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SUMMARY

The probiem of SKIDeRESiSTANCE has become increasingly critical. Our
first basic approach to it. was reviewed in the report entitled Dolomite Study
(68-003-7760).

The present supplementény report recapitulates the practical elements
needed for implementing a program of systematic research and surveillanﬁe,

including first of all the essential technical equipment.
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Introduction

Our interim report on skid-resistance under the heading of dolomite
(Project #7760) concluded that further tests were required in order to

develop more adequate specifications.*

The purpose of this report is to put together bibliographic data

on the methods used elsewhere in this country and abroad for conducting

tests of this kind.

Two main documents were at our disposal, one of them is the Proceedings
of the First International Skid Prevention Conference held in Virginia in
1958, the second one is a collection of papers on slipperiness put out
by the»French Road Research Laboratory unaer the title of Glissance.

Most students of slipperiness of roadways underline the fact thatv
its complexity is enormous and the number of variables almost endless.

"It is clear thaf oversimplification willvnot be of any help and isolating
a singlé criterion may be misleading. Wﬁatéver we do in this field,thgre
will always be an "if'" and a "but"; relativity in this subject is queen.

~ All of the many papers thus published speak about friction coefficients.
But there is little mention of polishing and still less of surface texture.
The two last mentioned point§ are the most important, the most critical
and alsovthe least advanced in this recent technology.

ﬁe are passing by the many discussions on how to measure thevcoefficient
of friction of sﬁrface courses in the field, because our own soiution for

this particular criterion has already been developed.

*For ready reference, copies of the two final chapters of the
DOLOMITE REPORT are’ inserted at the end of this study.



Truly, the most important consideration is time; it is not really
difficult to obtain a fair initial coefficient of friction; what is

difficult is to make it hold out under heavy traffic.  Therefore,

polishability of the aggregates is the most important consideration
and this has to be measured. It is done by measuring the coefficient
of friction before and after an operation of accelerated polishing.

As to the surface texture, which holds the key to the solution,

no one so far has developed a clear and practical method for defining it.

This is the field where the.greatest efforts of imagination and experimenting
are called for.

Some of the technicians remind us of the need to consider aiso other
inéidental angles such as noise and light reflection, and not jusi friction.
The question of noise is a little critical because open surface textures
are notoriously more resonant than the smooth oaés, as we have seen

ourselves when we installed rumble strips with the deliberate purpose

.of shaking up the driver and sharpening his attention.

While the general aspects of the question have been dealt with
in our overall digest of thebavailable literature appended to the dolomite
project,'it may be useful to bring out what is perhaps the most interesting
adviCe given at the Virginia Conference by the Virginia delegate. He
mentioned that the highest standards of skid resistance are needed only
in selected, especially dangerous spots such as intersections, bends
and some steep gradients. This realistic observatioﬁ places the question
of cost in a practical light. The lengths and surface areas of those
peculiar spots are so limited that it is quite possible to treat them

in the most effective manner whatever the cost.



My own accumulated Qbservations on this vital subject brought out
an unavoidable fact whichkwe have to face at the beginning of our study:
In order to avoid skidding we have td create fric;ion, therefore wear;
the result has to be accelerated wear of the roadway and of the-fires.

Saving lives will be expensive, but is this not worth the price?

This aspect of the questibn should be brought out to the users or
drivers: the more abseni-minded and lacking in self-control they will
be, the higher must be the price they pay, either in lives or in investment
in the roadways. Over three hundred years ago the French Prime Minister
Mazarin, when he heard of people complaining about taxes, drove into
the countryside and found they were singing. He turned around to his
advisors and said "ils cantent, donc ils pagaront--they sing, therefore

they will pay". Mazarin was Italian born, hence his grammar.

*® & ® * k& * k& Kk ¥ *h ® * k * *



In attacking once more this-subject it may be useful for us to
realize thaf we are far behind many other'highway departments and research
organizations. This problem, perhaps more than any others, brings 6ut
the need for this department to develop an up-to-date and properly
equipped and endowed apparatus of study and experimenting in order to
really get hgld of our most trying problems.

According to a summary Professor Moyer put together for the

Virginia meeting, the first road-surface friction tests with the towed

trailer method were made as early as 1924 at the Iowa State College.

Moyer himself continued this research from 1932 onward. Stinson § Roberts

started their series of ‘similar tests in 1933, with special emphasis on
the importance of slipperiness on wet surfaces. As far back as 1938 the
Oregon Highway Department showed how muéh higher is the resistance of

open textures compared with the dense ones, not forgetting.the inconveniences

such as the rumble noise and the more frequent surface failures in freezing

“conditions.

These are just some high spots of tﬁe past.activity throughout the
country: California, Tennéssee, General Motors, the Langléy Aerénautical
Lab., the Bureau of Public Roads, the Michigan Highway Department, the
Portland Cement Association with Cornell, all of these and others applied
the same towed trailer test ﬁethods, confirming the results that had
been discovered and widening the fiela of reference.

Similar expefiments were made by using the stopping distance method
by the‘highway departments of Virginia, of Michigan, North Carolina and

Mississippi, as well as the Universities of Purdue and Michigan.



Besides these'field tests, other tests were run in laboratories
with various improvised instruments, This work undoubtedly added to the
general knowledge but the findings obtained this way remain less realistic,
because it is so difficult to duplicate the actual driving cénditions'
indoors. Among the researchers which applied these methods were the -
highway depértments of kentucky and California, the Crushed Stone

Association, and the Universities of Minnesota, Tennessee, Purdue and

Penn State.

The latest "Highway Research in Progress", published by the

Highway Research Board, lists 21 projects on skid resistance current

in 15 states and 27 such projects in 9 foreign countries, many of them
on a considerable scale. The time has come when New Jersey will have
to participate in this movement on a more active scale, both with field

and laboratory tests. Let the experience of others show us the way.

Kk R xRk k kR kK

A praétical way‘for acquirihg a goéd background on this subjecf
will be to_go back to our own files and the assembled BibiiograEhy.
In these you will find three éssential sources:

1. The first notes on skid resistance are in the original folder

‘(not numbered) put together by Mr. Van Breemen years ago with memoranda

by himself and Mr. Reed.



2. Next comes our own folder of negotiations with the Stevens
Institute which‘produced our order for our new skid trailer (#7710).

3, Our dolomite study (#7760). >0utside the actual study on the
New Hope quarries and some related aggregates, this report is backed up
by a very broad and complete summary of all the data available, including
the monﬁmentalAbooks on the 1958 International Conference on Skid
Resistance (see our Library), the French study entitled "Glissance",
(see our Library) and various other papers we discovered (two folders).

The present report is a continuation of that one, but this time
we are concentrating on the kinds of tests that are necessary and the

equipment we will have to acquire to carry them out.

L I L B N L L N I B

It goes without saying that our tests will have to be built around

desirable minimum requirements of skid resistance. The latest paper on

this subject is the authoritative Report #37 of ‘the National Cooperative
Highway Research Program, of which an abridgément follows; only the
abridgemen; not the summary, which is much too long.

A Skid number of 37 is recommended as the teﬁ&tive minimum requirement
for pavement friction on main rﬁral highways. = This number is thatvmeasured
with a skid trailer in accdrd;ncevwith ASTM Method E-274 at 40 mph in the
most polished track of the road during summer or fall. For high-speed roads,
higher skid numbers are explicitly recommended. The recommendations are
also expressed by the stopping distance method and with portable testers.

The recommended requirements are based on the normal needs of traffic
derived from driver behavior stgdies, and in close agreement with accident

studies. Steps which can be taken and research which is needed to reduce



skidding accidents and to improve the.skid resistance of pavements are

suggested.

A program of further research to improve the basis from which more

‘definitive minimum requirements or standards can be derived is suggested.

