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ABSTRACT

A portable instrument for the measurement of road marking friction has been

developed at the Swedish Road and Transport Research Institute. This instrument,

The Portable Friction Tester (PFT), has been tested and compared with the SRT

pendulum.

Friction values from the two instruments, the PFT and the SRT pendulum, show

that it is possible to predict friction values measured by the PFT into SRT units.

This means that the PFT has a high validity, if assumed that the pendulum shows

the "true" friction. Furthermore, the repeatability of the PFT measurement is good

and much better then the repeatability of the SRT pendulum measurements.



1 BACKGROUND

An instrument for measuring the friction on small surfaces (down to one metre in

length) has been developed at the Swedish Road and Transport Research Institute

(VTI). This instrument, the Portable Friction Tester (PFT), should be useful for

measuring the road marking friction.

In short, the friction tester consists of a three-wheeled hand-pushed cart, where

one of the wheels has a variable slip. Friction is measured in terms of the force on

this wheel, sampled with a variable frequency and stored in a PC. The PFT is

shown in Figure l, below.

 

Figure 1 The Portable Friction Tester, developed at the Swedish Road and
Transport Research Institute.

Measurements with the PFT were carried out simultaneously as the measurements

with the SRT pendulum on the Danish test site for road markings. This paper

shows the result of this evaluation.

2 TEST SITE AND MEASUREMENTS

A total of 70 objects were measured in late September 1994 on the Danish test site

for road markings close to Frederiksund on road 211. All markings were plane,

and at the time of measurement they were brand new, still with drop-on-beads.

Each road marking was measured three times with the PFT (in approximately the

same area). Three measurements were also carried out with the pendulum, but on



three different spots of the surface of the road marking. In order to speed up the

measurements, two pendulums were used. For the evaluation of the repeatability

of the SRT values, one measurement with each of the two pendulums was carried

out on 18 of the spots.

This measurement programme makes it possible to evaluate the correlation

between measurement values of the SRT pendulum and the PFT. This could be

said to represent the validity of the Portable Friction Tester, if we assume that the

pendulum shows the "true" friction value. Furthermore, the three measurements on

the same area with the PFT, give the repeatability (or reliability) of this instru-

ment. Finally, the measurements with two pendulums (and two operators) give the

correlation of two independent measurement rounds with the SRT pendulums.

3 RESULTS

3.1 Validity of the Portable Friction Tester

Figure 2 shows the relationship between friction values measured with the two

different methods.
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Figure 2 The relationship between results of friction measurements on road
markings with the VTI Portable Friction Tester and the SRT pendu-
lum. Each point represents a mean of three measurements.



From the figure above, one can see that there is quite a good correlation between

friction values of the two instruments. If we look at the linear regression, we find:

SRT = 7.9 + 60.3-PFT, (l)

with the correlation coefñcient, r=O.838. A 95% prediction interval, I, can be cal-

culated as

I = i t.025(n-l)-sSRT- l-r2 , (2)

where t is the t-value for n=70, sSRT is the standard deviation of SRT and r is the

linear correlation coefñcient between SRT and PFT. We find that I = :11. This

means that if we measure PFT and make a prediction using equation (1), the "true"

SRT value will, with a probability of 95%, fall within ill SRT units. Please

observe that SRT is always measured on the scale 0 to 100, while the friction

value of PPT is between 0.00 and 1.00.

It is possible to find other curves, than the linear one, which ñt better to the data.

However, there is no (physical) reason to believe that the relationship between the

data of the two measurement methods should be other than linear.

Although the correlation is quite high, r=O.838, this gives a rather poor prediction.

The reason for this will be discussed in Chapter 4.

3.2 Repeatability of the Portable Friction Tester

The repeatability of an instrument can be calculated as the linear correlation coef-

ñcient of two independent measurement rounds. On the Danish test site, three

rounds were carried out. Consequently, the repeatability is the pooled mean of the

three coefficients (round 1 vs. round 2, 1 vs. 3 and 2 vs. 3). We ñnd that the mean

correlation coefñcient is r=0.969. In this case a 95% prediction interval, I, can be

calculated as:



I = i t_025(n-1)-s.J1_-_r, (3)

where s is the pooled standard deviation of the three measurement rounds. We get

I = i 0.05. This means that if three measurements are carried out on one road

marking with the PFT and these are repeated, the mean value of those three new

measurements will, with the probability of 95%, differ no more than 0.05. Figure

3 shows the measurements of the second round vs. the third round. The correlation

between those two measurement rounds happens to be equal to the pooled mean

above, r=0.969.
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Figure 3 The relationship between the measurement values of the second and
third measurement round with the PFT. The correlation coefñcient,

r=0.969.

Figure 3 shows a good repeatability of the Portable Friction Tester. The prediction

interval of 0.05 corresponds to a relative interval less than 7%.

3.3 Repeatability of the SRT Pendulum

The repeatability of the pendulum can be evaluated in the same way as in chapter

3.2. However, in this case measurements were carried out with two different pen-



dulums handled by two different operators. Thus, one can say that the repeatability

of the measurement method, rather than the instrument, is evaluated.
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Figure 4 The relationship between two measurement rounds with two different
SRT pendulums and with two operators. The linear correlation coefñ-
cient, r=0.650.

The repeatability shown in Figure 4 is poor. In fact the correlation coefñcient

shows that 58% of the variance in measured SRT units is due to random errors.

Only 42% (r2=0.652=0.42) can be explained by a true variance of the friction of the

road markings. Using equation (4) above, we get a 95% prediction interval of :10,

which corresponds to 18% in our sample of 18 measurement spots.

4 DISCUSSION

The results of Chapter 3 show that the Portable Friction Tester is a reliable instru-

ment - the validity and the repeatability are good when measuring on plane road

markings. The friction values of the PFT can be predicted into SRT units with an

accuracy of :11 (95% prediction interval). The reason for the interval not being

smaller, is large random errors in the SRT measurements, which is seen in Figure

4. Theoretically, the interval when predicting SRT values from PFT values must

be larger than the intervals of two measurement rounds of both instruments. In our

case the prediction interval of the pendulum is :10, which will also be the smallest



theoretical interval when predicting PFT values into SRT units. This means that

the prediction interval :11 SRT units from PFT values is close to the theoretically

smallest. This is partly explained by the good repeatability of the PFT.

The conclusion drawn from the measurements at the Danish test site for road

markings, is that the Portable Friction Tester is useful for measuring friction of

plane road markings. Measurements with the PFT are less time-consuming than

measurements with the pendulum. Furthermore, the PFT is better suited for ñeld

conditions, while the SRT pendulum is much a laboratory instrument. However,

some improvements of the PFT should be done, i.e. there should be a better feed-

back of when and which data are stored in the PC during measurements.




