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How to address the issue of fixing Maintenance/Minimum Friction levels of a runway?



MU = 0.50 as measured by a Mu-Meter 
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	SUMMARY

	The purpose of this information paper is to describe the origin of the basic assumption for how friction measurements relate to aeroplane performance and how this basic assumption has been applied by the aviation industry to varying intervention levels. Furthermore to give an overview of research related to the tyre/road interface.





1.	INTRODUCTION
[bookmark: _GoBack]1.1	The relationship between a friction measuring device and an aeroplane has not had a universal consensus. However practical approach and state best practice has been applied. The US approach has had a quite strong influence and for maintenance purposes the reading of Mu-meter MU = 50 have had a quite central role. The table developed on base of this relationship still play a part in the new established relationship were slippery wet has been assigned a Runway Condition Code 3 in the new TALPA ARC approach and consequently in the new ICAO Runway Condition report (RCR).
2.	DISCUSSION
2.1	This information paper list the known historical facts related to Mu-meter MU = 50.
2.2	What is the fundamental problem?
2.2.1	The fundamental problem is to relate the surface friction characteristics to aeroplane performance with a known level of uncertainty.

2.3	Why is it a problem?
 2.3.1	The aviation industry (and similarly the automobile industry) has not been able to establish a 
stable reference to which friction measuring devices and the minimum friction level can refer. All previous efforts have not been able to do so to a sufficient level of precision. Without a stable reference we cannot express accuracy and are left with uncertainty and use of the information in a comparative mode.

2.4	Who is affected by this problem?
2.4.1	The International aviation community – world-wide.
2.5	What is the current regulatory framework?
2.5.1	See associated Discussion Paper.
2.7	What is at risk?
2.7.1	Not being able to identify runways with substandard surface friction characteristics.
2.8	Safety risks
2.8.1	Providing runways with substandard surface friction characteristics for aeroplane operations.
2.8.2 	To understand the nature of the risk involved and its severity there is a need to backtrack to the basic assumptions upon which the ICAO SARPs are based. These are closely linked to the introduction of jet aircraft and the need to provide adequate runway surface characteristics for aeroplane operations on wet runway surfaces.

2.9	United States


2.9.1	The basic assumption upon which the wet runway are linked to the aeroplane can be found in the report AFWL-TR-74-181, THE AIR FORCE WEAPONS LABORATORY SKID RESISTANCE RESEARCH PROGRAM, 1969-1974. This was not the first program as there had been pioneering research in UK, however, this research program, as part of a joint FAA/NASA/USAF Runway Research program has a direct bearing on what has been reflected by ICAO. 

2.9.2	The most fundamental assumption is the one that link the aeroplane performance with the surface friction characteristics. In 1975 a Mu-Meter reading of 0.50 was arrived at based upon a comprehensive research activity. This value was linked to probability of experiencing hydroplaning problems. A Mu-Meter is shown in Figure 1 and in towing mode without self-watering system in Figure 2. How the Mu-Meter reading of 0.50 was arrived at visualised in Figure 3. These are plots of actual aircraft data gathered during joint tests conducted by the Federal Aviation Administration (FAA), the United States Air Force (USAF) and the National Aeronautics and Space Administration (NASA). (There is a similar plot related to the Diagonal-Braked Vehicle, however, this device is obsolete and no longer in operational use.)


2.9.3	One group of testing using a Boeing 727-100 were conducted during the period 4-16 October 1971, and data were published in a progress report by the FAA FS-160-65-68-4, Measurement of runway friction – Airplane/DBV/Mu-Meter Correlation Tests. This report is not readily available and has not been reviewed. However the preliminary test data can be found in the report LWP - 1016  from NASA. Another group of testing using a DC-9 were conducted during the period 12 – 25 February 1972 and the preliminary test data can be found in NASA-TM-X-73910. 
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Figure 1 - Mu-Meter Mk3
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Figure 2 - Towed Mu-Meter without self-watering system

2.9.4	The data for the Mu-Meter (and DBV) is also available in the FAA report FAA-RD-72-61, Runway friction data for 10 civil airports as measured with Mu-Meter and Diagonal Braked Vehicle.Tests were performed at speeds 20, 40, 60 and 80 mph, and in the AFWL-TR-74-152 Influence of water depth at traction characteristics of asphalt concrete pavements the influence of various amounts
 of water (0.05, 0.10, 0.20, and 0.30 in) were investigated using Mu-Meter (and DBV).