Another very interesting source of information on Standards of Skid
Resistance for roads is to be foﬁnd in a British paper which we have
extracted from ""Road Research 1964'" published by the British Ministry of

Transports (Pages 56 through 60). Reproductions of the most meaningful

€

passages follow on pages 8, 9, and 10:




Standards of skidding resistance for roads. Two surveys have been carri
out to test the validity and practicability of the values of sidewav t:ree &
efficient required for different conditions of road layout previously sugpested.® ©

In the first survey the values were tested with the co-operation of u manel o4
highway engineers, covering six different-areas of the country. A scir uon of
133 typical road sites representing the suggested. categories A, B, w.w: € was
made by the engineers concerned from roads in Essex, Harrow, M. sjlesex.
Nottinghamshire, Somerset and West Sussex. o

To check the proposed values of skidding resistance for the varivu- sites a

comparison was made of the measuyred values of skidding resustance
accident records for each site. To give a figure of sideway force coefficic

sth the

likely

to be representative of the performance of each site at its lowest, the skidding
measurements were made during the summer months. The accident records

were assessed using the method described elsewhere® 20 for ¢
frequenciy of skidding accidents on short stretches of road.

omparing

The re<alts (Fig. 24) showed that, with one exception (a site classified as

category ¢

., all the sites with significantly high skidding rates (above the

nationa! iry road average) had values of sideway force coefficient below the
figure s anested. : '
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The results indicated therefore that the suggested values were of the right
order and that at many of the sites which had been selected the suggested values
of sideway force coefficient were already being obtained without difficulty.
In two counties all the sites were above the suggested standard of skidding
resistance and all were free of skidding difficulties. :

In the second survey surface treatment was carried out at 38 sites, of which
2} were classified as catcgory A sites, 15 as category B sites and two as category
C sites. A check was kept on the skidding resistance and accident records at
these sites before and after treatment for a total period of approximately 7
years and sideway force coefficients were measured annually.

.
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Unfortunately 4t many of the sites the sideway force coefficients were not
maintained above the desired values for any appreciable length of time, This
is especially true tor category A sites, where with one exception the values
had fallen below 0-6 within the first year, and in subsequent years the values
became even Jower, being below 05 in all cases. At most of the category B and C
sites the sideway force coefficients were above the suggested values of 0-5 and
0-4 respectively in the first year but within about two years the coeﬂicnents
were generally below these values.

The udeway force coefficients and accident records in periods before and
after treatment are compared in Figs. 25 (a) and (b) for category A and B
sites respectively. There is no site in category A with a coefficient greater than
0-55 which has a high skidding accident rate (Fig. 25 (a)). Although sites with
such tugh coefficients were rather few, the result tends to suggest that a value
of 0-55 should be adequate to ensure freedom from skidding in wet weather in
most circumstances. This is supported by evidence in Fig. 24, and a reappraisal
of the evidence provided by earlier surveys supports this finding; in studies of
nearly 400 skidding black-spots only one such site (a bend on a fast road) was
found te have a sideway force coefficient greater than 0-55.

For the category B sites (Fig. 25 (b)) a minimum sideway force coefficient
of 0-45 is desirable, although there is litie evidence in this survey that values
as high as 0-5 are necessary. However, there were a number of sites in the earlier

surveys where coefhcients between 0-43 and 05 were associated with frequent
skidding in the wet, so a change in the level of sideway force coefficient for
category B does not appear to be justified.

An overall comparison of measurements of sideway force coefficient and
percentages of wet-road accidents involving skidding (Table 27) shows that
there is a greater risk of skidding in accidents at the category A sites than at the
category B sites for coeflicients of the same order; this demonstrates the need
for higher coefficients at category A sites. Comparison of data for category A
sites with those for category B sites suggests that the figure for category A
sites should be 0-05 higher. .

Table 27

Comparison of skidding resistance and accidents at category A and B
sites before and after surface treatment

Site Before treatment ! After treatment
| Mean sideway force coefficient 037 ' 0-41
Category A ; .
i Percentage of wet-road accidents involv- : i
ing skidding ’ T 68 | 52
; Mean sideway force coefficient 0-37 0-42
Category B : . )
| Percentage of wet-road accidents involv-
ing skidding . 47 .28

Some modification to the levels of suggested values of sideway force co-
efficient recommended for road surfaces in wet weather are therefore desirable.
Because of the difficulties of obtaining a sideway force coefficient of 0-6 or
greater at category A sites, it appears feasible to lower the minimum value for
such sites to 0-55 without appreciably increasing the risk of skidding; an
amendment to the table of values is suggested in Table 28. In other respects
the definition of category A sites appears to be satisfactory and there seems to
be no- difficulty in interpreting resuits of measurements at these sites. For
category B sites the level of 0-5 seems to be of the right order and at present
there appears no justification for lowering this value.

Table 28
Suggested amendment 10 table of values of sideway force coefficient -

Requirement for category A

Sid-cway force

coefficient - Standard represented
at 30 mile’h i

Generally - fulfilling requirements at even the most difficult sites,
0-55 and making it most unlikely that the road will be the scene of
repeated skidding accidents: in exceptional cases a value of 06
may be required

10
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The raw materials to be tested of course will be essentially those
that are available to us on an economical basis. But it will also be usefﬁl
to include at least some tests .of synthetic aggregates of the kind described

and discussed in NCHRP Report #8. A summary of that report is also enclosed

at the end of this report (Appendix 1I1).

Alop

11 .



American Experience

12



"Testingrin California'" by Professor Moyer

Professor Moyer is the ranking, long-sfanding authority in this
matter. - After his initial work at the Iowa State College in 1932 he
cantinued his investigations and by 1958 had spent eight years in
California testing and measuring both bituminous and portlant cement
surfacings on 300 different types, usiﬁg truck-trailer equipment.

He experimented with many types of aggregates; natural sand, érushed
and uncrushed gravel, crushed rock from various limestones, granite
and basalt. He tried all practical sizes from sand size to crushed
rock, 1/4 inch to one,inéh maximum for seal coats, and 1/2 inch to
one inch maximum-for plant mixeé.

For determining the coefficient of ffiction he always applied
the Coulomb formula, f=E. ‘For'example: for a braking or friction
force of 400 pounds and a load on the wheel of 800 pounds, the
coefficient of friction f=§88 or 0.5. He considered the method of
construction, the type and size of aggregate, the traffic volumes,
the age of the road, the weathering effects.

He compared dry and wet conditions, angular and rounded aggregates,
excess asphalt surfaces, plant-mixed surfaﬁes and seal coat surfaces,
rib tread and smooth tread tires, passing and traffic lanes.

He does not seem to have fun systematic tests on the influence of
surface texture but he mentions examples of coarse grained granites,
1/4 inch to 3/8 of an inch or 6 to 10 millimeters; these harsh, gritty
materials are quite polish resistant and give excellent results. Their

crystal structure varies from hard quartz to somewhat softer feldspar

and micateous materials, with little polishing.

13



In the course of these extensive tests Moyer also made notes
of other properties namely tire wear, road noise, glare and light
reflection. o
Zube and Skog of California Highways presented to the 47th HRB
meeting of January 1968 a report (#47-21-04) on skid resistance of
screenings for seal coats, which includes a method for studying surface
texture and particle shape of the screenings, as well as a way of appraising their
‘wear and polish under traffic. But their laboratory polishing machine operates

at an unrealistic speed of 2 to 3 mph only.

14



Indiana Highway Commission

A report‘dated December 1964 summarizes the testing methods they
used over a period of 10 years.

Seventy separate test sites, each 1/10 mile long, were marked off
on a test road. All were tested for skid resistance every six months.
Each time at the same 30 mph speéd, under wet conditions, using the
stopping distance methéd. ‘Both directions and all four lanes were
measured, observing the effects of traffic, age and season. The
temperatures were recbrded. |

- It is noteworthy that throughout this series they used.only the
special ''Pavement Test Standard Tire"'devéloped by the‘ASTM.Committee

E-17 and the Technical Advisory Committee of the Tire and Rim Association.

* k ¥ k k * Kk *

In the meantime we have received also their report #21 of November
1967, which is a progress report in their skid resistance study. It will
be useful to consult it in our library because of the method they have

followed in organiiing;and recording those tests. These were made semi-

annually, in the early spfing and fall, on their test road, comparing
flexible and rigid pavements; each one on a selected spot from among

seventy 1/10 mile test sites; 16 sites in the spring, § in the fall;

2 skids per site. The dry tests,found to be insignificant, were discontinued.

15



They again used the pavement test standard tire, on wet roads, at 34.4
mph, in each lane in each direction, using the stopping distance method.
It was found that the sand-mix resurfaced flexible surface has shorter

stopping distances; for both types the outer lanes have a longer stopping

distance, but this difference was more pronounced for the rigid pavements,

The flexible type showed pronounced seasonal variations (shorter stopping
distances in March than in August). The resurfacing of the flexible

pavement made little difference.

16



Michigan State Highway Department

These tests were run over a period of fourteen months from 1957
to 1958. Over 4,000 skid tests were run on three hundred and thirty six
projects over a lenigth of 2,400 miles; this included 193 projects of
bituminous aggregates and bitpminous concrete.

They generally made 4 to 6 tests per project at repreSentative
locations, selected according to the length of the building project.

In each case the average of these tests gave them the overall skid
resistance level of the project.

