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1 INTRODUCTION 

1.1 Background 

The road surfaces must carry out specific structural and functional requirements to guarantee the 
traffic safety. The analysis of road deterioration and distress through manual and automated sur-
veys for the assessment of pavement surface conditions represents one of the most important as-
pects for meeting adequate operating standards and planning appropriate maintenance works 
(Dondi et al, 2012). The evaluation of the macro-texture and micro-texture of different types of 
bituminous road surfaces became crucial for ensuring the safety of the road (Bitelli et al., 2012). 

Pavement surface macro-texture influence tire-road friction at the large scale and it is evaluated 
through several methods, which can be divided in volumetric and laser-based methods (Wood-
ward et al, 2016). The most widely used volumetric method is the Sand Patch test field, which 
procedure is defined in EN 13036-1. The calculation provides information on the texture depth in 
terms of Mean Texture Depth (MTD), which is generally between 0.5 and 2.0 mm for traditional 
road pavement (Hall et al., 2009). High-resolution digital photogrammetry and laser scanner tech-
niques are innovative alternatives for pavement surface texture surveys. Generally, this type of 
surveys involves not only continuous profile data, but also information on 2D and 3D surface 
properties. Laser-based measurements have been carried out in order to assess the correlation 
between traditional texture indicators and morphological texture parameters (Simone et al., 2012). 

Micro-texture has a significant influence on the skid resistance and in the last decades, many 
functional equipment for skid resistance analysis have been developed. Most of the commercially 
available test equipment essentially uses the same principle, which consists of measuring the re-
sistance generated by a tire forced to slide on a wet road surface. Despite its principle, each equip-
ment provides several measuring mechanisms, that can be divided into two main macro-catego-
ries: static and dynamic skid resistance measuring devices (Andriejauskas et al., 2014). Each 
device allows to obtain a specific parameter useful for the characterization of the frictional prop-
erties of the pavement surface. The most conventional static device for skid resistance analysis is 
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the British Pendulum Tester (BPT), which measuring test method is defined in EN 13036-4. The 
Pendulum Test Value (PTV) quantifies the loss of kinetic energy caused by the slippage of a skid 
rubber on the wet test surface. In-motion wet-road skid resistance evaluation can be performed 
through the SCRIM Investigation machine, which method to measure the sideway-force coeffi-
cient at controlled speed (SFCS) is provided by CEN/TS 15901-6. A special pneumatic is 
mounted angled at 20° respect to the direction of vehicle motion. The SFCS is calculated as the 
ratio between the force developed at the right angles to the plane of the test wheel to the load on 
the wheel.  

Among the fixed slip braked in-line measuring devices is included the Grip Tester, developed 
by Findlay Irvine Limited in Scotland initially for skid resistance measurement of airport run-
ways. In addition, this measurement has been extensively used internationally for road pavement 
skid resistance testing. The operational principle and test procedures are provided in the reference 
standard BS 7941-2. The Grip Tester has two drive wheels and a single test wheel and it is capable 
of being towed at speeds up to 130 km/h. The test wheel is mounted on a stub axle and is me-
chanically braked by a fixed gear system with a ratio of 27:32 in relation to the drive wheels so 
that there is a relative slip speed between the drive wheels and the test wheel of just over 15 % 
(in order to detect the peak friction). The results obtained from the Grip Tester are the ratio be-
tween the tractive drag force and the load force measured by the test wheel and this coefficient of 
friction ratio is known as Grip Number (GN). In addition to the towing mode, the standard pro-
vides information about the Grip Tester pushing mode. The Micro GripTester is used for skid 
resistance assessment, especially for pedestrian areas, reinstatements and accident sites. The char-
acteristics of this continuous friction measuring device are reported in the next chapter. 

A number of researchers have reported the method and equipment to define the strength and 
weaknesses (Mataei et al., 2016). The skid resistance is dependent from multiple components and 
factors, which influence the final result of the characterization. Many studies have investigated 
through correlation analysis the possibility of comparing reliably different texture and skid re-
sistance parameters. Questions have been raised about the possibility to discover great connec-
tions between texture characteristics and skid resistance (Guo et al., 2021, Kouchaki et al., 2018). 
Torbruegge et al. have confirmed this analysis arising difficulties in finding a good correlation 
between skid resistance evaluated with BPT and traditional texture parameters such as estimated 
texture depth (ETD) and MTD (Torbruegge et al., 2015). Few studies have been carried out re-
lated to the correlation of different skid measuring devices. A comparison between SCRIM and 
Grip Tester in order to show the similar skid resistance trend derived by the two devices and the 
great approximate linear relationship (Dunford et al., 2008). SCRIM and Grip Tester measure-
ment methods have been set out to establish a relationship referring to multiple micro-asphalt 
road trial test sections (Ellis et al., 2009). The study reveals that the two methods equally classify 
the analysed micro-asphalt surfaces. 

