









































2. Minimum necessary frictional forces

in discussing the factors relevant to the minimum necessary frictional forces, it is useful to
distinguish between human, road, vehicle, traffic and weather factors.

2.1. Human factors

Under normal conditions acceleration, braking and lateral forces are determined by the actions
of the driver, through his driving behaviour.

The human being as a a driver is the central factor in the complex determining driving behaviour
because it depends on him whether traffic conditions are perceived correctly and in good time
and acted upon.

To avoid disturbances of traffic movements, account must be taken of the characteristics of
drivers and their limitations, in regard to the processing of information, decision taking and
taking of the necessary action.

Traffic movements may be disturbed by:

a. excessive or insufficient demands on drivers.

b. impediments to vehicle movements due to road imperfections.

c. unjustified expectations of drivers.

The last point in particular could well be one of the reasons for the increase in the number of
(skidding) accidents in the case of temporary and/or local falls in the coefficient of friction.
The driver unconsciously expects a definite coefficient of friction, on the basis of which he
evaluates the frictional forces necessary for him. If these expectations are not fulfilled, the
driver will require greater frictional forces than are available, resulting in skidding. The technical
factors influencing the behaviour of road users—and hence the frictional forces required—are
dealt with in the following subsections.

2.2. Road factors

The geometry of the road can play a very important part in determining driving behaviour.
Discontinuities in the geometry—particularly where these are unexpected and not indicated In
advance— will result in the road user requiring high frictional forces. This may be the case If
it is necessary to brake or swerve suddenly. Hence vehicle decelerations, accelerations and
changes in direction may occur at intersections.

On bends, depending on the radius of curvature and the vehicle speed—which is partly
determined by the preceding section of road—centripetal forces will arise; these must be
transmitted by frictional forces between the tyre and the road surface. Banking on bends can.
if the parameters are correct, reduce the necessary frictional forces, so that only part of the
component of the centripetal force parallel to the road surface has to be transmitted through
frictional forces between the tyre and the road surface. The other part is transmitted by a
gravitation component.

Buildings and trees. etc., along the road can affect wind forces acting on the vehicle- In particu-
lar, interruptions may result in considerable gusts of cfoss wind, which (this factor also de-
pending on the type of vehicle) may necessitate large and sudden steering corrections, thus
increasing the minimum necessary frictional forces.

In contrast to the geometry of the road, the road surface has little or no influence on the behav-

iour of drivers. unless, depending on the characteristics of the vehicle, the surface is very
bumpy indeed.
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On main roads—where bltuminous and concrete pavements are used—the wearing course
consists in principle of a homogeneous mixture of a binder and a mineral aggregate.

The configuration of the surface as regards the available coefficient of friction depends on the
size and form of the aggregate and on the grain spacing. We can use the concepts macroirregu -
larities and microirregularities.

Macrorregularities are necessary in order to evacuate the water quickly from the contact zone
on wet road surfaces, especially. at high speeds (primary dynamic drainage). If most of the
water s evacuated, the residual film must be broken up in a sufficiently large number of places
in order to make adhesion between the tyre rubber and the road surface possible (secondary
dynamic drainage). For the latter purpose it is necessary of the road surface to possess a pattern
of sharp irregularities. This aspect of the surface configuration is termed microirregularity. The
nature of the surface does not remain constant over the life of the pavement. In particular, the
micro'rregularity will change owing to the polishing effect of traffic, resulting in general in a
drop in the coefficient of frictlon. Traffic intensity and the material of the pavement, especially
the aggregate used, are relevant here.

It seems that the coefficient of friction between a tyre and a road surface undergoes regular
variations connected with the seasons.

In the summer the coefficient of friction on wet road surfaces is generally somewhat lower
than in winter. These variations can be partially explained by fluctuations in temperaure.
Another contributory factor is probably the fact that the surface characteristics of the pave-
ment may be altered in winter by the physical effect of frost or by chemicals used to combat
icing- Another factor is that in summer the road surface is dirtier than in winter. In a period of
dry weather, amounts of material and particles detached by wear will increase. Rain following
such a period can then also result 'n redUced skidding resistance, which is probably due to the
higher viscosity of the mixture of water and material, as a result of which it is less quickly
eliminated.

