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Introduction 
 
 

his Transportation Research E-Circular includes a synopsis of five presentations at the 
workshop “International Experience and Perspective of Pavement Texture Measurements 

and Evaluation” held at the 94th Annual Meeting of the Transportation Research Board. This 
workshop was sponsored by the Standing Committees on Pavement Surface Properties and 
Vehicle Interaction, Pavement Structural Modeling and Evaluation, Characteristics of Asphalt–
Aggregate Combinations to Meet Surface Requirements, and Transportation-Related Noise and 
Vibration. 

The publication of this E-Circular is timely and likely will serve as a valuable reference 
for pavement researchers and professionals throughout the transportation field.  
 
 
BACKGROUND 
 
Pavement texture is defined by the irregularities on a pavement surface that deviate from an ideal 
perfectly flat surface. Texture influences many surface characteristics, which in turn describe the 
functional performance of a pavement. Specific surface characteristics include measures of road 
safety and comfort including friction, smoothness (evenness), splash and spray, noise, rolling 
resistance and more. Many techniques measure and analyze texture, particularly texture that 
influences tire–pavement noise and friction. Specialized measurements also directly evaluate the 
various surface characteristics. Most profilers in use today measure texture using a single-point 
laser, which results in a two-dimensional (2-D) texture profile; distance along the pavement 
surface is one dimension and the texture elevation is the second. Pavement texture is complex, 
though; it often is anisotropic, meaning that the texture varies depending on the direction of the 
measurement: longitudinal or transverse. A 2-D profile therefore fails to completely describe 
characteristics of the texture that are important to many surface characteristics. To overcome 
this, three-dimensional (3-D) texture profiles now can be readily measured using line-laser–
based devices and 3-D cameras. 

The relationship between texture and surface characteristics is not simple, however; there 
have been many advancements in recent years. As this trend continues, texture measurements 
will permit construction guidance and pavement management to advance, resulting in even 
smoother, safer, and quieter pavements. 

The workshop presented the U.S. and international experience with pavement texture 
measurements and interpretation. 

The stationary methods used in the United States to measure texture include sand patch, 
Hydro-timer, stereo-photographs, laser texture scanner, circular texture meter, photometric 
stereo, and stereo vision systems. For dynamic, low-speed methods used to measure texture, the 
Robotex is the most common procedure. Dynamic high-speed texture measurements use the 
following methods: high-speed texture laser systems, a V-texture system developed by the Texas  
Department of Transportation, and the 3-D laser scanners that can measure mean profile depth 
(MPD) and also can simulate the sand patch test. The pavement community in the United States 
has realized the need for improved procedures for verifying the accuracy of texture data collected 
by high-speed devices. High-frequency laser sensors may be noisy, thereby affecting MPD 
values. A research project has been initiated by the National Cooperation Highway Research 

T 
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Program (NCHRP) to address all the challenges with texture measurements. 

The pavement community in the United Kingdom realizes that high-speed wet friction is 
heavily dependent on the texture on the surface of the pavement. Initially texture was measured 
statically using the sand-patch test, but it soon was realized that an estimate of texture could be 
obtained at traffic speed using a noncontact method based on lasers, with the first prototype 
developed in the early 1970s. This texture depth parameter is now routinely collected over most 
of the UK road network by a fleet of multifunction road surface monitoring vehicles of TRACS 
(Traffic Speed Condition Surveys) under the annual Highways England contract for the 
collection of surface condition information.  SCANNER (Surface Condition Assessment of the 
National Network of Roads) is the equivalent contract for the English and Scottish local road 
network. In the United Kingdom, texture measurements also are used for predicting surface type 
and for estimating tire-generated noise levels, surface deterioration, rolling resistance, and splash 
and spray. 

The pavement community in Europe also has realized the importance of pavement texture 
and texture measurements. The project ROSANNE was initiated in Europe to study rolling 
resistance, skid resistance, and noise emission measurement standards for road surfaces. This 
project will advance harmonization of measurement methods for skid resistance, noise emission, 
and rolling resistance of pavements. This project also looks at the feasibility and usefulness of 3-
D texture measurements. 

The International Standardization Organization (ISO) currently is working on updating 
the ISO standards for measurement and analysis of texture data, including the computation of 
MPD. This effort was undertaken because it recently was noted that MPD obtained from 
different texture measuring devices had poor reproducibility and that some results seemed to be 
out of the reasonable range that was expected. A draft updated standard has been developed and 
currently is being reviewed and submitted for balloting. 
 
