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SUMMARY

The Internationd Friction Index (IF1) consgs of a Friction Number (F60) and a Speed
Congant (Sp). The Friction Number F60, one of the IF parameters, indicates friction a adip
speed of 60km/h. On the other hand, S indicates the peed dependency of the friction
coefficient and isinfluenced by the macrotexture of the pavement.

In this study, 38 asphdt concretes were prepared in a laboratory and the macrotexture was
measured by the Sand Patch Test and by the Circular Texture Meter (CTM). The IH can be
cd culated from the Mean Profile Depth (MPD) determined by the CTM and the coefficient of
friction measured by the Dynamic Friction Tester (DFT). The study shows that the friction
quality of pavement can be evaluated using the IF. Based on the results, a computer software
that operatesin Windows has been devel oped for eva uation of pavement surfaces on Ste.

1. PREFACE

The tire pavement friction of roads and runways plays an important role in the safety of
vehicles and arcraft traveling on them. Many devices and methods have been developed
around the world to measure the friction and texture of pavements. The Internaiona
Experiment by PIARC was conducted in 1992 for the purpose of comparing and harmonizing
the test results obtained from various testing devices. As a reault, the Internationa Friction
Index (IF1) was developed (PIARC, 1995). ThelFl congsts of aFriction Number (F60) and a

Speed Congtant (o) and isreported as 1 (F60, Sp).

The Friction Number F60, one of the IFl parameters, indicates friction a a dip soeed of
60km/h. There are severd methods to measure friction. One is to directly measure the
coefficient of friction between tires and road surfaces (ASTM E-274, 1999). Another method
is to measure the coefficient of friction between rubber pads and road surfaces as is the case
for the DFT (ASTM E-1911, 1999) and the BPT (ASTM E-303, 1999). The Speed Number
(S) indicates the speed dependency which can be determined from the macrotexture of the



pavement. Macrotexture is defined as the components of the profile which have waveengths
of 0.5-50mm (1ISO 13473-1, 1997) and it is measured by such devices as the Laser
Profilometer, the Volumetric Method and the Outflow Meter. The macrotexture of pavements
isan important factor that determines the speed dependency of friction coefficient.

The CTM is a profiling device that measures macrotexture profiles on a circular track of
142mm radius usng a CCD laser displacement sensor. The CTM is a portable device and is
able to measure macrotexture on the same circumference where the DFT measures coefficient
of friction. Before the devdopment of the CTM, it was not possble to measure the
meacrotexture at exactly the same location where the coefficient of friction was measured.

In this study, the macrotexture of the various asphat concretes prepared in a laboratory was
measured by the Sand Patch Method and by the CTM. Also, the coefficient of friction was
measured by the BPT and the DFT. The friction characteridtics of the agphdt concretes were
evduated by the IFl cdculated from the measured data of the CTM and the DFT.

2. INTERNATIONAL FRICTION INDEX (IFl)
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measurement of macrotexture (TX). s Slip Speed S

S =a+bxTX €Y Figl ThePIARC Mode

In this equation a and b are congtants for
aspecific macrotexture device and TX isthe macrotexture parameter reported by the device.

2. The friction measurement reported by the friction measurement device at Sip Speed Sis
converted to itsvaue (FRE0) at adip speed of 60knvh using equation (2).

S-60

FR60=FRSe ® 2
In this calculation FRSisthe friction reported by the measurement at aSlip Speed of S

3. Cdculae Friction Number F60 usng equation (3).

F60= A+ Bx FR60 &)

Inthiscalculaion A and B are constants for a specific friction measurement device.



3. DESCRIPTIONOFTHETESTS

3.1 Asphalt Concretes

In this study, 38 asphdt concretes were prepared in alaboratory. The type of asphat concrete,
the coarse aggregate, the maximum grain sze, the characteristic and the method of roller
compaction are shownin Tab.1.

Sandstone and diabase were used as coarse aggregates in the dense-graded asphdt concrete,
the dense-gap-graded asphdt concrete, the porous asphdt concrete and the neat asphalt
concrete. After mixing, the asphat concrete was put into aform of 45 x 45cm and compeact the
agphdt concrete with sted rollers. The breakdown ralling with sted rollers and the second
rolling with rubber whedls were used. Non-skid surface treatments included grooving and
shot-blasting in addition to the neat method.