1.2 Objective of the study 

The present paper provides a comprehensive grip analysis of multiple asphalt pavements using 
and comparing traditional and innovative measurement device equipment: British Pendulum 
Tester (BPT) and Micro GripTester. The data collection for the classification of the skid charac-
teristics analysis is related to two parameters: Pendulum Test Value (PTV) and Grip Number 
(GN), which represent the output parameters of BPT and Micro GripTester, respectively. The 
analysis involves over 80 surveys distributed in the metropolitan area of Bologna taking into ac-
count around 20 different types of wearing course surfaces. The correlation analysis aims to study 
the Micro GripTester device as an advantageous alternative to the BPT, supporting the reliability 
of GN values as comparable standardized skid resistance parameter. Previous studies have pro-
posed correlation equations between Grip Tester and BPT, however it is necessary to deepen the 
grip spectrum and types of asphalt surfaces (Mackey, 2005; Woodward, 2010).  

2 EXPERIMENTAL METHODOLOGY 
 
The aim of this section is to provide an overview about the methodology implemented to develop 
a correlation between the PTV and GN. The measuring devices applied in this survey are the 



British Pendulum Tester and the Micro GripTester. The main difference between the two equip-
ment is the investigation point that is a single spot reading and continuous reading along the run, 
respectively. It has been necessary to devise a correlation methodology to address the substantial 
differences that characterize the use and measurement results of the two devices. 

The importance of identifying and determining correlation models between skid resistance 
measurement parameters derived from different equipment is widely recognized. Several attempts 
have been made to develop acceptable correlation models on friction-measuring devices and their 
application (Lu, Q., & Steven, B., 2006). In the present paper, starting from a large number of 
trial field surveys on different types of pavements, an extensive correlation analysis is developed. 
The model involves 88 control points for the development of the correlation considering pave-
ments with various surface characteristics and grip levels performed in the metropolitan area of 
Bologna. The correlation between the PTV and GN values was performed by averaging the over-
lapped runs performed passing with the device on the BPT points of control.  

2.1 Micro GripTester 

The three-wheel, manually propelled micro GripTester uses the braked wheel, fixed slip approach 
to test friction. Due to its ability to measure constantly throughout the test path rather than only 
taking a single spot reading, the device is commonly known as a "Continuous" friction measuring 
equipment (CFME). The tire of the measuring wheel complies with standard ASTM E1844-
08(2020), which covers the general requirements for a smooth-tread standard tire for measuring 
tire-pavement friction forces. The device automatically records the dynamic friction reading and 
displays also other additional variables such as speed, distance traveled, water flow, GPS (Global 
Positioning Satellite) measurements, and outside temperature (Figure 1). 

 
Figure 1. Micro GripTester equipment 

 
The tractive drag force and the load force are continuously measured by two strain gauge bridges 
on the stub axle and sent to the signal-processing unit (SPU), which calculates the instantaneous 
friction readings as Grip Number (GN) every 0.048 m. The GN parameter is given by the ratio of 
the skid resistance applied on the measuring wheel (Drag) and the vertical load on the wheel itself 
(Load). The survey can be carried out in wet conditions, which is preferable to compare the survey 
with the low-adherence situations and the principle prescribed in the procedures of other instru-
ments. The equipment releases a water film 0.25 mm depth on the measuring wheel that allows 
to evaluate the grip on a wet surface. In addition, it is possible to fix the speed of the test setting 
out the target speed for each run at 0.4 m/s or 0.7 m/s. The user manual suggests a survey speed 
of 0.4 m/s as recommended speed for data consistency.  



2.2 Operational survey 

The following operational survey methodology is chosen in order to relate the data obtained by 
the two different devices at the same measuring point. In fact, the accurate correlation requires to 
define the detailed sections of investigation for the final correspondence at each run. 

The survey was performed with Micro GripTester consisting of 5 runs carried out on the same 
trajectory at a speed of 0.7 m/s. The standard water film has been set to 0.25 mm, considering that 
wet conditions represent lower skid resistance conditions compared with dry situations. The meas-
urement of GN is every 48 mm as provided by the data collection. Then, the survey with British 
Pendulum Tester (BPT) along the trajectory previously examined with Micro GripTester is car-
ried out. Once defined the progressive distances at which to carry out the Skid test, the instrument 
has been positioned in order to let the sliding on the ground of the pendulum slider coincides with 
the trajectory followed by the measuring wheel of the Micro GripTester. 