 
WORKSHOP INFORMATION 
 
This e-circular is based on Session 123 (a workshop) of the 94th Annual Meeting of the 
Transportation Research Board, held January 11–15, 2015, in Washington, D.C. 
 
International Experience and Perspective of Pavement  
Texture Measurements and Evaluation 
 
Brian L. Schleppi, Ohio Department of Transportation; Magdy Y. Mikhail, Texas Department of 
Transportation, presiding. Sponsored by the Standing Committees on Pavement Surface 
Properties and Vehicle Interaction, Pavement Structural Modeling and Evaluation, 
Characteristics of Asphalt–Aggregate Combinations to Meet Surface Requirements, and 
Transportation-Related Noise and Vibration. 
 
Presentations: 
 
Fundamentals of Pavement Texture Measurement and Interpretation (P15-5056) 

Robert Otto Rasmussen, Transtec Group, Inc. 
UK’s Experiences on Pavement Texture Measurement and Interpretation (P15-5057) 
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Brian Walter Ferne, Transport Research Laboratory, United Kingdom 
US’ Experiences on Pavement Texture Measurement and Interpretation (P15-5058) 

Edgar David de León Izeppi, Virginia Tech Transportation Institute 
New and Improved ISO Standards for Texture Measurements (P15-5059) 

Ulf Sandberg, Swedish National Road and Transport Research Institute 
EU project ROSANNE — ROlling resistance, Skid resistance, ANd Noise Emission 
Measurement Standards for Road Surfaces (P15-5060) 

Luc Goubert, Belgian Road Research Centre 
Q&As and Panel Discussion on Pavement Texture Measurement and Interpretation (P15-
5061) 
 
 
ACKNOWLEDGMENTS 
 
Thanks to the presenters for sharing research. Thanks also go to Brian Schleppi of the 
Ohio Department of Transportation, who assembled this document, and to Magdy Y. 
Mikhail of the Texas Department of Transportation who presided at the workshop. 
Thanks also to Karen Febey, Senior Report Review Officer, TRB. 
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UK Experiences on Pavement Texture  
Measurement and Interpretation 

 
BRIAN FERNE 

Transport Research Laboratory 
 
 

o maintain safe roads we need to provide adequate friction on pavement surfaces, 
particularly in wet conditions. Therefore, we need to be able to measure or predict the skid 

resistance under standardized conditions. In the 1930s, TRL—then the Road Research 
Laboratory—started the development of a technique to measure skid resistance under slow-speed 
slip conditions using a freely rotating wheel set at an angle to the direction of travel (Slide 3). 

The first version used the wheel of a motorcycle sidecar. Several versions followed using 
a variety of passenger cars but the current version called SCRIM (sideways coefficient routine 
investigation machine) is based on a lorry chassis with a smooth-tired instrumented fifth wheel to 
measure slow-speed friction with a tank to supply a controlled flow of water (Slide 4). This tool 
has been used since the late 1980s for routine measurement of skid resistance; SCRIM currently 
covers the whole of the English Strategic Road Network annually. 

However, as the speed of traffic increased over the years it was realized that knowledge 
of the wet friction was required at a greater range of speeds than could be provided by just an 
angled wheel device, effectively measuring low-speed skid resistance at a slip speed of around 
17 km/h. Thus other devices were developed to measure high-speed friction directly (Slide 5). 
These high-speed measurements started with a fifth wheel braking force trailer towed by a 
XK120 Jaguar in the 1950s. Most recently these measurements are achieved with a Pavement 
Friction Tester that was acquired by TRL from K. J. Law from the United States in the 1990s on 
behalf of the English Highways Agency and this still used for substantial research programs and 
specialist investigations.  

However, the continuous measurement provided by SCRIM is preferred for routine 
application. 

The results from measurements with these machines suggested that high-speed wet 
friction was heavily dependent on the macrotexture on the surface of the pavement. Initially this 
was measured statically using the sand patch test but it was soon realized and that an estimate of 
this could be obtained at traffic speed using a noncontact method based on lasers with our first 
prototype developed in the early 1970s. This texture depth parameter is now routinely collected 
over most of the UK road network by a fleet of multifunction road surface monitoring vehicles 
under the TRACS and SCANNER contracts (Slide 6). 
 

T 
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TRACS (Traffic Speed Condition Surveys) is the annual Highways England contract for 
the collection of surface condition information. SCANNER (Surface Condition Assessment of 
the National Network of Roads) is the equivalent contact for the English and Scottish local road 
network. 

