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INTERNATIONAL
Standard Practice for
- - - - 1
Calculating the International Runway Friction Index
This standard is issued under the fixed designation E 2100; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope

1.1 This practice covers the calculation of the International Runway Friction Index, IRFI, from measurements obtained by local

Measurements-ofn Traveled Surfaces Under Winter Conditions.
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friction-measurement devicésn movement areas-eevered-with-iee-ane-snow. under winter conditions.

1.2 The IRFI is-intended-te-provide-an the internatienratunified friction index to be used-fertse-in-harmonizing reporting the
output-of-devices-usedto-measure the friction characteristics of airport movement-areas-eduring-winter-eperations. areas.

1.3 The IRFI reported by this practice is a harmonized value-fer+eperting-friction-of mo the pavement friction chareacteristics.

1.4 The IRFepeorted obtained by using this practice has not been extended to address the braking performance of an aircraft.

1.5 The values stated in Sl units are to be regarded as the standard-—Fhe-ineh-pound values given in parentheses are provide
for information only.

1.6 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

E 524 Specification for Standard Smooth Tire for Pavement Skid-Resistancé Tests

E 867 Terminology Relating to Vehicle-Pavement Systems

E 1551 Specification for Special Purpose, Smooth-Tread Tire, Operated on Fixed Braking Slip Continuous Friction Measuring
Equipment

E 1844 Specification for a Size ¥@-5 Smooth-Tread Friction Test Tite

E 1859 Test Method for Friction Coefficient Measurements between Tire and Pavement Using a Variable Slip Téchnique

E 1960 Practice for Calculating International Friction Index of a Pavement Sgrface

3. Terminology

3.1 Definitions:

3.1.1 base surfacen—the type of surface evaluated; there are four classes (1) bare pavement dry, (2) bare pavement wet, (3)
bare compacted snow and (4) bare ice.

3.1.2 compacted snownr—a compressed solid mass of snow, which is sufficiently strong to prevent a normally loaded tire
operating in a rolling mode from penetrating to the pavement or breaking up the surface.

3.1.3 device configuratiorn—a term used to designate the entire test system as used for any friction measurement; it includes
type of device (force or torque measurements), tire type, size and inflation pressure, slip ratio, normal load and braking system
control mode.

3.1.4 harmonization n—the adjustment of the outputs of different devices used for measurement of a specific phenomenon so
that all devices report the same value.

3.1.5 ice, n—water with or without contaminants frozen into a continuous solid body with or without cracks.

3.1.6 IRFI reference devigen—a particular friction measuring device selected as a benchmark or reference; it is used to
calibrate any local friction device to permit master or local friction device values to be converted to IRFI values for selected base
surfaces.

3.1.7 local friction device n—a particular friction testing device used at a given location to measure the friction level of selected
base surfaces; the friction values evaluated with this device may be harmonized to IRFI values.

3.1.8 movementareamaster friction devjice—a parthicular frictpion measuring device selected as a secondary reference that
has been calibrated with the-airpert{aerodrome) IRFI reference device; it is used to calibrate any local friction device to permit
local friction device values to be converted to IRFI values—fer—take-offtanding—and—taxiing—of-aircraft,—eonsisting of the
manedvering-area—and-the-apron(s). selected base surfaces.

3.1.9 surfacemovement arep—a-generic-term-used in—that part of the act airport (aerodrome) used for take-off, landing and
taxiing ofreporting-frictional-characteristiestineludes aircraft, consisting ofthe-base-surface class maneuvering area-and the base
surface-eondition. apron(s).

3.1.10 For additional definitions, see Terminology E 867.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 international runway friction index (IRFJ-a unified index of friction that is harmonized to the value measured by the
IRFI reference device.

