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 1 

ABSTRACT 2 
The skid resistance of road surfaces is an important parameter for road safety. Decreasing skid 3 

resistance correlates with increasing number of road accidents. This paper presents outcomes of a 4 

study that aims for a correlation between skid resistance measurement in the lab and in the field. 5 

Therefore, representative test section on the highway network with stone mastic asphalt (SMA) 6 

and exposed aggregate concrete surface (EACS) were selected in a first step. High resolution skid 7 

resistance measurements were carried out on these test sections by a monitoring vehicle 8 

(RoadSTAR) equipped with a skiddometer. Based on these field measurements, spots with a 9 

homogeneous skid resistance were chosen and cores were taken. Skid resistance measurements 10 

were run on these cores in the lab on the Wehner/Schulze device. It was found by regression 11 

analysis that data from field and lab correlated in a linear way with high coefficient of 12 

determination (R² = 0.89). The correlation is independent of the type of surface layer and is valid 13 

for a range of friction coefficients from 0.52 to 0.97. With this correlation at hand, extensive field 14 

measurements carried out for acceptance testing can be substituted by efficient and economic lab 15 

tests based on the Wehner/Schulze device.  16 

 17 

 18 

Keywords: skid resistance, asphalt mixture, concrete pavement, Wehner/Schulze 19 

  20 
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INTRODUCTION 1 
The skid resistance of road surfaces has a crucial impact on road safety in general (1, 2). Various 2 

studies show significant correlations between the skid resistance of surface layers and the number 3 

of road accidents (3-5). This brings the need for providing road surfaces with both, a high initial 4 

skid resistance and resistance to polishing due to climate and traffic to ensure long-lasting friction 5 

values on roads and therefore, sufficient safety for users.  6 

Continuous monitoring of the skid resistance in the field can be carried out by different devices. 7 

Commonly used are the SCRIM (Side force Coefficient Routine Investigatory Machine) (6, 7), the 8 

Skiddometer (8), or the GripTester (9-11). For the assessment of the polishing and skid resistance 9 

in the laboratory, the polished stone value (PSV) method has been in use for decades (12-17). 10 

However, the PSV method is limited to the coarse aggregate fraction and does not take into 11 

account the actual surface texture of a road pavement including the binder component, filler and 12 

fine aggregates. The Wehner/Schulze device, developed in the 1960s in Germany (18, 19), is a 13 

combined test stand for simulating polishing and skid resistance measurement on flat, circular 14 

specimens and can thus be employed for studying arbitrary surfaces, including aggregates, but also 15 

actual road surface layers from field cores or lab produced samples. The Wehner/Schulze device 16 

has been increasingly used in research in recent years to study skid resistance of aggregates, 17 

surface layers and correlations between lab and field measurements (20-26).  18 

In recent years, research studies tend to work towards correlation between laboratory assessment 19 

of skid and polishing resistance and the actual skid resistance situation in the field incorporating 20 

information on aggregate mineralogy, surface texture, traffic and climate situation into the studies 21 

(20, 27-29). The main objectives of these studies are to understand the impact of employed 22 

materials and field conditions on the evolution of the skid resistance on the one hand, and how to 23 

simulate these conditions in a realistic way in the laboratory on the other hand.  24 

The study presented in this paper aims to contribute to the work on correlating laboratory and field 25 

measurements of skid resistance based on the Wehner/Schulze device and Skiddometer 26 

measurements in the field.  27 

 28 

OBJECTIVES 29 
The present situation in many road design guidelines, e.g. (30), is to set requirements regarding the 30 

skid and polishing resistance of the coarse and/or fine aggregate fraction of a surface layer in 31 

identification testing, mostly by PSV testing. For acceptance testing, the actual skid resistance of 32 

the surface layer in the field is measured. In addition, a minimum remaining skid resistance at the 33 

end of the warranty period required to ensure sufficient polishing resistance. However, skid 34 

resistance quality of the aggregate fraction in the lab does not necessarily correlate with the skid 35 

resistance of a surface layer in the field. This is especially true for more recently developed 36 

materials, e.g. high rate use of recycling material for asphalt mixtures. 37 

To overcome this obstacle, a recently completed research project (31) worked towards two main 38 

objectives: 39 

- Analyze correlations between skid resistance measurements of road surfaces in the lab by 40 

the Wehner/Schulze device and in the field using RoadSTAR. The RoadSTAR is a skid 41 

resistance measurement device for routine monitoring on network level used in Austria 42 