This interaction between friction and vehicle speed is best understood by examining their 
relationship for two extreme pavement surfaces, one with low microtexture and high 
macrotexture and on with high microtexture and low macrotexture which is shown 
diagrammatically in Slide 7.  

In the UK the texture depth is expressed in terms of SMTD (Sensor Measure Texture 
Depth). The practical effect of SMTD values on measured locked-wheel friction at a range of 
speeds on many sites with different surface types, including random, transverse, and porous 
surfaces, are shown in Slides 8, 9, 10, and 11. 

These show the gradual reduction of friction with increasing speed but particularly at 
SMTD values below 0.8 mm. This 1990s work led to the introduction of a requirement in 
England for this texture depth on in-service flexible roads. However, the yellow data points from 
some porous surfaces, highlighted in a red circle in Slide 11, do not fully match the above 
behavior. Such surfacings are little used currently in England but the unexpected behavior of 
some porous materials in relation to other surfacings will be discussed later in this presentation. 
 
 

 
SLIDE 7 
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SLIDE 8 
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Slide 12 summarizes the research described up to this point and Slide 13 raises some 
shortcomings with the current UK skid resistance measuring methods and their interpretation. 
Slide 14 expands on the limitations of the current low-speed skid resistance contact measurement 
methods and Slide 15 suggests the requirements for a replacement method which, since 2000, is 
being investigated by TRL under funding from the Transport Research Foundation and the 
Highways Agency, now called Highways England. 

This work has covered both the theory relating surface texture and skid resistance as well 
as the practicality of designing equipment to gather the required data. 
 
 

 
SLIDE 12 

 
 

 
SLIDE 13 
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SLIDE 14 
 
 

 
SLIDE 15 
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Slide 16 highlights the shortcomings of measuring friction at high-speed or using current 
texture proxies. Recently, this latter issue of whether current texture proxies adequately forecast 
the reduction of friction with speed have been further examined. In particular, some observations 
had been made of low textured asphalt materials where the high-speed friction performance was 
better than expected. These materials have some important advantages: in the United Kingdom 
the crushing process used to produce suitable aggregate for pavement materials has produced an 
excess of 6mm material and its use in thin surfacing has shown it to be quieter than using the 
more normal 10 mm and 14 mm size of aggregate. Research has therefore been undertaken to 
examine the friction performance of such materials in relation to other thin surfacing (Slide 17). 

Slide 18 shows the results of such trials where the locked wheel friction at 100km/h for 
the 6 mm material shows similar levels to the 10- and 14-mm material despite significantly lower 
SMTD texture values. A similar behavior is observed when expressing texture in terms of root 
mean square (RMS) and mean texture depth (MTD) as shown in Slides 19 and 20. There is no 
obvious explanation for this uncharacteristic behavior but this may suggest that the SMTD 
algorithm does not adequately characterize the surface in terms of friction performance. 
 
 

 
SLIDE 16 
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SLIDE 19 
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We have been further examining the relationships between surface characteristics and 
high-speed friction properties (Slide 21). Since our long-established relationship between high-
speed friction and texture does not seem to apply to certain surfaces we have examined other 
measures of texture, including the use of three-dimensional (3-D) models of road surfaces, the 
use of pressure sensitive film to generate ‘pressure maps’ of the road surface and the use of extra 
fine glass beads to determine the available volume in the surface for the road–tire–water 
interaction (Slide 22). 
 
 

 
SLIDE 21 

 
 

 
SLIDE 22 
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Slide 23 shows some of these results. These particular results suggest that considering the 
potential tire contact area with the road surface produces a relationship with high-speed friction 
that is more consistent with the behavior of 10 and 14 mm materials than the surface MTD 
texture parameters. On the basis of this work we have developed five new surface characteristic 
parameters summarized in Slide 24. One of the most promising is the 3-D surface void volume. 
This is calculated by using the pressure maps to determine the penetration of the tire into the 
surface and then estimating the volume of voids in the surface below this tire penetration level. 
 
 

 
SLIDE 23 

 
 

 
SLIDE 24 
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Slide 25 illustrates how the use of this parameter is better at grouping the results of high- 
speed friction for all the different surface types considered in this work. Slide 26 concludes that 
the current measures of texture in general use are not always good predictors of high speed 
friction but better alternatives identified may not be very practical so further work is needed to 
resolve the issue. 