4. Summary of Practice

4.1 This practice-gives outlines the procedure for calculating a value designated as the International Runway Friction Index,
IRFI. Th|s mdex is related to the ava|lable fr|ct|on Ievd—eﬁ—a—sebeted—bas&seﬁaee—aﬁdﬂs—d%amed—as—a—haﬁﬂeﬁ&ed—value from
v eference device. surface: The value IRFI
for a local frlctlon deV|ce rs—eeFFeeted—te—aH—tRFl calculated by convertlnq the measured friction value by means-efa-previously

2n Tribology, friction-measuring devices are referred to as Tribometers.
3 Annual Book of ASTM Standardéol 04.03.
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established pre-established empirical-relationship;as-evaluated from relationship using the linear regression-anatysis-between 1
IRH—+reference-device-and-the-localfriction-device. method.

4.2 The procedure as contained in this practice is applicable to base surfaces with no mere than 3 25 mm of leese-show partic
eever or 12 mm of slush.

Note 1—Some devices may row pt be able to measure at these depths.
4.3 The detaicles of the IRFI+emference device are given ing Appendix X2.1.

4.4 A mafster-m friction device shall be a dedicated device used for calibration of local devices and shall not be used in
owrdinary friction measuremoent service except when not practical.

5. Significance and Use

5.1 Th|s practlce deflnes and prescnbes how to calculatetRFHerwintersutfaces—ThetRFHs-a-standard-reporting index tc

ea to on aireraft-operators. movement areas in winter.
5.2 The-RFI local device is calibrated directly or indirectly to-the4RFI reference device, thereby achieving harmonization of
local friction- devices to a common unit of measure regardless of the local friction- device used.
5.3 The IRFI can be used by airport maintenance staff to monitor the winter frictional characteristics for surface maintenance
actions.

6. Measurement Requirements

6.1 The local friction device shall be harmonized by conducting field-testing with the IRFI reference device (see Section 7). The
field test shall collect friction data for each surface class for which the local device can be used. When a local friction device has
different selectable modes of operation (for example: fixed or variable slip measurement) each mode of operation shall be treate
separately.

6.2 The local friction device shall be operated according to the standard test method of the device and the manufacturer’
instructions for the device.

6.3 The minimum length of the surface segment that shall be used for producing a friction value shall be equal to 100 m.

6.4 Average surface temperature shall be measured and reported (for runways each third).

6.5 The friction values shall be reported digitally (with separate data series for each segment) in one file for the runway. The
file shall have record(s) ordered by segments.

6.6 The operator shall report the surface classes of the segments.

6.7 The local friction device shall be run within the range of speeds for which it was harmonized.

7. Harmonization

7.1 The local device shall be harmonized to report an IRFH-by-measuring conducting parallel friction measurements-on severs
different-base surfaces with thedoecal reference device or a master device on surfaces similar to those used to calibrate the IR
master with the reference device. A minimum of 10 surfaces covering a range of 0.1 to 0.7 as measured-by-the-same-time. All ba:
surfaee—(wet—&nd—drv) master devrce shall be mcluded Harmonrzatlon constants shall be determined for the speed at which tt

D show) device normally operates.

7.2 The master deV|ce shall be harmonlzed by conductlnq parallel friction tests with the IRFI reference device. All types of
surfaces shall be included. A minimum of 35 segments ( covering a friction range of 0.1 to 0.7 as measured by the IRFI referenc
device) shall be-inetaded.

+2-For-determining-the included. The harmonization constants-meastrements shat-be taken determined-atthree-speeds. T
mandatery—test—speed—shaH—be—theWeeds at Wh+eh—the—leeatfrlct|on deV|ce normally operates Malntaln test speeds witt
+3 km/h (1.6 knots, 1 5mph)- e-operation

e 50 mph) wh

7. 3 The measurements W|th the local friction devrce and the IRFI reference device or a master reference device shall be take
on a segment within 2 min of each other.

+A-Alinearregression-eguation

7.4 Linear regressions shall be of the following form (see Eq 1 and Eq 2):

rr‘ref —a+b rr‘device (1)
FRref =A+BX FRmaster (1)
FRmastpr: at+ b X FRlnraI (2)
FRlocal
where:
FRef = the friction value reported by the+RFI reference device,
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the local device measured value, and

FRdevrcelo

cal
A,
a, b = harmonization constants for the local device.

