle handling behaviour, the gain at the resonance defines how difficult the vehicle 

will be to control under the specific handling conditions.  Thus, a vehicle showing the characteristics 

of the red curve is likely to be predictable and controllable. A vehicle showing the characteristic of 

the blue curve would have surprisingly different behaviour in manoeuvres at the natural frequency 

compared to normal lower frequency manoeuvres. Suspensions are typically designed to try to 

keep the gain down and/or to keep it at a frequency higher than the rate at which typical drivers 

will provide steering inputs. However, increased mass will tend to reduce the natural frequency and 

can increase the gain (depending on other characteristics). This is especially true where an overload 

goes beyond the mass the suspension is designed for and means that overloading does have the 

potential to make the vehicle cornering behaviour significantly less predictable and controllable in 

certain circumstances, particularly swerves and avoidance manoeuvres.  

The above is true for a standard passenger vehicle and extends to a rigid truck. However, the same 

basic properties become much more complex when applied to vehicle combinations of tow vehicle 

and trailer. This is very dependent on the characteristics of the vehicles, the number of trailers and 

the nature of the couplings between the two. Research into vehicle combinations, particularly those 

involving multiple trailers, has resulted in a number of safety measures used as the basis of 

performance based standards in many regions of the world (OECD ITF, 2011): 

• Rearward amplification – the degree to which the trailer(s) amplify or exaggerate the 

sideways motion of the tractor unit, defined as the ratio of the lateral acceleration of the 

rearmost trailer to the lateral acceleration of the tractor 
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• Dynamic load transfer ratio – measures the proportion of a vehicle’s total axle load that is 

carried on one side of the vehicle to the other. A stationary vehicle would have a load 

transfer ratio of 0 and a vehicle with all its weight on one side (and the other in the air 

about to roll over) would have a load transfer ratio of 1. This is then measured in 

response to a standardised dynamic steering input test 

• High speed off tracking – off tracking is defined as the lateral separation between the 

path of the front axle of the vehicle and the path of following axles further back down the 

vehicle, usually the rearmost. In low speed turns, the rear wheels tend to track inside the 

path of the tractor unit. However, at higher speeds, in nominal straight lines, steady state 

curves and in response to some dynamic steering inputs (lane change/swerve) then the 

rear most axles can track outside the path of the front vehicle. The driver may be unaware 

of this. 

• Yaw damping ratio – quantifies how quickly yaw oscillations, or sway, of the rear of a 

trailer take to settle after a rapid steering manoeuvre 

The magnitude of each of these metrics are to a degree inter-related and are highly dependent on 

the vehicle design. Mass of the load will have an influence on these parameters. This has been 

studied extensively in terms of the effect of increasing the maximum permitted mass of high 

capacity vehicles. (Knight, et al., 2008) summarised a wide range of these studies into a table of the 

direction of effect and indicative magnitude, which is reproduced below. 

Table 0-1: Direction and indicative magnitude of effect of mass and vehicle design parameters on stability 

metrics. Source: (Knight, et al., 2008) 

 

It can be seen that if all else is the same, increased mass has a significantly degrading effect on 

safety in terms of these dynamic factors. Again, this will increase the unpredictability of the 

response of the vehicle in terms of its response to sudden steering inputs. However, it is also worth 

noting that this will interact strongly with the other parameters such as the number of articulation 

points, the wheelbase of the vehicle and the number of axles etc. Taking rearward amplification as 



 

OVERWEIGHT VEHICLES: IMPACT ON ROAD INFRASTRUCTURE AND SAFETY 2022SP01EN 

107 

 

an example, (Aurell, 2003) quantified rearward amplification for a range of vehicle types including 

both standard “workhorse” vehicles and high capacity vehicles, as reproduced in Figure 0-13, below. 

 

Figure 0-13: Rearward amplification for different workhorse and high capacity vehicles. Source: (Aurell, 2003) 

The highlighted red circles have been added by the current authors and indicate the 3 combinations 

where there was only one trailer, which each complied with European Standard weights and 

dimensions regulations. It can be seen that a tractor and single semi-trailer combination is very 

stable in terms of rearward amplification. So, although overloading will significantly degrade 

performance it will do so from a very high level of baseline performance and, therefore, will pose a 

relatively small collision risk. However, a rigid vehicle towing a full trailer (one with a steered axle 

at the front and a fixed axle at the rear) actually performs worse than all of the multi-trailer 

combinations assessed. This vehicle type already has significant difficulties with rearward 

amplification. Further degrading this poor performance by overloading the vehicle will represent a 

much more substantial collision risk. 

As such, the safety effects of overloading on dynamics measures will depend strongly on the type 

of vehicles common in the geographical region being assessed. Where rigid vehicles towing full 

trailers, or multi-trailer combinations, are common then overloading could create significant risks 

in swerving manoeuvres in particular. However, this will be a much less significant problem in 

markets where 5 or 6 axle tractor semi-trailer combinations at moderate GVW are the dominant 

vehicle type. 