(32) based on a measurement wheel with fixed slip. 43 

- Develop a lab procedure based on the Wehner/Schulze device to predict the evolution of 44 

the skid resistance under traffic in the lab and calibrate it to field data.  45 

This paper concentrates on the first objective of the study. The outcomes of the study allow for a 46 

realistic prediction of the skid resistance on lab scale. Compared to full scale measurements on the 47 



Hofko, Kugler, Chankov, Spielhofer  4 

 

road, the correlation provides is a quick and easy way to determine skid resistance in the lab.  1 

 2 

For the study, the following steps were taken: 3 

- Selection of 14 representative test sections (asphalt and cement bound surface layers) on 4 

the high level road network 5 

- High resolution skid resistance measurements in the field by RoadSTAR 6 

- Sampling of the test sections by coring 7 

- Skid resistance measurements in the lab by the Wehner/Schulze device 8 

- Correlation analysis between both measurement principles 9 

 10 

MATERIALS AND TEST DEVICES 11 
 12 

Surface Layers 13 
The Austrian highway network consists of a total length of about 2,200 km, one third of the 14 

network is constructed with concrete pavement structures, the other two thirds with asphalt 15 

mixtures. Regarding surface layers, the majority of the asphalt bound surface layers is made of 16 

stone mastic asphalt with a maximum nominal aggregate size of 11 mm (SMA 11) and a nominal 17 

void content ranging from 3 Vol.% to 6 Vol.%. Concrete pavements have been carried out as 18 

exposed aggregate concrete surface with a maximum nominal aggregate size of 8 mm or 11 mm 19 

(EACS 8 and EACS 11) exclusively since the early 1990s. For these reasons, the study 20 

concentrated on SMA 11 and EACS 8.  21 

 22 

Skid resistance measurement in the field – RoadSTAR 23 
The RoadSTAR skid resistance measurement device (FIGURE 1) measures the longitudinal skid 24 

resistance of a pavement in the right wheel path using a modified Stuttgarter skiddometer. It uses a 25 

PIARC ribbed tire with a controlled vertical load of 3500 N (33). The skid resistance is determined 26 

using a fixed slip of 18% and a water film of 0.5 mm. Measurements are carried out in fluent traffic 27 

with a standard speed of 60 km/h. For the speed range of 30 to 60 km/h, the measurement results 28 

can be converted to the standard speed to allow for speed variation due to traffic. The braking 29 

torque and vertical load are recorded in intervals of 0.1 m travelled distance and the skid resistance 30 

coefficient µfield is calculated as follows: 31 

 
1B

field

N

M
µ

r F
    (1) 32 

with 33 

µfield 
  

Skid resistance coefficient [-] 34 

MB  Braking torque [Nm] 35 

r  radius of measurement tire [m] 36 

FN  vertical load [N] 37 

 38 

The measurement simulates a full braking of a passenger car (similar slip and vertical load) on a 39 

wet pavement. From the measured skid resistance, achievable decelerations of braking passenger 40 

cars and thus braking distances can be calculated (34). 41 

 42 
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 1 
 2 

FIGURE 1  Monitoring device RoadSTAR (left); detail of the skid resistance measurement 3 

unit (right) 4 
 5 

Skid resistance measurement in the lab – Wehner/Schulze device 6 
The Wehner/Schulze device (FIGURE 2) combines polishing and skid resistance measurement in 7 

one test stand. Any flat, circular surface with a diameter of 225 mm can be tested. The polishing is 8 

carried out by a rotating head with three rubber covered conical rollers rotating at 500 rpm on the 9 