2.9.5	It was admitted that the rating system developed from the research had to be considered somewhat arbitrary; however a test method had been developed and published in the 1973 September Report AFWL-TR-73165, Procedures for conducting the Air Force Weapons Laboratory Standard Skid Resistance Test. Figure 4 shows the Mu-Meter Aircraft pavement rating,  
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Figure 3 Plot of actual aircraft data vs. coefficient of friction (Mu-Meter)
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Figure 4 Mu-Meter aircraft paving rating

2.9.6	Characteristics relative to the test are:

· Five to seven test areas (8ft by 2000 ft) are selected as a representative sampling of the entire runway surface
· The pavement surface in each test area is evaluated in both directions.
· From 8 to 10 Mu-Meter tests are conducted in each test area
· 2 tests are on dry pavement
· Then the test areas are wetted and the wet tests are continued for up to one hour after wetting.

2.9.7	Test results for each test section were presented as shown in Figure 5.

2.9.8	The test were a comparative test as the measurements obtained on wet runway surface was compared to those obtained on the dry runway surface. The drying process of the wetted test segment can be clearly identified. E and W denotes the direction of the various measurements (East and West)

2.9.9	When FAA 1975 June 30, published the Advisory Circular AC No. 150/5320-12 following measurement parameters was taken into account:

1. Texture
2. Contaminants (Rubber deposits)
3. Paint markings areas
4. Pavement abnormalities (ponding)
5. Minimal Average Friction Requirement for Runway Pavements.

2.9.10	The test section was now reduced to 1000 ft in length but the value of 0.50 was 
kept. The measuring device to be used were the Mu-Meter.

Minimal Average Friction Requirement for Runway Pavements. After the runway has been cleared of contaminants, the AVERAGE WET MU VALUE should not be less than 0.50 for each 1,000 foot increments of the runway length. If any increment does not meet this requirement, the entire runway should be corrected according to the suggested method given in Chapter 3.
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Figure 5 Test results Section D at RAF Upper Heyford, UK 

2.9.11	Test runs were to be performed at

· Test runs on dry runway
· Test runs using self-watering equipment
· Test run during rainfall
· Test runs on runway paint markings
· Marking changes in runway pavement surfaces (rubber)

2.9.12	It should be noted that the introduction of self-watering system eliminates the effect of 
measurements while the runway are drying up. In a 1979 UK report The friction classification 
of runways the US method and a UK ministry of defence method using the Mu-Meter at 
different measuring speeds are evaluated and a linear relationship established between the UK 
and US methods.



2.9.13 	The FAA contracted with a firm to perform the National Runway Friction Measurement 
Program. The program consisted of two phases. The specific purposes of Phase I was to develop survey procedures and evaluate the performance of the specified. The results of Phase I are contained in the National Runway Friction Measurement Program Phase I Summary Report, dated June 26, 1979.

2.9.14	The final report was published December, 1980 and the abstract reads:

Measurement of runway friction, pavement surface conditions and engineering data for 491 runways at 268 us airports are used for statistical analysis to develop guidance material to insure the design and maintenance of nonslippery surfaces at United States airports. Friction values are analysed as they relate to pavement type, texture depth, grooving, and rubber accumulation. The basic concepts of Advisory Circular 150/5320-12 are supported by the data. Corrective maintenance action is recommended for runways with friction values less than the recommended value of 0.50.