Tab.1 Asphdt concretestested in the laboratory

Notation Agphdt Concrete CoaeAggregate  Maximum Grain Size Characteridic Roller Compaction
D11  DenseGraded Sandstone 13mm Sted
D12  DenseGraded Sandstone 13mm Rubber
D22  DenseGraded Digbase 13mm Rubber
D31  DenseGraded Sandstone 20mm Sted
D32  Dense-Graded Saenddone 20mm Rubber
D41  DenseGraded Digbase 20mm Sed
D42  Dense-Graded Digbase 20mm Rubber
Gl1l  Dens>Gap-Graded Sanddone 13mm Sed
G2  Dens>Gap-Graoed Sanddone 13mm Rubber
G21  DenseGap-Graded Digbase 13mm Sed
G2  DensGap-Graded Digbase 13mm Rubber
P11 Porous Sanddone 13mm Sed
P12 Porous Sanddone 13mm Rubber
P21 Porous Digbase 13mm Sed
P22 Porous Digbase 13mm Rubber
P8l Porous Sanddone 8mm Sed
P82  Porous Sandstone 8mm Rubber
SM1  SoneMadic Sandstone 13mm Sted
SM2  SoneMadic Sandstone 13mm Rubber
SM3  SoneMadic Sandstone 8mm Rubber
N18  Nea Sandstone 5.0-80mm
N15  Nea Sandstone 25-50mm
N28  Nea Digbase 5.0-80mm
N25  Neat Digbase 25-50mm
R11  HotRolled Sanddone 13mm 10kg/n?

R12  HotRolled Sandgone 13mm Tkg/n?

R20  HotRdled Sandstone 20mm 10kg/n?

GR1  Dense-Graded with Grooving Sandstone 13mm 25mminterval
GR2  Dens=-Graded with Grooving Sanddone 13mm 40mminterva
GR3  Dens=-Graded with Grooving Sanddone 13mm S0mminterva
GR4  Dense-Graded with Grooving Sanddone 13mm 40X 40mm
SHO  DenseGraded Sanddone 13mm

SH1  DenseGraded with Shot-Blast Sandgone 13mm Invmin, 14-17mm
SH2  DenseGraded with Shot-Blast Sandgone 13mm 2m/min, 14- 1.7mm
H3  DenseGraded with Shot-Blast Sandgone 13mm 3m/min, 14- 1.7mm
SH4  DenseGraded with Shot-Blast Sanddone 13mm 1m/min, 20mm
SH5  DenseGraded with Shot-Blast Sanddone 13mm 2m/min, 20mm
SH6  Dense-Graded with Shot-Blast Sanddone 13mm 3m/min, 20mm




3.2 Macrotexture M easurement

In this study, macrotexture was measured using the Sand Petch Test and the CTM. The Sand
Petch Test isamethod that measures the diameter of asand circle made by spreading aknown
volume of sand on the road surface and cdculates the circle area covered. Dividing the
volume by the area of sand providesthe MTD (Mean Texture Depth).

The CTM shown in Picture 1 measures 40 x 40 x 27cm and weighs 13kg. As shown in
Ficture 2, the CCD laser digplacement sensor is mounted on an am that rotates on a
circumference of 142mm radius and measures macrotexture on the same circular track where
the DFT measures the coefficient of friction (Henry, 2000). When the measurement is sarted,
the CCD laser digplacement sensor rotates. Measured values of profile height are reed into a
persond computer through RS232C cable after one rotation of the CCD laser displacement
sensor. The macrotexture of pavement can be measured within 40 seconds.

The circumference of the profile measured by the CTM is 892 mm and the sampling interva
is st to be 0.871 mm, which is 1/1024 of the profile length. The profile measured is divided,
as shown in Fig.2, into 8 segments, A-H, of 111.5 mm each. A linear regression of the profile
vaues for each segment is performed and regression lineis subtracted from the profile vaues
of the segment. Each segment is further divided into two equd lengths of 55.75mm and the
maximum vaue of the profileis determined for each of the 55.75mm subsegments. Thesetwo
vaues are averaged arithmetically to obtain the mean segment depth. The average vadue of the
mean segment depths for al segments of the measured profile is averaged to obtain the Mean
Profile Depth (MPD).
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Fig.2 Cadculation of MPD from CTM Measurements




3.3 Measurement of the Friction Coefficient

The measurement of the coefficient

of friction was made by the DFT at 1.0
the same location where the CTM

measurement was made. The rubber 08 |
diders of the DFT are st & the

location where the profile was 06
measured by the CTM. In this study
the coefficient of fricion was
measured over arange of dip speeds
from 20 to 80kmv/h. AIS), the BPN of | DFT20 = 0.012xBPN - 0.143
the same asphdt concrete wes 02 ' _oes
cdculated from the data measured I
by BPT after temperature correction. 0.0

DFT20

04
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The relaionship between the BPN BPN
gy‘dtazegl'_ftr'og ﬁxﬂDﬁ%ﬁ Fig3 TheRelationship between DFT20 and BPN
shown in Fig.3. The R? vaue the
BPN and the DFT20 was 0.56. Accuracy of regression line between the BPN and the DFT20
was high in a range where the skid resstance was smdl while the deviaion from the
regression line became large in arange where the skid res stance was large.