They used a two-wheeled trailer. All tests were made on wet

surfaces at 40 mph, with only a few at 20 mph, under an aerial temperature

of 40 to 90 degrees F. They measured the sliding coefficient of friction
on separate lanes, i.e. the traffic lane and the passing lane.

In each case they specified the age of the pavement, using a wear

factor according to the ‘following formula: the average daily traffic

volume per lane since the construction of the road or section was
weighted for percentage of.ﬁommercial traffic converted to its equivalent
ﬁumbef of passenger éars; this was multipiied by 1,000 and by the age of
the project .in yéars. For the equivalent number of passenger cars they
took the product of the average fruck-to~car tire contact'area ratio and
the truck-to-car weight per unit area ratio. Specifications of some of

their bituminous concrete test mixes are shown on the following page.

17
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Basic bituminous mixture design:

Coatse aggregate (retained un No. 10 sieve) 50-55 percent
Fine aggregate (passing No. 10, retained on No. 200 sieve) 30-35 percent
Filler {passing No. 200 sieve) : ' 5.5-6 percent
Asphalt cement . . 5.5 percent
Marshall stability ) 1500-3000 lb.

Revisions in Material Specifications:

Prior to 1944 ‘ 1944-1948 Since 1948
“Asphalt Pen. 85-100 -~ - Pen, 85-100 ) Pen. 60-70 o1 80-1:
Cement . :
Mincral Limestone dust Limestone dust Fly Ash or Limesto
Filler : ) dust
Coarse 100% pass. 1/2 in. 90*@6% pass. 12 Iu, 90-100% puss. 1/2
- Aggregate 15-45% pass. No.4 0-25% pass. No, 2 10-25% pass. No. 3
(Dept. Spec. 26A) . (Dept. Bpec; 26A mod.) 0-10% pass. Nu. |t

(Dept. Spec. 25A7A)

3BC Fine Aggregate:

Passing No. 4 100 perceut
Passing No, 4 retained on No. 10 SR 0-5 percent
Passing No. 10 retained on No. 40. . . 15-35 percent
Passing No, 40 retained on No. 80" ) 30-60 percent
Passing No. 80 retained on No, 200 . = '
Passing No. 200

15-35 percent
0-5 pervcent




New York Department of Transportation

We will pay further attention to their Report #67-3 on skid
resistance in our last and concluding chapter on our own requirements
for getting hold of the skidding problem.

It is, of all the recent reports I have seen, the clearest and
by far the simplest. It's conclusions are exactly those I have reached
myself after comparing dozens of studies made by many researchers during
the last 10 years. It is ;he one report each one of us should absorb
and use as a practical protot}pe, of course adapting their methods to
our own requirements and our own set-up. The main point is that their
pattern of work can be applied by ourselves with the latest methods we know
of, without having to experiment from scratcﬁ, without havingvto follow
a lot of blind trails. It should enable us to organize our surveillance
of the New Jersey road system without delay, refining and improving it
as we go.

Two statements taken from the letter of transmittal which goes
with the report bring out the essential guidelines.

(a) Measure the permanent coefficient of friction, after the
first wearing-in period of the road surface is over: this period will
consume appfoximatély 5 million passes.

(b) Satisfactory skid resistance is essentially achieved by

the use of larger aggregates with polish resistant properties.

These two points, of course, had been previously discovered

by many researchers but had never been brought out with the same clarity

19



and simplicity. It's conciseness, after seven years of consecutive

tests, is the greatest virtue of the report, which has only about six

pages of text.

At the foot of Page 6 there is a summary of test proceddres,
using the drag force trailer.

Their essentiai»parameter is bituminous pavements (new, in
clean cond{tiqn without excess asphalt),»studying chemistry,
polishing, texture and mixture.

They have to admft, as evefybody does, that there is a problem
of correlation between the measurements of the road testing trailer
on the one hand and the British bortable pendulum tester for the

laboratory, which is not very precise. But the two can be used in

a practical manner, keeping their differences in mind.

20 -



Purdue University

There the well known researchers were Mr. Shupe of Kansas and
Mr. Lounsbury of Indiana. Their motto Qas: the qualities of roadways
are short-lived if they are too e#sily polished away.
" For determining skid resistance, they used a laboratorykskid tester,
spinning the specimens at 2,500 rpm and forcing a rubber shoe against a
wet surface. "The results were expressed in RRV (relative resistance value),

Kentdcky Rock Asphalt being the reference material (a specimen of KRA was

.taken as equivalent to RRV = 1.00).

In their main polishing tests, they applied mixes with intentionally
low asphalt content in order to bring out the effect of the aggregate.

For accelerated wear and polishing tests, the procedure was this:
At the start, the initial compaction and particle orientation were achieved
by rolling at 140 degrees F; then came the first wear test (coarse wear)
with quartz as the abrasive; next the fine-polish test, where the abrasive
was limestone filler; finally another rolling coated the aggregate lightly
énd simulated the seasonal effect. |

For each aggregate they mentioned in their notes its identification
symbol, its location, megascopic deséription and petrographic description,
as well as the chemical analysis (CaC0z, MgCOz, 5i0,).

In order to'demonstrate.the effects of surface structure, namely the
mixtures of sizes, they showed the composition of the specimens as follows:

The percentage passing the sieve, the percentage retained in the sieve,
the gradation number (1 to 5); in'this grédation, number 3 was considered a
standard specimen, numbers 4 and 5 were more dense, numbers 2 and 3 were more
o?en graded; they showed also the asphalt content in percent of thé total
weight‘of the mixture.

They made photographs of the test specimens at the completion of the

coarse-wear cycle,



Virginia Highwax

They have been very active in this field, in fact at the time .of the

1958 International Conference they were in the lead.

In this new series of tests they experimented with:
Twenty-six sources of limestone
including dolomites, on 1298 sites

Two sources of siliceous gravel
on thirty-four sites

Two sources of trap rocks
(diabase) on 115 sites

Four sources of granite
on 114 sites

Nine sources of coarse sand
on 270 sites

Six coarse sands on 106 sites

This effort totals up to nearly 2,000 test sites and some 50 sources

of supply. Their investigated mixes are detailed in the two following

illustrations.

SIEVE H-2 1-3 F-1_ (MOD) F-i DESLICKING
NO Y PASSING ! “%PASSING | % PASSING | % PASSING | % PASSING
1 100 ) L

C3/4" 95-100
/2" - 100
3/8" 60-80 80-100 100 100
4 40-60 $0-70 75-90 85-100 100
| 0 20- 40 35-50 60-80 65-95 95-100

: 490 10-25 15-35 - 20-45 40-95 |

' 80 3-10 3-15 5-15 5-30 12-30 |
200 2-10 2-10 2-10 2-8

APPROY. . R
AG. 5.0 6.2% 7.0% 7.29% 8.0%
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Ail these tests were made of course on wet roads; the speed was
generally 40 mph. They uéed the stopéing distance me;hod although they
found that it is slow and usable only on straight sections of road and

- level sites. They also used for measuring the coefficient of friction
a tesf trailer borrowed ffom General Motors;v

In each series of tests they measured the friction conditions
at various agés of the road, but they gave up their attempt to anaiyse
erarately the effects of age and trafficﬁ They noticed, however, that
in practically every case the road was at.its worst from the standpoint
of slipperiness after one year of use and‘for this they did not offer
any explanation. It looks like a process of initial "wearing in'",

Of particular interest is theif attempt to study the effects of

‘ siliceous admixtures to iiﬁestones as a practical compromise which would
achieve safe results without the complete elimination of liméstone;

They used fine non-polishing silica sands, gravels, And granite as
additives. At first the& added only up to 20 or 25 percent, then they
tested mixes with a minimum of 50 percent; finally they tried various
amounts up to 50 percent, generally 20/25 or 40/50 percent, of the total
mix, or elSé 100 percent of the fine aggregate. They tested them after
nine months and 24 months and 48 months.

After this, they tested-additions of nonpolishing coarse aggregates
in three special test sections,the idea being that after one year of heavy
traffic the tires are mostly in contact with the coarse portions of the
surface; in these tests up to 50% of the coarse was siliceous gravel or
granite, while the fines were still made up to 100% of limestone. They

tried these after one year and after three years of use.
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In a third series of tests, a different test section was built
with 100% of non-polishing-aggregates'with all-limestone fines. These
were tried after six montﬁs ahd after one year.