2.9.15	During the program the Mu-Meter was used, and only the measuring speed 40 mph. The 
average distance was now reduced to 500 ft (150 m). In the Final Report it is recommended to amend AC No 150/5320-12 

When the AVERAGED MU VALUE of the pavement is less than 50, for a distance of 500 feet or more, corrective action should be performed on the runway pavement surface.

2.9.16	11 July, 1986 AC No. 150/5320-12A – Measurement, construction, and maintenance of skid 
Resistant airport pavement surfaces were published. The value of 0.50 was kept. However it should now be evaluated against following distances.

· 500 ft	
· 1000 ft	
· 1500 ft

2.9.17	In addition:

Friction Deterioration at Higher Speeds. When the difference between the averaged mu values over a distance of 500 feet (152 m) for speeds of 40 mph (65 kmh) and 60 mph (97 kmh) is greater than 10, the airport owner should conduct an extensive evaluation into the source and extent of the friction deterioration and take corrective action to eliminate the situation.

2.9.18	In addition three more friction measuring devices were introduced with correlation table as 
shown in Figure 6. This correlation was based upon a series of tests performed between 1982 and 1985.
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Figure 6 Correlation of Mu Values for 4 friction measuring devices.
2.9.19	Friction measurements are described for

· Conducting friction measurements on dry pavement surfaces.
· Conducting friction measurements on dry runway pavement surface using self-watering equipment
· Conducting friction measurements during rainfall
· Evaluation of paint areas on runway pavement surfaces
· Minimum friction for newly constructed runway pavements.

2.9.20	For newly constructed runway pavement surfaces that are either saw-cut grooved or have a 
porous friction course (PFC) overlay, the averaged Mu value on the wet runway pavement surface for each 500 ft (152 m) should be no less than 70.

2.9.21	12 November, 1991 AC No: 150/5320-12B was published and containing a friction level 
classification table as shown in Figure 7.
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Figure 7 - Friction level classification for runway pavement surfaces.
2.9.22	Prior to 1989, only one friction measuring tire was available for friction measuring devices. 
During 1988, the E-17 committee of American Society for Testing and Materials (ASTM) requested the FAA to conduct tire performance tests on two tires manufactured according to ASTM specifications E-524 and E-670 and compare these tires with the performance of the present FAA standard tire. A tire performance specification was developed for the test program. The tests were conducted at NASA’s Wallops Flight Facility in August 1989. The tires are manufactured in the United States by the McCreary Tire & Rubber Company of Indiana, Pennsylvania and Dico Tire, Inc. of Clinton, Tennessee.

2.9.23 	Test were performed at speeds of 20, 40, 60 and 80 mph. Because the test vehicle requires 
over 2,000 feet of the runway length to obtain 80 mph speed and almost 1,000 feet for deceleration of the vehicle, a good portion of the touchdown zones could not be measured. So, a compromise was made to use only two speeds, 40 and 60 mph. It was determined that these two speeds will provide an adequate representation of the friction/speed gradient for the various textured pavement surfaces encountered. The test results are published in the FAA Report No. DOT/FAA/AS-90-1 Reliability and Performance of Friction Measuring Tires and Friction Equipment Correlation. This report is about differences between different tires on different friction devices and provides information on the best tires and correlation between friction devices using those tires. 

2.9.24	In 1982 the United States Congress passed Legislation for the Airport and Airway 
Improvement Program (AAIP) which details eligible items for Federal fund at airports. One of the eligible items included in the program were friction measuring devices. To qualify for Federal funds, friction equipment performance standards had to be developed. 
Friction tests were conducted at NASA’s Wallops Flight Facility to develop the performance specification for friction measuring equipment. The specification was developed to assure the airport operator that the friction measuring equipment would perform with reliability and consistency on all types of pavement surface conditions. In this respect, it has to be taken into account that 15 years of data available from the annual NASA tire/Runway Friction Workshop dictates that the same CFME operated by different organisations produced different friction readings for the same surface/wetness/speed condition.