4. COMPARISON OF THE CTM
AND SAND PATCH

The relationship between the MTD 201

obtained from the Sand Patch Test and
the MPD cdculated from the profile
measured by CTM is shown in the
Fig.4. The regression line of the MTD
and the MPD becomes equation (4).

MTD(mm)

MTD = -0.08+1.08x MPD  (4)

0.0 ‘ ‘
Because the R?value of the regression 00 10 20

equation is large enough, MTD can be MPD
esimated from the MPD obtained by (mm)
the CTM measurements. Fg4 TheRdationship between MTD and MPD

5. CALCULATION OF IFI FROM THE CTM AND DFT DATA

The Internationa Friction Index (IFl) consigts of aFriction Number (F60) and Speed Congtant
(§). Regresson congants (a and b) in equation (1) and (A and B) in equation (3) were
determined for those devices that participated in the Internationd Experiment in order to
cdculate the IF. The congtants must be determined for devices which did not participate by
caibrating them using the values measured by devices that did participate in the Experiment.



The DFT and the Sand Patch MTD did participate and thus they could be used to determine
the IFI from the data obtained by the CTM and the DFT.

The S was cd culated from eguation (1) by using the MTD obtained from the Sand Petch Test.
The vaues of a and b were determined in the International Experiment (ASTM E-1960,
1999).

S =-11.6+113.6x MTD ®)
Thefollowing equation can be obtained by substituting equation (4) into equetion (5).
S =-20.7+122.7x MPD (©)

The resulting equation (6) is proposed for estimating S from the CTM measurements insteed
of equetion (5).

An andyss was conducted usng DFT20 which is recommended for predicting the F60 with
the highest corrdation between the Golden Vaue and the Friction Number GF60 in the
Internationa  Experiment. The Friction Number (F60) is caculaed from DFT20
measurements and o by using equation (7) which is combined equations (2) and (3), noting
that for this case S= 20km/h:

20-60

F60=0.08+0.73DFT20e * (7)

The congtants 0.08 and 0.73 are the cdibration congtants for the DFT, which were obtained
from the results of the Internationd Experiment and have been standardized by ASTM
(ASTM E-1960, 1999). It is possible to determine F60 from the DFT20 and the MPD by
subdtituting equetion (6) into equation (7).

20-60

F60 = 0.08+ 0.73DFT 20g-207+1227<MPD ®)

6. EVALUATION OF FRICTION QUALITY OF PAVEMETS

The friction qudity of pavements can be evauated usng the IF (F60, ). If the decision
makers establish intervention levels for IF: [IFI* (FRE0*, $*)], the requirements for a
minimum texture level and aminimum friction measurement can be formulated.

Sdect the intervention vauesfor IFI* (FR60*, Sp*) and subdtitute them into the equations (1)
and (2). The minimum required friction measurement (FRyin) and the minimum texture
requirement (TXqin) can be cdculated from the following equations (9) and (10).

* 60-S
FRmm — FR6(; AX ea+b><TX (9)



Txmin = 33 - (10)
b

The equeation (9) is a relationship between FRyi, and TX and the equation (10) determines
TXmin. For example, in case of FRE0* = 0.3, So* = 100km/h, the minimum required friction
measurement by DFT (DFTyr) and the minimum texture requirement by CTM (MPDyyy) are
shown as Equations (11) and (12). In case of DFT, the congtants are A = 0.08, B = 0.73
(ASTM E-1960, 1999). In case of CTM, the congtants, a = -20.7 and b = 122.7, are obtained
from the analyzing results mentioned above.

__ 60-20
DFTrnin = % x @~20.7+122.7xMPD (ZL'I.)
MPD,. = 100+ 20.7 _ 0,984 12
122.7

The evaduation results by the DFT, and MPDy, on the friction qudities of non-surface
trested asphalt concrete are shown in Fig.5. A coordinate plane expressed in DFT20 and MPD
is divided into 4 regions by the DF T, and MPDyi. They are, o & F60 Good region, S
Low region (improve macrotexture), F60 Low region (improve microtexture) and So & F60
Low region (improve both macrotexture and microtexture).

