RESEARCH ON SKID-RESISTANCE AT THE TRANSPORT AND ROAD RESEARCH LABORATORY

(1927-1977}

G F Salt, M.Fng., C.Eng., FICE, F Inst HE, Transport and Rosd Research

Laboratory, Crowthorne, U.K.

Research on skid-resistance of roads started in
Britain in 1927 at the Mational Physical
Laboratory at Teddington but the work was trans—
ferred to the newly formed Road Research
Laboratory at Harmondsworth in the early 19307s.
It has continued there {now the Transport and
Road Resesrch laboratory, Crowthorne) to the
present time and a considerable fund of know-
ledge now exists on the subject. The paper
reviews this work, starting with the development

of apparatus to measwe skid-resistance relisbly.

An early machine was an adapted motoreycle and
sidecar, the sidecar wheel being mounted at an
angle to generate & sideway-force. This was
later superseded by in-board systems in front-
wheel drive cars and has led to the present-day
commercial production of s sideway-force routine
investigation machine (SCRIM) which is available
for general use and which produces an automated
output suitable for computer processing. The
paper goes on to discuss the evolution of stand-
ards of skidding resistance which are necessary
to minimise numbers of skidding accidents and
describes work which has enabled materiasls to be
specified to give levels of micro-texture neces-
sary for the nominated low-speed skidding values
to be maintained. High-speed skid-resistance
and its dependence on macro—texture is then dis-
cussed together with sige-effect problems (eg
noise and spray} connected with the crestion of
surface texture; +the paper concludes with 25
references to major publications in the field.
An indicaticn is given of the prcbable form of
8 comprehensive specification scheme which may
be adopted soon in Britain.

1. Early Research at the National Physical
Laboratory

By the middle 1920's the dominance of motor
transport was becoming very apparent in Britain with
the total numbers of both commercial and private
vehicles showing spectacular rates of increase. But
with the increased number of vehicles came an in-
creased number of accidents, many of which were
directly attributable to lack of adhesion between
tyre and road, especially in the wet. It became
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clesr that here was & pobentially important field of
research because the problem would become more seve
ere as the years went by.

In 1927, Batson started work st the National
Physical Laboratory at Teddington, with the aim of
understanding the phenomena involved in the process
of a wvehicle skidding, his first experiments con-
sisting of drawing rubber sliders over the surfaces
and measuring the tractive effort required. This
work scon indicated that there was a speed effect
involved and that an apparatus was needed to carry
out tests over a range of road speeds.

1.% Skid-resistance Measurements - 1929

The apparabus tock the form of & specially de-
signed moter cycle and sidecar with the sidecar
wheel mounted at an angle %o the direction of travel
{Piate 1). The side thrust on this wheel and the
vertical reaction between the tyre and the road were
measured snd transmitted by a link-mechanism to a
pen vhich gave a single track on a moving paper
chart., The ordinate of the record was proportional
to the ratioc of sideway-~force to load and was,
therefore, proporiional to a form of the coefficient
of friction which was called Sideway-Force Coeffic-
ient (SFC). The tread of the tyre employed had to
be of & standard form and it was decided to use
smooth tyres for the work to eliminate problems
which would arise as & patterned tyre wore during
use. The modern apparatus is a development of this
early machine but the principles involved are ident-
ical and the SFC is the same as that measured in the
work of nearly fifty years ago.

1,2 Road Experiment — 1930

An early road experiment on the skidding resist-
ance of a range of bituminous meterials (using this
method of measurement) was laid in 1930 on the
Kingston By-Pass, about 16 km t0 the south-west of
Central London., Eleven materials were laid in
sections, eight of which were treated with chippings
to provide resistance to skidding. In the remaining
three sections the claim was put forward that the
porosity of the meterials was such as to give
adequate wheel-grip. Skidding measurements were




Plete 1. Barly motorcycle and sidecar for
measuwrement of 8FC,

carried out using the motorcycle and sidecar at
speeds up to 50 km/h and the results showed that the
eight sections that were treated with chippings
showed gocd resistance to skidding throughout the
speed range. The other three materisls, however,
exhibited a marked falling off in the value of the
coefficient at speeds above 25 km/h.

The value of texture and the influence of speed
on skidding resistance were thus starting to be
recognised by the year 1931, but it was to teke many
years for these interactions beiween tyre and stone
to be folly quantified and put into contractually
implementable form.

2, Development of Test Methods

Further chenges in the technigques and apparatus
of skid-resistance measurements between that period
and the 1950's1.2,3 were more of detail than of
fundamental concept but the work of the next few
years led to rapid advances in the field.

Three forms of apparatus had come into use in
Britain, the portable skid-resistance tester, brak-
ing force machines {in the form of either trailer or
vehicle decelerometer) and = more advanced version
of the sideway-force machine., Each of these still
has a role to play although it will be seen that SFC
has now been adopted in Britain as the basic measure
of skigd-resistance.

