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Abstract 

This paper presents the development of a new instrumentation system to measure rolling 

resistance and dynamic vertical load on a semi-trailer suspension. The aim of this novel 

measurement approach is to offer greater realism than laboratory experiments on steel drums, 

such as those standardized by ISO and SAE, and higher accuracy than indirect methods such as 

fuel consumption measurements. To compute the rolling resistance coefficient and the dynamic 

vertical load, the instrumentation system measures all forces acting between the suspension and 

the semi-trailer frame to solve the corresponding free body diagram. In addition, direct 

measurement of energy dissipated by suspension dampers provides a more complete 

understanding of rolling resistance, linking it directly to road roughness (wavelengths from 0.5 

to 50 m). The instrumentation system employs various sensors, including a custom designed 

bidirectional load cell developed at Université Laval, capable of withstanding full semi-trailer 

braking force without mechanical failure and preventing mechanical crosstalk between 

longitudinal and vertical force measurements. Laboratory validation has confirmed these two 

features of the load cell. The instrumentation system was designed to be used on actual roads 

to correlate measurements with pavement characteristics, further improving the understanding 

of rolling resistance and dynamic vertical load. 

Keywords:  Rolling Resistance, Dynamic vertical load, Measurements, Road Roughness, 

Pavement Characteristics 
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1 Introduction 

Rolling resistance is a topic of interest for tire manufacturers as it is one of the main causes of 

energy consumption in heavy vehicles (1,2). Rolling resistance is typically measured in 

laboratory conditions by rolling a tire on a steel drum, an approach that has been standardized 

by ISO and SAE (3). However, this method has some limitations such as abnormal tire 

deformation caused by the curvature of the drum (4,5). Despite the availability of a formula to 

account for drum curvature (6), there is still debate in the literature on this topic (7,8). 

Furthermore, real-world operating conditions, such as temperature and inflation pressure, can 

significantly affect rolling resistance (8) and these effects are not captured by the temperature 

limits set in ISO and SAE standards (9). Additionally, laboratory measurements of rolling 

resistance do not account for the impact of pavement characteristics (e.g. pavement 

macrotexture, road roughness, structure-induced rolling resistance) (10). Therefore, it is 

necessary to develop a methodology for measuring rolling resistance on actual roads to 

overcome these limitations. 

There are indirect on-road methods to estimate the energy dissipation from rolling resistance of 

heavy vehicles, which are all subject to driving resistance forces not related to rolling resistance 

(e.g. aerodynamic drag, uphill travel). For instance, coast-down tests can be performed to 

estimate the rolling resistance coefficient of a heavy vehicle (11). However, this approach has 

been found to be inconclusive when correlated with pavement characteristic metrics (12). An 

alternative method is to measure fuel consumption (e.g. with the Controller Area Network bus), 

which has been demonstrated effective when comparing different tire models (13,14). 

Nevertheless, when used to quantify the impact of pavement characteristics on energy 

consumption, this method has yielded inconsistent results across different studies (10,15,16). 

Thus, there is a need for a more direct and precise measurement approach to effectively capture 

the impact of pavement characteristics on rolling resistance of heavy vehicles. This insight can 

serve as a valuable tool for policy-makers to optimize road network management (17). For 

instance, some authors suggest that an increase in the elastic modulus of pavement surfaces can 

have a significant impact on greenhouse gas emissions of the transportation sector (18). 

Moreover, this novel measurement approach could highlight potential discrepancies between 

laboratory tests and direct on-road rolling resistance measurements (4).  

2 Methodology 

To measure rolling resistance and dynamic vertical load of a heavy vehicle with a direct 

approach under real driving conditions, a semi-trailer (flat bed, 3 axles, dual tires) operated by 

a truck driving school (Centre de Formation en Transports de Charlesbourg) has been selected 

for the experiment. The semi-trailer suspension (Hendrickson) on the central axle was chosen 

for installing the instrumentation system as it experiences fewer lateral forces in case of turning. 

The instrumentation system was designed to bring a minimal level of mechanical modifications 

to the suspension in order to keep the same dynamic behaviour under the effect of road 

roughness (wavelengths from 0.5 to 50 m). In addition, its design enables simple removal of 

experimental equipment for reinstallation of original components.  