The Pendulum Test Value (PTV) is calculated in compliance with the UNI EN 13036-4 stand-
ard and applying the correction factor related to the recorded asphalt temperature. Regarding the 
correlation between GN and PTV, it was necessary to extrapolate the value at the same point 
analysed with BPT. In each of the 5 runs, the average values of GN are determined at the different 
progressive tested with BPT considering a survey section of length 1 meter, which is the approx-
imate complete rotation of the measuring wheel. In this way, 5 GN values related to the 5 runs 
carried out were obtained. The single GN value is determined as the reading average of 3 points: 
the point corresponding to the BPT survey and the two adjacent (±48 mm). The final GN value 
used for the correlation with PTV is calculated as the average of the previous 5 runs GN. 

Focusing on the Micro GripTester survey procedure, the steps followed are reported below: 
1. Start line identification to guarantee correspondent starting of origin for the overlapped runs; 
2. Positioning of a tape measure laterally with the dual function of spatial metric reference and 

guidance for the test operator; 
3. 5 runs with the Micro GripTester using the speed and water film setting described above and 

final data acquisition for the analysis; 
4. Positioning of the BPT at the fixed progressive and in a position that coincides with the path 

of the measuring wheel; 
5. BPT test execution to obtain the PTV value corrected with the temperature factors (Figure 2). 

Figure 2. Operational survey: example of correlation point   

3 TRIAL FIELDS ANALYSIS 
 
The purpose of developing an accurate correlation between PTV and GN parameters needs a 
deepened comparison of multiple types of pavements. In the present survey, different types of 
pavements have been investigated to compare texture and skid resistance ranges to have a com-
plete overview of asphalt surface characteristics. More than 80 control points have been investi-
gated in this survey including 15 trial fields and over 20 different types of pavements from 5 



investigation areas, distributed in the metropolitan city of Bologna. The aforementioned proce-
dure is carried out for the trial field analysis, which involves principally secondary extra-urban 
roads intended as in the Italian prescription.  

The in-situ trial fields are reported and classified for the area of survey. Each area includes the 
analysis of multiple surfaces as summarized above. The first trial field takes place in the School 
of Engineering at the University of Bologna concerning the investigation of 4 types of surfaces. 
One of them is represented by a very slippery tiled surface in order to obtain reference values 
characterizing also poor skid resistance surfaces. The second trial field involves many surveys 
along the secondary road “SP610 Selice”, which links the municipalities near the city of Imola. 
The analysed pavements have wearing layers characterized by different levels of surface grip. 
The third surveyed area includes several points of control in the municipality of Zola Predosa, in 
particular along one of the primary roads “SP569”. The flexible pavement in this case presented 
a wearing coarse layer constituted by Stone Mastix Asphalt (SMA 0/8mm). The fourth trial field 
area involves a low-traffic section realized with cold recycling technique involving 100% of Re-
claimed Asphalt Pavement (RAP). Finally, further 9 points of investigation are placed in the 
northernmost part of Bologna. 

4 RESULTS 

The correlation model includes 88 surveys that are distributed throughout Bologna's metropolitan 
area characterized by 20 various types of road pavements. The correlation survey refers to PTV 
values ranging between 20 and 78. The model provides a wide range of PTV values representative 
of both low and high skid resistance conditions obtained by the comparison of multiple types of 
pavements subject to different levels of traffic, which have positively influenced the analysis. The 
GN values are within the range 0.43 and 0.98 GN. The results of the correlation analysis are set 
out in Figure 3.   

 

 
 
Figure 3. Correlation analysis between GN – PTV 

 
The analysed range of PTV values is comprehensive, excluding the range of values between 25-
35 PTV, which is representative of pavement with very slippery surfaces. The lowest values range 
(i.e. PTV 20-22) belongs to slippery surfaces investigated to extend the spectrum of analysis. The 
present analysis involves also pavements with excellent skid characteristics and the evaluation 
includes PTV values over 70, which belong to the new innovative pavement made with 100% 
RAP subject to low levels of traffic. From the graph, it can be seen that there is a good correlation 
between the two investigated parameters obtaining a model with a coefficient of determination 
R2 = 0.7. Table 1 shows the results of the residual statistics analysis related to the present linear 
regression model, labeled U, which is based on 88 survey points. GN standard deviation (SD) is 
equal to 0.1202 and the standard error is 0.0128. In addition, the predictive capabilities of the 



proposed linear regression model is evaluated from measure of variability. Total sum of squares 
(TSS) amounts to 1.256, while the explained sum of squares (ESS) is 0.880. 
 
Table 1. Residual statistics for “U” linear regression model. 
_____________________________________________________________________________ 

                            Minimum    Maximum   Average      SD    
_____________________________________________________________________________ 

Expected value       0.499              0.957       0.755     0.100        
Residual               -0.138             0.109       0.000     0.066        
SD Expected value   -2.541      2.012       0.000     1.000    
SD Residual     -2.086      1.655       0.000     0.994    
_____________________________________________________________________________ 

 
Several attempts have been made to analyse the correlation between Micro GripTester and 

British Pendulum Tester. To assess the reliability of the correlation model developed in the pre-
sent paper, it was decided to compare the proposed model with those present in the literature. It 
is encouraging to compare the present correlation trend to the one found by Woodward (2010). 
Figure 4 compares the correlation equations and the point cloud determined by the analyses.  