2.9.25	A qualified product list for CFME form part of the AC.

2.9.26 	18 March 1997 FAA published AC No 150/5320-12C and an updated friction level 
Classification table, see Figure 8. New friction measuring devices has been added subject to FAA approval and listed in the Advisory Circular. There have been 8 changes to the Advisory Circular, the latest 7 February 2007. All but one of these changes has been update to FAA approved CFME list. 
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Figure 8 - Friction level classification for runway pavement surfaces

2.10	United Kingdom and ICAO

2.10.1	United Kingdom started aviation related friction research in the 1950’s and engaged the Road 
Research Laboratory. This early research of classifying runways on a comparative scale was recognized by ICAO .  
 
"Experience of testing a large number of runways with the United Kingdom Road Research Laboratory light trailer (smooth tire locked wheel at 130 km/h (80 mph)) suggests the following classification table:
 
0.5 and above    Above average
0.49 to 0.21        Average
0.20 and below  Below average

Annex 14, 5 Edition May 1969
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Figure 9 – Road Research Trailer (Miles trailer)
2.10.2	United Kingdom developed the Mu-Meter and the information in Annex 14 was updated, see 
figure 10. 
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Figure 10. Extract from ICAO Annex 14, Seventh Edition - June 1976

2.10.3	United States questioned the 0.65 value and documentation exist where United States 
voiced the opinion that the 0.65 value should be reduced to 0.50.

2.10.4	Next update of ICAO guidance brought in new friction measurement devices in the table. We 
can here notice that the US level is identified as Method 1 with the Mu-Meter level 0.5 at test speed 65 km/h. 
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Figure 11.  ICAO Annex 14 Eight Edition - March 1983

2.10.5	Following text was also attached to figure 11:

In countries where the Skiddometer and Friction Tester are used, it is also considered desirable to test braking action at more than one speed and test speeds of 130, 95 and 65 km/h are used. If tests are to be performed at a unique speed, a speed of 130 km/h is considered preferable.

2.10.6	The next update of ICAO Annex 14 is shown in Figure 12. Both UK and US approach are 
identified by ICAO and the table reflects those four devices that were part of the FAA research between 1982 and 1985. See para 2.9.18 above.

 2.10.7	In the next edition of Annex 14 we find that the UK approach is no longer reflected by ICAO 
as the Mu-Mether Method 2 is removed. See Figure 13 and also 2.9.23 above. In the UK approach three data point was needed to define the friction/speed gradient since this is represented by a curve. With the US approach only two data points are identified and the UK argument was that a curve cannot be defined from two data points. This US approach is in conflict with findings from the annual NASA Tire/Friction Workshop as stated in the report: 
An Overview of the Annual NASA Tire/Runway Friction Workshop and Lessons Learned:


Wet surface evaluation for hydroplaning requires a minimum of three speeds.

2.10.8	What is reflected is the US approach and the same values that appears in the FAA table 3-2  - 
Friction level classification for runway pavement surfaces, see 2.9.26 above.
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Figure 12. ICAO Annex 14 Volume 1 First Edition – July 1990
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Figure 13. ICAO Annex 14, Volume 1 Second Edition - July 1995

2.10.9	Current UK guidance can be found in CAP 683 The Assessment of Runway Surface Friction 
Characteristics. It should be noted that UK define a friction level to be:

The lowest average friction value calculated from a minimum of 10 averaged friction values, of applicable Standard Runs, obtained over a rolling distance of 100 metres within a portion of the pavement.

2.10.10	The 100 m distance is in line with the note given by ICAO:

10.2.5 Corrective maintenance action shall be taken to prevent the runway surface friction characteristics for either the entire runway or a portion thereof from falling below a minimum friction level specified by the State.

Note.— A portion of runway in the order of 100 m long may be considered significant for maintenance or reporting action.

ICAO Annex 14, Volume I, Sixth Edition – July 2013.

