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This article conducts experimental research on the influencing factors of the
anti-skid performance testing system SCRIM for asphalt pavement. Studied
the distribution pattern of anti-skid performance test results of the testing
system under different testing speeds, test tires, temperature, water film
thickness, test wheel position, tire wear degree, and other factors. Revealed
the influence law of various influencing factors on the anti-skid performance
of asphalt pavement. The test results indicate that the SFC test value
decreases with the increase of vehicle speed. The test results of tires made
of different materials vary greatly, and tires with wear exceeding 3 mm
cannot be used for testing. The influence of water film thickness on the
measured values varies depending on the SFC level. The SFC measurement
value of the normal trajectory of the vehicle’s driving wheel track is the
smallest, and the measurement value of the left trajectory is greater than
that of the right trajectory. The SFC measurement decreases as the tire
wear increases.
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1 Introduction

As the main pavement structure of highways, asphalt pavement directly bears
the repeated effects of traffic loads and natural environment (Asi, 2007; Wang et al.,
2013).Among them, the anti-skid performance of pavement is closely related to traffic
safety, and anti-skid performance is an important evaluation index for the construction
and maintenance of asphalt pavement on highways in China. The anti-skid performance
of asphalt pavement refers to the braking performance of vehicles in motion. The
anti-skid force generated by the sliding of the road surface is usually determined
by the surface characteristics of asphalt pavement as the anti-skid performance of
the pavement.

At present, the lateral force testing system SCRIM is used to test the anti-
skid performance of the road surface. The existing testing methods are easily
affected by conditions such as testing temperature, humidity, speed, and test
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FIGURE 1
Standard test road section.

tires. The reliability of the test results is not high. Many roads
are in good condition, but SFC no longer meets the requirements
(Fwa et al., 2003; Wang et al., 2013).

This article is based on the commonly used lateral force
coefficient testing system for asphalt pavement. Study the
distribution of test results for asphalt pavement maintenance
engineering under different testing conditions, such as
repeated test data under different testing speeds, tires,
temperatures, and maintenance measures, and study the
stability and reliability of the equipment’s test data. To lay the
foundation for the accurate determination of the lateral force
coefficient.

2 Equipment and test conditions

2.1 Standard test section

The dynamic square section and full scale ring road section of
the Ministry of Transportation’s testing ground were selected as the
test sections, which have the characteristics of low traffic volume,
good road condition, and stable friction coefficient, as shown in
Figure 1. This section is for the national lateral force coefficient
comparison test.

2.2 Test equipment

The experimental equipment selected is the lateral force
coefficient testing vehicle shown in the diagram, which is the
standard equipment for testing the lateral force coefficient
of road surface specified in the “On site Testing Regulations
for Highway Roadbeds and Pavements” (JTG 3450). The
detection results can be directly used for engineering evaluation
(Araujo et al., 2015).

The working principle of the testing vehicle is to install a set of
independent testing wheels on both sides of the testing vehicle, and
the testing wheels are at a 20° angle with the direction of vehicle
travel. The static standard load acting on the test wheel is 2kN, and

FIGURE 2
FC-2007 lateral force coefficient testing vehicle.

FIGURE 3
Schematic diagram of testing wheel.

the test tire is a smooth tire with a standard air pressure of (0.35 ±
0.01) Mpa (Tang et al., 2019). The lateral force coefficient detection
vehicle is shown in Figure 2.

During testing, the test wheel acts vertically on the road surface
and forms a water film with a thickness of no less than 1 mm
through the water supply system (Rezaei et al., 2011; Plati et al.,
2020). The test vehicle travels at a standard speed, and the frictional
force generated between the road surface and the test wheel is
continuously collected by a pressure sensor installed on one side of
the test wheel perpendicular to the test wheel surface. The collected
results are transmitted to the data analysis systemof themain control
computer for recording and calculation. Obtain the lateral force
coefficient SFC of the road surface at this location, with a statistical
unit length of 10 m. The main parameters of the equipment are
as follows:

Test wheel angle: 20° from the direction of travel; Test wheel
vertical load: 2,000 N ± 20 N; Test speed: 30–80 km/h;The structure
of the testing wheel is shown in Figure 3.
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TABLE 1 SFC variation at different driving speeds.