The instrumentation system was designed to perform rolling resistance and dynamic vertical 

load measurements under typical highway conditions. To ensure maximum reliability in 
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measurements, it is optimal to use the instrumentation system at constant speed (e.g. 105 km/h) 

on flat sections of highways. Measurements can be performed on different pavement types of 

various conditions (e.g. road roughness, age) to evaluate the variability in rolling resistance 

caused by pavement characteristics. Such measurements at different times of the year can be 

used to evaluate the impact of meteorological conditions on the interaction between pavement 

characteristics and rolling resistance (19). 

2.1 Design of the Instrumentation System 

The main idea of the instrumentation system is to measure the forces at each physical link 

between the suspension and the frame of the semi-trailer. By solving the free body diagram of 

the suspension system, it is possible to isolate the forces related to rolling resistance and the 

load supported by the tire which results in the computation of the rolling resistance coefficient. 

All the required physical quantities to measure and their respective location on the semi-trailer 

suspension are summarized in Figure 1. 

Figure 1: Locations on the semi-trailer suspension of the physical quantities measured by 

the instrumentation system. 

Instrumented components were designed or selected to replace certain existing components 

within the suspension system. The various instruments are summarized in Table 1. 

Table 1 : List of the different instruments installed on the semi-trailer suspension. 

Num. Measurement type Location Instrument 

1 Force Flexible Bushing Custom bidirectional load cell 

2 Displacement Damper Linear potentiometer 

3 Force Fixed pivot of the damper Load pin 

4 Force Suspension air bellow Load cell 

5 Temperature and 

Pressure 

Tire (fixed on rim) Tire Temperature and Pressure 

Monitoring System (TTPMS) 

6 Speed and 

acceleration 

Semi-trailer I beam Accelerometer and gyroscope 

(InvenSense, MPU-6050) 
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The longitudinal and vertical forces that occur on each side of the frame bracket (see position 

1 in Figure 1) can be measured by a load cell. The design requirements for such load cell are as 

follows:  

• Installed without any permanent modifications on the Hendrickson suspension.

• Offers a longitudinal measurement range of ±2 kN and mechanically resists to the semi-

trailer braking forces (up to +20 kN per load cell).

• Has a low mechanical crosstalk between longitudinal and vertical measurement signals

which are more than an order of magnitude different.

The magnitude of the rolling resistance force is expected to be less than 0.2 kN on average per 

load cell. However, the force in the longitudinal direction of the load cell is expected to reach 

up to 2 kN when the damper is solicited due to road roughness. 

Since no load cell on the market was appropriate for this application, a custom bidirectional 

load cell was designed and built at Université Laval. The load cell was designed to undergo 

longitudinal displacement proportional to the applied longitudinal force. When the threshold 

value is exceeded (e.g. 2 kN), a mechanical end stop has the effect of transferring the exceeding 

mechanical force from the weak regions of the load cell to the surrounding parts. This is a 

crucial aspect that ensures the load cell mechanical integrity during braking which enables the 

safe use of the instrumentation system on actual roads. 

The displacement of the damper (see position 2 in Figure 1) has been planned to be measured 

using a linear potentiometer. It is estimated that the energy dissipation caused by road roughness 

originates almost exclusively from suspension damping (20). Moreover, the linear displacement 

of the damper measured by the linear potentiometer was designed to be used as an input in a 

kinematic/dynamic model of the suspension, which enables the estimation of relevant 

parameters such as the instantaneous orientation of the damping force. 

A load pin has been selected for the measurement of the damping force (see position 3 in Figure 

1). Direct measurement of damping force addresses the issue of non-constant damping 

coefficient values, which could vary with operating temperature and the direction of damper 

displacement (extension vs compression). By combining damping force and damper movement 

measurements, the direct calculation of energy dissipation in the suspension can be achieved, 

which is thought to be closely linked to road roughness (21). In addition, damping force 

measurement enables the consideration of its instantaneous effect on other load cells in the 

instrumentation system. 