Besides the nature of the road surface, the tread pattern of the tyre s an important factor in
dynamic drainage in the contact area between the tyre and the foad- The tread pattern also
provides better cooling of the rubber rolling surface:

On a wet road water under the ribs of the rolling surface can flow transversely from the contact
surface to the longitudinal channels.

To prevent large hydrodynamic pressures from building up under the ribs of the rolling surface,
a transverse tread pattern and zig-zag pattern are used. Small incisions are made in the ribs of
the rolling surface, as a result of which places arise where large hydrodynamic pressures cannot
be built up on the rolling type. The hollows can take up a certain quantity of water. which is
thrown off after leaving the contact patch. These incisions become ineffective on a
locked wheel. Dynamic drainage and the formation of hydrodynamic pressure are of course,
also affected by tread wear. The rounding of the tread pattern forms small wedges, in which
hydrodynamic pressure can be built up.

A smooth tyre has a larger actual contact surface than one with a patterned tread- Conse-
quently, a smooth tyre can, especially at low speeds, give approximately the same coefficient
of friction as a tyre with a patterned tread, an dry and almost dry road surfaces with good
drainage characteristics. However, this is of little practical value. The effect of the tyre tread
pattern on the coefficient of friction is greatest on smooth road surfaces-

Measurements indicate provisionally that—although the required tread depth depends onroad
speed, the thickness of the film of water. the nature of the road surface and the tyre construction
and tread pattern— the tread depth should be at least 1 to 2 mm [8.7]".

However, before final recommendations are issued for the tread depth, extensive and thorough
research is still necessary-

" Figures between square brackets refer to Section 8- ReferenCes-
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4. Methods of measuring the available coefficient of
friction

4.1. Measurement conditions

Methods of measuring the frictional forces between a tyre and a road surface have been
developed in most European countries and in many States of the U.S.A-; these methods aim
at a maximum of control over the effect of the various factors. In this connection it is useful to
distinguish between two concepts: the coefficient of friction (in a particular case) and the
skidding resistance (as a parameter of the road surface).

The coefficient of friction is a variable which is dependent on the characteristics of the vehicle,
the road and its condition, and the speed of the vehicle (see Section 3). It may be defined as the
quotient of the maximum available frictional force between a tyre and a road surface, and the
vertical tyre loading.

The skidding resistance is a criterion of the quality of the road. The coefficient of friction, as
measured by a given technique under specified conditions (see also Subsections 4-2. and
4.3.), is taken as a measure of the skidding resistance. It is not automatically possible to derive
the coefficients of friction between the tyre and the road surface in a particular case from mea-
surements of skidding resistance using a standard technique.

The measured skidding resistance applies only for the conditions under which the measure-
ment was effected.

Itis also desired for the conditions of measurement to coincide as far as possible with practical
conditions. Thus, the road surface must always be made wet by spraying, because a wet road
represents the most critical condition.

The measured skidding resistance is within given limits independent of the thickness of the
sprayed film of water [8.8]. The relationship between the skidding resistance and the thickness
of the film of water depends, among other factors, on the nature of the road surface, the charac-
teristics of the tyres (including the tread pattern) and the speed of measurement.

If comparative measurements of the skidding resistance of a large number of road surfaces are
made, it is necessary for practical reasons to make a choice from a number of possibilities, but
the conditions of measurement must then be determined carefully. It is necessary to take
account of the influence of these conditions on the probability of the occurrence of skidding
and of the frequency with these conditions occur in traffic an a given type of road-

In the case of a single measurement of the coefficient of friction available for a given vehicle
under specified conditions, it is essential for the conditions of measurement, such as road
speed, type of tyre and depth of water, to be matched to real conditions-

In the evaluation of the measurements, it is also necessary to allow for such factors as the effect
of season, and the temperatures of the tyre, water and road surface, but it is not yet possible
take these (small) effects into account.