The correlation coefficient of the regression and the standard error of estimate shall be reported. Typical values for devices that
have been harmonized are giverinthe-appendix. Appendix X1. These results were for specific local devices that were harmonized
during the Joint Winter Runway Friction Program. They are not applicable to other local friction-devices-which-mustbe-calibrated

with-the-device-configurationforthat-device. devices or to other test speeds.

7.5 Subsequent measurements made by the local friction device can be harmonized using the regression constants of the devic

|
|
| (see Eq 3):

B = harmonization constants for the master device, and

RFE—a b~ FR,.. 3)
IRFI =A+ BXa+BXbFRys 3)

7.6 Any time the local friction device is recalibrated, new harmonization constants shall be determined. Harmonization of
master devices and local devices shall be conducted as frequently as the time stability of the devices mandates.

8. Calculation

8.1 The runway is divided into segments (see Fig. 1). The minimum length of the segmentfor-iocalfriction-device-measurement
is 100 m and the maximum is one third of the runway length. The harmonized-ercorrected friction value for an individual segment
is designatedirfi (that is, by italics and lower case). The value, IRFI, for each third of the runway or base surface is computed
as a weighted average wofi values as given by Eg 3. 4.

IRFI = % (1, X irfi) (4)

where:
L = total length of the one-third distance, m, and
l; = the length of segment m.
8.2 When all segment lengths are equal, simple averaging will give the value for IRFI.
8.3 IRFI for other movement areas are computed the same way except they are not divided into thirds.

9. Report

9.1 Field Friction Report—The field report for each runway test shall contain data on the following items:

9.1.1 Airport and designation of runway or taxiway,

9.1.2 Date and time of day,

9.1.3 Reference to runway condition report,

9.1.4 Distance from centerline tested,

9.1.5 Achieved measuring speed,

9.1.6 The average surface temperature for each third of the runway (optional),

9.1.7 The friction value of each segment group computed as the International Runway Friction Index, IRFI, and
9.1.8 The local friction device type and test-cenfiguration; and

91 9-Snew-particle-cover-or-slush-cover-thickness. configuration.

9.2 Summary ReportTest results are entered in forms specified by the civil aviation authorities.

Segments Runway

ifi

Segmert Group 1 Segmert Group 2
Surface (lass 1 Surface Qiass 2
IRFI IRFIZ IRFI3

IRFI

FIG. 1 lllustration of a Segmented Runway
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APPENDIXES
(Nonmandatory Information)

X1. TABLE OF TYPICAL HARMONIZATION RESULTS FROM 1998-1999 JOINT WINTER RUNWAY MEASUREMENT
] PROGRAM

X1.1 Table X1.1 illustrates typical harmonization results—from with—the—1998—1999Jeint—-WinterRunway—Measurement
Program. IRFI reference device only.

X2. DESCRIPTION OF THE IRFI REFERENCE DEVICE

TABLE X1.1 Table of Typical Harmonization Results from

‘ 1998-1999 Joint Winter Runway Measurement ProgramNote—+——
- : -
——Fe=Transport-Canada—
_ , . :
. Harmonization Harmonization Correlation Standard
o FireFype Constant Constant Coefficient Error of
=s€ a B R Estimate
) Harmonization Harmonization Correlation Standard
o FireFype Constant Constant Coefficient Error of
SSeRpue A B R Estimate
Airpert-Strface Frelieborg 0.0565 0.4264 0.78 0.023
FrietionTester AERO-690
SAAB-952 kPa (100 psi)
FAA- Frelieborg 0.0445 0.7635 0.83 0.052
Fraiter BV-11 F-520-690-kRa
{06-pst)
Fe — 0.0879 0.8814 0.73 0.045
ERB-in
Chevrolet-1500
traek
I BNB ASTM-E1844 0.0001 1.1109 0.82 0.042
Grip-Fester
NASA Aireraft-tire26 0.0907 1.0231 0.92 0.048
Instrumented by-6-ir-
FireTFest
Vehiete
FAA ASFME155% 0.0226 0.7262 0.98 0.034
Runway 690-kPa<(106
Friction Tester” psi)
Nersemeter ASHAE155% 0.0504 0.3923 0.77 0.030
RUNAR 207kPa+(30
psty
Fe ASHAE155% 0.0598 0.7589 0.92 0.034
Surface-Friction 690-kPa<(106
FesterSAAB pst)
1979
Munieh-Airpert Frelleborg 0.1261 0.6727 0.67 0.044
Surface-Frietion AEROS-696
Tester kPa{(306-psi)
s
I 7 Small- number of data points.
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X2.1 General