2.11	EASA

2.11.1	EASA, through the Runway friction characteristics measurement and aircraft braking 
(RuFAB) project (2008 – 2010) reviewed the possibility to harmonise friction measuring Devices and the following is quoted from the draft[footnoteRef:1] project report:  [1:  Only project reports identified as draft reports has been published. ] 


1. All of the harmonization models had some success in reducing the differences in
readings among the various friction measurement devices. Unfortunately though
the reductions achieved were relatively minor and the harmonized results still had significant variations. Even though fourteen (14) different methods were investigated, including combinations of the alternative treatments, the resulting harmonization was better, but not ideal, and it was not believed to be acceptable
for general use.

There are two main reasons for the relative lack of success in these harmonization
efforts: (i) the friction readings contain uncertainty which can be attributed to 
issues related to the repeatability and reproducibility of the devices themselves; and (ii) the numerical models used as the basis for harmonization are imperfect, which reflects the fact that the current knowledge base is incapable of fully describing the interaction processes that occur in an accurate, reliable, quantitative manner.

(b) The devices are not time-stable as the device-dependent parameters of the
physical and statistical representation of the investigated harmonization models changed significantly with time. This phenomenon had not been investigated to any significant extent by the prior work. However, for progress to be made, this must be addressed, and it has been considered in the recommendations made for harmonization in this study.

(c) The existing harmonization models do not guarantee that the friction estimate
obtained can be correlated to actual aircraft braking performance within acceptable limits. It is widely recognized that the friction criteria used at present by airports for runway maintenance planning or action are not directly related to aircraft performance. This issue should be considered given that one of the most important purposes of harmonization trials is to produce results that are meaningful indicators of aircraft braking performance on wet runway surfaces.

It is understood that this issue is also being considered by the ICAO FTF in relation to the most appropriate interpretation of the term “slippery when wet”. Furthermore, the project team was advised that the ICAO FTF intends to develop detailed guidance with respect to how this issue should be addressed with future work. Because a report from the ICAO FTF is not yet available, detailed conclusions are premature.

2.11.2	The annual NASA tire/Runway Friction Workshop are terminated, however the Thomas D. 
Larson Pennsylvania Transportation Institute at Penn State continues these workshops on an annual basis. Findings from the EASA Rufab project are followed up by these workshops and serve also as a meeting place for further developing of associated ASTM standards and the activity is monitored by FAA.

2.11.3	The ICAO FTF, in its proposals for a new reporting format, and also based upon FAA 
TALPA ARC recommendations, interpret “slippery when wet” to be reported as Runway Condition Code 3 to which there is assigned an aeroplane performance level. The ICAO FTF proposals are currently in a process for preparation for an ICAO State letter which is expected to be published shortly. (Apr, May 2015). 

2.11.4	The ICAO FTF reviewed existing guidance on minimum friction level and found that the 
guidance given in ICAO Airport Services Manual, Part 2 – Pavement Surface Conditions, Appendix 1, Method for Determining the Minimum Friction Level was not understood and not used by States and the method is considered to be obsolete. The method is mainly based on data from the same research as the Mu-Meter 0.50 relationship is derived from. 

2.11.5	A lot more could be said about the work within ICAO study groups on the subject Minimum 
Friction Level and how it has been discussed, tried defined etc. However, this would only add to the volume of this document without giving any significant new information regarding how the Mu-Meter 0.50 value relates to the guidance provided by US in AC No. 150/5320-12C.  

2.12	European automotive sector – tyre/road interface research

2.12.1	Within the automotive section in Europe there have been numerous research projects. The 
Tyrosafe (Tyre and Road Surface Optimisation for Skid Resistance and Further Effects) in its D05 Report on analysis and findings of previous skid resistance harmonisation research projects lists in Table 2.1 – Summary of historical development of skid resistance harmonisation.
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2.12.2	Two projects “stands out” in this listing:

1. 1992		PIARC International Harmonisation Experiment
2. 2001 – 2002	The FEHRL HERMES project

The PIARC research established a friction index based upon all participating devices. If a new device had to be introduced, then it would have an influence on the index. From the Hermes project Technical Specifications were developed for all participating friction measuring devices and published in the CEN/TS15901 series. These Technical Specifications can also contain information for use of the devices at airfields even though there has been no approval/acceptance process for such use. 