4.2. Methods of measurement

The measurement of the skidding resistance of the road is executed virtually only in the
longitudinal direction of the road:- There are six methods: There are indications that for the
classification of skidding resistance in different road surfaces it is largely irrelevant which
method is used- The absolute validity of different measuring techniques will of course differ-
In the following paragraphs a few particular features of each measuring technique are indicated,
and the most important characteristics of the different methods are summarized in Table 1-
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4.2.1. Locked wheel braking method

The coefficient of frictlon obtained—applicable to a locked wheel—1s termed u 1, (see also
Figure 2). This coefficlent is generally substantially lower on a wet road than the coefficlent
tim (the maximum longitudinal coefficient of friction, see Figure 2) and uq4 (the lateral coeffi-
cient of friction at, for example, a slip angle of 15 degrees, see Figure 3).

422, Measurement of the maximum braking force coefficient by a locking procedure

This coefficient of friction is termed 1im. Depending on the road speed, the depth of water, the
nature of the road surface and the tyre tread pattern, the maximum braking force can occur
at between 10 and 40% longitudinal slipping, the usual values being between 15 and 25%-
If ;1 is determined by slowly increasing the braking force, it is difficult to measure its value, In
particular on account of premature locking due to changes in the vertical load. The reproduci-
bility of the measurements is poor. The brake soon attains high temperatures, because the
braking force must be increased gradually.

4.2.3. Measurement with a fixed percentage longitudinal slip

This coefficient of friction is termed ty,. The value is of y), is determined by introducing a small
percentage of longitudinal slip; with a high percentage of longitudinal slip, the locking value
lib is approached (see Figure 2). This technique has the advantage over the two previous
methods of uniform wear over the circumference of the tyre and the possibility of continuous
recording- If the forced longitudinal slip is achieved by linking the measuring wheel with
other wheels by means of a transmission, no energy is dissipated in the brake- Less stringent
demands are made on the engine of the vehicle, thus often permitting higher measuring
speeds.

4.2.4. Measurement with a wheel inclined to its direction of trave!

The angle of slip with these measurements is generally 15 or 20 degrees, and the coefficient
of lateral force uq is measured (see Figure 3). A drawback of this method is that the coefficient
of friction measured is unreal for straight stretches of road. In this case too, the engine power
required to propel the inclined wheel along the road is less than in the case of a locked wheel.
To prevent a resultant lateral force from being exerted on the vehicle, it is, however, desirable
to use two Inclined measuring wheels.

The methods summarized iIn4.2.1. to 4.2.4.are generally employed using a constant measuring
speed. The measuring wheels are fitted under the test car or in a special trailer.

4.25. Measurement of the braking distance or braking deceleration

Ths permits determination of the coefficient of friction /b and sometimes im- A test car is
used with braking of two or more wheels (usually only the front wheels) - The braking deceler -
atlon and/or—if the vehicle is brought to a halt—the braking distance is measured- Fromthese
measurements it 1s possible to derive the coefficient of friction. after somewhat complicated
calculations confected with the weight transfer. This method is not readily reproducible
[89], sensitive to disturbances, and can hardly be used on roads with normal traffic intensity-
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5. Interpretation of skidding resistance measurements

5.1. General

In countries where skidding resistance measurements are carried out by a standardized method,
a qualification has normally been established for the numerical results obtained.

An important criterion for the road authority is the level at which the skidding resistance of the
road surface can still be regarded as satisfactory. In this connection it is useful to make the
following distinction.

1. A minimum skidding resistance for an existing (wet) road surface; this minimum determines
when the road surface should be improved in order to obtain satisfactory skidding resistance-
2. Aminimum skidding resistance for a new (wet) road surface; depending on the road surface,
this value will be higher than or equal to the value under 1.

Substantial differences exist between the various countries, and also within individual countries,
in regard to the measurement of skidding resistance, in the measuring instruments, methods,
the test tyre used, the tyre loading, and other factors. Hence the numerical results for a given
road surface will generally differ according to the equipment used. It is then necessary to have
different qualifications for the different methods. However, this depends not only on the differ-
ence in the numerical results, but also on the procedures used in establishing the qualifications.