 
 

 
SLIDE 25 

 
 

 
SLIDE 26 
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The texture measurement has many other uses as well as predicting high speed friction, 
as summarized in Slide 27. In combination with luminosity it can be used to predict surface type 
and to estimate tire-generated noise levels, as illustrated in the two right hand plots. Multiple 
texture line measurements can also be used to predict surface deterioration in terms of aggregate 
loss, that is, fretting or raveling, as illustrated by the plan view of the road at the bottom of the 
slide which shows fretting levels by color coding with low levels at blue and higher levels in 
yellow and red. All these parameters have been implemented in the TRACS contract and made 
available to the maintaining agents on a central pavement managements system. Research has 
also shown that certain texture parameters can also be used to predict the rolling resistance and 
propensity to splash and spray of a road surface but these applications have yet to be 
implemented. 

In conclusion, we can summarize the UK position as shown in Slide 28. Routine surveys 
of low speed friction and macrotexture have supported an effective UK friction policy but they 
have limitations particularly with the compromises currently delivering macrotexture to retain 
high-speed friction whilst obtaining reasonable rolling resistance and noise levels. In the future 
we consider there is a need for a change in focus, with a better understanding of how the surface 
texture influences these different parameters, to be able to optimize this balance. 

 
 

 
SLIDE 27 
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SLIDE 28 
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U.S. Experiences on Pavement  
Texture Measurement and Interpretation 

 
EDGAR DE LEÓN IZEPPI 

Virginia Tech Transportation Institute 
 
 

irst, I would like to acknowledge the other authors of the paper on which this presentation is 
based, Adaptive Spike Removal Method for High-Speed Pavement Macrotexture 

Measurements by Controlling the False Discovery Rate (E. Izeppi, G. Flintsch, S. Katicha, and 
D. Mogrovejo. Transportation Research Record: Journal of the Transportation Research Board, 
No. 2525, Transportation Research Board of the National Academies, 2015, pp. 100–110). I also 
would like to acknowledge the great support and contributions of Kevin McGhee from Virginia 
Department of Transportation (DOT). We are all working together on this project to improve the 
accuracy, remove the spikes, and validate the macrotexture measurements obtained from a high-
speed laser device (Slide 2). 

I will introduce this topic with an overview of the state-of-the-practice of macrotexture 
measurements in the United States, especially at the network level (Slide 3). We will review the 
most important applications that macrotexture measurements have been used for and most of the 
methods or devices used to make the measurements. Following will be the background for the 
current project that we have initiated, the problem statement, the objectives, the methods utilized 
to achieve the solution of the problem, examples of the results obtained, and a brief commentary 
on what is expected to happen next. 
 
 

 
SLIDE 1 
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SLIDE 4 
 
 

The majority of applications that macrotexture measurements have had in the United 
States have been intended to find effective relationships with the tire–pavement friction 
characteristics of a pavement. This application has many other specific uses that could be derived 
if actual relationships can be found in areas such as accident analysis, speed gradient derivations, 
and the general harmonization of friction measurements, such as those proposed by different 
indexes such as the international friction index (Slide 4). 

Other applications where macrotexture is used are in noise and rolling resistance 
characterizations; these are going to be covered more in depth by some of the other presenters in 
this workshop. Other applications of macrotexture measurements found in the United States have 
been for quality control of pavements:  
 

a. Hot-mix asphalt (HMA) segregation,  
b. Chip seal quality,  
c. Performance evaluation (portland cement concrete pavements), and  
d. HMA raveling detection. 

 
The majority of the present methods to measure macrotexture are stationary methods that 

require traffic control and are not relevant to the network level that is the objective of this 
presentation (Slide 5). However, starting with the sand patch and now the circular texture meter 
which has almost replaced it, all emerging technologies recognize these as the ground-truth 
measurements against which all other technologies need to be compared. The other methods 
mentioned in this presentation have had to prove their worthiness and have been graded based on 
those results. 
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SLIDE 5 
 
 

Dynamic traffic speed methods are necessary for network-level measurements (Slide 6). 
The most popular method is the high-speed single-spot (SS) laser profiler van with a dedicated 
laser for macrotexture measurements. Other methods are being developed with line lasers 
measurements, especially those that are being used more and more for distress measurements 
obtaining three-dimensional (3-D) maps of the pavement surface. They have yet to be tested in 
comparison with the SS systems in an experiment with varied pavement surfaces to determine 
their accuracy. 