2.1 Portable Tester

This apparatus, shown in Flate 2, is now well
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Pilate 2. Portable skid~resistance tester,

known in many parts of the world. Tt was designed
to provide a simple and rapid method for checking
skid-resistance in local areas and entails measuring
the frictional resistance between a rubber slider
(mounted on the end of a pendulum arm) and the
vetted road surface. There 1s some link here with
Batson's early work, but in this case the loss in
energy of the pendulum arm, after the slider has
traversed the surface, is equated to the work done
during the sliding process, and it has thus been
possible to calibrate the instrument directly in
terms of a form of the coefficient of friction
termed the Skid-Resistance Value (SRV). TFull
details of the apparatus and of its method of opera-
tion are given elsewvhere?; it is sufficient to say
here that useful as the apparatus sometimes is to
give a quick local guide to skidding resistance, it
suffers from two major disadventages. One is that
on coarse textured surfacings (ie with chippings
larger then 12 mm) results can be misleading, even
in skilled hends, and the other is that it provides
only partial and slow coverage if routine monitoring
of road networks is planned, Other forms of
measurement are clearly needed for this purpose.

2.2 Braking-Force Machines

2.2.1 Braking-Force Trailer. A small trailer
apparatus, bullt by the Laboratery, has been used
for some years for studying draking-force co-
efficients (BFCs} et high speeds on roads and run-
ways (Plate 3}, The skidding resistance of the
surface is determined by messuring the torgue acting
on the trailer brake when the wheel is locked for
sbout 2 seconds on a wet surface. This apparatus
has been perticularly veluable in investigating the
skid-resistance of airfield runway surfaces on
which tests are carried out at speeds of up to
130 km/h and also in studies of the effect of tex—
ture depth on the high-speed skid-resistance of
rosds {see Chapter ).

2.2.2 Road Vehicle with Decelerometer. A simple
locked~wheel braking method was Ffound to be of
particular value in making rapid comparisons of the
non-skid properties of tyre tread patterns. A
brake-testing meter is used to record the decelera-
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Plate 3. Trailer for measurement of BFC,

tion when the brakes are applied for one second from

an intial speed of 50 km/h, locking all four wheels
and meking them skid. The method showed good cor-
relation with the sideway-force method when the
vehicle used was equipped with smooth-tread tyres
(see Fig.1) but is not easy to standardise if
different tyres are used on the different vehicles
employed, It cannot, of course, be used for tests
on bends or curves and care has to be taken that
all four wheels are Tully locked.

Figure 1. Vehicle retardations from 50 km/h
obtained with a variety of tyre tread patterns and
road surface textures under wet conditions.
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2.2.3 Effect of Tyre Tread FPatterns on Skidding.
The deceleromeber method was used by the Laboratory
in the early 1960s to investigate the effect of
tread patterns on tyres by fitting the different
sets of tyres to be compared, in turn, to the same
vehicle, The deceleration from 50 km/h wes obbained
both on fine~grained surfacings with SFCs ranging

from .17 to 0.75 and on cosrse-textured surfacings
with SFCs from 0.33 to 0.75. The main features of
the results obtained are given in Fig.1, from which
it will be seen that with smooth-tread tyres, the
retardation (expressed as a fracticn of g) vas
numerically equal to the SFC on all the surfaces
tested, With patterned tyres, however, the results
were grestly dependent on the type of surface and
Tig.1 shows separately the range of results obtained
with the different patterns on the fine- and coarse~
grained surfacings.

On the fine—grained surfacings all the patterned
tyre treads gave a marked incrsase in retardation
over that of the smooth tyres, especially over the
important range of SFCs (0.3 to 0.5), but, perhaps
surprisingly, the situation was found to be quite
aifferent on the coarse-textured surfacings. In
this case the smooth tyres gave better results than
the patterned ones when braking from 50 km/h with
locked wheels in the wet,

A great desl of further work in this field has
since been carried out be the major tyre manufact-
urers snd modern tread patterns have become increas—
ingly effective in improving skidding resistance,
especially when braking from high speeds.

2.3 Sidevay-Force Coefficient Routine Investigstion
Machine (SCRIM).

The development of mechines to measure SFC
passed through several phases following the use of
the early motorcycles. The first of these was the
incorporation of a fifth wheel in & front-wheel
drive car. A Citroen car was the first preduction
vehicle found to be suitable snd Plate % shows the
vehicle with the test eguipment installed. ITin the
early 1660s a suitable British saloon car became
available {Austin 1800) and three of these were con-—
verted in a similar way to the Citroen,

Plate 4, Citrcen car for measurement of SFC.

In each of these cases, the test cars vere de-
signed specifically for research work and not for
routine use by highway authorities. They required
separate water tankers to wet the road in front of

then (although they did carry small water tanks for

locel use) and the processing of the pen-recorded

paper charts was time consuming and suitable only

for comparstively short stretches of road. A

machine suitable for routine use was clearly neces—

sary with the following basic reguirements:-—




(a) To be robust encugh for field use.

(b} To be opersble within the normel traffic
streanm.

(¢) To be capable of testing an average of
100 km/day.

{d) To produce test results meaningful over the
range of normal traffic speeds.

{e) To produce the results in a form readily
processable by computer.

The first prototype of the Sideway-force coef-
fieient routine investigation machine {SCRIM - Plate
5} manufactured to Transport and Road Research
Laboratory specifications was delivered in 1968, and
15 are now in use throughout the world. Commercial
production is in the hands of a menufacturing company
in Bristol and the machine is available for sale,
complete with electronic recording apparatus.

Flate 5. Sideway-force coefficient routine
investigation machine (SCRIM).

The sidewasy-force is generated by a test-vheel
running at an angle of 20° to the direction of tra-~
vel of the vehicle and carrying a smooth tyre
similar to that used on the original sidecar. The
vehicle is mounted on a producticn commercisl
vehicle chassis and its essential feature is a
2,700 litre water tank to wet the road in front of
the test wheel. This gquantity is sufficient for
some 50 km of testing (ie half of one day's work).