Comparative measurements are carried out both nationally and internationally, and in general
a good standard of correlaton is found to exist between the various methods of measurement.
This not only permits a reliable comparison of the skidding resistance of the types of road
surfaces used in different countries, but also of the methods of evaluation of the numerical
results-

Taking account of the correlations and differences between numerical results, it appears that
on comparison the limit values assumed for the minimum permissible skidding resistance are
substantially the same in different countries [8.16]-

The procedures used in most countries to establish the minimum permissible skidding resistance
are also largely in agreement. There is normally a statistical analysis of accidents, especially wet
road accidents, in which skidding was reported to be the main or a contributory cause, and
accidents interpreted as skidding accidents-

There are no generally accepted definitions of skidding accidents, and it is not easy to lay
down objectively measurable values in this connection. Usually such terms as ‘relative probabil-
ity of skidding accidents’, etc., are used.

It mights perhaps be possible to derive the form of a relationship between the probability of
skidding accidents and the skidding resistance from an analysis taking account of all first order
factors which might play a part in a skidding accident. See Section 7.

As skidding accidents can neve' be prevented with 100% reliability —skidding accidents occur
even on dry road surfaces with good skidding resistance—a given minimum probability of
skidding resistance then follows from the form of the relation found-

The minimum for the relative probability of skidding accidents is determined by experience on
the basis of previous investigations. The choice of a minimum remains, however.arbitrary-
Sometimes varying skidding resistance requirements are laid down, so that there are different
values for main roads, secondary roads, urban roads. intersections and rou"dabouts, depending
on such factors as the prevailing vehicle speeds in each case-

Some examples of the investigations of the relationship between skidding resistance and
(skidding) accidents and the conclusions drawn from them are given below-
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measured on State road sections. The basis for these percentages is the columns of Figures
10 and 12 for 1952 and Figures 11 and 13 for 1961; see Table 2 [8.15].

The steep rise in the skidding frequency factor when is skidding resistance falls below the guide
values (both in 1952 and in 1961) is regarded by the State Road Laboratory as an indication
that the guide values in use are wholly justified.

5.6. Discussion of research results

5.6.1. Introduction

In addition to the research described in the preceding paragraphs, other studies have been
conducted in various countries, also indicating a relationship between the skidding resistance
of road surfaces and the incidence of (skidding) accidents- The accuracy of the results of these
studies depends on the reliability of the accident data and the procedure adopted- Normal'y
the method of investigation is adapted to the available data from accident and road statistics.
Although it would be more correct to cover a large number of parameters in an investigation,
this was in most cases not possible, either because of the volume of measurements and the
consequent high cost, or because the practical execution was prevented by other factors.
Some of these factors are discussed below.

5.6.2. Criterion for reporting skidding accidents

In order to demonstrate a relationship between the skidding resistance of a road surface and the
occurrence of skidding accidents, it is necessary to report the phenomenon of skidding.
It is already plain from the definition of skidding at the end of Section 1 that it is very difficplt
to determine, in an accident report, whether the accident is caused by skidding. The British
police have elaborate instructions for indicating in their reports whether an accident was a
skidding accident. The category ‘skidding accident’ is a definite concept in British accident
statistics. Certain locations are designated as ‘skidding accldent sites in accordance with the
frequency of skidding accidents taking place there.

‘Skidding accidents’ as such are not included in accident statistics 'n the Netherlands, but in
cases where skidding has obviously taken place, this is often mentioned in the report. For this
reason skidding accidents on State roads were selected for the study on the basis of the de-
scription of the accident in the report. Where it was found that skidding was an important con-
tributing factor to the accident, it was regarded as a skidding accident.

In Germany ‘skidding’ does not appear as such in the accident statistics- To provide a basis of
objective data, thus also permitting automated processing, the concept of ‘relative accident
frequency’ for wet road surfaces has been defined and chosen as the criterion- For the purpose
of comparison of this relative accident frequency for different road sections, it is strictly
necessary to take account of variations in weather conditions with time and place. So far as is
known, this factor is, however, not allowed for-