11.1.9. Ultimate and fatigue strength of structures and components 

If the load carried by an HGV increases sufficiently then ultimately components will be overloaded 

and will fail. These failures could be because the ultimate strength of the component is insufficient 

to withstand the load placed on it, such that the component yields or fractures. In this case, this 

event only needs to happen once to cause the failure. If sufficient load is placed on a vehicle that 

remains stationary, then eventually the weakest component will break. However, more commonly 

than that situation, a vehicle will be loaded to excess, but not to the point that an immediate failure 
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occurs, and then some dynamic event in service (e.g. an axle passing over a severe pot hole and 

instantaneously placing a vertical load through a wheel that is double that of the static load when 

stationary) will cause the failure. 

Vehicles should be designed to have sufficient ultimate strength such that no such failures will occur 

in any normal and reasonably foreseeable driving situation that the vehicle encounters, when 

loaded up to its maximum design weight. In most circumstances, that design weight should be well 

in excess of the legally permitted maximum weight for the region in which it operates. As such, this 

type of single event failure due to exceeding the ultimate strength of components would not be 

expected with overloads of legal maxima that are not sufficient to exceed the design weight. In an 

EU context, this might mean a 40 tonne articulated vehicle operating at 45 tonnes (12.5% 

overloaded) was not exceeding its design weight. So only overloads in excess of this figure would 

be expected to begin to risk single event component failures. 

Failures of components can also occur through the mechanism of fatigue. This is where the load 

applies remains less than the yield strength of the material but the repeated application of the load 

results in a fatigue failure after multiple applications of the load. Some components of a vehicle 

may be made from a material that has a fatigue limit. That is, if the load applied is below the limit 

level, it will never fail through fatigue no matter how many load cycles are applied. Many of these 

may be designed such that if the vehicle remains within its design weight, the loads remain below 

fatigue thresholds such that there life is theoretically infinite (if not subject to corrosion etc). 

However, others may be designed such that they are expected to fail via fatigue eventually, but 

only after a number of load cycles that is expected to give the component a reasonably long life in 

service. 

Increasing the load applied to the latter type of component will therefore reduce its expected 

service life before failure and this will be true at all levels of overloading, even when below the 

design weight of the vehicle. The problem will increase with increasing load and this may be non-

linear. In addition to this, once the design weight is exceeded, then this will expand the potential 

scope for fatigue failures to components that would otherwise be expected to have a notionally 

infinite life. However, for this effect to be significant and noticeable, the vehicle will still need to be 

subjected to a large number of loading cycles. Thus, it is only likely to be a factor with somewhat 

older vehicles that have been consistently overloaded over a significant period of time. 

11.1.10. Load security 

Good practice in load security is defined in guidelines in many countries. Details differ but the basic 

principles are shared. In general, the load restraint system in combination must be sufficiently 

strong to withstand 0.8 to 1 times the full mass of the load in the forward direction (i.e. under 

braking) and 0.5 times the mass of the load to either side or the rear (i.e. under forward acceleration 

or cornering in either direction).  

This is illustrated by Figure 0-14, below, which is a diagram taken from the UK code of practice for 

the safe loading of vehicles. 
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Figure 0-14: Illustration of the main principle of load security in relation to the forces that the restraint system 

must withstand. Source: (DfT, 2002) 

Clearly, if the restraint system is designed for the legally permitted load but the actual load is 

heavier, then the restraint system may be subject to failure. (Day, 2016) reviewed the failures that 

could occur within load restraint systems, which were entirely consistent with the basic principles 

identified for the overall vehicle structure in the previous section: via a single event exceeding the 

ultimate strength of components, or via repeated loading leading to a fatigue failure. However, in 

the case of load security, it was noted that the restraint systems actually in use were often not 

adequate for the legally permitted load, let alone for an overloaded vehicle. As such, there was no 

margin of safety between the legally permitted maximum load and the design weight as there is for 

the vehicle structure. As such, it might reasonably be expected that overloading would be more 

likely to result in failures of load restraint components, than it would be to result in failures of the 

main vehicle structure. 

11.2. INDIRECT EFFECTS 

11.2.1. Increased speed differentials 

One of the obvious direct effects of increased mass on vehicle performance is that, if all else 

remains equal, increased mass will mean a lower level of forward acceleration. In isolation, a lack 

of power is generally not considered a safety problem. However, truck performance on uphill 

gradients is affected by the length and longitudinal slope of the gradient as well as the vehicle’s 

starting speed and its weight to power ratio. Overloaded vehicles become under-powered, resulting 

in lower speeds on ascending slopes. These in turn will generate traffic speed differences between 

trucks and cars that are considerably greater than anticipated at the design stage. A wide range of 

literature shows that average speed on a section of road is strongly correlated with the risk of 

collision and an increase in risk of 5% for every 1% increase in average speed is an often-quoted 

statistic. Overloaded trucks would reduce the average speed on a road so may be considered to 

reduce the risk of collision based on the well-known headline. However, when the source research 
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is examined in more detail, see for example (Taylor, Lynam, & Baruya, 2001), then it can also be 

shown that the spread of speeds on the road around the average also has a substantial influence. 