Speed (Km/h) 21 31 39 48 58 66 Speed decreases for every 10 SFC increase SFC level

SFC 68 62 58 54 50 47 4.6 57

Speed(Km/h) 19 27 38 49 59 65 Speed decreases for every 10 SFC increase SFC level

SFC 74 74 71 67 64 63 2.9 69

TABLE 2 SFC data for different test tires.

A B C D D-value Average

78 71 67 73 11 72

63 62 58 65 7 62

58 59 55 60 5 58

54 55 50 55 5 53

21 22 22 25 4 22

3 Evolution of SFC under different
testing conditions

Road friction refers to the resistance generated by the
relative motion between the test tire and the road surface
(Kotek and Florková, 2014). It is generated when the tire
rolls or slides over the road surface. The maximum value
for testing the lateral force coefficient is when the deviation
angle is 20°, and its principle can be seen as a “sticky
sliding effect”.

Themechanism of adhesive slip is the frictional force formed by
the contact between the tire and the road surface during rolling. It
mainly consists of two parts, adhesion force and retardation force.
The adhesion force is mainly generated by the micro texture part
of the graded crushed stone surface, which is the force formed
by the bonding and cross-linking between the tire and aggregate
micro textures (Dan et al., 2017; Lin and Tongjing, 2018). The
adhesion force is mainly related to the road construction material,
the cleanliness of the contact interface, and the driving speed. At low
speeds, the tire rubber fully contacts the road surface structure to
produce adhesion effects. The blocking force is mainly generated by
the macroscopic structure of asphalt mixture, which is essentially
the strain energy loss caused by the deformation of the tread
rubber caused by the contact between the tire and the protruding
structure. Generally speaking, the more protruding parts of the
macroscopic structure, or the lower the hardness of the tire material,
the greater the loss of strain energy. Therefore, for the lateral force
coefficient, it is necessary to fully consider the influence of the tire
surface force stickiness factor on accuracy (Cui et al., 2020; Kane and
Edmondson, 2020).

This section takes driving speed, testing tires, testing
temperature, water film thickness, testing trajectory position,
and tire wear degree as different testing conditions to

test the distribution characteristics of SFC under different
influencing factors.

3.1 Driving speed

Maintain the system calibration parameters, tire wear degree,
water film thickness greater than 1 mm, and temperature
unchanged. Conduct tests at six speeds of 20 km/h, 30 km/h,
40 km/h, 50 km/h, 60 km/h, and 70 km/h on the same road
section and within the ground temperature range of 25 °C.
Each experiment is tested 5 times, and the average value is
taken as the experimental result. Select one mainstream tire
for testing.

The test temperature was 25°C, and the SFC values for different
driving speeds obtained at twodifferent SFC levels (57/69) are shown
in Table 1.

As the speed increases, the SFC test value decreases. The
higher the SFC level of the road, the smaller the change in SFC
test results.

3.2 Test tires

Theanti-skid performance of the road surface provides adhesion
between tires and the road for vehicles to travel quickly, ensuring
the frictional resistance required for braking within a safe distance
and reducing the probability of traffic accidents (Kane et al., 2010;
Kane and Edmondson, 2018). Tire factors include tire structure
type, tread pattern, tire inflation pressure, and wear condition. The
frictional force generated by radial tires in contact with the road
surface is higher than that of diagonal tires.The shape of tire surface
patterns includes transverse groove patterns, longitudinal groove
patterns, and block patterns. Vertical groove patterns can enhance
lateral anti slip ability, while horizontal groove patterns can enhance
longitudinal anti slip ability and grip.The block pattern falls between
the two, and the density of the tire pattern also has a significant
impact on the friction between the tire and road. The lower the
density of the pattern, the larger the contact area between the tire
and the ground, and the greater the adhesion between the tire and
the ground. Therefore, car tires are gradually moving towards wide
tire designs.