In the Untted States (Texas) it was found in a preliminary ipvestigation that there was little
difference between the criteria ‘all accidents’, wet road accidents and ‘skidding accidents’-
(If this is really the case, there are two possibilities: either the number of wetroad accidentsis a
very large percentage of the total number of accidents and the wet road accidents are practi-
cally always skidding accidents, or there is little connection between skidding resistance and
accldents. On this basis, an investigation of the German type could provide little or no result)
For the sake of simplicity in processing the large volume of data, the starting point with this
prel'minary investigation was the total number of accidents and. on account of the limited
fecording of accidents, at the same time all fatal and injury accidents-
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7. Research programme of the Working Group on Tyres,
Road Surfaces and Skidding Accidents

7.1. Introduction

It is clear from the preceding Sections that there are a very large number of factors which
contribute to skidding. Many studies of the influence of these factors have been undertaken.
These investigations have largely been concentrated on the effect of a single factor, the other
factors being kept or assumed to be constant as far as possible (single factor studies).

This research has certainly contributed to increasing our knowledge of the problem of skidding,
but the relationship of the factors amongst themselves, and their relative importance, are
frequently not brought out by a study of this kind. As a result, certain difficulties arise in the
interpretation of the results, and this is probably the reason why the different national research
bodies investigating skidding sometimes contradict each other.

For this reason it is necessary to carry out a comprehensive statistlcal examination of the
first order factors involved in skidding. The most efficient method for this investigation will be a
statistical multi-factor study (V!)*. But selectlon of the first order factors for thls Investigation
Is only possible when sufficient knowledge of the problem has been accumulated. Some of
this knowledge can be drawn from previous work: The remainder must be obtained by means
of preliminary studies carried out by the research body itself, taking the form of either very
thorough single factor investigations or limited multi-factor investigations.

Some of these preliminary studies can a'readY be of use to the authorities as a basis for guide
lines or recommendations- It ¥s then essential for these nvestigations to be given the highest
priority (see Subsection 7.4.).

It can be deduced from the terms of reference of the Working Group (see Preface) that the
Working Group should restrict #tself to considering the primanly technical factors contributing
to skidding. The primarily human facto’s will therefore not feature directly in ‘the Working
Groups research programme. The Working Group must, of course, take cognlzance of the
results of studies in this field, as there would otherwise be a risk of an unrealistic selection of
first order factors. For these reasons this Section does n fact take account of research into the
behaviour of the road user.

7-2. Experimental research
7.21. Research into available frictional forces

72.11- Vehicle factors (of importance 'n connecCtion with available frictional forces)

Of the vehicle factors, the tyres have a cons'derable effect on the available friction- The relevant
tyre factors are-

a- condition of road contact surface (tread pattern, wear),

b- tyre constructlon (cross-ply, radial -ply, type of rubbef):

c- inflation pressure (as a percentage of the recommended value):

d. wheel loading- )

It will be necessary to distinguish between passenger car and truck tyres- The road speed is
also very important.

* The Roman figures in brackets fefer to 75-1: Summary table-
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To arrive at the most efficient method of examination, it is desirable to include these factors
together with the road surface factors (7.2.1.2.) in a single experimental multi-factor
investigation (I).

Before this investigatlon can begin, it is, however, necessary to establish a relevant classi-
fication of the tyre factors (la).

7.2.12. Road factors (of importance in connection with the available frictional forces)

Of the road factors, the road surface has a great influence on the available friction- Road
surface factors will also have to be included in the experimental multi-factor examination
mentioned in 7.2.1.1. (1) For this purposes, however, it will first be necessary to classify the
road surface factors (Ib).

The skidding resistance of the road surface is, of course, the most important road factor
affecting the available coefficient of friction. This skidding resistance s largely determined by
the configuration of the surface. Depending on the form and dimensions of the irregularities
in the surface layer, the components of the frictional forces arlsing, mentioned in Subsection
3.2. (viz. the adhesion, hysteresis and cohesion components), will assume different values.
In addition water evacuation between the tyre and the road surface (dynamic drainage) is to
a great extent affected by the nature of the road surface, as well as the static drainage, although
the latter characteristic is also strongly influenced by the flatness of the road and the banking.