This presentation will focus on SS laser profilers systems with a minimum 64-kHz 
frequency that is normally used by DOT agencies when performing the international roughness 
index measurements to determine the performance of the agencies pavements (Slide 7). The most 
important application that we are intent on perfecting is the friction texture relationship that 
could eventually be used for accident analysis at the network level. 
 
 

 

SLIDE 6 
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SLIDE 7 
 
 

If a single slide could summarize the expected results of what we are trying to achieve 
with measuring the macrotexture of pavements, it would be the one presented by Leif Sjögren in 
the Road Profile Users’ Group (RPUG) meeting in 2011 (Slide 8). In this slide, a very clear 
relationship between the friction and the macrotexture measurements is evident along a segment 
of road, with both profiles following the same trends. If this relationship could be verified for all 
pavements, macrotexture could be used exclusively to identify the low friction spots in the 
pavement network, but most importantly, without the use of water, which would increase the 
productivity of friction measurements for this purpose by a factor of 4 or 5. The impact on the 
safety performance of the highway networks would similarly be increased by allowing 
maintenance crews to locate more low friction areas in need of repair, thus proactively avoiding 
possible low-friction accidents. 

The motivation for this project was began with another presentation during RPUG in 
2011, where Rohan Perera reported the results of an acceptance testing for several profiling 
systems that FHWA had received to be used in their long-term pavement performance (LTPP) 
program, related with macrotexture measurements (Slides 9–12). The acceptance testing process 
discovered that what has been considered the ground-truth standard, the circular track meter 
(CTM), exhibited a lot of variability both in repeated measurements in the same spot as well as 
different measurements in very close proximity (2 m apart). 

However, the most important finding was the realization that the presence of spikes in the 
raw data that apparently is not currently suppressed by most equipment manufacturers, thereby 
necessitates robust spike detection and elimination algorithms in the data processing in order for 
these measurements to be accurate (Slide 13). In general, procedures for verifying the accuracy 
of the macrotexture measurements was pointed out as being a very high priority in order for 
these measurements to be used by highway agencies. 

Our group then decided to investigate this and found exactly what Rohan had pointed out 
with the results obtained by the manufacturer software. Our priority then turned to develop a 
solution to this problem and testing it to prove its validity (Slides 14 and 15). 
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SLIDE 16 
 
 

We are more motivated to do this because we are also a part of a larger FHWA project that 
is investigating the use of continuous friction measurement equipment that has a strong component 
of macrotexture measurements to complement the friction (Slide 16). If we can compare truly 
believable macrotexture measurements with the continuous friction measurements, we might 
establish the kind of relationships seen on Slide 8 and reap the benefits. 

We found out that all laser measurements have spikes (Slide 17). Depending on the laser 
used, you will have more or less, but because spikes will create biases on the texture 
measurements, they need to be removed from the calculations of the texture parameters used. In 
our case, we are using the mean profile depth (MPD) parameter to report the macrotexture of a 
pavement. We need to take out the spikes from the raw data before the MPD computations. 

Our group has found an effective and innovative approach of doing this with the false 
discovery rate (FDR) method, which is further explained in TRB paper 15-4500 (Slide 18). With 
this approach, the threshold adapts to the data in two stages; first, by correcting them for the large 
amount of data (with the Bonferroni correction) and second, by controlling the wrongly identified 
outliers among all identified spikes using the FDR method. The next slides will show the results of 
the high-speed de-spiked MPD calculations compared with two CTMs for validation. 

Testing was done at the Virginia Smart Road at the Virginia Tech Transportation Institute 
(VTTI) where a series of different pavement surfaces with different textures are available. The 2-
mi long test track produced a total of about 6,000 spikes over the more than 4 million 
measurements (0.13%) (Slide 19). 

The results of the raw (blue) and the de-spiked (green) data are shown in Slide 20 for 
comparison, with a closer look in Slide 21 for more clarity. It is estimated that if the spikes would 
not have been removed, approximately one third of the MPD computations would have been 
affected. 
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The results of the computations of MPD at every 100 mm were plotted; it is visible that 

all of the different sections can be easily differentiated with their macrotexture measurements 
(Slide 22). 
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SLIDE 23 
 
 

As explained before, all of the sections were also measured with two different CTM 
devices, and the average of those measurements was then compared for the average of the high-
speed SS measurements. The variability of the measurements of both CTMs and different passes 
of the high-speed profilers were very similar, making it easier to compare the average and the 
ranges of the variability among these two devices (Slide 23). A strong argument could be made 
with these results that both devices produce comparable results, making it easier to substitute 
CTM measurements with these high-speed laser measurements, thus validating the 
measurements. Slide 24 shows a close-up of what was found in all of the 14 surfaces tested. 