The test wheel has its own deadweight, spring
and shock absorber, to give a known static reaction
between tyre and rosd, and in the hub there is an
electrical load cell to provide the sideway-force
input to the recording system. A speed input is
provided from the vehicle transmission system.

Output, on magnetic or punched paper tape, con-~
sists of a record et 5 m, 10 m or 20 m intervals of
SFC, speed and data to indicate location of the
test, The recorder is fitted with facilities for
calibration of the system, and the unit is mounted
in the vehicle cab for operation by a technician
accompanying the driver,

It is intended that in the near future s number
of SCRIMS should be available to provide s standard-
ised monitoring system for the national network
under the control either of Central Government or of
Locel Government. In either case the operation of
the machines may be direct (ie the vehicle purchased
outright and menned by the authority's own staff)
or on an indirect hire basis, an auxiliary service
already being provided on an introductory basis by
the manufacturing company,
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2.k Tests for Roadstone Quality

During the era covered by development of these
skid-resistance test methods, parslliel work was
going on in another sector of the Road Research
Laboratory on the polishing snd wear properties of
roadstones. It was by then being appreciated that
stones from different geological sources varied
greatly in their resistance to polish by the tyres
of vehicles, limestones being notoriously bad in
this respect while quartzites and gritstones were
good. The gritstone group, however, suffered in
some cases from rapid abrasion under traffic, and
so, although the stones did not polish, the road
lost macrotexture by wear. Two standardised tests
were, therefore, developed, the Polished Stone
Value test and the Aggregate Abrasion Value tesst,
both of which are row fully deocumented in a British
Standerd .

The first of these tests gives Polished Stone
Values (PSVs) ranging from about 30 for some lime-
stones to up to 75 for some gritstones, and the
second gives Aggregate Abrasion Vglues {AAVs)
ranging from 1 or 2 for very hard flints to values
above 20 for soft aggregates. Modern specifications
nominate sach of these properties for given levels
of traffic flow and skidding accident potential.

2.5 Summery of Terms Used

The terms used in the remainder of this paper
are as follows:—

(a) SRV - S8kig-resistance value, messured by
portable tester {pendulum) on the road surface.

(b) BPC - Braking-force coefficient, measured
by locked-wheel trailer on trafficked roads and
airfields,

(e) BFC - Sideway-force coefficient, measured
{now) by SCRIM on trafficked roads.

{(d) PSY - Polished stone value, measured on a
laboratory-polished sample using an adapted porteble
tester (different scale from SRV).

{e) AAV - Aggrepgate abrasion value, measured
in the labvoratory by loss of weight of a sample
under accelerated wear.

3. Correlation of Skid-Resistance with Accidents,
Meteriels and Traffic Flow

By the late 1930's the restoration of a rough
texture to & smooth road surface was widely achieved
by means of surface dressings and mecadam carpets,
but there was no recognised quantitative method of
establishing when such treaiment had become
necessary,

The first proposal for & method of doing this
was to study accident reports in detail and to plot
on large-scale plans the locations of those acci~
dents in which wet-road skidding was & predominant
factor. Trom this work at the (then) Road Research
Laborstory, it gradually became clear that in many
areas these accidents occurred in clusters and that
8 common factor between many of them was that s
high degree of polish existed on the rosdstones in
the surfacings. Following from this it was also
shovn that if these aress were then given mainten-—
ance treatment, accidents could be reduced in
numbers significantly.

This procedure has an appealing simplicity about
it for use as & maintenance indication as it en-
compasses all the factors which combine to cause
skidding acecidents ie alignment, topography, surfac—
ing regularity and surfacing smoothness. Unfortun-—
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ately, it also suffers from the overvheiming dis-
advantage that it is necessary to wait until acci~
dents have occurred before any information is
obtained. Obviously s method was reguired of
spotting danger areas before any harm had been done.

3.1 8FC and Acecildents

The next major requirement, therefore, was to
establish values of SFC which were required in
order to minimise the nuwber of skidding accidents
at given categories of site so that routine monitor-
ing could deteet potential danger areas in advance.
This was & very large task indeed and entailed the
collection of data, both on SFC and on numbers of
skidding sccidents that had ocourred, from a wide
ranging variety of sites.

The work culminated in 195g in a paper to the
Institution of Civil Engineers® by Giles in which
he related SFC at 50 km/h to the relative iiability
of a site to become the scene of repeated skidding
accidents in vet weather. He conciuded that, whilst
a surface with a coefficient of 0.60 and above may
by chance sometimes be a scene of an accident in
which & vehicle skids in wet weather, the risk that
it will be the scene of repeated skidding accidents
is extremely small, This risk first becomes
measurable with a cocefficient of 0.55 %o 0.60 and
increases sharpily by more than 20 times as the co-
efficient falls to values of 0.40 to 0.k5 and by

about 300 times when the coefficient is 0.30 to 0.35.

These data clearly provided the basis of a set of
skidding standards (see Chapter 5) but knowledge of
the type of stone needed to give a nominated SFC was
also necessary before a full natiomal roads policy
could be implemented.