The vertical load supported by the air bellow was designed to be measured with a load cell 

installed beneath it (see position 4 in Figure 1). This measurement facilitates the calculation of 

the total load supported by the suspension and establishes a direct correlation with dynamic 

vertical load. In addition, this load cell measurement offers redundancy in measuring vertical 

force, which enhances data accuracy and error detection during data post-processing. Indeed, 

by considering the various dimensions of the suspension, the vertical force measured at the air 

bellow can be used to corroborate the vertical force measured at the flexible bushing. 
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To account for tire operating conditions, a Tire Temperature and Pressure Monitoring System 

(TTPMS) was selected to be installed inside the tires of the suspension on each side of the semi-

trailer (see position 5 in Figure 1). Measuring the internal temperature of the tire is considered 

more pertinent than the external temperature for rolling resistance measurement, as it provides 

a better reference for the thermal conditions of the tire (9). Moreover, the internal temperature 

of a tire has a good correlation with its operating inflation pressure, both being interdependent 

following the perfect gas law (9). In the instrumentation system, the internal temperature of the 

tire at 16 different points of the cross section of the tire and the operating inflation pressure 

were identified to be measured at a frequency of 0.1 Hz. The use of the TTPMS allows to 

consider the effect of tire operating conditions on rolling resistance measurements. 

Furthermore, this approach facilitates the execution of the warm-up phase at the beginning of 

the measurements. 

Accurate road grade estimation is crucial for rolling resistance coefficient measurements 

because a non-zero value of road grade implies that gravitational force has a non-zero 

component in the longitudinal direction of the vehicle (i.e. suspension mass). To minimize the 

disturbances caused by road grade and ensure high spatial resolution of the measured rolling 

resistance coefficient, a 3-axis accelerometer and 3-axis gyroscope (MPU-6050) was selected 

to be installed on the semi-trailer I-beam (see number 6 in Figure 1). The role of the MPU-6050 

is to allow the calculation of the pitch angle of the semi-trailer I-beam, which is assumed to be 

equal to the road grade. By knowing the instantaneous road grade, it would be possible to 

consider its interaction on the various sensors. Since motion tracking devices such as the MPU-

6050 are subjected to “random walk” and “bias instability”, the latter being problematic during 

long measurements, an Allan variance test (22) was performed on the MPU-6050 to determine 

the character of the underlying noise processes which are presented in Table 2. 

Table 2 : Results of the Allan Variance Test on the MPU-6050. 

Axis 

Gyroscopes Accelerometers 

Bias Instability 

[°/h] 

Angle Random Walk 

[°/√h] 

Bias Instability 

[(m/s)/h] 

Velocity Random 

Walk [(m/s)/√h] 

X 29.2 (at 12 sec) 1.09 2.60 (at 140 sec) 0.294 

Y 9.42 (at 470 sec) 0.876 1.19 (at 450 sec) 0.264 

Z 9.65 (at 220 sec) 0.804 5.95 (at 97 sec) 0.426 

The values of Table 2 are useful to determine the appropriate averaging window for road grade 

estimation during data post-processing. In addition, the values derived from the Allan variance 

test can be implemented in more advanced filtering methods (e.g. Kalman filter) to improve the 

accuracy of the road grade estimation (23), which is expected to help ensure high spatial 

resolution of the measured rolling resistance coefficient. 

The sensors 1, 2, 3, and 5 in Table 1 were selected to be installed on each side of the suspension 

to account for any potential variability between the left and right side of the instrumented 

suspension (e.g. wheel misalignment, and road rutting). All the forces and displacement sensors 

(numbers 1 to 4 in Table 1) were connected to two custom-printed circuit boards to perform 

data acquisition. The data acquisition system was designed to sample data at a rate of 16 kHz, 

and the collected data is subsequently downsampled to 1 kHz through averaging before being 
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saved on an SD card. Additionally, a GPS was included in the system for geolocation of the 

measured data, which is essential to express the results according to the characteristics of the 

pavement.  

2.2 Data Analysis 

The measurements of the various sensors installed on the suspension were integrated in a 

kinematic/dynamic model in order to compute the instantaneous rolling resistance coefficient. 

This model allows considering the oscillations of the suspension under the effect of road 

roughness or a non-zero road grade or vehicle acceleration. 

The kinetic/dynamic model of the suspension (Figure 2) is based on these hypotheses: 

1. The flexible Bushing within the frame bracket is considered rigid and represents the pivot

point of the suspension motion.

2. The center of mass of the suspension system is coincident with the axis of the axle, which

follows an oscillatory circular motion around the flexible Bushing.

3. The roll motion of the suspension is negligible, which justified a two-dimensional modelling.

4. The damper's orientation is aligned with the vertical plane.

5. The air bellow only transmits force in the vertical direction of the vehicle reference frame.

a. This assumption is based on the uniform inflation pressure within the air bellow and its

attachment to the semi-trailer I-Beam.

b. Additionally, the flexible material of the air bellow is assumed to transmit no shear

forces due to its lower longitudinal stiffness compared to the flexible Bushing.