Normally, this presentation would have ended with the Slide 24, but chance had it that a 
series of events would further prove that the FDR method works. At the Pavement Evaluation 
2014 Conference (RPUG 2014) where the initial results of this research were presented, the 
manufacturer of the lasers declared that the spikes observed in the results of the measurements 
were being caused by a malfunctioning or defective laser. 

This prompted our investigation and triggered the need for a comparison with the 
identical system that FHWA had acquired to compare the results and further test our processing 
method. 

On Slide 25a, the raw data results obtained with the LTPP profiler system are shown, 
again in blue for the raw data with spikes and in green after de-spiking. 

Similarly, the raw data results obtained with the VTTI profiler system are shown, in blue 
for the raw data with spikes and in green after de-spiking (Slide 25b). It is clear looking at these 
two slides that the VTTI profiler not only has more spikes, they are much larger in magnitude. 
 
 



56 TR Circular E-C216: International Experience and Perspective of Pavement Texture Measurements and Evaluation 
 
 

 

SLIDE 24 
 
 

     
(a) (b) 

SLIDE 25 
 
 



U.S. Experiences on Pavement Texture Measurement and Interpretation 57 
 
 

 

SLIDE 26 
 
 

 

SLIDE 27 
 
 

On Slide 26, the MPD results obtained with the LTPP profiler system are shown in blue 
for the MPD with spikes and in green after despiking. 

Similarly, the MPD results obtained with the VTTI profiler system are shown, in blue for 
the MPD with spikes and in green after de-spiking (Slide 27). It is clear looking at Slides 26 and 
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27 that the VTTI profiler not only had more spikes, but they are also much larger in magnitude. 
However, both of the green MPD results are very close and very similar in magnitude, especially 
the mean, median and quartile values, as evident in the next slides (Slides 28 and 29). 

On Slide 28, the MPD results for both the LTPP and the VTTI profiler systems are 
shown, using the manufacturer’s software to compute the MPD values. These MPD values are 
very high in magnitude as shown by the box-plot diagrams, and have very high extreme values 
(around 6 mm for LTPP and more than 8 mm for VTTI) caused by the computations without de-
spiking the data. 
 
 

 

SLIDE 28 
 
 

 

SLIDE 29 
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Using the FDR method for both data sets, some extreme values are still high for both 
MPD computations, but now the mean, median and quartile values are very similar for all sections 
computed (Slide 29). More importantly, both agree closely with the two CTM values. A closer 
comparison will be made of a particular section in the next slide (Slide 30). 

On Slide 30, the MPD results for both the LTPP and the VTTI profiler systems are shown, 
comparing both with the manufacturer’s software and the FDR method to compute the MPD 
values. As can be seen, both of the MPD results with the FDR method agree very well with the 
two CT Meter values, but not so if the manufacturer’s software is used. 

In the short term, our intention is to work with the manufacturer to incorporate the 
software and solve some of the questions about how to better perform network-level 
measurements with this equipment (Slide 31). It is expected that a national validation experiment 
will be made, hopefully with the support of FHWA and other interested parties in achieving, 
standardizing, and using accurate and reliable macrotexture data. 
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In the midterm, a proposal made in the TRB Surface Properties–Vehicle Interaction 

Committee has generated a research needs statement to further look into the topic of 
macrotexture (Slide 32). One of the tasks will be looking into the replacement of the MPD as the 
best index to use to characterize the macrotexture of a pavement. Some of the ideas that Task 
Force 3 presented in the January 2014 meeting presented a couple of ideas such as the integration 
of the available areas of the surface that are used as the channels of water for its evacuation in 
the presence of the tire rolling over it. 

Slides 33 and 34 show very crude representations of this concept that will be refined in 
the next two slides (Slides 35 and 36).  

 
 

 
SLIDE 33 
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Slides 36 and 37 show a conceptual approach to the integration of the area next to the 
surface of the pavement limited by the tire passing over it, effectively squeezing the water out of 
its path so that the contact allows braking, cornering, or any other maneuver the vehicle needs to 
make. If the water is not removed, hydroplaning potential might occur with implicit accident 
possibilities. Work done by the French National Institute for Transport and Safety Research in 
2004 using different stiffness rubber illustrates what could be modeled with the different areas of 
water evacuation channels made available by the macrotexture of the pavement. 