This supports the view that slow moving overloaded trucks will create a risk that faster moving 

traffic will fail to avoid overloaded trucks more frequently than they would normally loaded trucks. 

Thus, there may be a case for a passing lane road sections with hills, that would not have been 

apparent at design stage. 

11.2.2. Installation and effectiveness of roadside safety infrastructure 

A similar type of distortion affects the reasoning applied at the design stage to decide on the 

installation (and effectiveness) of emergency escape ramps and arrester beds on steep and long 

downhill ramps, to limit the consequences of runaway heavy vehicles. In these cases, the 

overloading might contribute to brake fade that increases the likelihood of a runaway, but will also 

reduce the effectiveness of the mitigations because of the increased kinetic energy that must be 

dissipated to bring the vehicle to a stop. 

This approach will also extend to roadside barriers, which are designed to provide a certain level of 

restraint to an uncontrolled vehicle, preventing it from invading hazardous areas, and are currently 

designed for different levels of operation, which are defined according to the performance 

standards, taking into account three characteristics: the restraint, the severity of impact and the 

deformability of the device. The standards to which these are built will vary around the world. 

According to European standards CEN (EN 1317), the safety barriers are previously subjected to 

crash tests, with common vehicles whose characteristics are within the ranges of values defined in 

the previously mentioned standard. Depending on the system containment level, the mass of the 

test vehicle may range from 900 kg and 38,000 kg. Other characteristics of the vehicle, such as its 

centre of gravity height, are specified for each type of vehicle. The speed and angle of impact are 

also defined for the different test categories and for the different types of vehicles. These crash 

tests contribute to the definition of the level of restraint (ability of the system to re-route a vehicle 

with a given mass, speed and angle of impact). It should be noted that the retention level indicates, 

in terms of kinetic energy, the maximum load capacity of the system, i.e. corresponds to the test 

with the heaviest vehicle. In the USA, the MASH standard has a similar approach, so it can also be 

used as a source of information. 

This procedure aims to contribute to the reduction of the severity of the consequences of accidents 

involving this equipment. Nevertheless, it should be noted that the conditions of the simulation 

may differ from the ones on the real network. On the other hand, there are still many kilometres 

of old-fashioned barriers, placed before the adoption of the current standards that should be 

replaced or benefited. Furthermore, these standards may relate as much to what the available 

technologies are capable of, as they do to what the maximum mass of trucks that might hit them 

are. As a result, many may already be designed to take less than the maximum impact severity that 

they might experience with compliant, normal vehicles.  

Depending on the available data on the number and characteristics of the heavy vehicles of each 

country and the type of safety barriers they use, it is possible to assess the adequacy of these safety 

devices in the pursue of increasing the safety level of heavy vehicles transport. 

11.2.3. Effects on frequency and severity of collision 

11.2.3.1. Introduction 



 

OVERWEIGHT VEHICLES: IMPACT ON ROAD INFRASTRUCTURE AND SAFETY 2022SP01EN 

111 

 

According to the Volvo Trucks Safety Report (Kockum, et al., 2017) there are approximately 26,000 

road fatalities in the EU each year, of which 15 % are HGV-related.  

Several authors have found that there is an increase in collision rates with higher weight vehicles. 

However, it is important for this to be placed in full context. For example, which unit of exposure 

to risk to use in calculation of a rate is very important. Larger HGVs will often have a much higher 

rate of serious collisions per vehicle km than a smaller vehicle. However, when considered per 

tonne km, the order can be reversed because it takes many smaller vehicles to carry the same mass 

of load as a larger vehicle. 

Similarly, the context will change very significantly in different countries with different economies, 

different splits of urban and rural freight flows, different infrastructure and different vehicle 

standards. For example, the preceding section identified rearward amplification as a substantial 

collision risk but also that it varied strongly depending on the GVW, number of articulation points 

on the vehicle and the wheelbase of vehicles and trailers. Where a truck already suffers from 

rearward amplification in its legal load state, overloading that truck will cause substantial additional 

risk. However, for vehicles such as tractor/semi-trailer combinations that do not suffer badly with 

rearward amplification, overloading will not cause a substantial increase in that aspect of collision 

risk. As an example, substantial differences in this factor would be expected in the UK compared to 

Australia. 

Other factors that will vary and have an influence on the likely risks of overloading include: 

• Magnitude of overloading: Countries with well-developed freight systems and rigorous 

enforcement may see that where vehicles are overloaded, it is on average by only a 

relatively small amount. Other countries without good systems may see a much higher 

average overload. The risks of overloading increase with the amount by which they are 

overloaded and the relationship may not be linear. 