  

 
 
Figure 4. Comparison of correlation analyses GN – PTV  

 
Woodward (2010) presents a friction survey conducted on 15 asphalt surfaces selected to have a 
range of multiple aging levels and wear rates. The Woodward’s test procedure is comparable to 
the one implemented in the current study. Moreover, the setting of the test parameters such as 
water film and speed survey are equal in both surveys. The main difference is related to the num-
ber of runs performed for the correlation analysis. As anticipated in the operational procedure, in 
this case, the number of overlapped runs is equal to 5, while in Woodward’s analysis involves 
only a single run. Woodward’s linear regression line has a coefficient of determination higher 
than the one presented (R2=0.93), but refers to a reduced sample size. It is notable from the chart 
that the slope of the regression lines is different. The range of PTV values investigated by Wood-
ward is over 65 PTV without reference values for low skid resistance conditions. Focusing on the 
higher PTV values investigated in the present paper, it is possible to hypothesize a good integra-
tion of the results on the trend referring principally to the range 70-80 PTV. 

To emphasize the comparability of the skid resistance analyses, it is also provided in Figure 4 
the black dotted linear regression equation related to the total amount of survey points obtained 
by combining the results presented and those proposed by Woodward. The final equation of cor-
relation is totally comparable to the one obtained from the present survey even if a reduced coef-
ficient of determination is assessed (R2=0.68). The advantage of this new assessment is the in-
crease of the spectrum of friction data related to higher PTV values, which was a source of 



weakness in this survey. Thus, the data were integrated to form a simple linear regression model 
with a larger data sample running the tests with a similar procedure. Many factors influence the 
analysis of skid resistance, especially at the higher skid resistance value. Temperature plays a key 
role and it is important to analyse its impact on Micro GripTester surveys. Equation 1 reports the 
final linear regression equation, which is the result of the total analysis of 102 points of investi-
gation: 
 

GN = 0.01 PTV + 0.34                                                                                                      (1) 
 
Table 2 reports the outcomes of the residual statistics related to the Final linear regression model, 
which is based on 102 survey points. In this case, SD for GN values is equal to 0,1339 and the 
standard error is 0,0133. Hence, considering the total amount of investigated points obtained from 
the integration of “U” and Woodward’s correlation points, TSS amounts to 1.812, and ESS is 
1.223. 
 
Table 2. Residual analysis for Final linear regression model. 
_____________________________________________________________________________ 

                            Minimum    Maximum   Average      SD    
_____________________________________________________________________________ 

Expected value       0.498              0.995       0.772     0.110        
Residual               -0.271             0.117       0.000     0.076        
SD Expected value   -2.490      2.029       0.000     1.000    
SD Residual     -3.539      1.531       0.000     0.995   
_____________________________________________________________________________ 

5 CONCLUSIONS 

This project was undertaken to acquire detailed knowledge about the implementation of the Micro 
GripTester device for skid resistance evaluation. The study proposes a reliable correlation analy-
sis between Micro GripTester and BPT, derived from a comprehensive analysis carried out in 
multiple trial fields. The current findings confirm the reliability of the Micro GripTester as a 
practical and time-consuming device for road friction surveys. It is interesting to note that the 
proposed survey methodology positively assesses the asphalt grip proving an excellent correlation 
between recent and traditional skid resistance parameters. The GN parameter is a valuable skid 
resistance indicator comparable to standardized values of skid resistance such as PTV. The ad-
vantages of using this equipment are multiple, the main aspect is continuous data surveying in-
formation facilitating the in-situ operation and the data spectrum. The survey demonstrates that 
there is a significant positive correlation between GN and PTV for different types of pavements, 
which is indicative of the possibility of extending this innovative equipment for grip control. The 
integration of the investigated control points with Woodward’s correlation analysis reveals a great 
matching of PTV-GN correlation points. There is abundant room for further progress in deter-
mining additional correlation points especially related to pavements with higher levels of skid 
resistance, particularly no-slippery conditions could be further investigated to obtain high-confi-
dence models. The data from Woodward’s analysis are in line with those investigated in the pre-
sent survey, but they have a low influence considering less amount of data. Moreover, it is well 
known that the asphalt wearing course mixtures and the level of trafficking influence skid re-
sistance. Thus, it is required to extend the surveys characterizing the asphalt properties of different 
types of pavements and changes in grip assessing the consistency with the proposed correlation. 
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