3.2 SPC, Materials and Traffic Flow

3.2.1 Bituninous Surfacings. During the years
up to 1970, & large number of measurements of
skidding resistance had been made on road experi-
ments in which a range of different road aggregates
had been used in the surfacing, In order to study
the relationship between the PSV of the stone and
the low-speed SPC of the surfacing, regression snal-
yses were made of the data from 13 of these experi-
mental sites, 20 analyses being possible because of
dvision into different traffic lanes or types of
surfacing at some sites. Details of the results of
this work have been publishedl snd a synopsis of the
findings is that a change of 1 unit of PS8V corres-
ponds to & change of 0.07 units of SFC at 50 km/h
(sTesg) .

The effect of traffic was not so simple to
establish but & close study of the measurements
taken on one site over & period of years showed thaet
despite variation in skidding resistance during =
given year, if a 'mean swmmer SFC' was taken, the
high value of SFC obtained on a newly laid bitumin-
ous surfacing rapidly decreased, and within about
one year settled to = constant value. It remsined
at that velue provided that no significant change in
traffic volume cccurred in thet time. Bxamples of
results from a few sites are showm in Figs.2 and 3.

If identical surfecing materials were compared
on different sites, the level of SFC was found to
be inversely related to the volume of traffic.

One conelusion which was apparent from these
observations concerns the manner in which SFC and
traffic are inter-related, The effect of traffic
on S¥C is not cumulative from year to year and,
therefore, the concepts used, for example, in
fatigue studies do not apply te skidding resistance.

Tnstead SFC is simply related to traffic volume for
any aggregate of given PSV.

Mgure 2. Lffect of traffic on skidding resistance
of a typical motorway standard surfacing {rolled
asphalt with precosted chippings of FSV 58-60)
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Figure 3. Levels of skidding resistance recorded
on different sections of road {surface dressing
using 13 mm chippings. Traffic in lane: 2100
commercial vehicles per day)
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A possible explanation of these observations and
one that is generally accepted, is that ai the same
time as traffic is tending to polish the surface,
other factors, usually identified as complex
physico—chemical phenomena described as 'weathering',
are acting in the opposite way, restoring micro-
texture of the exposed ageregate. Thus the resuli-
ant resistance to skidding represents an equilibdrium
between the effects of certain naturally oceurring
conditions on the one hand and those of traffic on
the other.

If, on any particular site, traffic flow changed
{as = result, for instance, of road development in
the area), a corresponding change in BFC would
result. Fig.l shows this phenomenon (as an increase
in SFC) as measured on Trunk Road Al at Colnbrook,
Middlesex, when traffic decreased after a nearby
section of Motorway ML had been opened.

When it had been established that the three
variables SFC, PSV and traffic were inter-related,

a regression snalysis was carried out to correlate
the three simultaneously. One hundred and thirty
nine different sections of road with traffic densi-
ties up to 4000 commercial wvehicles per day were



examined to provide data and the following highly
significant cerrelation {correlation coefficient
0.91) was obtained:~

"
SFC.. = 0.024 - 0663 x 10 . g

-2
50 oy + 1 % 10

. Psv

where ., = flow of commercial vehicles per lane per

day (in one direction}. The relationship applies to
straight roasds only.

Figure 4, An increase in the level of skidding
resistance recorded on trunk road Ak, Colnbrook
by-pass when traffic decreased due to the opening
of a motorway.

0.80 —
Tiaftic
- change
4 0.70 S e e e P50 v in
E cach direction
(a: (U1 B TS 80 fdun <.
E each direction
3 o PSV 60
£ @ PSVE0 o
2040 e b ) [1
t 1
i
1
1960 1965 1970
Time

The publication of this work| is regarded as a major
advancement in the field of skid-resistance as it
provides a method of nominating st the design stage
the properties of the stone required {to provide a
given ultimete skidding resistance provided that the
commercial traffic flow can be estimated.

3.2.2 Concrete Surfecings. Research to guentify
the materials effect on low-speed skidding resist-
ance in a concrete pavement is complicaeted by the
greater number of variables involved. Here the
polishing and wear characteristics of both the fine
and coarse aggregates have an influence on the
result, as does the strength of the concrete.

This field has been researched in Britain as a
joint venture between the (Transport and) Road
Research Laboratory and the Cement and Concrete
Association, work starting in 1964 and still being
active in 1977. The first mojor reportd from this
work appeared in 1970 and it concluded that the most
important constituent in the mix was the fine aggre-
gate. The use of high-silica-content natural sands
always yielded higher skid-resistance values than
did relatively soft sands or crushed fine materisgls,

The polishing characteristics of the coarse ag-
gregate had only a very slight effect on the skid-
registance of concrete, an increase in PSV from 235
to 72 producing an increase in SRV of less than 5
units. Normally not more than 12 per cent of the
surface of a concrete road consists of exposed coarse
aggrepate.