Figure 2: Free body diagram of the upward-moving semi-trailer suspension: forces, 

acceleration vectors, and four-bar mechanism during uphill travel. 

Figure 2 depicts a generalized model of a suspension system accelerating upwards on a semi-

trailer that is accelerating uphill (see reference frames at the top left corner). In the proposed 

instrumentation system, the forces 𝐹𝐵𝑉 and 𝐹𝐵𝐿 are measured by two custom bidirectional load 

cells (one on each side of the frame bracket). These forces are depicted in the vehicle reference 

frame since they are fixed on the frame bracket and rotate with it. The force 𝐹𝐷 is the damping 
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force that occurs when there is a motion of the suspension relative to the I-beam of the semi-

trailer. The force 𝑚𝑔 corresponds to the weight of the suspension itself (e.g. axle, wheels) and 

acts in the direction of gravity. The force 𝐹𝐴 is the load supported by the air bellow and is always 

oriented in the vertical direction of the vehicle reference frame. The forces 𝐹𝑅𝑅 and 𝐹𝑉 are the 

rolling resistance force and the vertical load supported by the tire respectively. The coefficient 

of rolling resistance is given by: 

𝐶𝑅𝑅 =
𝐹𝑅𝑅

𝐹𝑉

(1) 

The acceleration of the center of mass of the suspension system is the vectorial sum of �⃑�𝑛, �⃑�𝑡, 

and �⃑�𝑥 which are all depicted in green in Figure 2. The vectorial sum of �⃑�𝑛, �⃑�𝑡 is caused by the 

relative motion of the suspension under the effect of road roughness. The component �⃑�𝑥  is 

caused by the vehicle speed variations. This can be summarized with the following equation: 

�⃑� = �⃑�𝑛 + �⃑�𝑡 + �⃑�𝑥 = �⃑�𝐿 +  �⃑�𝑉 (2) 

Where �⃑�𝐿 and �⃑�𝑉 are the two orthogonal acceleration vectors in the two-dimensional vehicle 

reference frame. By solving the free body diagram of Figure 2, the following equations were 

established. 

𝐹𝑅𝑅 = 𝑚‖�⃑�𝐿‖ − 𝐹𝐷 cos(ɸ) + 𝐹𝐵𝐿 − 𝑚𝑔𝑠𝑖𝑛(𝜃) (3) 

𝐹𝑉 = 𝑚‖�⃑�𝑉‖ + 𝐹𝐷 sin(ɸ) + 𝐹𝐵𝑉 + 𝑚𝑔𝑐𝑜𝑠(𝜃) + 𝐹𝐴 (4) 

As can be seen in equations 3 and 4, it is necessary to calculate the acceleration of the semi-

trailer (�⃑�𝑥), the road grade (𝜃) and the kinematic states of the suspension (ɸ, �⃑�𝑛, �⃑�𝑡) in order to 

calculate the instantaneous rolling resistance coefficient. The acceleration vector �⃑�𝑥 and the 

road grade 𝜃 are expected to be measured with the MPU-6050 installed on the semi-trailer I-

beam (see number 6 in Table 1). The rest of the parameters aforementioned can be inferred 

from the measurements of the linear potentiometer installed on the damper (see number 2 in 

table 1). 

As depicted with the blue triangle in Figure 2, the frame bracket (bar 1), the suspension frame 

(bar 2) and the damper (bars 3 and 4) can be modelled as a four-bar mechanism which allows 

calculating the kinematic states of the suspension (ɸ, �⃑�𝑛, �⃑�𝑡) based on the measurements of the

linear potentiometer installed on the damper. Since every length of the four bars is either 

constant or measured, the loop closure equations can be used to compute analytically the 

orientation of the damper in the vehicle reference frame (ɸ). Additionally, by knowing the 

position of the center of mass relative to the flexible Bushing, the kinematic model allows 

computing the acceleration vectors �⃑�𝑛, �⃑�𝑡 caused by road roughness. 