• Standards of new vehicles: Richer nations may have generally higher standards of vehicles 

than poorer nations. Such vehicles may have greater in-built ‘factors of safety’ in the 

structures and in the design of critical systems such as brakes, using more modern 

expensive materials. They may also have more sophisticated control systems (e.g. 

electronic braking and electronic stability controls) that may partially offset the adverse 

effects of increased load 

• Roadworthiness: Where a vehicle is routinely overloaded it will suffer increased wear and 

fatigue. In countries where good maintenance regimes and rigorous roadworthiness 

enforcement exists, these problems are more likely to get caught and repaired before 

they reach the point of catastrophic failure. Also, vehicle failures can combine with 

overloading to increase risk far beyond either parameter in isolation. If one brake on a 4 

axle vehicle is not functioning, the remaining 7 brakes must do the work of 8 and will get 

hotter as a result. However, the system may be resilient enough to still provide the 

required braking. Similarly an overloaded vehicle increases the work of the brakes but 

may be insufficient to cause significant problem. However, if both are present, the 

remaining 7 brakes must do the work of more than 8 and overheat and fail with 

potentially catastrophic consequence. 

11.2.3.2. The importance and character of collisions involving HGVs around the world 
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Figure 0-15 maps the number of truck occupant deaths in 2016 as a percentage of all road fatalities 

in countries around the world (WHO, 2018). However, in collisions involving trucks, it is often not 

the truck occupant that suffers most, and many more casualties are caused outside of the truck in 

this type of collion. So, these proportions substantially under-represent the complete contribution 

of trucks to road fatality totals but the information is still worthy of mention because the country 

coverage is high and there are quite substantial variations between countries, which is interesting. 

It is observed that around 23% of the countries present a percentage of deaths lower than 1%, 

shower that these types of users are not in particular risk in these countries. Intermediate risk 

groups of 1-2% of deaths and 2-4% of deaths are represented in 19 and 34% of the countries, 

respectively. The critical group with the highest percentages of deaths covers around 24% of 

countries, deserving as so, particular attention to reduce the bigger risk of death. In this group we 

highlight Zimbabwe, with 18% of deaths, Togo, with 11%, Malta with 9% and United Arab Emirates 

with 8%.  
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Figure 0-15: Percentage of drivers and passengers of truck deaths (data source WHO, 2018) 

In a road safety benchmarking study developed for some Latin American countries (Vieira Gomes, 

2017), the percentage of pedestrian fatalities disaggregated by crash vehicle type was analysed (see 

Figure 0-16). In all countries, an important share of pedestrians are fatally hit by buses and trucks. 
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Figure 0-16: Percentage of pedestrian fatalities disaggregated by crash vehicle type 2013 (Vieira Gomes, 

2017) 

 

According to the Volvo Trucks Safety Report (Kockum, et al., 2017), the number of HGV related 

fatalities in the EU for the year of 2014 summed to 3863. Of these, 32% (1230) were vulnerable 

road users (see Figure 18), with the following disaggregation: 53% involved pedestrians, 22% 

involved cyclists and 25% involved moped riders or motorcyclists). 

 

Figure 0-17: Fatalities occurred with HGV in 2014 Europe (Kockum, et al., 2017) 

11.2.3.3. Overloading as a contributory factor to collisions 

Data on the role that overloading plays in the cause of collisions and the outcome in terms of injury 

severity is much more difficult to obtain. It is recorded to some extent in the national statistics of 

some countries and data from the UK and Portugal are presented below.  

In the UK, the data comes from the UK national collision database, known as Stats 19 and the data 

studied was from collisions involving goods vehicles of all weights that occurred in the years 2009-

2018 inclusive. The database contains a system allowing the reporting of contributory factors and 

one of these factors (code CF206) is defined as “poorly or overloaded vehicle contributed to cause 

of collision”. It should be noted that these contributory factors are completed by reporting police 

officers, that have attended the scene, within days of collision without extensive investigation. 

These may not be dedicated traffic police officers and in the vast majority of cases will not be 
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trained collision investigators. Thus, there is scope for significant error in reporting, particularly with 

respect to technical or specialist measures. In case of overloading, there may be underreporting 

because only significant and obvious overloading would be likely to be identified. However, it may 

also represent an overestimate because poor loading could also include cases with poor load 

restraint but a legal quantity of load. The results are shown in Erreur ! Source du renvoi 

introuvable., Erreur ! Source du renvoi introuvable., and Erreur ! Source du renvoi introuvable., 

below. 

Table 0-2: The total number of GB collisions and casualties where at least one goods vehicle was involved, 

2009-2018 inclusive. Source: Stats 19 data 

 

Table 0-3: The number of GB collisions and casualties where at least one goods vehicle was assigned “poorly 

or over loaded” as a contributory factor 

 

Table 0-4: The proportion of GB collisions and casualties where poor or overloaded goods vehicle was a 

contributory factor 

 

It can be seen that it is relatively rare in GB for poor loading or overloading to be recorded by police 

as a contributory factor in collisions at approximately 0.4% of collisions involving vans, rising to 

approximately 1.1%. Where these factors have been coded as a cause of collision, the effect on 

severity is partly ambiguous. For goods vehicles above 3.5 tonnes maximum mass, then it appears 

collisions involving poor or overloaded HGVs there is a lower risk of death that for all collisions 

involving HGVs. However, the number of fatalities is low overall. The same statistics suggest that a 

larger proportion are seriously injured, in with larger total numbers this may be considered a more 

reliable indicator. 