As a result of this and other work, the Depart-—
ment of the Environment Specification® introduced two
agegregate restrictions for concrete surfacings on
Trunk Roads and Motorways. Firstly the fine aggre-
gate used in the top 2 inches of the carriageway was
limited to & 25 per cent csleium carbonate content
(that being the polishable constituent of the sand)}
and if the coarse aggregate was limestone it was
regquired to satisfy an accelerated wear test. This
latter test is carried out on concrete samples in-—
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corporating the aggregate in question and thus
occupies a period of seversl weeks because of curing
time. Tt would be more practicable to be able to
forecast the ultimate low-speed skid-resistance of
the finished concrete from laboratory tests on the
constituents, so that delays could be avoided at

the tendering stage of a contract,

To this end, a first study’C,1! has been made
of a limited amount of data with the object of
correlating the skidding resistance with the pro-
perties of the constituents. The aggpregate proper—
ties and the strenglth characteristics have been
subjected to multiple regression enalysis and the
equation derived from Motorway M4 {3400 commercial
vehicles/day)} was:—

SRV = 47.1 + 0.210 x PEV, - 1,11 AAV,

+

0.335 AV, - 0.20k (strengbh)

+

0.189 (fines content)

(Buffices 'f' and 'c¢' refer to fine and coarse
aggregate respectively, 'strength' is compressive
strength of concrete at 28 days {MPa) and 'fines
content! is per cent hy weight passing a 4.76 mm
BS test sieve. The correlation coefficient was
0.84,)

This work is still in progress and it is hoped
that it will soon be possible to specify materials
to give a nominated SFC p &s accurately for concrete
surfacings as for bituminous.

3.2.3 Factors other than Resistance to Polishing.
Although resistance to polishing is the most
important single characteristic of an aggregate in
determining the resistance to skidding of a bitumin-
ous surfacing, a stuﬁy12 has been made of other
characteristics of aggregates that have been thought
to influence resistance to skidding. The most
important of Lthese were:-

(a) Geolegical group

{b) Particle size

{c}) Differential wear of mixtures of two or
more roadstones.

Briefly the findings of the work were:-

{a) BSome aggregates, notably quartzites and
blast—furnace slags, gave & resistance to skidding
equivalent to that given by other roadstones which
are 3 units higher in PSV. All the other types ol
roadstones tested performed as would be expected
from their PSVs.

(v} Provided that adequate road surface
Lexture is maintained, reducing the nominal size
of an aggregate ralises the low-speed resistance to
skidding of a surfacing made with it. In the case
of macadams this incresse can be up to 0.10 wnits
of SFC for a 3 mm maximum size material when com—
pared with one containing 19 mm particles. This
relative effect is even greater in the case of
chipped swlacings, but it is difficult to prevent
embedment of small chippings.

{c) The use of mixtures of two or more aggre-
gates of normal surfacing quality yields a resist-
ance to skidding and a depth of surface texture
that is approximately egual to the means of those
given by the constituents on thelir owm,
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4, Effect of Texture on High-BSpeed Skid-Resistance

The work discussed in Chapter 3.2 has made it
clear that low-speed (50 km/h) SFC is proviged by
the micro-texture of the surfacing and is gquantified
in terms of the resistance to polishing of the
aggregates used. The next gquestion is that of the
macro-texture and what its contribution is to the
skidding resistance of the road.

Tt has been mentioned previously in Chapter 1
that various researchers had reported 2 ‘speed
effect' on the measured skid-resistance and that the
small braking-force frailer {2.2.1) had been used to
investigate change in skidding resistance from low
to high speeds. The first atiempt fo quantify this
effect and to correlate it with road surface texture
came in 196613, The texture used was that measured
by a sand-patch method? and one measure of change in
skidding resistance that was tested for correlation
against texture was the percentage decrease in BFC
between 50 km/h and 130 km/h, The relationship is
plotted in Pig.5 and is seen to be linear, with a
correlation coefficient of -0.52. A first attempt
at nominating a mandatory texture requirement was
made on this evidence and this was that a texture
depth of 0.025 in. (0.64 mm} should be provided in
order Lo restrict the decrease in skid-resistance to
25 per cent, This figure of 0.025 in, was subse-
quently included in the specification” for concrete
roads but it has been used only as a guide in bitu~
minous specifications. Consideration iz now being
given to new texture requirements based on the latest
work in the field.

Figure 5. BEffect of texture depth on percentage
decresse in coefficient between 50 and 130 lm/h.
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Further evaluation of BFC measurements on a
wider range of surfacings has shown that the random
texture of bituminous surfacings has a different
effect from that of the predominantly transverse
texture applied to most conerete surfacings in the
UX. Tigs.6 and 7 show the effects of texture depth
on change in BFC from low to high speed on bitumin-
ous and concrete surfacings respectively. These
are plotted in a slightly different way from that
chosen for Fig.5 because the later survey included
a number of deep-textured surfacings which have the
effect of actually increasing the skidding resist-—
ance at high-speed compared with that at low speed;
as will be discussed later, this advantage brings
with it a penaliy of noise.

Figure 6. Bituminous surfacings: effect of
texture depth on the change in BFC from 50 to
130 km/h,
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Figure 7. Concrete surfacings: effect of
texture depth on the change in BFC from 50 to
130 km/h.
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A comparison of Figs.G and 7 shows that, Tor
equivalent performance, the transverse texture of
& concrete surfacing can have a lower average value
than the random texture of a bitumincous one. TFor
example, for zerc drop~off in BFC (ie the mainten-
ance of the same skidding resistance at high speed
as at low) a randomly textured surfacing requires
2.0 mm of texture whilst with a lLransverse texture
only 0.8 mm is needed. This important finding is
discussed again in Chapters 5 and 7 in connection




with standards of texture required on roads and the
noise that such textures will generate.

5. 8Standards of Skid-Resistance

5.1 Pirst Standards Proposed (1957}

Mention has been made in Chapter 3.1 of Giles'
work in the 1950's and of the relationship he
obtained between SFC and numbgrs of wet skidding
accidents. In the same paper® he suggested levels
of SFC for different categories of site, which were
intended as a very tentative guide and as a basis
for further study. These figures are given in
Table 1.