specimen surface (left inFIGURE 2). Thus, 90,000 polishing passes can be applied per hour. To 10 

increase the polishing effect, a water-quartz powder slurry is added. After any user-defined 11 

number of polishing passes, the polishing can be stopped, the test specimen is washed to remove 12 

remaining quartz powder and the skid resistance is measured using a measurement head with three 13 

testing rubbers (right in FIGURE 2). For the skid resistance measurement, the rotating head is 14 

accelerated to a tangential speed of 100 km/h in a first step. Subsequently, water is sprayed onto 15 

the specimen surface before the rotating head is lowered onto the surface. As the test head 16 

decelerates the friction coefficient µ is recorded. According to the European standard procedure 17 

(35), the friction value at 60 km/h is reported as the µPWS. This value is used within this study as 18 

well to describe the skid resistance of lab tested specimens.  19 

 20 

 21 
 22 

FIGURE 2  Wehner/Schulze device 23 
 24 

   

“Polishing head“ 

“Friction 

measurement 

head“ 
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APPROACH 1 
 2 

Test sections 3 
Since 1999, routine skid resistance surveys are carried out on the Austrian highway network in 4 

5-year intervals. In addition, acceptance testing and testing at the end of the warranty period is 5 

carried out on all newly constructed or resurfaced sections since 2004. From these measurements, 6 

a total of 4,000 data sets with a total length of measurement of 13,000 km are available. They were 7 

the basis for selecting suitable test sections for the presented study. For pre-filtering, only sections 8 

meeting the following requirements were taken into consideration: 9 

- Surface layer SMA 11 or EACS 8 10 

- Average annual daily traffic (AADT) > 20,000 and share of heavy goods vehicles (HGV) > 11 

14% of AADT 12 

- Linearity of the road axis: no horizontal curvature, max. slope ± 1% 13 

- Homogeneity of the skid resistance derived from RoadSTAR data to avoid outliers when 14 

sampling 15 

From this pre-filtering, 60 sections remained to be considered for sampling. Taking into 16 

consideration additional criteria for the test sections, i.e. age of the surface layer and evolution of 17 

the skid resistance with time, 14 test sections were finally selected, seven of them being SMA 11 18 

and seven EACS 8. The year of construction or resurfacing varies from 1994 to 2012.  19 

 20 

Skid resistance measurements on the test sections 21 
The standard resolution of skid resistance measurements by the RoadSTAR are 50 m values. To 22 

ensure that all samples are cored from a homogeneous region regarding the skid resistance, high 23 

resolution measurements were carried out using 1 m values for all 14 test sections. The 24 

measurements were run on the right wheel path of the main lane, as well as on the emergency lane 25 

to receive skid resistance data for the polished, as well as for the non-polished part of the surface 26 

layer. Based on the skid resistance data, optimal spots for coring were determined. An example of 27 

skid resistance measurement in the field is given in FIGURE 3. It shows two test runs for the 28 

polished and non-polished section in the upper part of the diagram and information on where cores 29 

for lab testing were taken.  30 

 31 

 32 
 33 

FIGURE 3  Example of skid resistance measurement in the field (test section 7)  34 
 35 
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 1 

Sampling 2 
Cores were taken from the right wheel path of the main lane to receive polished samples. In 3 

addition, unpolished samples were taken either from the emergency lane or, for those sections, 4 

where the emergency lane was not constructed with the same surface layer as the main lane, from 5 

between the wheel paths of the main lane. From each test section, 4 polished and 4 non-polished 6 

samples were cored for further analysis in the lab.  7 

 8 

Skid resistance measurements in the lab 9 
Testing of polished and non-polished cores in lab was carried out by the Wehner-Schulze device. 10 

For testing purposes the cores were mounted in the test machine. Both, the sample and the sliding 11 

rubbers of the test head were conditioned by rinsing them with water with a temperature of 12 