This type of data was also possible to collect for Portugal as the Statistical Bulletin of Road Accidents 

used by the police to register an accident foresees a field regarding the overloading of vehicles. 

Table 2 presents the absolute number and the percentages of accidents and injuries with 

overloaded HGV occurred in Portugal between 2016 and 2018. The percentages are rather similar 

to the ones from the UK.  

Year 

Accidents with HGV 
Accidents with overloaded HGV       

(absolute numbers) 

Accidents with overloaded HGV   

(percentages) 

Injuries Injuries Injuries 

Fatal Serious Slight Fatal Serious Slight

Involving Vans (<3.5t) 122,978 1,779 18,630 150,796 1.0% 11% 88%

Involving HGV 3.5 - 7.5t 16,348 399 2,572 19,334 1.8% 12% 87%

Involving HGV >7.5t 44,743 2,303 8,265 51,708 3.7% 13% 83%

Collision

Casualties Casualty severity distribution

Fatal Serious Slight Fatal Serious Slight

Involving Vans (<3.5t) 473 5 77 559 0.8% 12% 87%

Involving HGV 3.5 - 7.5t 122 1 31 133 0.6% 19% 81%

Involving HGV >7.5t 504 8 106 460 1.4% 18% 80%

Collisions

Casualties Casualty severity distribution

Fatal Serious Slight

Involving Vans (<3.5t) 0.38% 0.28% 0.41% 0.37%

Involving HGV 3.5 - 7.5t 0.75% 0.25% 1.21% 0.69%

Involving HGV >7.5t 1.13% 0.35% 1.28% 0.89%

Collisions

Casualties
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Injury 

acciden

ts 

Killed 

Serious

ly 

injured 

Slightly 

injured 

Injury 

acciden

ts 

Killed 

Serious

ly 

injured 

Slightly 

injured 

Injury 

acciden

ts 

Killed 

Serious

ly 

injured 

Slightly 

injured 

2018 816 50 99 934 1 1 0 0 0,12% 2,00% 0,00% 0,00% 

2017 882 67 117 1031 5 1 0 4 0,57% 1,49% 0,00% 0,39% 

2016 772 53 95 884 2 0 1 2 0,26% 0,00% 1,05% 0,23% 

Table 0-5 Accidents with overloaded HGV in Portugal (2016-2018) 

Both the UK and Portugal are relatively mature economies with high income, high standards of new 

vehicles, roadworthiness and weight enforcement. It would be expected that lower and middle 

income countries may have lower standards in these respects and may therefore suffer more 

consequences of overloading. However, hard data is scarce and not easy to obtain and has been 

requested in the survey of local experts, while further evidence will be sought from the literature. 

 The optimal goal is to match data on extent of overloading with WIM data, roadside check data 

(targeted and random), or other, to try to show the rate at which overloading leads to collisions in 

a meaningful way. 
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ANNEX 3: SURVEY                                                                                  

This survey aims to collect information regarding the prevalence and intensity of road freight vehicle 

overloading. The concept of “overloading” can cover multiple situations: 

• The total weight of a vehicle is higher than the legal limit 

• The weight on one or more axles (or group of axles) is higher than the legal limit 

• A legally loaded vehicle crosses a road section or a bridge above the local weight limit 

• A vehicle with a permit to travel over the weight limit leaves the itinerary/route for which 

it has a permit 

An overloaded axle can impact the road pavement (and in a different manner depending on the type 

of pavement), while overloading by either axle or by gross vehicle weight can impact bridges, road 

safety and the economic situation of the road infrastructure manager and the road transport 

operator. 

This survey is part of a data collection effort for a project for PIARC - World Road Association, by a 

consortium led by Transport & Mobility Leuven (Belgium), partnered with DNDI (Ukraine), LNEC 

(Portugal) and Apollo Vehicle Safety (UK). 

The aim is to collect information regarding the global situation in relation to weight limits and 

overloading, and to collect best practices applied throughout the world to avoid or mitigate the 

effects of overweight vehicles, both in High Income Countries (HIC) and Low & Middle Income 

Countries (LMIC). 

The survey is multidisciplinary. For each of the 8 sections, we will indicate the type of respondent 

likely best placed to answer those questions. However, we welcome all input and encourage you 

to have a look at all questions.  

While all questions are optional, we ask that you pay specific attention to sections 2, 4 and 8, these 

questions are essential to the success of this research project. 

