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Skid resistance properties of airport pavements using a device with artificially enforced 

vertical pressure 
 

Abstract: In the measuring systems for determining the skid resistance properties of airport 
pavements, the concept of artificially enforced vertical pressure dominates among a number of 
solutions. This is a natural choice considering the real contact conditions that prevail during 
aircraft starting and landing maneuvers. The article describes the consequences of shaping 
mechanical systems that induce vertical pressure of the measuring wheel to the pavement surface. 
The analysis was supported by a set of test results of anti-slip properties of airport pavements. As 
a result, the statistical aspects of the value of the vertical downforce are presented in the context 
of variable conditions determining the properties of the surface layer of the surface. 

 
Keywords: Skid resistance; airport pavements 

 
 

Introduction 
The number of available solutions and the variety of individual methods for marking skid 
resistance properties of the pavements makes the obtained values, e.g. of pavement grip indices to 
be unique for individual devices. Examples of dependencies, which depict the variability of a 
sample pavement skid resistance index due to adopted technical parameters of a measuring 
system are shown, among others, in figure 1, relative to the “skid number” parameter as per 
standard ASTM E - 274.  
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a) b) 

 

 
1. Illustration of typical changes of the pavement skid resistance index in the function of: a) 

different test tyre types [2], b) depending on the relative tyre skid number [7] 
 
This is why, when deciding to diagnose the pavement skid resistance properties, try to select 

methods, which guarantee access to all values generated by the measuring system sensors during 
the tests. After all, the result of a high number of variables [1],[3],[4], which accompanies the 
phenomena occurring at the interface between a tyre and a pavement surface layer is that there 
are no universal methods around the world, which could be used to convert the results of 
pavement measurements, conducted with various devices. This is one of the reasons, why the 
pavement skid resistance property evaluation criteria are different for each of the devices. In 
terms of airfield pavements, the criteria are summarized for several devices approved by the 
International Civil Aviation Organization (ICAO) and in relation of road pavements, the criteria 
defined for SRT devices are applicable.  

 
Objective 
If a measuring wheel moves along a horizontal, rigid track, the pressure on the track is a static 
pressure and in reference to figure 2, it can be calculated as 𝑁௦௧. = 𝑃 + 𝑄.  

 

 

2. Model of wheel elastic movement along a rigid track (no skid) 
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In the event of an unevenness under the wheel, it begins to move not only horizontally but 
also vertically, with acceleration . If we assumed that unevenness are described by a curve 
equation in the form: 

𝑧 =
ℎ

2
(1 − cos (

2𝜋𝑥

𝑙
) 

(
1) 

 
than for x = 0, minimum N value is (2): 

𝑁௠௜௡ = 𝑃 + 𝑄(1 −
2𝜋ଶ𝑣ଶℎ

𝑔𝑙ଶ
) 

(
2) 

and for x = l/2, N value reaches a maximum equal to (3): 

𝑁௠௜௡ = 𝑃 + 𝑄(1 +
2𝜋ଶ𝑣ଶℎ

𝑔𝑙ଶ
) 

(
3) 

From the point of view of measuring skid resistance properties (e.g. friction coefficient), it 

should be noted that with a satisfied unevenness 
ଶగమ௩మ௛

௚௟మ > 1, the dynamic pressure force value 

can be lower than the value of force P. This means that when measuring on a pavement with 
specific combination of longitudinal unevenness parameters and measurement speed, the wheel 
detaches from the track.  

In the light of the above, the objective of the research paper is to present actual and non-
filtered distributions for values, which are used to calculate the grip index with the use of 
equations with artificially induced and controlled vertical pressure of the wheel to the pavement. 
In addition, it is assumed that the measurements are taken on pavements with the longitudinal 
unevenness index value meeting the condition IRI < 3. 

 
Measurement methodology 
The measurements involved using a CSR device [5],[6] which was constructed as an output of 
cooperation between industrial (HAX) and scientific (Poznan University of Technology) units, 
with the participation of a research team from the Air Force Institute of Technology during 
comparative studies.  
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a) b) 

  

3. View of a device constructed for the purposes of determining the grip index of airfield 
pavements. 

 
The evaluation of pavement skid resistance properties in a CSR device was based on a 

standard model (4) used to estimate the friction index for the tyre/pavement interface, expressed 
with the CSRi (Continuous Skid Resistance index) relationship. 