Finally, in the fourthvseries, they tried fine silica deslicking
mixes in order to simulate the well known Kénfucky rock asphalt, so-called,
which is a sand-stone. In this series they also treated very thin top
courses (8 to 50 psi) with a relatively low ésphalt content, in order to
see how lower courses could be béilt entirely of limestones, to be
covered with thin non-slippery surfaces. These they tested after three
mbnths, one year, and three years. This kind of treatment, of course,

would have to be frequently renewed in heavy traffic areas.
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EUROPEAN EXPERIENCE
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Scome Notes From Europe

Most of these notes, but not all of them,are taken from a general

paper by C. G. Giles of the British Road Research Laboratory, one of the

leaders in this field.

The general concensus is that most roads are skid safe in a dry

condition; therefore, all tests of skid-resistance must be made on wet

surfaces. From the American movie picture on hydroplaning or acquaplaning,

-which we have seen, we remember that when the amount of water on the

roadway reaches a considerable level, there is practically no more friction

and no more adhesion between the tire and the road. In this respect,

- there is a rather curious note in some Italian‘paper to the effect that

from their findings, heavy flooding is not the most dangerous condition
because it washes the road surface clean of mud; therefore, they say that
attention should be given to wettihg the surface only slightly during

the tests.* On the other hand, the Bureau of Public Roads recently
awarded the Cornell Aeromgutical Laboratory a contract for investigating
the pheﬁomenon of hydroplaniné.

Many researchers put the emphasis on the sideway components of the
vehicles movements during the process of skidding. They take it for
granted that it is not sufficient to measure the coefficient of friction
in the longitudinal direction parallel to the center line of thefruéd,
but also in the transverse directionm. |

It goes without saying that fhere is no such thing as an average
coefficient of friction for any road, becadse wear is uneven and even the
shortest bad section of a generally good road can produce bad accidents.

Also, the most heavily travelled lanes are not always the most slippery.

* Mr. William Van-Breemen remarked in a 1958 report that ''pavements are
likely to be in their most slippery condition when it first starts
to rain." '
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The skid-resistance of any given spot varies with its age, it also
changes with the seasons, being generélly lowest in summer. Therefore,
no single measurement or series of measurements at any specific time of
the year can be taken as defining the permanent ﬁondition of the road.

Naturally, the type of traffic is all important in any such test;

not only the frequency of passes, but also the average and extreme speeds,

‘and the types of vehicles. One specialist suggested that the most

realistic definition of the usage to which a roadway is sﬁbjected would
be the weight in tons passing per unit of time, instead of simply the
number of vehicles. Some students of this probiem have complex formulas
for integrating truck traffic with the ordinary passenger car traffic,
in order to get closer to real wearing conditions.

The type of tire to use in these tests, whether smooth or treaded,
is still controversial.

The speed applied during the tests of various kinds, whenever such
speeds were being controlled by the researchers, varied but was never high.
The general impression is that the most frequent average is close to 30 mph.

No one seemed to give much attention to the bituminous binder,
whose type or quality‘was nbt thought to have any effect on skid prevention.
But, too high percentages of it would weaken the surface and naturally any
bleeding could be calamitous.- |

What the most desirable limit or allowable minimum should be for the

coefficient of friction of a wet roadway seems to become more and more

“a relative concept. They especially seem to realize that conditions of use

as well as practical possibilities of control and expenditure would make

it uhdesirable to specify one single figure for all locations. It is rather

Euggested that different values should be chosen for heavily used city

areas where speeds are limited and for country roads with less traffic and

higher speeds,



Gi;es mentioned that in accordance with British testé,_u-turns
are over 80 times more likely to produée repeated skidding accidents
than straight sections of a road, whereas, other types of layouts show
other proportions of risk in this order: -sharp bends 50 times; steep
gradients 13 times; junctions 7 times; slight gradients 4 times; curves
in general twice as many times as those of straight sections of the road.
The following table is an expression of the British thoughts on practical

sideway friction coefficients.

SUGGESTFED SIDEWAY FORCE COEFFICIENTS

0 S U

Catepory ' " Type of Site Sideway force coef-
: ficient on the wet

' ' surface at 30 mph

with a smooth tire

‘Most difficult sites', such as:

i 1. Roundabouts.

‘ 2. 'Curves with radius less than 500 ft. on fast : )
A 1 ' derestricted roads, : Above 0.6
! 3. Gradients, 1:20 or steeper, of langth greater
| than 100 yd. : : ‘ . * "i‘;":;_.’ o
i 4. Approaches to traific;lights & restricted
roads. : 37 LAY
. - : ‘General requirements
o Roads and conditions not covere
B ‘ A and C. o Above 0.5

'Easy siteg', .e.g.*

|

|
' Mainly straight roads, with easy gradients and
| curves and without junctions, and free from any )

C t features such as mixed traffic, especially liable Abqve 0.4
i to create conditions of emergency. )
L N

.

Some experts suggest that testing equipment and specialized personnel
should be made available to contractors and all concerned.

Another pfecaution has been recommended, the one of organizing a
-perménent surveillance system because roadways, especially the heavily
travelled ones,undergo a constant evolution. This system should involve

not only inspections and sometimes measurements but also the investigation
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of the causes of all significant accidents. The'police should have
instructions to look out for signs of skidding and to locate the danger

spots with minute precision.
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British Research

The Road Resgarch Laboratory of the United Kingdom has built for
itself an International reputation second to none. They have even been
trail blazers in a number of directions, developing new methods and new
kinds of apparatus for constructive solutions.

They developed an apparatus for laboratory measurement of the
polishing of aggregates. This accelerated polishing machine is made of
a rubber wheel, 15" in diameter, rubbing against 'chips" (i.e. aggregate)
embedded in mortar, with the use of fine abrasive powders in between.

The result is expressed as the "polished stone coefficient'.
The two photographs and lisp of data which follow give more specific

information on this machine.

Accelerated polishing machine, : - . Specimen for accelerated polishing
' test,



» ESSENTIAL DATA OF THE ACCELERATED. POLISHING MACHINE

i.  Wheel Carrving Specimens

Diameter

Diameter of Quter Surface of th. X

Width of Stone Surface
Specd

Lo
T

samiatic lyre
Diameter
Width
Surface

Infiation Pressure

Total Normial Load Between the Pneumatic

Tyre and the Stone Specimens

This is Applied by Means of a Le

with a Ratioof 4 : 1

Means for Feeding Water t
Specimens at Ratesup to

4. Means for Feeding Sand L
{52 - 100 grade) to the’
at a Rate of

5. Means for Feeding Emery Fl
(100% Finer than 0.06 m;
0.002 mm) to the Surfaci
at a Rate of

Further details on this machine will be

on Equipment Required.

15 in.

1o in,

1 3/4 in.
320 r.p.m.

8 in. nominal

2'in, nominal

Smooth {untreaded), 60° Dun-
lop hardness
45 lb/sq. in.

83 Ibs.

20 g/min

2 g/min

found in the later chapter
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The RRL also made extensive polishing tests on heavily travelled
roads selecting straight sections as Qell'as bends, where they inserted
test areas of 3/8 of anvinch "chippings" embeaded in mortar, to check the
accuracy of the laboratory tests, iﬁ wet,'practical field conditidns.

For these road tests they used their portable skid resistance tester, the
coefficient of friction being then called '"skid resistance values'.

There was a good correlation between laboratory and road. The
road tests were repeated at intervals so as to follow the evolution of
the project. They watched systematically the relation between skid
Tesistance on the one hand and traffic intensity on the other, having
installed the same materials simultaneously at different spots; also age,
accounting for traffic accumulations with time in individual spots;
furthermore, the influence of weather and the neatness of the road, since
dust acts as an abrasive and there is more of it after a rainy period.

Experimental surfacings were laid on.a number of roads, each test
installation comprising 'a number of sections with a different type of

aggregate in each, as shown in the picture.
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i J For each of them they measured the sideway force
coefficient and the polished stone coéfficient. The
road sections they chose had a traffic between 60,000
tons per day and 1,000 tons per day. They tested half
inch and one inch-maximum aggregates*, after they had

found that the use of 1/8 inch 'chippings" made little

difference.

*actual sjzes
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Glissance-French Research

The notes hereafter were selected from a separate brochure on
slipperiness in the form of a large collection of specialized papers,
put togetheriby the French Government Road Research Laboratory, whose
functions are similar to those of the British RRL. In our supplement
to the digest-of bibliographic material on skid resistance we have
covered the results of the French studies. This time we will put
together significant information on the types of tests they have made
and the details of their methods of measurement.