This survey will be followed up by one-on-one phone interviews with experts selected from the 

respondents of this survey. For that purpose, we ask you to provide your contact details in the first 

section. 

If you do not have access to all the information needed to complete this survey, please consider to 

send a partially fulfilled survey, since it can still be very relevant. 
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Section 1: General 

This section is for all respondents. 

1. What is the name of your organization? 

2. Which of the following types best describes your organization? 

• Academic/research 

• International organization 

• Governmental body/public decision maker 

• Infrastructure owner/operator 

• Standardization or legal metrology organization 

• Transport operator 

• OEM (Original Equipment Manufacturer)  

• Consultant 

• Other (please specify) 

1. What are its main missions? 

2. In which country/ies are you active? 

3. What is your title/position? 

4. What are your main activities? 

5. What is your phone number? 

6. What is your e-mail address? 

7. Can we contact you for a follow-up discussion? Yes/No 
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Section 2: Current roads, vehicle types, weights and dimensions limits 

This section is for aimed primarily at road infrastructure managers and road transport regulators. 

8. Please describe the current composition of the road network for the country/ies you work 

in. If you do not have exact figures, an estimate will do. 

a) Total length of the road network […] km 

b) % flexible pavements ([..%]), if  possible split by type 

• Unpaved roads ([..%]) (these % should add up to % above) 

• Stone paved roads ([..%]) 

• Impregnated roads (bituminous surface treatments as wearing course) - The 

bituminous coat has no structural function; 

• Asphalt pavements - thin layers - the wearing course on asphalt layer (h < 6 

cm) and base course on granular materials or soil; 

• Asphalt pavements -  intermediate thickness - wearing and base course on 

asphalt layers (6 cm < h < 16 cm);  

• Asphalt pavements -  thick layers - wearing and base course on asphalt layers 

(h >16 cm). 

c) % semi-rigid pavement ([..%] – check with other values for 100%), by type 

• Asphalt layer wearing course over concrete slabs ([..%]) (these % should add 

up to % above) 

• Asphalt layer wearing course over cement treated soil / aggregates ([..%]) 

d) % rigid pavement ([..%] – check with values above for 100%), by type 

• Concrete slabs 

• Reinforced concrete pavements 

 

9. For the countries you work in, what are the weight limits that are in place for road freight 

vehicles?  Please complete Table 1 below for each country you have information for 

(information for regions is welcome but the primary focus is on the national level). Please 

add additional copies of tables if you have information about earlier limits (to show the 

evolution) or in case different limits exist under different circumstances (e.g. local vs 

national roads, paved roads vs unpaved roads,…). Please describe these specificities  with 

the table. 

 

This table is available for download as a link, and  an upload link is provided for multiple instances 

of the table, each with a brief description  (country + number order of file) 
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Country:  

Time Period valid for: 

Additional specificities: 

Note: only vehicles free to operate without special permits or permissions should be included. 

Vehicles involved in pilots or trials should not be included. Mark NA if a vehicle type is not permitted 

or not commonly used in your country. 
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Vehicle Type Description 

Maximum 

Permitted 

Mass (kg) 

Maximum 

length (m) 

Approximate Market Share If 

available 

Number 

of 

vehicles 

Vehicle 

kms 

Tonne 

kms 

 
2 axle rigid      

 
3 axle rigid      

 
4 axle rigid      

 

2+2 Tractor & 

Semi-trailer 
     

  

2+3 Tractor & 

semi-trailer 
     

  

3+2 Tractor & 

semi-trailer 
     

 

3+3 Tractor & 

semi-trailer 
     

 

2+2 Rigid &full 

trailer 
     

                      

 

2+3 Rigid & 

Full trailer 
     

                         

           

3+2 Rigid & 

Full trailer 
     

                    

 

+3 Rigid & 

Full trailer 
     

 

3+2 Rigid & 

Centre Axle 

Trailer 

     

 

3+2 Rigid & 

Centre Axle 

Trailer 
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2+2+1 B-

Double 
     

Other: Please define below       

       

 

10. Please also complete information on axle load limits 

a) Where wheels are equipped with single tyres 

a. Maximum steer axle load (kg) 

b. Maximum drive axle load (kg) 

c. Maximum load of other single axle (kg) 

d. Maximum tandem load (kg) 

e. Maximum tridem load (kg) 

b) Where wheels are equipped with dual tyres 

a. Maximum steer axle load (kg) 

b. Maximum drive axle load (kg) 

c. Maximum load of free rolling axle (kg) 

d. Maximum tandem load (kg) 

e. Maximum tridem load (kg) 

11. Description of other restrictions (e.g. min axle spacing/road friendly suspension/road type 

or seasonal variations/exceptions for intermodal transport etc.) 

12. In the countries that you operate, are vehicle manufacturers legally obliged to mark the 

vehicle with a “design weight” at which the vehicle has been designed to operate safely? 