10°C±0,5°C for 5 min to ensure that the viscoelastic properties of the core and the sliding rubbers 13 

were repeatable for each test. µPWS was determined at 60 km/h for three times on each core. From 14 

each test section at least three cores were tested. Results given in the further course of this paper 15 

represent mean values (MV) of skid resistance measurements on three cores with triple replication. 16 

An example of a skid resistance measurement by the Wehner/Schulze device is given in FIGURE 17 

4. It shows the recorded raw data, which is the ratio of friction force vs. vertical loading on the 18 

sliding rubbers. According to (35) these raw data are fitted by a polynomial of 6
th

 order between 19 

95 km/h and 5 km/h. µPWS is taken as the value at 60 km/h.  20 

 21 

 22 
 23 

FIGURE 4  Example of skid resistance measurement in the lab  24 
 25 

RESULTS AND DISCUSSION 26 
TABLE 1 presents results of all skid resistance measurements in the field and in the lab. It shows 27 

the 1 m friction coefficient recorded by the RoadSTAR (µRS) from the spot where the cores for lab 28 

testing were taken. The friction coefficient recorded by the Wehner/Schulze (µPWS) device is also 29 

given for each test section. For these lab measurements, the MV as well as the standard deviation 30 

(SD) are given from tests on three cores and triple replication. The skid resistance obtained from 31 

the field covers a large range from 0.52 to 0.97, whereas the skid resistance derived in the lab 32 

ranges from 0.26 to 0.71. Although the absolute values of lab and field measurement differ, both 33 

methods record skid resistance values that cover a spectrum of 0.45. The hypothesis that a polished 34 

part and a non-polished part of a road cross section can be distinguished in terms of difference in 35 

skid resistance seems to be valid. All friction values of the non-polished sections and cores are on 36 
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a higher level than those of the polished sections and cores.  1 

 2 

TABLE 1  Results of skid resistance measurements 3 
 4 

 5 
 6 

FIGURE 5 shows the correlation analysis of skid resistance measurements in the field and in the 7 

lab. It contains the single mean values from each of the four groups: the SMA and EACS surfaces 8 

from the polished and non-polished sections and cores. From these single values it becomes 9 

obvious that SMA surface layers result in significantly higher initial skid resistance values than 10 

EACS surface layers. However, looking at the values from polished specimens, both surface layer 11 

types result in quite similar friction values after being in-service under traffic loading. The 12 

decrease in skid resistance over time is therefore much higher for SMA surface layers than for 13 

EACS surface layers.  14 

In addition, FIGURE 5 contains a linear regression that correlates skid resistance measurements in 15 

the lab by the Wehner/Schulze device to the respective measurements in the field by the 16 

Skiddometer. The regression reveals that the friction coefficient received in the lab are generally 17 

on a lower level than those from the field. This fact can be explained by the different measurement 18 

principles: the Wehner/Schulze device simulates friction under a locked wheel with no slip, 19 

whereas the Skiddometer produces a fixed slip of 18% which simulates a wheel with anti-lock 20 

break system (ABS). This leads to higher friction coefficients derived from field measurements. 21 

However, the regression shows a good coefficient of correlation R² of 0.89. The linear regression 22 

includes all data from SMA and EACS surfaces. From the presented data is seems that the 23 

correlation between both measuring principles is independent of the type of surface layer and also, 24 

whether it is in a non-polished or polished state.   25 

FIGURE 5 also contains the 95% projection interval for the linear regression represented by the 26 

dotted lines. This interval provides information on the confidence interval for any point within the 27 