 

𝐶𝑆𝑅௜ =
𝑀

𝐹 ⋅ 𝑟
 

 
(4) 

 
where: 
CSRi – longitudinal grip index, [-] 
M – recorded torque value, [Nm] 
F – recorded value of the tyre-pavement vertical pressure force, [N] 
r – torque arm, [m] (in static conditions equal to 0.21 m). 
 
In relation to the characteristics shown in figure 1b, the CSR device used a measuring wheel 

slowed down relative to the device wheels by 13%. During a passage of the device, the CSRi is 
determined every 10 cm. Hence, a user has the option to conduct a conventionally continuous 
measurement of road pavement skid resistance properties. A Unitester 520 tyre was used for the 
measurements, and the tyre pressure of 700 kPa (7 bar). The measurements were conducted both 
in “dry”, as well as “wet” conditions, using a 1mm thick water film (figure 4a). In order to 
monitor the conditions, the device is equipped with an instrument for periodic, static calibration 
of tensometric transducer. The following values are also monitored: vertical force and torque, 
which are compared with the reference values of tensometric transducer of a calibration stand 
shown in figure 4b. 
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a) b) 

  

4. View, from left to right: a) measuring wheel with a water supply nozzle,  b) static calibration 
stand for tensometric transducers installed on a CSR device (1- place for a measuring wheel tyre 

(sliding table) 2 and 3 – tensometric force transducers for calibrating the vertical force and 
torque, respectively) 

 
The calibration procedure involves:  1) positioning the stand under the CSR device measuring 

wheel tyre, 2) lowering the measuring wheel and applying a pressure force with a value of ≤ 1400 
N, 3) reading the value obtained on reference transducers, 4) inducing sliding of the torque 
calibration table, 5) reading the torque value, assuming that the force application arm is constant, 
6) the values being recorded by a CSR device on-board computer, 7) comparing the readings and, 
if sensor indications differ by more than 5%, introducing calibration changes. 

 
Characteristics of a measuring wheel dynamic model 
In the case of the solution shown in figure 3b, the issue of analysing model properties (4) can be 
linked with the analysis of kinematic input [2]. The impact of pavement unevenness is then 
determined by a model, which describes the measuring wheel response to an externally applied 
movement along a rigid track. Generally, the diagrams for models with force and kinematic 
inputs are shown in figure 5.  

 

 
5. The illustration shows input equivalence in a system with one degree of freedom a) force input, 

b) kinematic input 
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A diagram of the solutions in question, which interfere with the scope of the mechanical 
structure of the CSR device rear axle is shown in figure 6, where 1) toothed gear, 2) coupling 
chambers, 3) rocker with measuring wheel, 4) semi-axle assembly, 5) hydraulic cylinder 
fastening, 6) force tensometric transducer, 7) torque tensometric transducer. Results for the 
solutions of the measuring wheel-pavement downforce are shown in a system with one degree of 
freedom but applying the concept of the models with an elastic (figure 6a) and visco-elastic 
(figure 6b) link. 

 

 

 

a) elastic joint model b) viscoelastic joint model 

  

6. Diagrams of tested measuring system models for a CSR device 
 
The consequence of enforcing all kinds of loads on the tyre-pavement interface during grip 

index measurements is a different character of the model (4), which in the context of solutions 
shown in figure 6a and 6b, takes the form of (5) or (6), respectively. 

CSRi = 
ெ

ே(௫,௧)⋅௥
, where N(x, t) = F + 𝑚ଵg – 𝑚ଵ𝑦̈ – 𝑚଴𝑞̈ (

5) 

where (designations in accordance with figures 6a and b): 
𝑚଴𝑞̈ + 𝑘1(𝑞 − 𝑦) = 0 and     𝑚ଵ𝑦̈ − 𝑘1(𝑞 − 𝑦) − (𝑚଴ + 𝑚ଵ)𝑔 = 0 
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CSRi = 
ெ

ே(௫,௧)⋅௥
, where N(x, t) = F + 𝑚ଶg – 𝑚ଶ𝑦̈ – 𝑚ଷ𝑞̈ (6) 

where (designations in accordance with figures 6a and b): 
 

𝑚ଷ𝑞̈ + 𝑐2(𝑞̇ − 𝑦̇) + 𝑘2(𝑞 − 𝑦) = 0and     𝑚ଶ𝑦̈ − 𝑐2(𝑞̇ − 𝑦̇) − 𝑘2(𝑞 − 𝑦) − (𝑚ଷ + 𝑚ଶ)𝑔 =
0 

 
The behaviour of individual solutions models is shown on the example of results obtained in 

measuring campaigns described in the further part of this elaboration. 
 