Table 1, Giles' suggested sideway-force coefficients
(1957).

S¥C at
. 30 mile/h
Ly
Category Type of site on wet
surface
'Most difficult sites' such as:
1. roundabouts
2. bends with radius less
than 500 £t on fast derestrict-
A ed roads above 0.6
3. gradients 1 in 20 or
steeper of length greater than
100 yds
4, spproaches to traffic
lights on derestricted roads
'Genersl requirements' ie:
E roads and conditions not above 0.5
covered by categories A and C
'Basy sites' eg:
mainly straight roads with
easy gradients and curves and
G without junctions and free above 0.4

from any features such as
mixed traffic especially
1liable to creste conditions
of emergency

'Proved sites' eg:

roads with coefficients
below 0.% which because of
factors such as very slow
or infrequent traffic cannot
be shown by accident studies
to be sbove normal danger

With minor amendments (eg the substitution of 0.35
for 0.60 for Category A), these propossls were
included in the suggested target v?lues of SFC
adopted by the Marshall Committee 1% on Highway
Maintenance, whose report was submitted to the
Minister of Transport in 1970. These values have
never achieved a status higher than of proposals in
Britain, aimed at providing guidance for the
maintenance engineer but, in order bto have maximum
effect in improving road surfaces, it is essential
that any standards should eventually have mandatory
backing. COne major deterrent to the adoption of
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such mandatory standards is common throughout the
world, and thet is the legal conseguences of such
action. TIn 1970 the Transport and Road Research
Leboratory set out to try to produce a scheme which
would be acceptable from all points of view.

5.2 1972 TRRL Proposals

5.,2.1 8FC. The starting point of this study
vas & consideration of the limitations of the exist-
ing proposals. The recommendations of minimum
values of SFC for three or four broadly defined
categories of site has the advantage of simplicity
but it does not fully reflect the fact that a
slippery surface is just one of many factors con-
tributing to the incidence of skidding. Two sites
Titting into the same category mey show widely
different skidding accident records, because thelr
lisbilities to become a scene of such accidents will
be influenced by factors such as traffic speed, rovad
geomelry, superelevstion on bends, visibility and
others,

Another problem with the old proposals was that
since their introduction a considerable increase in
traffic had occurred (59 per cent increase in
commercial vehicles between 1956 and 1969) and the
polishing effect of this traffic had reached such
proportions that it had become impracticable to
malntain the target values on many heavily traffic-
ked lanes of motorwsys using any available natural
aggregate., -

The new proposals which were prepared1) were
based on a site classification system broadly
gimilar to the existing one but including a new
super ¢lass of high risk site, The main feature of
the scheme was that in place of a rigid system, the
minimum value of 8FC required on any site should be
additionally dependent on a '"Risk Rating' which
wonld be determined locally by the accident poten-—
tial of that site. If the mean summer SFC falls
below the minimum value the maintenance authority
should initiate remedial action by including the
length of road in gquestion in the programme for
foture maintensnce work provided the accident
record gives no grounds for re—coding with a lower
risk number. The proposals are given in Table 2.

The ultimate aim to he achived after the scheme
has been in operation for some time, is that every
gite should be rated at the correct risk level.
This condition would be indicated by the disappear-
ance of sites having a skidding accident record
substantially different from an average value,

5.2.2 PSV Required. The materials requirements
to achieve the nominated SFCs have been discussed
in Chepter 3.2 and a summarised version of the PSV
reguirements for use in bituminous surfacings has
been produced for a range of traffic conditions.
These are given in Table 3.

5.2.3 Burface Texture. The effect of macro-
texture on the change in skidding resistance with
speed has been discussed in Chapter L., The TRRL
proposals for an allw-embracing policy on surfacings
include texture requirements and a summary of the
effects mentioned previously is given in Table 4,

It is proposed that new surfacings, bituminous
or concrete, should have sufficient texture to give
the same skidding resistance at high speed as at
low {ie zero drop in Table 4) and that maintenance
intervention should take place when texture is re-
duced to the point where a 20 per cent drop occurs.
These conditions require 2.0 mm for new bituminous
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Table 2. Minimum velues of skidding resistance for different

sites.

SFC {at 50 km/h)

SITE DEFINITION

Risk Rating

3 b 5 6 7 8 9

10

(i)  Approaches to traffic signals
on roads with a speed limit greater
then %0 mile/h (64 km/h)

(ii) Approach to traffic signals,
pedestrian crossings and similar
hazards on main urban rosds

Al
{(very
difficult)

0,55 0.60 0.65 0.70

0.75

(i)  Approaches to major junctions
on roads carrying more than 250
commercial vehicles per lane per
day

{ii)} Roundsbouts and their
approaches

{(iii) Bends with radius less than
150 m on roads with a speed limit
greater than U0 mile/h (64 km/h)
{iv) Gradients of 5% or steeper,
longer than 100 m

AR
{difficult)

0.45 0.50 0.55 0.60 0.65

Generally straight sections of
and large radius curves on:

(i) Motorways

(ii} Trunk and principal roads
(iii) Other roads carrying more
than 250 commercial vehicles per
lane per day

(average)

0,30 0.35 0.40 0.45

0,50 0.5%

(i)  Generally straight sections
of lightly trafficked roads

(ii} Other roads where wet
accidents are uwnlikely {to be a
problemn

C
{easy)

0.30 0.3 0.k0 0,45

Table 3,
in bituminous surfacings under different traffic conditions.