linear regression.  28 

 29 

polished non-polished

MV MV MV SD MV SD

2 EACS 0.57 0.69 0.319 0.011 0.439 0.009

7 EACS 0.54 0.77 0.333 0.012 0.488 0.003

29 EACS 0.74 0.75 0.393 0.006 0.451 0.008

42 SMA 0.66 0.85 0.380 0.002 0.544 0.026

51 SMA 0.64 0.89 0.383 0.006 0.611 0.009

63 EACS 0.52 0.59 0.258 0.006 0.343 0.005

65 EACS 0.58 0.69 0.337 0.007 0.451 0.001

67 SMA 0.75 0.83 0.420 0.006 0.526 0.017

67a SMA 0.67 0.81 0.426 0.011 0.622 0.015

68 EACS 0.58 0.64 0.352 0.004 0.422 0.019

77 EACS 0.61 0.63 0.371 0.016 0.427 0.018

108 SMA 0.64 0.9 0.364 0.018 0.624 0.013

109 SMA 0.67 0.97 0.397 0.009 0.599 0.047

110 SMA 0.64 0.94 0.379 0.002 0.706 0.033

# of test section surface type

µRS (Field] [-] µPWS (Lab) [-]

section core

polished non-polished
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 1 
 2 

FIGURE 5  Correlation of skid resistance measurement in the field and in the lab 3 
 4 

Application 5 
The results of this study and the obtained correlation can be used in different ways: 6 

- Many countries include some kind of skid resistance testing for acceptance testing of 7 

surface layers to ensure sufficient friction and therefore, safety for road users. Usually, 8 

these measurements are carried out by field testing. However, to ensure reliable results, 9 

field testing can only be carried out at very specific weather conditions. Also, field testing 10 

of short road sections can be inefficient. With the developed correlation at hand, field 11 

testing can be substituted by lab testing on cores taken from the road. FIGURE 5 shows an 12 

example: If the minimum allowed skid resistance in acceptance testing by field 13 

measurement is 0.59, a core that delivers a µPWS in the lab of 0.42 or higher ensures 14 

sufficient friction with 95% probability. On the other hand, if the core shows a µPWS of 0.23 15 

or lower, the friction value is below the field limit of 0.59 with a 95% certainty. For cases in 16 

between 0.23 and 0.42 a field measurement is needed for clarification. The same principle 17 

can be applied for testing at the end of the warranty period.  18 

- The correlation can be used for mix design optimization for the producer. New mix designs 19 

or a new aggregate sources can be tested on skid resistance performance at low costs and 20 

reduce the risk before large scale use on project level.  21 

- In condition assessment on project level, cores can be tested on remaining skid resistance 22 

in the lab rather than running extensive field measurements with the same weather 23 

constraints as mentioned above.  24 

 25 

SUMMARY AND CONCLUSIONS 26 
A recently completed study analyzed correlations between measurement of skid resistance in the 27 

field and in the lab by different methods. 14 test sections on the highway network were selected. 28 

The selection was based on the type of surface layer (SMA 11 or EACS 8), the traffic volume, 29 

linearity of the road axis and homogeneity of the skid resistance. Skid resistance was measured on 30 

these test sections by a monitoring vehicle (RoadSTAR) equipped with a skiddometer. Based on 31 

the field data, spots for coring were determined. From each test section, cores from the polished 32 

part of the cross section (wheel path) and the non-polished part were taken. These cores were 33 
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tested for skid resistance in the lab by the Wehner/Schulze device. It was found that a linear 1 

regression links µRS from the field with µPWS from the lab with a high correlation (R² = 0.89). The 2 

following conclusions can be drawn: 3 

- Friction coefficients derived from the field (µRS) are generally on a higher level than those 4 

derived from the lab (µPWS). This can be explained by the fact that the skiddometer works 5 

with a fixed slip (18%) whereas the Wehner/Schulze device simulates a locked slip.  6 

- Both measurement devices correlate well since they are based on the same principle. 7 

- The correlation is independent of the type of surface and of the state of the surface 8 

(polished or non-polished) for a range of friction coefficients from 0.52 to 0.97. At the 9 

present stage, the correlation is limited to stone mastic asphalt (SMA) and exposed 10 

aggregate concrete surfaces (EACS). 11 

The outcomes of the study can be used for quick and efficient testing of cores instead of extensive 12 

and time consuming field measurements, which have tight weather constraints to ensure reliable 13 

data. It can be used as a tool for identification and acceptance testing, as well as for mix design 14 

optimization and pavement monitoring in terms of skid resistance.  15 

 16 
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