3 Results and Discussion 

Before installing the instrumentation system on the semi-trailer, the custom bidirectional load 

cell was tested in laboratory conditions. Two crucial technical aspects were assessed regarding 

this load cell: 1) its mechanical integrity in case of braking; 2) its ability to cancel out 

mechanical crosstalk between longitudinal and vertical measurement signals. 
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To perform these laboratory experiments, an electric traction machine (MTS Insight 100) with 

a capacity of 100 kN has been used. This machine was commanded in position and a reference 

load cell of a capacity of 10 kN was used to measure the force applied. Even if this latter value 

is relatively higher than the required measurement range of longitudinal force (i.e. +/-2 kN), the 

electric traction machine has been judged practical and accurate enough for proof of concept. 

Moreover, a reference load cell with a higher capacity (i.e. 100 kN) was used to simulate the 

braking of the semi-trailer suspension with the traction machine. All the measurement signals 

are normalised in mV/V, which corresponds to the intensity of the Wheatstone bridge 

measurement signal for every volt of its supply voltage. 

3.1 Braking Test 

An experimental setup has been designed and fabricated to integrate the custom bidirectional 

load cell on the electric traction machine in a configuration where only longitudinal force is 

applied. By doing so, longitudinal forces from 0 to 20 kN were developed in order to observe 

the evolution of the longitudinal measurement signal, the latter being a direct way to assess the 

mechanical integrity of the load cell. The results are depicted in Figure 3. 

Figure 3: A) Braking test of the custom bidirectional load cell using the electric traction 

machine; measurement zone in blue from 0 to 2 kN and braking zone in red from 2 to 

20 kN; B) Schematic representation (not to scale) of the load cell deformation under the 

effect of a longitudinal force when the mechanical end stop is reached. 

The blue zone in Figure 3A corresponds to the expected required measurement range in the 

longitudinal direction due to the combined effect of rolling resistance and road roughness (e.g. 

damping force) for each load cell installed on the semi-trailer suspension. The red zone in 

Figure 3A corresponds to the braking zone that does not require to be measured, but must not 

cause any failure of the load cell. Figure 3B depicts the exaggerated displacement of the 
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bidirectional load cell when it undergoes a longitudinal force high enough to create contact with 

the mechanical end stop. 

It can be observed that the longitudinal end-gap starts to act at a longitudinal force of 3.3 kN, 

which represents a normalized measurement signal of 3.9 mV/V. After this mechanical 

threshold, a longitudinal force increasing at 20 kN only increases the normalized measurement 

signal to a total value of 5.2 mV/V. Therefore, when the mechanical threshold of the load cell 

is exceeded, the increase in stress in the weaker regions of the load cell caused by the 

longitudinal force is reduced by a factor of 15. For this reason, it was concluded that the custom 

bidirectional load can be safely installed on the semi-trailer suspension to perform 

measurements on actual roads. 

3.2 Mechanical Crosstalk Test 

The mechanical crosstalk of the custom bidirectional load cell is the interaction between 

measurement signals (i.e. longitudinal and vertical) related to the strain distribution within the 

load cell material. Indeed, it is possible that the vertical force has a non-negligible effect on a 

Wheatstone bridge designed to measure a longitudinal force, and vice versa. 

To investigate this aspect, a second experimental setup has been designed and fabricated to 

install the custom bidirectional load cell with a known angle relative to the force created by the 

traction machine. By measuring this angle with a digital inclinometer, it was possible to 

estimate the longitudinal and vertical forces that were applied simultaneously on the custom 

bidirectional load cell and evaluate the potential mechanical crosstalk in the measurement 

signals. 

This aspect is very important because it is expected that road roughness can induce a significant 

vertical force variation on the custom bidirectional load cells. Indeed, the coefficient of 

variation (CV) of the dynamic vertical load on a heavy vehicle axle can be estimated with the 

following empirical formula (26). 

𝐶𝑉 = 𝑉𝑎𝑅𝑏 (5) 

Where, 

𝐶𝑉: Coefficient of variation (standard deviation divided by mean) [%] 

𝑉: Speed of the vehicle [km/h] 

𝑅: International Roughness Index [m/km] 

𝑎, 𝑏 : Empirical constants for Air-Spring Suspensions [0.346 and 0.798 respectively] 

For a semi-trailer with air suspensions travelling at 105 km/h on a pavement with an 

International Roughness Index of 3 m/km, the corresponding coefficient of variation at the axle 

location is 12.0 %. Considering a fully loaded suspension and its various dimensions, the 

vertical force variation at twice the standard deviation for each custom bidirectional load cell is 

estimated at ± 1.2 kN. 