In the first paper, the only remark concerning us here refers
to the small pendulum-type instruments for measuring the coefficient of
friction. It is natural that this type of instrument should be used in
laboratories; but the authors of this paper mention that their Leroux
apparatus as well as the British RRL are also quite useful for field
tests with treaded tires at medium speeds, not exceeding some 35 mph.
fheée instruments make it possible to pin-point conveniently the excessively
slippery areas on the roadway .

In the third paper, they emphasize the importance of properly
selecting the test sites: by using spots of high intensity traffic, the
measurements become similar to those of accelerated polishing. This
pin-pointing of the testvsites is particularly important for sample
installations.

Details on the measuring of the gradual polishing of the road's
aggregates is of particular importance for our own future research. vThe
French, in this field as in several others, have been inspired by the
British methods, those of Mac Lean and Shergold of the RRL. It will be

interesting for the reader to compare the notes hereafter with the
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discussion of the original British methods that we have given in a
preceding part of this series.
The French Road Laboratory installed on roadways samples measuring

10x10x30 cm (approx. 4x4x12 in.). These samples can be removed after

‘their planned exposure to traffic and then carefully studied in the

laboratory. The little picture shows how test samples are installed

in a test road, exposed to regular traffic.

: Samples
Roadway . Echantilons cat Wedge ‘,
Revelemen! : a9 !
s 1 » ' SO ‘
A IA‘ : ].~£bﬁp&6ted Gravel

Ny Grave compactee
NLIIAVE, o

The French also organized acceleratéd polishing tests in the
laboratory. In these testﬁ, rubber from a tire is rubbed against a sample
of roadway material, with an abrasive in between. The friction coefficient
is repeatedly measured after prearranged cycles of passes. The process
looks fast and simple. Different mechanical set-ups have been built in
various European countries, the most frequent one being the Manege (or
Manage) : Samples are mounted on a wheel, between 10 and 20 feet in diameter,
and the rubber is mounted on another wheel; in this way, real traffic
conditions are approximated, but in a more concentrated and even, therefgxe,
"accelerated" manner. In view of the importance of this type of test for

our own purposes we have written for further particulars on how these tests



were set-up in various countries.

As to the French version itself, another paper in their book
describes it as an adaptatibn of the.British measurement method BS812(1N),
using a 42 cm diameter drum which revolves at 320 rpm. Fourteen samples
are mounted on the periphery of the drum, in such a way thatra‘faifly even
cylindrical surface is produced. Each test sample is prepared in';he
following way: First, aggregate is dropped into a convenient hollow mould;
then, aluminous cement is poured into it, taking care that his binder
does nét appéar on the buter surface of the sample.

A iubber wheel, inflated at 3.16 kg/cm and revolving freely, is
applied agaiﬁst the drum with a pressure of 40 kg. During the test,
abrasives are inserted between the tire and the samples: during the first
three hours, a silicious sand with grain sizes between 6.16 and 0.40 mmj
during the three following hours, emery poﬁder.of less than 40 u.

At the end of the tést, tﬁe coefficieﬁt of friction is measured
with the British penduluﬁ tester. This coefficient then is called.
"accelerated polishing coefficient", in order to differentiate it from the
regular coefficient before polishing. |

The French researchers note that this kind of test cannot reproduce

the exact wearing conditions encountered on the roads, where some crushing

of the road surface occurs, and the nature and quantity of dust vary greatly.

They consider a '"polishing coefficient' lower than 0.35 as bad, and of over
0.45 as good.

Another papér in the French series deals in more detail with the
evaluation of the geometric roughness* of the roadway, which is of paramount
importance for effective skid control. The French engineers, who seem to

have gathered all the available material produced by other researchers,

*Surface Texture
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emphasize the fact that very little headway has been made in this field.
From all we have seen ourselves in thé many reports we have.examined
from a number of sources, the methods used so far have all been primitive
and not sufficiently significant; the definitions themselves are still
quite primitive. The French report reviewed the several approaches known
to them in the following series:

Some investigators have spread sand over the test surface and
estimated the mean depth of the interstices by mgasuring the volume of

the sand.

Others took an imprint of the road surface after first inking the

tops of the protrusions, then pressingva sheet of paper onto them, thus
producing a map of the peaks and valleys; in this manner, they determined
the area of the valleys or canals for water evgcuation, the relative
bearing surface of the peaks and the depths of the valleys.

The French Road Laboratory itself has started experimenting with
replicas of the test aréa$ using Silastene to make moulds of the roadways.
These they intend to énalyse for determining the micro-roughness
characteristics and their significance for skid control. This promising

approaéh has still to be developed.

The depth and valleys are also studied with the help of a stereographic

process developed in Ehgland.' It is intended to draw an enlarged profile
of the hills and dales and measure them. Attempts will be made to define
the angularity of the aggregates with the help of this method, which is

alsoc used in Denmark and Germany as well as in Russia.

Other methods - optical or electrical - are also under consideration
for producing overall evaluations, but have not been used as yet.

Other kinds of processes produce profiles of cross-sections. In one

of them, a sample of the top course is sawn; the section is photographed



and enlarged for detail study. Micro-profiles of aggregate grains are

also preﬁaréd in ﬁhis way. In another meihod of this group, an instrument
drops multiple needles over the test area; the line of the needle tops ,
is photographed, outlining the profile (Texas A§M College has one of these).
There is a similar instrﬁment with only one needle, inspired by Rﬁssian'
researchers, presently being perfected by the French laboraﬁory. Finally,
an electronic assémbly,'coupled with the wheel, follows the curveé of the
profile and reproduces them in greatly amplified form; this very precise
industrial process has not been uséd‘for road-making purposes as yet, but
it seems to be ayuseful indication.

The results of these various attempts to grasp the nature and practical
usefulness of the surface texture differ considerably from one laboratory
to the other; no concensus on optimal procedures and characteristics has
been worked out as yet and the field remains wide open. The four graphs
reproduced hereafter give an idea of the prgvailing trends.

The first one represents the relationships between the depth of the
roughness, the width of tﬁe interstices and the relative bearing surface.
The second one combines the coefficient of adhesion (with treaded tires on
a dry surface) with the depth of roughness at two different speeds. The
third one relates the same two characteristics at 35 mph and smooth tires,
but it compares wet and dry conditions. In the fourth one, the coefficient
of friction on a wet surface at 35 mph is shown together with the grain

&
sizes of the aggregates,
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1t seems that the skid resistance grows with roughness up to a
certain optimum of the order of 2 to 4 millimeters of grain size. The
decrease, past this bptimum, may be due to the decrease of the number
of surface contact points. Much more research is needed before we knpw

that we really have the problem in hand.

* k %k * Kk *k *x X % *

The French Road Research Laboratory, which seems to be organized
on a Very broad and highly scientific basis with considerable attention
to theory and mathematics, has sent us a great deal of information including
most recently a consideréble amount of bibliographical data on the research
done all over Europe on polishing machines and polishing tests on special
road tracks. They have a large basic runnring project for the purpose of

developing the best possible polishing machine after studying and trying

"out all the other designs and methods used by others. Unfortunately,

as all Such research projects, this one will take time, probably more

than we can afford to wait. We are sure to be kept informed by them.
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Latest British Report

This most recent study by Mrs. Sabey of tﬁe kRL reached us after
our report had been completed. It's scope is best ekpressed in the
original abstract:

Pést work has indicated that on wet roads the raté of
decrease of skidding resistance with speed is largely dependent

on the coarseness of the road surface texture. On smooth, fine-

“grained surfaces the coefficient decreases rapidly with speed,
but on coarse-textured surfaces the decrease is much less rapid.
Tests have now been carried out to examine more closely
the way in which coefficients decrease with speed up to 80
milq{h and to attempt to find a quantitative measure of surface
texture which will indicate the rate of fall in coeffi;ient
with speed. Two techniques of measuring texture have been
examined: the "sand-patch' method from which a measure of
"fexture depth" can be obtained, and a new stereophotogrammetric
technique which records the surface profile. |
A statistical correlation has been obtained between the
- percentage decrease in coefficient between 30 and 80 mile/h and
the texture depth, whicﬁ measures the coarseness of texture.
Recommendations for texture-depth requirements for fast roads
are given: to restrict the decrease to less than about 25
per cent, a texture depth of more than 0.025 in. appears
necessary. A better correlation with percentage decrease in
coefficieht_is obtained by a measure of fhe surface profile
(the "profile ratio") which takes into account the shape of

projections in the surface.

(end of quotation)'
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For measuring skid resi;tance they used both their sideway-force
machine and their small braking-force-trailer, at 30 to 80 mph; with
smooth tires, because these are more closely related to the most
significant accident risks.