Currently, we are also looking into similar work done with the enveloped profile as an 
alternative (Von Meier, Van Blockland, and Descornet). It is our hope that more support can be 
found to further the exploration of this topic with potential benefits in so many areas. 
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New and Improved ISO Standards for  
Pavement Texture Measurements 

 
ULF SANDBERG 
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he possibly most commonly applied standard worldwide for pavement texture measurements 
is ISO 13473-1:1997 which defines a standard for measurement of mean profile depth 

(MPD). This standard was developed by a working group within the International 
Standardization Organization (ISO) designated ISO/TC 43/SC 1/WG 39. The working group 
(WG) 39 is presently busy with revising the standard, and this presentation intends to give an up-
to-date report about the development as well as the background and justifications for it. 

It was noted some years ago that measurements of MPD had poor reproducibility and the 
trend was that greater and greater deviations between different equipment were identified, and 
some measurement results even seemed to be out of a reasonable range. The WG started to 
analyze the problem and soon found that in some cases not all parts of the standard had been 
observed; for example, the requirement to filter the profile signal from irrelevant high-frequency 
content. In other cases, it appeared that some options allowed in the standard gave too high 
deviations. But most of all it appeared that the users had required much higher performance from 
the profilometers (in practice the laser sensors) than they were able to deliver in the application 
for MPD measurements, i.e., too-high measurement speeds, too-high standoff between sensor 
and pavement, and too-high measurement range. The combination of all problems created more 
irrelevant “spikes” (transients) in the profile signal and more noise than the standard would allow 
for acceptable uncertainty. 

WG 39 thus undertook to improve the standard 13473-1 at the same time as developing a 
technical specification for verification of the performance of profilometers based on laser sensor 
technology. The improvement of the ISO 13473-1 included several data-enhancing procedures, 
such as a slightly modified definition of how MPD is calculated, a procedure to identify and 
remove spikes in the profile, and removal of certain options, i.e., alternatives in the calculations. 
Much better specification of low pass and high pass filters limiting the high-frequency 
performance and sharpness of peaks in the profile. Tightening of tolerances in certain 
performances. 

The presentation gives much more information about the above. Simulations and tests 
made on existing data have verified that substantial improvements are possible with the best 
techniques and procedures. The draft has also been reviewed by one of the major users of the 
standards. The new version has been submitted as a committee draft for ballot among the ISO 
member bodies, which resulted in an approval as a Draft International Standard after considering 
the comments received in the ballot. The technical specification for verification of the 
performance of profilometers is still under development. 
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NEGOTIATION PHASE 
 
FP7 Coordinated Action 
 
Coordinated Action 
 
No research issues are possible; gathering and analyzing existing knowledge, recommending 
future research issues, recommending coordinated approaches on certain issues, organizing 
workshops, conferences, personnel exchange. 
 
Consortium 
 
Arsenal research (Austria), BASt (Germany), LCPC (France), RWS-DVS (The Netherlands), 
TRL (UK), ZAG (Slovenia), FEHRL (Belgium). 
 
Forum of European Highway Research Laboratories 
 
Twenty-nine members (transport research institutes) of different European countries; formed task 
forces to work on certain important issues; not performing research on issues themselves but 
developing project ideas for pushing research issues forward; consortium: participants of the 
FEHRL task force, skidding resistance + one partner from the NMS + FEHRL. Duration: 2 years 
approximately 1.1 MEUR total. Expected starting date: July 1, 2008. 
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Setting up a platform and organizing workshops–expert working groups (Milestones 
M1.1, M1.2, M2.1, M3.2, M4.1, M5.5) to network with past, current, and future research 
activities on skid resistance, rolling resistance, and noise emissions (M5.3 and M5.4). To collect 
and share existing knowledge about these issues (M5.2) and to raise awareness concerning the 
safety relevance and greening influence of road surface parameters (Deliverables D5.1, D5.3). 

Studying national standards–policies of different European Union and neighboring 
countries concerning skid resistance, rolling resistance, and noise emissions; to document current 
practice in European Union countries; and to provide recommendations for a common European 
policy on skid resistance, rolling resistance, and noise emissions (M1.3). 

Developing a road map or an implementation plan including specific stages for the short, 
medium, and longer term (2010, 2015, 2020) towards the final harmonization of skid resistance 
test methods and reference surfaces based on research work (M2.5). 