The custom bidirectional load cell was tested in laboratory at more extreme conditions where 

the applied force was varied from 0 to 8.5 kN. The angle between longitudinal and vertical 

forces was varied from 5 to 20 degrees.  
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The experiment demonstrated that employing a two-dimensional regression model on both 

measurement signals (i.e. longitudinal and vertical) proved to be optimal for establishing a 

precise statistical correlation between the measurement signals and applied forces. This 

approach remains suitable for load cell calibration, given the condition of maintaining linearity 

within the regression. 

In the bidimensional linear regression model, the effect of both measurement signals (i.e. 

longitudinal, vertical) are added and two sums are obtained to estimate both forces 

independently. The bidimensional linear regression model is presented below: 

𝐹𝐵𝐿
′ = 𝑅1𝑆𝐿 + 𝑅2𝑆𝑉 (6) 

𝐹𝐵𝑉
′ = 𝑅3𝑆𝐿 + 𝑅4𝑆𝑉 (7) 

Where, 

𝐹𝐵𝐿
′  is the applied longitudinal force on a load cell [N]

𝐹𝐵𝑉
′  is the applied vertical force on a load cell [N]

𝑆𝐿 is the longitudinal measurement signal [mV/V] 

𝑆𝑉 is the vertical measurement signal [mV/V] 

𝑅1, 𝑅2, 𝑅3, 𝑅4 are regression coefficients 

The forces 𝐹𝐵𝐿  and 𝐹𝐵𝑉 , as depicted in the free body diagram of Figure 2, result from the 

combination of two forces measured by two custom bidirectional load cells: 𝐹𝐵𝐿
′  and 𝐹𝐵𝑉

′ ,

respectively. It is anticipated that these latter values should be approximately equal when 

measured by two custom bidirectional load cells installed on the same frame bracket." 

The objective of the calibration procedure was to obtain the regression coefficients of equations 

6 and 7. The bidimensional linear regression models of one of the custom bidirectional load 

cells for both longitudinal and vertical forces are depicted in Figure 4. 

Figure 4: A) Bidimensionnal calibration for longitudinal force estimation based on 

longitudinal and vertical measurement signals. B) Bidimensionnal calibration for vertical 

force estimation based on longitudinal and vertical measurement signals. 

The small but non-negligible spreading of the data in both images of Figure 4 is believed to be 

partly due to the resolution of the digital inclinometer (i.e. 0.1°). Even a slight estimation error 
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in the angle of the applied force from the traction machine can exert a discernible impact on the 

signals. This concern is heightened by the observed angle drift of up to 0.2° during the 

experiment. For this reason, it is believed that improvements in the experimental setup could 

improve the accuracy of the calibration procedure. 

In addition, there was a non-negligible difference in regression coefficients obtained with the 

calibration procedure between each custom bidirectional load cells. This is believed to be due 

to the strain gauge transverse sensitivity (24) and the potential misalignment of the strain gauges 

during bonding to the surface of the load cell (25). This highlight the importance of calibrating 

each custom bidirectional load cells individually. 

From the data depicted in Figure 4, it was concluded that the custom bidirectional load cell has 

the potential to measure longitudinal and vertical forces on the semi-trailer suspension without 

any significant mechanical crosstalk. 

4 Conclusion 

This paper presented a novel instrumentation system to measure the rolling resistance and the 

dynamic vertical load on a semi-trailer suspension. Various sensors were presented to measure 

the forces transmitted between the suspension and the semi-trailer frame which allows solving 

the free body diagram of the suspension and compute the rolling resistance coefficient. This 

includes the usage of a custom bidirectional load cell developed at the Université Laval. The 

custom bidirectional load cell was tested in laboratory conditions and it was proven to be 

capable of withstanding full braking force without any mechanical failure. This means that the 

instrumentation system presented in this paper can be safely used on actual roads. It was also 

demonstrated that the custom bidirectional load cell can adequately compensate for mechanical 

crosstalk. The instrumentation system was designed to be used on real roads to correlate 

measurements with pavement characteristics, which is expected to give insight about rolling 

resistance and dynamic vertical load under real driving conditions. Indeed, it is hypothesized 

that this novel approach will offer greater realism than standardized laboratory experiments on 

steel drums, such as those standardized by ISO and SAE, and higher accuracy than indirect 

methods such as fuel consumption measurements. 
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