FSV of aggregate necessary to achieve the requirved skidding resistance

P8V of aggregste necessary

Required mean

Traffic (in commercial

summer SFC vehicle per lane per day)
at S0 km/h
0 or 1600 1750 2500 2250 hooo
0.30 30 3% ho b5 50 55
0.35 35 40 bg 50 55 60
0.4%0 ho 45 50 55 60 65
0.k45 k5 50 55 60 65 T0
0.50 50 55 60 55 7o 75
0.55 35 60 65 0 (&
0.60 60 65 0 (]
0.65 65 T0 75
0.70 o 75
0.75 (&
Chipped not greater not grester not greater
surfacings than 1k than 12 than 10
LAV
Macsdams not greater not greater not greater

than 16 than 14

than 12




surfacings, and 0.8 for new concrete surfacings
with maintenance coming inte play at 1.0 ymm and
0.5 mm respectively.

Table )., The effect of macrotexture on the change
in skidding resistance with speed,

Drop in skidding resistance

with speed change from Texture Depth (mn)

50 to 130 km/h

% Flexible Concrete®
o] 2.0 0.8
10 1.5 0.7
20 1.0 ¢.5
30 0.5 0.

* when textured predominantly transversely

6. Surfacings with High Resistance to Skidding

It is, of course, pointless to nominate surfac-
ings with given properties unless the materials
required for them are sconomically available in the
reguired quantities, and much resesrch effort has
been expended at the Laboratory in identifying or
developing materials with resistances to skidding to
suit all categories of road. It is convenient to
consider these in reverse order of the categories
listed in Table 2.

6.1 Category C Sites

Roughly 80 per cent of the roads of the countyy
are covered by Category C, and as the geology of
Britain covers the complete range of rock types,
there is no shortage of rosdstone suitable for these
roads.

6.2 Category B Sites

When we move up the scale to Category B, which
ineludes aboul 15 per cent of the road network,
difficulties start to emerge., It can be seen from
Table 2 that with traffic of 4,000 commercial
venicles/day/lane, the maintenance of an SFC of 0.h5
requires the use of a stone with PSV of 70. Very
few sources of such stone exist in Britain and those
which are available are all in the gritstone group
and may not be suitably resistant to abrasion (eg
soft sandstones). In 1972, a survey of the arena-
ceous rocks existing in Britain was conducted in
conjunction with the Institute of geological Sci-
ences, and the findings published1 . Recks were
classified as to their suitability for making skid-
resistant surfacings, the range being from those
with a PSV greater than TO and AAV better than 10
{Class 1) to the poorest materials (Class 6}. Five
sources were identified in Class 1 and eighteen in
Class 2 (PSV 65-69, AAV 10). A number of the
sources listed were from disused quarries or were
unverked, and the intention was that, as demand
grew, some of these exposures would be commercially
exploited, Considerable interest has already been
shown in & number of these.

A commercial development of the use of high-PSY
agaregates is hased on work at Birmingham Univ-
ersity 18 in the late 1960s concerning the packing
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properties of graded aggregates, The development
concerned the use of two apgregates with different
wear properties and with good PSVs, and has led %o
a Patent being filed!? in 1971 to cover the pro-
duction ¢f a proprietary surfacing material. The
material is under observation by the Laboratory on
a number of sites.

6.3 Category A2 and A% Sites

When roads in Categories A2 and A1 {Table 2) sre
brought into the problem, the use of artificial
aggregates has to be considered, together with the
development of improved binders to aliach them to
the romd. Calcined bauxite was first proposed for
such use by the Laboratory in the late 1950s and
trials which included this meterial were carried
out on Trunk Road Al (Colnmbrook By-Pass). An epoxy-
resin binder was used and although the trealment
appeared prohibitively expensive to the tradition-
alists, it was soon taken up by the Greater London
Council for use in high~risk situations {Plate &)
and has proved to be highly cost~effective at
certain sites!T. The treatment is now marketed
commercially in Britain and the producing companies
are in active collaboration with the Laboratory,
with 2 view to future improvements and widening the
scope by producing cheaper binders for use on
Category AZ sites.

Plate §. The use of celeined bauxite/epoxy resin
treatment in London

Work is alsc in progress at the Laboratory to
identify other improved binders for wp-graded sur-
face dressing work, and good results have been
obtained with thermoplastic polymer additives to
bitumen and tar.

A summary of the work on high-PSV aggregates at
the Laboratory and elsewhere was published in
197620, Tt covers both natural rock aggregates and
those menufactured from synthetic materials and
contains o list of refersnces on the subject. Tt
concludes that few other artificial materials are
as good as calcined bauxite, but & number exist
which would fill the demand for an aggregate which
is better than the natural rocks (either in polish-
ing or abrasion resistance) and is less expensive
than calcined bauxite.
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T. Problems Associated with Texture

T.1 Noise

The problem of tyre noise generated on deep-
textured surfacings was mentioned in Chapter b4 and
this has been cne of the subjects of recent close
study at the Transport and Road Research Laboratory.
The problem came to the fore becsuse of the sult-
ability of a concrete surfecing for accepting (and
retaining) a deep texture while it is in the plastic
state during construction. This advantage has, of
course, been appreciated for many years throughout
the world and in Britain a specialist mechine was
developed2l for constructing 6 mm x & mm grooves
rapidly and precisely (Plate T). These are arranged
at random centres to avoid the single-tone whistling
noise which results from spacing the grooves uni~
formly, but when a mejor road scheme was built using
the system, adverse criticlism was received from
local residents due to the total traffic noise
generated, It was claimed that this was greater
than that from a typical bituminous surfacing.