Creating one or more matrices showing interdependencies and environmental effects of 
the factors that influencing road surfaces and tires in relation to skid resistance, rolling 
resistance, and noise emissions. This matrix will allow knowledge gaps to be identified and 
indicate the need for future research work (M3.1). 
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Discussion 
 
 

here exists a knowledge gap between the highway community and the tire community. Both 
sides make simple assumptions of the other where complicated intricacies exist. 

Efficacy of using smooth and ribbed bias-ply low-durometer rubber tires for friction 
testing (locked wheel) was raised. It is evident that there are multiple and perhaps conflicting 
viewpoints ranging from high efficacy as a tool to evaluate a highway surface’s micro- and 
macrotexture contribution to friction to low efficacy given that the modern vehicle fleet is 
predominately using harder radial tires in conjunction with antilock brake systems. 

It was asserted that macrotexture needs to be defined by more than average depth. There 
are more macrotexture parameters beyond just depth that are currently measureable and 
quantifiable with today’s 2-D and 3-D texture measurement systems which aid in understanding 
and predicting surface characteristics. 

Direct noncontact stationary methods of measuring microtexture in the field are now 
possible using confocal optical sensors with sub-micro resolution. 

Concerning spikes in macrotexture data collection: 
 

• 2-D spikes are predominately due to underexposure of the sensor from insufficient 
laser illumination; these spikes can be virtually eliminated by increasing the laser power feed ten 
fold. 

• New 3-D texture scanners provide the capability to measure a specific texture point 
multiple times from varying perspectives–orientations in order to compare measures and 
eliminate spikes or errors. 
 

Standards are needed to ensure repeatability and reproducibility of macrotexture 
measurements: 
 

• Sensor specifications: 
– Exposure time (speed dependency), 
– Laser line width or spot size, and 
– Laser power level. 

• Filtering specifications—to remove erroneous data or data outside the spectrum of 
interest without distorting or eliminating what lies within the spectrum of interest. 

• Discrimination between 2-D and 3-D systems—the latter has greater stability given 
the increased quantity of raw data and superiority with respect to anisotropic surfaces 
 

There is much still to learn regarding the role macrotexture plays with respect to anti-
icing and deicing chemicals used in winter maintenance. Do varying degrees of macrotexture 
require varying volumes of chemicals for the same performance? 
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The National Academy of Sciences was established in 1863 by an Act of Congress, 
signed by President Lincoln, as a private, nongovernmental institution to advise the 
nation on issues related to science and technology. Members are elected by their peers 
for outstanding contributions to research. Dr. Ralph J. Cicerone is president. 
 
The National Academy of Engineering was established in 1964 under the charter of 
the National Academy of Sciences to bring the practices of engineering to advising the 
nation. Members are elected by their peers for extraordinary contributions to 
engineering. Dr. C. D. Mote, Jr., is president. 
 
The National Academy of Medicine (formerly the Institute of Medicine) was 
established in 1970 under the charter of the National Academy of Sciences to advise 
the nation on medical and health issues. Members are elected by their peers for 
distinguished contributions to medicine and health. Dr. Victor J. Dzau is president. 
 
The three Academies work together as the National Academies of Sciences, 
Engineering, and Medicine to provide independent, objective analysis and advice to the 
nation and conduct other activities to solve complex problems and inform public policy 
decisions. The Academies also encourage education and research, recognize 
outstanding contributions to knowledge, and increase public understanding in matters 
of science, engineering, and medicine.  
 
Learn more about the National Academies of Sciences, Engineering, and Medicine at 
www.national-academies.org.  
 
The Transportation Research Board is one of seven major programs of the National 
Academies of Sciences, Engineering, and Medicine. The mission of the Transportation 
Research Board is to increase the benefits that transportation contributes to society by 
providing leadership in transportation innovation and progress through research and 
information exchange, conducted within a setting that is objective, interdisciplinary, 
and multimodal. The Board’s varied committees, task forces, and panels annually 
engage about 7,000 engineers, scientists, and other transportation researchers and 
practitioners from the public and private sectors and academia, all of whom contribute 
their expertise in the public interest. The program is supported by state transportation 
departments, federal agencies including the component administrations of the U.S. 
Department of Transportation, and other organizations and individuals interested in the 
development of transportation. 
 
Learn more about the Transportation Research Board at www.TRB.org. 
 

http://www.national-academies.org
http://www.trb.org
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