For surface-texture measurements they applied the sand-patch method
to obtain textufe depth and the stereocamera to obtain surface profiles.
With that sand-patch method they actually measure the average depth of
the hollows in the surface below the general level of the peaks. This
appears to be the method described by the French Laboratory (see Page 38
above, paragraph 2). |

The experience of the RRL has shown that at medium speeds the value
of the friction coefficient "a"" largely depends on the very-fine-scale
texture (micro-structure) of the surface (its small-scale sharp edges), .
not on the size of the easily visible asperities (macrb—structure].

The latter becomes important at high speeds.

| Thg.pfoportions of hollows and asperities do not characterize
these conditions clearly enough because the effectiveness of the surface
~ roughness - particularly at high speeds - depends on the shape and
angularity of the projections. This is why the RRL put to use the new
stereophotogrammetric method also described by the Freﬁch Laboratory
(page 38 above, paragraph 5). They assess "the profile ratio", i,e.

the ratio of the lerigth of the profile to the length of the baseline.
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On bituminous surfaces they made 74 sideway-force tests and 84

braking-force tests. Some of the results appear in the following table:

Measured braking force | Decrease-in coefficient
\ coefficient at: between 30 and 80 mile/h ;
Site no. - ' Texture e
A-asphalt Actual Percentage | depth "Profile
“—woncrete-| 30 mile/h | 80 mile/h | decrease decrease (0.001 in) | ratio
\ 5 A 0. 30 0. 20 0.10 - 33 128 1. 030
6 A 0. 38 0. 28 0. 10 26 31 i 1. 065 -
TA 0. 28 0.18 0.12 43 26 1. 032
\ 8 A 0. 38 0. 30 0. 08 21 24 - -
8 A 0. 25 S0.15 0. 10 40 .1 80 1. 034
10A 0.39 0. 27 o 0.12 31 19 - -
\ 11 A 0.27 0.2 | o.08 22 BT —
12 A 0. 38 ©0.25 0. 13 34 28 1. 032

! ; It is interesting to relate the difference of coefficients at the
two test speeds with the several texture depths, as well as the profile
| ratios. For the latter;‘the higher the figure is the more pronounced
_ will be ‘the desirable irregularity of the profile.
‘ Although this new dual method has not yet passed the experimental
‘ stage, it looks like an element of progress worth trying. It has already
| lead the ERL to two conclusions: |
; ' (I)VVery 1atge decreases in‘the‘y coeffiqient between 30 and 80 mph
can be expected when the texture depth is less than 0.0107 however high p
i . is at 30 mph.
i (2) In order to restrict the decrease of j to 25% it appears that,
on average, texture depths greater than 0.025 inch are desirable. A more

’ complete judgment can be applied if the "profile ratio" is taken into account.



Highway Research Board - National Cooperative Highway Research Program

Their Report #7 of 1964 shows this picture of a texture meter .

developed by F. H. Scrivner of the Texas Transportation Institute

and W. Ronald Hudson of the Texas Highway Department‘with this comment:

The texture meter developed by

Scrivner and Hudson gives a measure

. of the micro relief of the pavement
by means of a series of prongs which
gives an indication of the indentations
and surface roughness of the pavement.
The texture meter was developed primarily
for use on flexible pavements, but was
also used on other pavements.

The instrument was presented at the January 1964 meeting of the
HRB in a paper summarized as follows in the HRB abstract:

Use of the CHLOE profilometer in Texas indicated that this device
for measuring road roughness tends to rank pavements having a coarse
teitured surface too low on the serviﬁeability scale. To offset this
tendency, a hand opeiated device for ﬁeasuring coarseness of texture

was developed, and a term for textural roughness was added to the AASHO

Road Test formula for the serviceability index. The coefficient of

the new term was evaluated by analysis of the subjective ratings given

43 flexible pavements by a 12-man panel of highway engineérs.
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Canadian Department of Highways

Report #46 of 1964 on Skid Resistance

A very good and useful synopsis of the entire subject.
Regarding our present preoccupation with testing methods they indicate
that for the determination of friction values the first International Skid

Prevention Conference gave preference to the coefficient of sliding

friction (straight-ahead locked-wheel braking) over the sideways friction.

In our above digest of French experience, the same conclusion was found,

the argument dbeing that with modern high speeds the prevalence of the

forward momentum is overwhelming.

They point out that the correlation of many different methods of

measurement has been found difficult, with some concordance but much

unevenness. We will have to see how our new skid trailer fits into this

picture, so that full comparisons with outside studies remain possible.

They give the following description of the British accelerated wear

machine:

The apparatus consists of a pneumatic-tired wheel

in contact with another wheel; on the flat periphery

of the second wheel small specimens of chipping-sized
stones set in cement mortar are mounted. The second
wheel is driven by an electric motor, while load is
applied to the pneumatic-tired wheel using a lever

arm. . This apparatus is used to attain traffic-simulated

wear of aggregate specimens, in the presence of suitable
abrasive powder. '
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The Canadian list of factors to.be considered in the course of

‘testing is useful:

Tire variables such as size, load, pressurez tread
pattern, composition, temperature; braking force
variables such as uniformity between wheels,
uniformity during application, number of wheels,
weight shift; covering on the surface such as

oil, dirt, paint, ice, snow, the amount of water;
defects such as roughness, ravelling, bleeding,
faulted joints, extruded joint seal, rutting,
patching; also ambient and pavement temperatures.

- em W e w m m e w m oEm e m . e = om ow e m e m m e o= o=

In addition to the problems of measurements, the C.D.H. studied
other aspoefs of slipperiness. Their conclusions do not differ
substantially from but supplement those we gathered at other sources.
Particularly interesting are their data on minimum requirements for
safe roadways (P. 27/28), on practice standards adopted outside of
New Jersey (P. 28), on actual.conditions in numerous locations (P. 29),
and on the anti-skid values of aggregates (Canadian page # p. 34/35).

Of. the polishing effect of traffic on roadways they find that

it is the work of fine abrasive particles found in the road scum which

become imbedded in the tire treads.

Concerning the amount of wetting required to reduce the skid

resistance of a surface to its minimum value, they have this to report:

British investigators have found that a 0.025 mm
thick water film is sufficient to abruptly reduce
the skid resistance of a pavement; further reduction
occurs as the film thickness is increased to about
0.5 mm; and additional water apparently has no
further effect. According to Italian experience,
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very slight wetting is needed only to obtain
minimum measurements, such as a 0.06 mm water
film on dusty roads. Canadian tests have
indicated that about 85-90% of the total
reduction is achieved by merely wiping the

test surface with a moderately wet cloth, and
94-98% by a2 water film thickness of 0.1 mm;

the minimum value is reached at a film thickness
of about 1.0 mm, and the addition of more water
results in a slight increase of measured skid
resistance. Utilizing a test-car at a speed of
60 mph, American investigators found further
reduction in skid resistance on the ''too much
water' side. Typical measurements were 0.4 at a
film thickness of 0.75 mm, 0.2 at 5.0 mm, and
0.15 mm, at 7.5 mm. These results were explained
by "tireplaning", a phenomenon which involves the
tires skid over the water surface much as skis
skim over the surface in aquaplaning. Although,
the test results reported in the literature are
not iqkomplete agreement, it is obvious that the
degree of wetting is to be specified, at least
within broad limits, in order to obtain reproducible,
and preferably minimum, skid resistance measurements.

For further details, see our research library
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International Road Congresses

Rio de Janeiro, 1959 - The following extracts and digests will be of interest:

General Meeting, speech by Dr. A. R. Lee (U.K.):

I would like now to refer to the note dealing
with the skidding resistance of the surface; and in
considering skidding resistance of bitumen surfacing,
attention must always be given to the tendency of the
exposed stone to polish under the action of traffic.
This property is the one decisive factor in coated
macadam surfacing; in dense surfacings it contributes
its effect, together with that of the dense mortar.
The test we have developed in Great Britian to measure
the polished stone coefficient of any stone gives
results that correlate well with the behaviour of the
road. When an engineer has a road on which skidding
accidents are occugping, the test will tell him whether
stone can be used in a given road surfacing which will
have less tendency to polish than the stone already
there. The use of a better stone will tend to reduce
the accidents due to skidding. A test of this kind is
essential for helping the engineer to select a stone
for use in a surfacing that is required to reduce
skidding accidents and we strongly recommend its
adoption. The polished stone coefficient is a
property of the stone. It can be measured with a
satisfactory degree of accuracy and it is constant
for each particular stone. It can therefore be used
in a specification as a means of defining the property
of the stone that is necessary for any particular site.
The minimum requirement for any particular site can
be assessed by the highway engineer on the basis of
the knowledge he will soon acquire when he uses the -
test. I suggest, Mr. Chairman, that a conclusion
should be added to the report that this test be
adopted ‘internationally.
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Committee on Slipperiness, speech by Mr. Vanneufville (French):

It is also necessary, I feel, to draw attention
to the importance of this problem. It will not have
escaped your notice that a perfectly smooth and
thoroughly sound road may be more dangerous, if it
is slippery, than a road of less satisfactory quality.
Consequently, from the point of view of safety, and
that is the problem we all have in mind, you have only
to consider the number of accidents that occur in
every country in the world, to realize that no effort

must be spared to ensure road safety.
This consideration clearly demonstrates that the

problem of the appearance of the road surfacing is quite

as important as the question of the foundations and
behaviour of the road.