In addition we have:

2.12.3	SKIDSAFE  was funded by the European Commission under the Seventh Framework 
Programme (FP/72007-2013) and attempted to examine the processes taking place at the interface between the pavement surface and the tire. The project aimed at integrating state-of-the-art tire models with rolling contact algorithms, hydrodynamic algorithms for simulation of the effects of water and advanced constitutive models.

2.12.4	TYROSAFE was a Coordination Action, funded by the European Commission under the 
Seventh Framework Programme (FP7/2007-2013) and started on the 1st of July 2008 and ended in June 2010. TYROSAFE’s partners have continued to work independently on the issues covered by the project. ROSANNE, a follow-on project, is building on the research done by TYROSAFE and other related projects to speed up the preparation of European standards for measuring road surface characteristics. The three-year ROSANNE project began in November 2013. See more details on the European Commission's Horizon 2020 website.

2.12.5	SKIDSAFE, TYROSAFE and ROSANNE projects has been EU funded:

SKIDSAFE	Total cost EUR 4 880 918	EU contribution EUR 3 267 000
TYROSAFE	Total cost EUR 1 165 359	EU contribution	 EUR 1 165 359
ROSANNE	Total cost EUR 3 016 938	EU contribution	 EUR 2 395 413

		       Sum: EUR 9 063 217	EU contribution EUR 7 827 772

2.12.6	Currently Horizon 2020 is the biggest EU Research and Innovation programme ever with 
nearly €80 billion of funding available over 7 years (2014 to 2020). 

2.12.7	The ongoing ROSANNE project consists of 7 Work Packages. Work Package 1 is presented 
at the Internet:

Measurement methods for the skid resistance of road surfaces

The objective of this Work Package (WP) is to finalise the process of harmonisation of skid resistance measurements in Europe to a point where a common scale is established that can be applied to a significant number of the measurement devices currently used in Europe, either for maintenance management purposes or for new product acceptance. Recognising that previous exercises to harmonise measurements have not been able to do so to a sufficient level of precision, this WP will pay particular attention to defining the group of devices to be included in the harmonisation exercise, the precision required for the Common Scale and the method of analysis use to define the Common Scale.
 



3.	CONCLUSION
It has been shown that:

· United Kingdom started research on wet friction in the 1950’s and that ICAO reflected this research in the 1960’s further that in ICAO Annex 14, Volume 1 Second Edition - July 1995 reflects US research only.

· the basic assumption for the US approach dates back to research performed in the period 1969 – 1974 in a joint effort by USAF/NASA/FAA. From this research a relationship between Mu-Meter and aeroplanes were established. A level was defined by a Mu-Meter reading of 0.50 and hydroplaning potential expressed in a table.

· The method was considered to be somewhat arbitrary but at the time no better approach existed.

· the 0.50 Mu-Meter level has been reflected in the FAA Advisory Circular 150/5320-12 as the maintenance level for an acceptable pavement surface condition. Further that a minimum friction level has been established below this level. 

· that the Mu-Meter 0.50 value initially was related to an average over 2000 ft (600 m) and gradually has been reduced to 1000 ft (300m) and 500 ft (150 m) within US and that UK using a distance of 100 m which is in compliance with a Note in ICAO Annex 14.

· the US deletion of a third measuring speed are in conflict with lesson learned from the annual NASA Tire/Friction Workshop: Wet surface evaluation for hydroplaning requires a minimum of three speeds.

· extensive research has been performed within European automotive sector and that the latest three projects has had funding from EU 
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Table 1-5. Correlation of Mu Values for Friction Measuring Devices
Under Self-wetting Conditions at 40 mph

Mu Meter | Saab Friction Runway Friction Skiddometer

Mark IV Tester Tester BV-11
40 45 47 51
50 62 60 67

70 97 84 98
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