Yes/No  

 

Please discuss 

 

 

13. Optional question: If not, do manufacturers tend to voluntarily do this?  

Yes/No  

… 
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Please discuss 

 

 

14. Optional question: If the use of ‘design weights’ is common, by how much do they typically 

exceed the maximum weights that the national regulations allow vehicles to be operated 

at? 

X%  

Please discuss 

 

15. Optional question: During pavement design: which aggressiveness factors do you use, 

according to pavement type? 

 

 

16. Do you wish to add more comments on the topic of weights limits?  

 

 

… 

… 

… 

… 
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Section 3: Vehicle Standards & Roadworthiness 

This section is aimed primarily at road transport regulators. 

17. For each country in which you can provide information, which proportion of new goods 

vehicles are equipped with the following safety features (Please indicate: none, few, 

most, all/mandatory): 

a) Anti-lock braking system (ABS) 

b) Electronically Controlled Braking System (EBS) 

c) Electronic Stability Control (ESC, often also referred to as ESP, roll stability control, or 

roll stability program) 

d) On-board axle/vehicle weighing system 

 

18. Optional question: Where possible, please provide some general information on the 

regulation of new goods vehicles. For example, is a purely national standard applied, are 

some UN Regulations applied, if so which? 

 

19. Optional question: How do you rate the standard of new vehicles in your country, and how 

could they be improved? 

Poor/Average/Good  

Please discuss 

 

 

20. Are goods vehicles in your country subject to mandatory roadworthiness inspection? If so, 

at what intervals and what sort of tests or standards are applied? 

Yes/No 

Interval: X years 

Please discuss  

 

… 

… 
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21. Optional question: How do you rate the standard of ongoing maintenance and 

roadworthiness of goods vehicles in your country? 

Poor/Average/Good  

Please discuss 

 

22. Do you wish to add more comments on vehicle standards and roadworthiness? 

Section 4: Prevalence and intensity of overloading 

This section is aimed primarily at road transport regulators. 

23. Do you have any information regarding the prevalence (share of vehicles or vehicle 

kilometers) and intensity (% over the legal weight limit, per vehicle or per axle/axle group) 

of overloading in the countries you work in? Could you refer to WIM studies, databases, 

publications, statistics, …? 

Distinction by road type (motorways, main highways, regional or secondary paved roads, 

urban roads, unpaved roads,..) and vehicle type (drawbar, articulated, rigid, and axle 

configuration, …) are interesting. 

 

 

(file upload) 

… 

… 

… 

… 
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Description of file 

24. What are in your opinion the main reasons for overloading? (rate: not relevant/somewhat 

relevant/very relevant/most relevant) 

a) Cost saving 

b) Negligence 

c) Lack of enforcement 

d) Maximizing fleet potential (i.e. insufficient vehicles to transport all cargo) 

e) Pressured by customer 

f) Disproportionate limits (allowed volume too high for allowed weight) 

g) Other 

25. Do you wish to add more comments on the prevalence and intensity of overloading? 

 

 

 

  

… 
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Section 5: Perspective of road infrastructure manager 

This section is aimed primarily at road infrastructure managers 

26. Please discuss the information that is available regarding the impacts of overloading in 

the countries you work in. Specific impact regarding:  

a) pavement degradation for the types of pavement used in the country 

 

 

 

 

b) bridges (distinguish brittle failure or collapse and fatigue cracking, and if possible local 

and global load effects) 

 

 

c) accident statistics for overweight vehicles,  

 

 

d) increased costs to the infrastructure manager related to reduced service life of road 

assets (incl. road equipment such as safety barriers…) 

 

… 

… 

… 
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e) Other 

 

 

27. If there has been a recent change in load regulation (e.g. an increase in the maximum 

allowed weight for trucks) in your country/region: could you describe the impact on 

infrastructure (bridges/pavement) and the associated costs that followed this change? 

Please describe the change as well. 

 

 

28. Has a bridge collapsed in your country under overloaded vehicles? What were the lessons 

learned from this accident? 

Yes/No 

 

 

 

29. Do you wish to add more comments on the perspective of the road infrastructure 

manager?  Please upload any relevant documents you may have. 

… 

… 

… 

… 
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File upload 

  

… 
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Section 6: Accidents and injuries 

This section is aimed primarily at road safety experts 

30. We want to analyse the proportion of accidents and injuries involving overloaded HGVs. 

The way that this information is collected in each country may vary. In some jurisdictions 

data may only be collected on whether the vehicle involved was or was not overloaded, 

regardless of whether the fact that a vehicle was overloaded contributed to the cause of 

the collision or the severity of injury that the participants in the collision sustained. Others 

may instead record overloading as a factor only where it contributed to the cause of the 

collision (e.g. overload caused brake failure causing collision) or to injury severity (e.g. 

driver lost control and hit roadside restraint barrier but overload caused barrier to fail 

increasing the severity of injuries). Still others may in fact record both. So please complete 

as much of the table below as your specific statistics allow. Ideally the data used should 

be national data covering a significant time period. However, any available data is 

welcome. Please state whether the data relates to a total or a smaller sample, which 

geographic regions it is valid for and what years it is valid for. Estimates are welcome 

when exact figures are not available. 
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Table available for download/upload 

Year 

Accidents where at least one HGV was involved 

Accidents at least one overloaded HGV 

(regardless of whether overload was 

contributory to cause or severity)                   

Accidents involving at least HGV where 

an overload was considered 

contributory to cause or severity.                  