A good summary was given at the Rio meeting of the 1958 Skid
Preveqtion Conference held in Virginia, which we discussed in our
Dolomite report(Project #7760). It was stated in Rio that considerable
attention had been paid at the Virginia meeting to the polishing of

road stones, a key aspect of the problem. Another point of emphasis
was that the correlation between the several friction measuring machines
had been found very poor; it had been recognized that such correlation
was '"a basic factor in the problem of slipperiness which is increasing
in seriousness in all countries."

The German delegate, Professor Wehner, insisted on the need for

testing the several ''wheel tracks', which vary greatly on any road.
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Mr. Brudal, the represen;ative from Norway, in reiating local
experiments,iconcludes that "a very high coefficient of friction may
be obtained when the surface has a somewhat rough-looking texture,
and when at the same time each of the stones has a real sand-paper
texture. But such surfaces may cause a very high wear of the car
tires, especially at high speeds." He also added this comment on
grain sizes: "measuremehts seem to indicate that asphaltic concretes
with a good smooth grading surve, containing all particle sizes,
as well as coarse sand and fine gravel, are superior to those with
a gap-graded aggregate.

Mr. Giles, the prize-winning British specialist, insisted on

thoroughness of testing and recording: 'Our machines give a continuous

record over the entire length of the stretch of road. When we are
carrying out tests, i£ is our practice to quote not only the mean
figure, but also the highest value and the lowest value which are
found on any stretch; it has the advantage of pinpointing attention
on the most slippery stretch of the road. Any variation greater than
$0.1 on either side of the mean value certainly needs attention."

He agreed with the Norwegian delegate on the importance of

building not only coarse-scale roughness into the road, but also

fine-scale projections. "The critical scale of projections', he said,
"is of the order of 0.170 inch (4.31 mm) or less'. He recommended to
watch the Norwegian experiments that are trying to define more precisely

the optimum texture pattern.

v
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On our subject the congress concluded its work with two brief

recommendations:

It is desirable to continue with the studies
for the purpose of establishing the minimum coefficient
of friction to apply on the projects, The skidding
resistance of a road surface is substantially affected

by the resistance of the aggregates to polishing under
traffic action. :

Rome 1964

Sixty-five nations were represented at this recent international

meeting with 500 reporters producing 137 technicél and economic papers;

"~ each of the ten committees issued a general report on its specialized

discussions.

Thg fourth committeé, in charge of 'surface qualities of pavements",
actually functioned as the "technical committee on slipperiness." The
original :eport'by J. G. Smith of Great Brifian is not itself available,
but its discussion brought éutv$ome.noteworthy remarks.

An excellent correlation was established between the French
Lefoux apparatus and the pendulum of the British RRL, making it possible
to convert the Leroux values into the RRL skid-resi#tance values, a good

agreement was observed between the two scales.
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The accelerated polishing test developed in England as B.S. 812,

1960, is regularly carried out also in France, but the value of its
findings .is interpreted, in each instance, in the light of the specific

local conditions:

It has been found that the geological
identification of an aggregate is not sufficient
and that it must be supplemented by the determinatien
of its petrographic characteristics under the microscope
and by tests of micro-hardness which enable a better
understanding of the polishing phenomenon to be obtained,
firstly, by considering the difference in the hardness
of the constituent minerals which govern the depth of
the hollows and, secondly, by examining the distribution
of the hard parts and the soft parts.

The French Road Laboratory recommended tﬁat efforts be made to
advance the knowledge on skid-resistance at‘high speeds (up to 120 mph)
and to develop high skid-resistance surfacings for such speeds.

A British reporter also insisted on the ""phenomenal increase'
of traffic - in volume, speed and weight; the aggregates therefore
polish faster and the dénger of skidding grows. The British tests are
said to be near perfection. "It‘is important', they say, ''to have a
fugous surface with coarse stone protruding upwards, to give good
drainage and to avoid acquhplaning. This has been achieved in
recent road surfaces in England by superimposing 3/4 inch pre-coated
chippings into low stone content asphalt."

Two sets of conclusions were drawn up by two comnittees of the Rome
Congress. While they do not concern the limited object of this report,
they are such useful summeries on skid-resistance thgt we attached them

as Appendix III.
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EQUIPMENT REQUIRED
by N, Je D, T.



EQUIPMENT REQUIRED BY NEN JERSEY DEPARTMENT OF TRANSPORTATION

It goes without saying that if we can invent new methods and develop
new instruments to implement them, so much the better. But as long as we
want to save time and get the urgent program undéruay, the following is

a minimum proposal of acquisition of the essential types of equipment

developed outside of New Jersey:

I. Friction:

to become available before long. It will be adﬁisable to formulate a clear

relationship between its empirical SN measurements and the scientific

coefficient of friction.

The excerpts hereafter describe a calibration machine for skid testers,

developed in Sweden, which we may want to consider later on.

(vii) Swedeﬂ

(1) Calibration equipment for skidding ms
Calibration equipmen
principles is indispefisal
National Swedish Roa
equipment whereby kna'
with a test wheel in the same way &s th
applied when testing a road surface. All types o
Institute can be calibrated by this equipment.
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Fig. 2.12. General view of the Swedish calibration machine, seen from the
rear. Note the hydraulic jack which moves the small platform.

The equipment (Figs. 2.12. 2.13, 2.14) consists. of a horizontally ar-
ranged, movable platform The test vehicle (Skiddometer BV.8 in Figs.

2,12, 2.13 and 2.14) is placed on this platform and the draw bar eye is

locked to the platform at the correct level (Fig. 2.12). The test wheel rests
on a separate small platform supported on ball bearings (about 30,

1} in. dia.). The small pldlform is horizontally anchored to the frame of '

the equipment by a circular spring dynomometggand fairly long link arm
(Fig.2.14) and stands on a precision welghmg hine, the dial of which
is seen in Fig. 2.13. A hydraulic jack is used t&g jove the small platform
which in turn moves the test vehicle. This movemjggt causes the test wheel

_to slip and the corresponding resistance directly tpansftted is measured -

by the spring dynamometer. The dynamometer readmg divided by the
reading on the weighing-machine is then co-ordinated with the tecords

.simultaneously obtained from the test vehicle. By increasing the pressure

in the hydrautic jack by suitable steps a complete set of calibration data is

obtaiped.

The advantages which this type of calibration equipment offers are
obvious. ‘Hawever, as the test vehicles of the Institute measure the co-
efficient of triction not only at locked wheel but also at incipient skid, a

correction for the varying test wheetl radii at different speeds’ m necessary.

Fig. 2.13. General view of the Swedish calibration mad e, seen from the
front. Note the dial of the precision weighing machine in the
- background.
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Fig. 2.14. Detail of the device for 'reaﬂing the horizontal force.

(from Report of the Tokyo World Road Congress 1967)

Another interesting device is the gauge for measuring the depth of

the water « film made in Great Britain (RRL) and easy to adapt.

Measurement of Water Depths

In view of the differences in skiddigg.p
specd because of variations'in the. g
surface. attempis have been made te

depth gauge which would give a g

Fig. S.4. Stepped gauge for measuring depth of water film.
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Figs. S.4 and 5.5 show two simple devices that have been made at the
Road Research Laboratory . for the purpose. The stepped gauge shown in
Plate 5.4 is placed inan upright poemon on the wetted surface and when it

is lifted single drops of water are retained on the steps which have made
contact with the water. This simple device is quite reliable on smooth or
fine-textured surfaces but is more difficult to use successfully on the rough
coarse-textured surfaces. Plate 5.5 shows another gauge using the same
principle, but here the set screws can be ad;usted mdnvndually as reqmrcd
to suit the range of depths that is bemg used.