Measurement results 
The measurements were taken on a runway with an asphalt pavement and a cement concrete 
parking pavement. The measurement sections were 100 metres long in each case. The complete 
set of results in the course of the measuring campaigns includes the following scenarios: 

 measurements on an SMA 0/11 mm asphalt concrete pavement section (”dry” and 
“wet” measurement); IRI value < 1,5; 

 measurements on a cement concrete pavements with burlap map (”dry” and “wet” 
measurement); IRI value < 3; 

The Spring-time measurements involves the model shown in figure 6a, while the Summer-
time measurements used the one shown in figure 6b. In consequence, the analysis of a single 
pavement section included 19900 measurement results. Figures 7 and 8 show the impact of 
longitudinal unevenness on recorded values of the vertical force and torque. In the first case, the 
graphs show measurement results on the runway, at a speed on 65 km/h and in “wet” conditions. 
Whereas, figure 8 shows the actual response of the system to analogous measurement results but 
for a cement concrete pavement section. 
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8. Measurement results for a runway with a wearable asphalt surface (v = 65 km/h, “wet”, used 

solution model in the CSR device - as per figure 6b) 
 

For comparison, figure 9 also shows the response of the measuring wheel-pavement vertical 
downforce obtained during the measurements of a cement concrete pavement, at a speed of 65 
km/h and without creating a water film. 

 

 
9. Graph of the measuring wheel-pavement vertical downforce together with a histogram for 

cement concrete pavement “wet” measurements, at a speed of 65 km/h (solution model - as per 
figure 6a) 

 
The analysis of force values listed in figure 9 indicates that a model with an elastic solution 

(figure 6a) is so sensitive that the phenomenon of the measuring wheel detaching from the track 
occurs. This means that the pavement longitudinal evenness factors and the force of inertia 
consequently lead to different values of the grip index values obtained for both tested models. 
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Comparing the absolute values of CSRi obtained with the use of both solutions discussed in the 
article, due to different approaches towards the shape of a measuring wheel-pavement vertical 
downforce cannot be taken into account in this case. However, it is possible to track the response 
of these two measuring systems to changing measurement conditions. Figures 10a and b show 
the response of both solutions on the example of measurement results for an asphalt pavement. 

 
a) 
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b) 

 
 

10. Graphic presentation of a measuring system response in “dry” and “wet” measurements on a 
asphalt pavement: a) measurement speed 65 km/ h and b) measurement speed 95 km/h 

 
By analogy to the results shown in figure 10, the response for an elastic and viscoelastic 

model is shown in figures 11a and b. 
 

a) 
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b) 

 
11. Graphic presentation of a measuring system response in “dry” and “wet” measurements on a 

cement concrete pavement: a) v = 65 km/ h and b) v = 95 km/h 
 
A characteristic feature of the solution with an elastic model is the measuring system response 

to the use of a water film and measurements without the film. A user generally expects that the 
grip index value will be lower both along with increasing measurement speed, as well as in “wet” 
conditions, compared to the measurements without water. In the case of this experiment, these 
principles are confirmed for the results obtained when using a model with a damper. 

 
Conclusions 
The research paper discusses the results of an experiment, which was conducted with the use of a 
CSR device, constructed for the purposes of determining longitudinal grip index of airfield 
pavements at various speeds. Attention was paid to recognizing the properties of measuring 
systems used in this device, which are determined mainly by the properties of an elastic and 
visco-elastic model. Based on the analysis of the result obtained during the measuring campaigns 
on two types of airfield pavements it was concluded that, as expected, a system of a model with a 
damper leads to two main conclusions, 1) statistical distributions developed for indirect values 
constituting the CSRi index model are much more centred around the mean value, relative to 
similar distributions for an elastic model, 2) a damper consistently reduced the unwanted impact 
of longitudinal evenness on the calculated CSRi values, limiting the tendency of a measuring 
system to record indirect values and detach the measuring wheel from the pavement. 
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