Plate 7. DPlastic grooving machine for concrete.

A detailed study of the problem led to the con-
clusion that although the deep-greoved conerete did
indeed create more nolse than & typical bituminous
surfacing, it was also providing greater benefit in
terms of high-speed skidding resistance. Measure-
ments from & large number of roads were then
analysed and a summary of the results is plotted in
Fig.8; this shows that the tyre/rosd noise emitted
from a surfacing is linearly related to the effect—
iveness of that surfacing from the point of view of
high-speed skidding resistance. For example, a

bitumincus surfacing with 2.0 mm of texture emits
the same noise as transversely textured concrete
surfacing with 0.8 mm of texture {see Chapter

5.2.3).

Figure 8. Relationship between estimated BFC of
various surfaces and noise from light wvehicles.
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This finding dispels the previously widely held
belief that concrete surfacings are noisier than
bituminous ones and is important in the formulation
of a specification policy which can cover all forms
of construction in a general and equitable manner.

7.2 Spray

The problem of spray throwm up from the wheels
of fast moving vehicles especially heavy commercial
ones, has grown in importance as traffic intensities
have increased. It is difficult to be precise about
the numbers of accldents caused by poor visibility
in periods of heavy rain but an estimate has been
made®? that 10 per cent of wet-road injury accidents
may be in this category.

Researeh was undertaken at the Laboratory?3 in
the 1960s to measure the depth of water on rolled
asphalt and brushed concrete surfaces, using a
M mx 5.5 mtilting platform and a 30 m reinfall
simulator. The primary conclusions were that the
distributions of water on the surface of rolled
asphalt and brushed concrete during rainfall are
very similar, indicating that, as far as the hy-
draulics of rain water flow is concerned, the sur-
faces can be considered to have similar roughnesses.
Increasing the crossfall of the road pavement from
1 in 60 to 1 in 30 had a relatively small effect on
the depth of water flowing ascross the road., Clearly
any major improvements in this field are to come
from surface texture improvements, but as these will
in most cases involve incressed noise, & conmpromise
will have to be evolwved.

In order that this compromise can be properly
guantified, an apparatus is being developed which
will measure the severity of spray thrown up from a
surfacing. This operates on a reflected light
technique, measuring the intensity of light scattered
back from the spray particles. This work is current-
ly in progress and will be reported when completed.



Considerable interest is being shown in many
parts of the world in pervious surfacings of varicus
forms and Great Britain is no exception., After
early experience on airfields in the early 1960s,
experimental surfacings were laid on roads in 1967
by TRRL and, independently, by Warwickshire County
Council. In 1970 further experimental sections were
laid bY the Laboratory on Trunk Rosd ALS in Warwick—
shire?!, which at that time carried 4,500 commerc-
ial vehicles per day (in one direction) in the near-
side lane. After 6 years, b of the € materials used
sre considerably reduced in perviousness bubt the 2
best formulaticns are still reasonably effective,
One of these materials has been lsid in a trial on
Motorway M1 under the most severe traffic conditions
{7,000 commercial vehicles/lane/day) and Plates 8,9
show the effect in heavy rain. Other trials are
also taking place on some 10 sites in various parts
of the cowntry, and noise measurements are being
made at some of these in addition to spray assess-
ment.

Plate 8, Spray from standard surfacing on
Motorway M1.

Plate 9. Spray from pervious surfacing on
Motorway M1.
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8. Specification of Materials and Texture in
Practice

Most of the physical factors that have to be
considered in writing specifications for skid-
resistant roads have been discussed in the preceding
chapters, The final problem is that of implementea-
tion in practice.

In Britain, the specifying suthority for Trunk
Roads and Motorways, ie those which receive their
financing solely from Central Government, is the
Directorate General of Highways of the Department of
Transport . They receive recommendations from the
TRRL, consider them in the context of the current
eccnomic, commercial and political situations, and
issue specifications to suit. The subject of skid-
resistance is a particularly delicate one, because
the Ffinal decisions require a balance between cost
and safety, with legal issues influencing matters.

The policy to be adopted is under consideration
by the Directorate General of Highways but a decis—
ion has not been reached at the time of writing on
the precise use of the proposals outlined in this
paper.

A summary of these proposals is as follows:-

Hew construction:

1. The PSV of stone to be used would be nomin-
ated for the design traffic flow to maintain a given
sr¢., (Table 3 Chapter 5.)

2. The initisl texture would be specified with
the aim of giving 2erc drop-off in skid-resistance
from low to high-spsed {Table 4 Chapter 5). This
would be backed up by a meximum AAV requirement
{Table 3 Chapter 5).

Meintenance:

The inclusion of & rosd in a maintenance programae
would depend on its mean swmmer SFC as measured by
SCRIM, and on its texbure depth as measured with a
iaser-based system ab present under developmentZd.
The interventicon level for texture would be aimed
at 20 per cent 'drop-off' (Table b Chapter 5) but
a national survey of existing road textures will be
carried out to confirm the feasibility of this
figure.

When this stage is reached, there will exist a
complete package Lo enable British highway engineers
Lo construct and maintain their roads to an optimum
standard with the aim of keeping wet-skidding
accidents to the minimum practicable level,
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