Measurement and classification of the configuration of road surfaces in the widest sense are
to form the subject of a development study (1V). It is particularly Important to develop simple
apparatus to measure, the drainage capacity, since the dynamic drainage determines the
gradient of the coefficient of friction as a function of speed. It will then be sufficient to
measure the coefficient of friction at low speed and the drainage characteristic, in order to
obtain the coefficient of friction at high speed by extrapolatlon. To verify this method
measurements of skidding resistance at high speeds will also be carried out (part of |).

7.2.2. Examination of minimum necessary frictional forces

7.2.2.1. Driving behaviour

Human factors play a very large part in the minimum necessary frictional force (see Section 2).
Although consideration of driving behaviour does not directly form part of the Working
Group's research programme, it is nevertheless taken Into account, as 1t is relevant for a correct
choice of first order factors for the statistical multi-factor investigation. It is intended that
measurements will be carried out by or on behalf of the |nstitutq for Road Safety Research
SWOV of longitudinal and lateral accelerations or decelerations In traffic. This can be done
either by the driving of test vehicles fitted with acceleration recording apparatus in normal
traffic, or by filming the traffic (111). These accelerations and depelerations can be related to the
type of vehicle and the road and traffic situations arising- In this way it will be possible to gain
an impression of the behaviour of road users In traffic in so far as this is relevant to skidding-

7.2.2.2. Utilization of available frictional forces

There is a relationship between (1) the longitudinal and lateral accelerations or decelerations
and (2) the frictional forces between the tyres and the road surface required for these: This
relationship is influenced by various vehicle characteristics. However, these characteristics
generally have an intense feedback effect on driving behaviour, so that it is for the present
very difficult to lay down official guide lines orrecommendations in this connection:
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Only an examination of the relation between (1) the distributions of braking force between the
front and rear wheels and between the left and right hand wheels and (2) the attainable
braking decelerations and stability of the vehicle is possible, because in this case there s
presumably little or no feedback effect on driver action (I1), and hence it is easier to stipulate
guide lines.

7.3. Statistical investigation of accidents

7-3.1. Statistical investigation of the relationship between skidding resistance and accident
rate

The aim of all the studies mentioned in Section 5 is to establish the above relationship, or an
equivalent parameter. It may be assumed that this relationship exists and must be fairly simple.
The above mentioned examinations have, however, in no case given a satisfactory result. This
is because the relationship can only be found it all other technical factors contributing to the
probability of (skidding) accidents are or can be kept constant. This is not the case with these
studies.

For this reason, the Working Group wishes to carry out as accurate as possible a single factor
examination of the relationship between skidding resistance and the probability of an accident
at given values of skidding resistance (V). This accident rate is defined as the total number of
accidents for (million) kilometres on a road surface having this value of skidding resistance.
The other contributing factors will be kept as constant as possible. For this purpose a number
of accidents on carefully chosen road sections will be related to the skidding resistance of the
road surface at the time of the accident.

In order to be able to limit the variation in driving behaviour—which determines the minimum
necessary frictional forces—as far as possible, the examination must be carried out for straight
road sections without discontinuities and with approximately the same traffic composition and
intensities. This will, however, present difficulties.

1. It will be difficult to find road sections with the same geometry and the same traffic
intensity and composition.

2. When these road sections are found, because of their restricted length and/or number,
it may take a long time to gather sufficient accident rate data. There will then also be a risk that
one or more factors may vary with time.

It is nevertheless considered possible to carry out such an examination on a number of State
roads, with the following available data:

a. result of skidding resistance measurements by the State Road Laboratory, in conjunction
with the known data about changes in surfacing on the road sections concerned;

b. accident data from the Central Bureau of Statistics in the Netherlands,

c- knowledge, for a number of State roads, of speeds, distances between vehicles, traffic
compositions and intensities, this is available to the Institute for Road Safety Research SWOV
in connection with its work on speed limits.

With these data, these is a good chance of gaining an idea fairly swiftly of the relationship
between skidding resistance and accident rate-

7.32. Statistical multi-factor study of first order factors

This study, already mentioned in the introduction to this Section (see Subsection 7-1), can
be regarded as the conclusion of the Working Group's activities- .

It will be rendered possible by the data obtained from the partial studies dealt with above. The
multi-factor study will serve to test the various research results and hypotheses put
forward in connection with skidding-
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