X2.1.1 The IRFI reference device is a trailer (see Fig. X2.1) towed by a vehicle. It consists of a principal frame with two wheels
fitted on articulated arms. This frame supports an articulated measuring frame equipped with a loaded measuring wheel and a
hydraulically controlled braking system.

X2.1.2 The measuring wheel can be equipped with various tires. The standard tire is generally a smooth PIARC Xire (165
380). A ribbed tire or an aircraft tire of the same size can also be used. The wheel is loaded at a nominal load of 1800 N and a
nominal inflation pressure of 150 KPa. The device is towed at a constant speed (0 to 130 km/h) and the measuring wheel is braked
at a slip that can be set between 0 (free rolling) and 100 % (locked wheel).

X2.2 Braking System

X2.2.1 The measurement wheel drives a hydraulic pump through a system of pulleys and a belt. The flow of ail is returned to
the oil tank by the pump. A servo value on the discharge side of the pump controls the oil outflow. The servo valve is controlled
by a signal coming from an electronic controller. The electronic controller compares signals (rotational speed) given by reference
wheels (pulse generator) and the measurement wheel (tachometer).

X2.2.2 Acomputer, controlled by the operator, sets the slip ratio that the controller transforms to a signal to drive the servo valve
that controls the outflow of the pump. In this-device, way, the operator can set the slip ratio for the measuring wheel at any time.

X2.2.3 The computer software allows a manual or automatic control of the braking action of the measuring wheel.

X2.3 Measuring System
X2.3.1 The combined signals given by the pulse generators, which are parts of the braking control system, are used for time

Bearing frama

FIG. X2.1 IRFI reference device as designed, built, and operated by the French Civil Aviation Administration, S.T.B.A. Airports and Air
Force Bases Engineering.
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and distance related acquisition of measuring signals given by the sensors installed on the device.

X2.3.2 Vertical load on measuring wheel (F—A load sensor is located on the rear of the device, at the top of the shock
absorber between the oil tank frame and the end of the measuring frame. This sensor captures 70 % of the dynamic load on tl
wheel. This signal is used for real time calculation of friction coefficient and a global drag coefficient.

X2.3.3 Friction coefficient, My—A torque transducer is located between the front pulley receiving the driving belt and the
hydraulic pump. This transducer senses the braking torque, T, developed by the friction in the contact area between tire an
pavement. The friction coefficient is computed in real time asM(r/r)/F,.

X2.3.4 Drag coefficient, Mg—Two force transducers are located on each side of the bearing frame of the device. They sense
the horizontal force § produced by the measuring frame that is linked by axles and small redste-appear the bearing frame. The
drag coefficient is computed in real time as MuT./F,.

X2.4 Conditioning, Control and Acquisition System

X2.4.1 An electronic system is located on the device for pre-conditioning the sensors and interfacing the servo valve. The serv
control of the braking system, the final-conditioning system, and the microcomputer are located in the towing vehicle.

X2.4.2 The software includes all the functions required for the control, the setup of the device, and the acqubisition system.

X2.4.3 Measurements are displayed in real time and recorded in ASCII format. In operational conditions, the results are
displayed at the end of the measurements and hardcopy is produced for immediate use by the airport authorities. Software
available for special studies.

X2.5 Dimensions and Weights

Overall width 1600 mm

Overall length 1950 mm + 1050 mm (shaft)
Height 1080 mm

Wheel track distance 1340 mm

Length from tongue to axle 2260 mm

Trailer weight 480 kg

Weight on tongue 80 kg

Weight on main tires 110 kg + 110 kg

Weight on test tire 180 kg

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
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