Number of 

Injury 

accidents 

Number of injured people (all 

road user types not just HGV 

occupants) 
Number of 

Injury 

accidents 

Number of injured people (all 

road user types not just HGV 

occupants) 
Number 

of Injury 

Accidents 
Killed 

Seriously 

injured 

Slightly 

injured 
Killed 

Seriously 

injured 

Slightly 

injured 

2018          

2017          

2016          

 

If you have more detailed data on the influence of overloaded HGVs on collision frequency or 

severity that you would be willing to share, for example, how overloading influences the 

effectiveness of safety measures such as vehicle restraint systems, please tick this box and a 

member of the project team will contact you to discuss this further. 

Tick Box 
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31. Do you wish to add more comments on the link between overloading and accidents and 

injuries? 

 

  

… 
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Section 7: Overweight Control 

This section is aimed primarily at road transport regulators and road infrastructure managers. 

32. Please describe the system(s) installed by national, regional or municipal authorities to 

control overloading. 

a) Do you have weight control systems installed on roads 

Yes/No 

b) Systems: 

1) WIM  

Yes/No 

i. please specify: (allow multiple selections) 

Low-speed – LS/high-speed – HS  

ii. technology: (allow multiple selections) 

road sensors embedded in the pavement /bridge WIM/on-board WIM 

For HS-WIM: 

iii. Is it preselection only or direct enforcement?  

preselection only/ direct enforcement 

iv. If direct enforcement, which organization delivered the type approval of 

the WIM systems? When? According to which reference document? 

 

 

File upload 

2) Fixed static scales or weighbridges 

Yes/No 

3) Movable static scales 

Yes/No 

4) Sporadic control  

Yes/No 

5) None 

Yes/No 

 

31. Results (estimates are welcome if not exact figures are available): 

a) What is the average overload of the 5% most overloaded vehicles (at the national 

level)?  

X Tonnes 

Y % 

b) % of vehicles overloaded 

[…%] 

… 
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c) % of vehicles overloaded by more than 5% (gross vehicle mass, and axle load) 

[…%] GVM 

[…%] axle load 

 

32. Please describe the differences in monitoring systems between national and 

local/regional roads. 

 

 

 

33. Are WIM results linked to some form of Automatic Number Plate Recognition (ANPR)? 

Yes/No 

34. Case studies: if any case studies available please send information attached to this Survey 

(file upload) 

35. Do you wish to add more comments on control measures for overloading? 

 

  

… 

… 
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Section 8: Mitigation measures 

This section is for all respondents. 

36. What information or guidance is provided to HGV operators to help encourage them to 

avoid overloading? Please provide copies if this is easier. 

 

 

 

 

File upload 

 

37. Please describe other practices and policies implemented by national, regional or local 

authorities to prevent overloading. Do you consider these measures a success? Why 

(not)? Consider technological and process options (WIM, licensing), enforcement options 

(with/without human action, i.e. preselection or direct enforcement, fines, loss of 

reputation, immobilization of cargo…), behavioral options. Please upload any relevant 

documents. 

 

 

File upload 

 

38. Fines and penalization: 

a. Please describe the system of fines/penalties for overloading that is applied in the 

countries you are working in. 

 

… 

… 

… 
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b. If fines are applied, are the overloads fined by kg or tonne above the legal limit, 

by range (e.g. 5% to 10%, 10% to 20% etc.) or by another measure? And which are 

the fine rates? 

 

 

 

 

File upload 

c. In which conditions can a road freight vehicle be immobilized on site? 

 

d. Is there any penalization on the company activity (e.g. loss of reputation) or 

penalization of the company owner (e.g. withdrawal of operator’s licence)? If yes, 

in which conditions? 

 

 

e. How do the fines apply to foreign vehicles? 

… 

… 

… 
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f. Who is the beneficiary of the fines – the infrastructure manager, the government, 

or another party? 

 

 

 

39. Please describe the practices and policies implemented by national, regional or local 

authorities to mitigate the effects of overloading. Do you consider these measures a 

success? Why (not)? Consider technological and process options (WIM, licensing), 

enforcement options (with/without human action, i.e. preselection or direct 

enforcement, fines, loss of reputation, immobilization of cargo…), behavioral options. 

Please upload any relevant documents. 

 

 

File upload 

 

40. What do you consider to be the most effective measures against overloading? What are 

the circumstances that make them effective? 

 

… 

… 

… 
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41. Do you wish to add more comments on mitigation measures for overloaded vehicles? 

 

 

 

… 

… 
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