Maintain the system calibration parameters, test speed of
50 km/h, tire wear of less than 1 mm, water film thickness of
more than 1 mm, and temperature of 18°C–22°C unchanged,
and use test tires from different manufacturers for testing Each
experiment is tested 5 times, and the average value is taken as
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FIGURE 4
SFC changes due to temperature influence.

the experimental result. Select road sections with lateral force
coefficients SFC0-40, 40-60, and above 60 for testing. The SFC
data of different types of tires obtained through testing are shown
in Table 2.

There are significant differences in the measured values of
different tires, and the differences increase with the increase
of SFC level. Tires have a significant impact on the test
results of SFC. When retesting or conducting comparative
tests on SFC data, the same brand new tires should be used
for testing.

3.3 Test temperature

Due to the partial performance changes of road materials and
test wheel tire rubber caused by temperature changes, temperature
is an important factor affecting the lateral force coefficient test value
(Carret et al., 2015; Kogbara et al., 2018).

To study the applicability of the current temperature correction
coefficient to different climates in different regions of China, SFC
tests were conducted on road sections under different temperature
conditions. The SFC test results of the road sections were converted
to an equivalent value of 25°C and compared with the actual
test results. Maintain the system calibration parameters, test
speed of 50 km/h, tire batch, tire wear less than 1 mm, and
water film thickness greater than 1 mm unchanged, and conduct
tests at different ground temperatures (temperature selection is
0°C–70°C, divided every 5°C). Testing can be conducted at
different time periods based on temperature changes, with five
tests per group. The average value is taken as the test result.
Select one mainstream tire for testing. The experimental results are
shown in Figure 4.

3.4 Water film thickness

The thickness of water film is one of the important factors
affecting the anti-skid performance of road surfaces. In theory, a too
thin water film thickness will increase the contact area between the
road surface and tires, leading to larger test results. On the contrary,

FIGURE 5
SFC testing process (different water film thicknesses).

excessive water film thickness can reduce the contact area between
the road surface and tires, and even cause water drift, resulting in
smaller test results.

By controlling the change in sprinkler volume, tests were
conducted separately (with water film thickness ranging from
0 to 2 mm and intervals of 0.5 mm, i.e., no water, water film
thickness of 0.5, 1.0, 1.5, 2.0 mm). Each group was tested 5
times, and the average value was taken as the test result. The
testing process under different water film thicknesses is shown in
Figure 5; Table 3.

The influence of water film thickness on the measured values
varies depending on the level of SFC (Büchler et al., 2018). The
average lateral force coefficient of asphalt pavement under different
water film thicknesses fluctuates to a certain extent and is basically
consistent with the theoretical analysis results. As the water film
thickness increases, the lateral force coefficient gradually decreases,
and the lateral force coefficient is inversely proportional to the water
film thickness.
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TABLE 3 SFC test results under different water film thicknesses.

Water film thickness(mm) 0.49 0.69 1.04 1.28 Average

measured value(SFC) 39 38 37 40 38

measured value(SFC) 53 53 51 51 52

measured value(SFC) 80 81 81 81 81

TABLE 4 SFC test results at different trajectory positions.

SFC level Trajectory Left Normal trajectory Right Average

45 measured value(SFC) 48 40 45 45

57 measured value(SFC) 65 53 53 57

The constant water supply under dynamic measurement
conditions is crucial to ensure the formation of a uniform thickness
of water film on the tested road surface. A water quantity control
system can be installed on the SCRIM system to achieve constant
water supply under dynamic measurement conditions, ensuring
the formation of a uniform thickness of water film on the tested
road surface.

3.5 Test trajectory position

By controlling the changes in the position of the test track, tests
were conducted separately (with the track position selected as the
middle track, 50 cm to the left of the track, 50 cm to the right of the
track, and the centerline of the lane). Each group was tested 5 times,
and the average value was taken as the test result.