All hot rolled asphdt concretes (R11, R12, R20) are included in the Sp & F60 Good region.
Porous asphalt concretes of the maximum 13mm grain sSze are dmost included in the $ &
F60 Good region, but porous asphalt concretes of the maximum 8mm grain Sze are evauated
as P Low. Thus, it is conddered that the larger the maximum grain size becomes, the higher
the friction quality of porous asphat concretes will be. The friction qudity of D11, D12, D22,
D31, D32, D41, D42, G11, G12 and G21 is evduated as F60 & S Low. Both macrotexture
and microtexture should be improved on the densegraded asphdt concretes and
dense-gap-graded asphat concretes regardless of coarse aggregate, maximum grain sze and
type of roller compaction. It is condgdered that the friction qudity of sone mastic asphdt
concrete is increased by the rubber roller compaction as SM2 isin S Low region while the
friction quaity of SM1 and SM3isin S & F60 Low region.

Thefriction quaities of the agphats concrete with such surface trestment as neat method, shot
-blast, grooving, etc. are shown in Fg.6. Neat method (N15, N25, N18, N28) and grooving
(GR1, GR3, GR4) are evduated as S & F60 Good in friction quaity. DFT20 and MPD of
agphdt concretes with shot-blast treatment (SH1, SH2, SH3, SH4, SH5, SH6) are larger than
those of asphat concretes without shot-blast trestment (SHO). However, shot-blast treatments
used in this study should be improved furthermore as the friction qudity of shot-blast
trestmentsisevauaed as S Low.

In this study, friction quality is evauated on the assumption of intervention levels of F60* =
0.3, Y* = 100km/h. However, evauation of the friction of the pavements primarily depends
on decison mekers. Because F60* and So* are decided by the decison makers, they must
properly decide F60* and So*, which are necessary for theroad user’s safety.
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Fig.6  Evaudion of Friction Qudities (Surface Treatment, F60* = 0.3, So* = 100knvh)

7. SOFTWARE DEVELOPMENT FOR FRICTION QUALITY EVALUATION OF
PAVEMENTS

In this study, a software that can evauate the friction qudity of pavements from the IFI
cdculated from the measured data by the CTM and the DFT has been developed. The
software developed works in Windows98. The flow Diagram of the software is shown in
Fig.7. The software condsts of 3 Seps, i.e., @) Macrotexture Andyss, b) IFI Cdculation and €)
Friction Quality Evduaion. Friction Qudity Evauation can be done ingtantly on site by
caculating IFI of pavements from the measured deta.of CTM and DFT with this software.
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Fig. 7 Flow Diagram of the Software

8. CONCLUSONS

In this study, 38 types of agphdt concrete were prepared in alaboratory and the macrotextures
were measured by the CTM and the Sand Patch Test, and dso the coefficients of friction were
measured by the DFT. Further, friction was evauated by caculaing IF from the measured
data

The conclusons and the results of thisstudy are asfollows.

® A regresson equation of MTD obtained from the Sand Paich Test and MPD obtained
from the CTM has been established. MTD can be estimated accurately from the MPD
obtained from the CTM measurements as the accuracy of the R? value of the regression
equation established isvery high.

® An equation to caculate So from MPD was established. It was shown that the IFl was
cdculated by the Sp estimated form the CTM measurements and from the friction value
of DFT20 measured at 20 kimvh by the DFT.

® Theminimum required friction measurement by DFT (DFTyr) and the minimum texture
requirement by CTM (MPDy,) were calculated for the case of F60* = 0.3, $* =
100kmvh. The friction qudities of the dl asphat concretes were evauated usng the
DFTrin and MPDy, caculated. In case of non-surface treated pavements, the friction
quality of the hot rolled asphdt concretes and the porous asphat concretes were S &
F60 Good. Also, the macrotexture and the microtexture were found to be improved on
the dense-graded asphdt concrete and dense-gap-graded asphalt concrete as thelr friction
quality was S & F60 Low.

® Ontheother hand, in case of surface treeted pavements, the pavements with neat method
and grooving treatment were evaduated as o & F60 Good.

® The software that works in Windows98, can andyze macrotexture, caculate IFl and
evauate friction qudity has been developed. It is possible to eva uate the given pavement
surfaces on Ste by using the persona compuiter.
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