The data obtained from the analysis and testing are shown in
Table 4.

The normal trajectory has the smallest measurement value, the
trajectory is biased towards both sides, the measurement value
increases, and the trajectory is biased towards the left measurement
value greater than the trajectory towards the right measurement
value. Based on the results, it is speculated that this may be related
to the driver’s driving habits.

3.6 Tire wear degree

The SCRIM testing system uses smooth rubber tires to simulate
the most unfavorable wet driving conditions (Poulikakos et al.,
2022). Testing the degree of tire wear can lead to changes in tire
pressure and the contact area between the tire and the ground,
thereby affecting the accuracy of the test results.This study analyzed
the impact of different tire wear levels on the test results by
conducting SCRIM tests on tires with different levels of wear.

Three types of test tires with different degrees of wear (brand
new tires, 2 mm of wear and tear, and 3 mm of wear and tear) were
used for the experiment. Each experiment is tested 5 times, and the
average value is taken as the experimental result.

TABLE 5 SFC test results under different tire wear levels.

Degree of wear 0 mm 2 mm 3 mm SFC level

measured value(SFC) 41 41 38 40

measured value(SF) 83 74 70 76

FIGURE 6
Test the degree of tire wear.

The data obtained from the analysis and testing are shown in
Table 5; Figure 6.

The wear of the tire increases, the measured value decreases,
and the higher the SFC level, the greater the change. The test
results using new tires have higher values than those using old
tires, with a maximum SFC difference of 3, indicating that worn
test tires will reduce the SFC test results. So when the diameter
of the test tire is reduced by more than 6 mm (i.e., 3 mm tread

Frontiers in Materials 05 frontiersin.org

https://doi.org/10.3389/fmats.2024.1410542
https://www.frontiersin.org/journals/materials
https://www.frontiersin.org/journals/materials#articles


Zhang et al. 10.3389/fmats.2024.1410542

wear) or there is obvious damage or cracking compared to the new
tire, a new tire must be replaced. Rubber tires are not completely
homogeneousmaterials, so testing the degree of tirewear can change
the tread characteristics, tire contact area, and tire pressure of the
tire, ultimately affecting the accuracy of the test results.

4 Conclusion

The testing results of the SCRIM system are greatly affected
by different testing conditions. In the daily anti-skid performance
testing process, attention should be paid to the following relevant
influencing factors to ensure the accuracy of SFC test results.

(1) The SFC test value decreases with the increase of vehicle speed,
and the higher the SFC level of the road itself, the smaller the
change in SFC test value.

(2) The test results of tires from different manufacturers vary
greatly, increasing with the increase of SFC level. Tires have a
significant impact on the test results of SFC. When retesting
or conducting comparative tests with questionable test data,
new tires from the same manufacturer should be selected for
testing. When the tire wear exceeds 3 mm, it is no longer
used for testing., Before each test, the tire pressure should be
calibrated.

(3) The influence of water film thickness on measurement varies
depending on the level of SFC. There is a certain fluctuation
in the mean lateral force coefficient of asphalt pavement under
different water film thicknesses. As the thickness of the water
film increases, the lateral force coefficient gradually decreases,
and the lateral force coefficient is inversely proportional to the
thickness of the water film. By controlling the water volume
at different driving speeds, the water film thickness can reach
0.5 mm.

(4) The SFC measurement value of the normal trajectory of the
vehicle’s driving wheel track is the smallest, and the trajectory
is biased towards both sides, causing the measurement value
to increase. The trajectory is biased towards the left, and the
measurement value is greater than that towards the right. This
may be determined by the driver’s driving habits.

(5) The changes in the degree of tire wear during testing can alter
the tread characteristics, tire contact area, and tire pressure of
the tire, ultimately having a significant impact on the accuracy
of the test results. The SFC measurement decreases as the tire
wear increases. The test results using new tires have higher
values than those using old tires.
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