‘A more claborate means of d;etectmg and recording water
runways has been devels it this could equally be uses
surfaces or test tracks: ' carried out regularly. I
of a road stud specially cut 56 thak wat can pass beneath it. Probiés set at
different levels allow thé depth to be teécorded on a meter or, if necessary,
on a continuous moving chart.

_Fig. 5.5. Adjnstible stepped gauge for measuring depth 6_1‘ water film.

(from Report of the Tokyo World Road Congress 1967)
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(b) {§EO£anEy_tgsEsi needed, a static, though portable tester
of the pendulum type, or some other kind of instrument serving the same
purpose. To be used for Systematic friction tests in the laboratory,
including the polishing tests; also for field tests for pinpointing danger

spots.

The American supplier of the British portable pendulum tester quotes

a price of $795 on 9-6-67; delivery 12 days from Chicago warehouse. Copy
of their leaflet is enclosed; also other pictures of the same instrument, as
used by the State‘Roads Commission of Maryland. It is in wide used in this
country and‘abroad. A report just arrived from Georgia Highway gives minute
details on the handling of.field measurements. A’cross-secfion, taken from
an AS™ article, is also enclosed.

Wé have.also a copf of the British road note #27 (1964) with
instructions for using the British portable pendulum tester. Thié booklet
is one file with the basic doéuments for this report. -

The British pendulum tester can also be supplied with a special
ﬁlider apd scale for monitoring aggregate polish (see Penn-State Report
#11 Page 42, paragraph 2). .The test team at Penn State University headed
by Mr. Kummer has made some modifications which we may or may not consider

for our own use. Also see the same Report #11 Pages 1, 2, 3, § 4.



2.

®The portable unit is removed from its carry-
ing case, assembhled and levelled.
A pendulum-like testing arm with a special
“shoe” on the end is adjusted to the proper
height. This is usually so that the shoe comes
in contact with the surface to be tested, but
not enough to prevent it from passing through
&n arc.

@ The road surface to be tested is then wetted

R STRE TR TR

with water as is the rubber slider mounted on
the underside of the pendulum shoe. This is
to reproduce the condition of rain or wet
pavement, the condmon most conducive to
skidding.

® Next, the pendulum is released so that it
slides across the pavement as it completes its
are. As the pendulum passes through an arc,

- it carries with it a movable marker which'will

SKID RESISTANCE TESTING

mark on a scale the highest point in the pen-
dulum arc. The height of the arc is directly
affected by the amount of “skidability” in-
herent in the wetted pavement being tested.
The more skidability in the road surface, the
higher the arc; the less skidability, the lower
the arc. The pointer reading on the scale
measures the resistance to skidding of the sur-
face being tested. The scale is graduated from
0to 150. 3 ..

- i T T~y

9,

Skidding is a contributing factor in a high percentage of automobile and vehicular acci- :
- dents in this country each year. Most skidding is caused by ice, water or oil slick present STV A
on a driving surface. In a good many other instances, however, an extremely smooth or ’
slick road surface can make this condition worse. A new testing device marketed by
Soiltest, Incorporated and designed to accurately determine the ‘‘skidability” of a road
surface is helping road and highway designers and (ovcrnment road agencies make our

highways and by-ways safer.

HT-120 PORTABLE SKID-RESISTANCE TESTER

A new portable instrument that measures the skid resistance of

" surfaces has been introduced by Soiltest, Inc. This new device, called

the Portable Skid-Resimant Tester, gives a simple direct reading of
the frictional co-efficient between a skidding tire and a road surface.
The instrument was developed by the British Road Research Labora-
tory. The new test instrument consists of a pendulum arm with a
spring-loaded rubber slider on the foot of the pendulum. It can be
used on both flat roads and those with camber or gradient.

The portable skid-resistant tester is placed on the portion of the
road to be tested, levelled, and the height of the center of suspeasion
of the pendulum adjusted by a system of screws to a fixed value
which is read on a special gauge. The pendulum is then relecased

JWE,_ ..

SUBSIDIARY CENCO INSTRUMENTS CORP,

‘iacx ﬁ A A

‘( \

from the horizontal position and swings freely until the rubber slider
méets the surface being tested. The slider moves over the surface for
a fixed distance, slowing the pendulum down. A frictionally-con-
strained pointer affixed to the pendulum arm measures the highest
point in the pendulum arc. The position of the poxmcr is then read

- on 4 measuring arc graduated from 0 to 150. The pointer reading

measures the resistance to skidding of the surface being tested.

MT-120 Portable Skid Resistance Tester,
HT-122 Replacement Main Test Slide.

Shtppmg weight: 86 pounds Net weight: Tester with case, 71 pounds
Tester only 33 pounds

o~ bt
v\, AL D
Prices and s% clm:atlm are Subject to Change
AR prices are F.0.B. Chicago, Illinois. For export shipment add 7%,
for export packing and lnlund fraight.

SALES ll’ll“mA"VlS IN ALL COUNTRIES

4711 WEST NORTH AVENUE, CHICAGO, ILLINOIS 60639, U.S.A.

Telephone: Area Code 312 — 772-6400
Cable: Soiltest Chicogo

Teletype: 312-222-0663
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-~ Cgnter ot swing

NJt for adjustment of
spring tension

fFree - path of slider
20-in . radius

yfting bandle Adjustable baiance
tor slider weight

Rubber slider
Contact pathr of
siiger . Surtace ot

Stop 1o limit outword road

movement of siider

The British.RRL Pendulum Tester

From an article in ASTM publication No. 326 of 1959
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II. Polishability:

The testing process will use the above-mentioned portable tester
for measuring friction before and after polishing, developing first the
vskid-resistance Value"'(the original coefficient of friction), then the

"polished-stone coefficient” (the coefficient of friction after polishing)..

' The polishing itself will have to be done by some accelerated polishing

apparatus, probably of a drum or wheel type. The general type of equipment for
this purpose seems to have been widely agreed upon, but precise details are
hard to get. We have writteﬁ for particulars in order to locate a source

of supply, or else obtain sufficient data for making our own machine (or have
it made by a qualified shop), with the benefit of outside experience.

In our summary on the EIEESE work in the field of skid resistance we
have already mentioned the polishing machine they take so much time to
develop - too much for us to wait.

Georgia sent us 21 drawings and S photos, plus a brief report and
letter on the machine they have used themselves. But since they have no
assembly drawings and theirlphotographs are not clear enough, their material
is not immediately applicable for our purpose.

The picture which follows is taken from Penn State report #11 of July
1966, made in cooperation with the Pennsylvania Department of'Highways under

the signature of H. W. Kummer. It is the report we mentioned above.
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FIG. 30. Rotary Weéar Machine,

‘Layout.  (PemmeState)
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The relative motion between the Ioadeditire tread and pavement provides
the mechanism of poli;hing and wear, Qnd reproduces the actual mechanism due
to traffic action on highway pavements. The convex curvature of the drum
surface is the only departure from the actual kinematic conditions in the
field. The use of a polishing agent is one means of accelerating the wear-
polish process, which would normally take years in the field. In the usual
application of the test, the test tire has a sﬁooth running band to prevent
the breaking and tearing of aggregate caused by profiled tires. A polishing
agent is introduced so as to accelerate the polish-wear process. When the
coefficient approaches a constant value, the polishing process may be regarded
as complete,

One of the latest reports we succeeded in discovering is the one by E:i
York Department of Transportation; It is their #67-3, called Skid Resistance
of pituminous Surfaces, mentioned above. On page 8 appear picturés of their
polishing wheel as well as of the British portable tester. As nention9d~i1ready,
practically everybody in‘this field of research used that portable,ﬁeﬁfgr{_  ,
in spite of it's limitations. The size of those limitations aﬁﬁggﬁé-oﬁ' @vﬁ
figure 8 which shows the correlation of the BPT and the New York Stape"éiid
traller (40 mph). |
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SAMPLE

Figure 7. British portable tester.

( z.m.:. York State )

Figure 6. Polishing wheel. {Hew York State

NEW YORK STATE SKID TRAILER

0.50 =

. . y " 00076x - 0.1C
el B Rar
0.20 }- \ m‘ : 0 045
0.15 1 1 i
50 55 &% [}

) BRITISH PORTABLE TESTER, units
Figure 8. Correlation of British ‘ortable Tester and
New York State skid trail r (40 mph).
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This leaves us with the British model, which has been in use over

there for some ten years and has also been copied or applied in various
other countries in Europe. We mentioned it before: on pages 31/32 from
the direct Bfitish sourcé, on page 37 from French data, and on page 46
via Canada. ItAis also cited and described in the Belgian Road Research
Laboratory's Periodical bulletin called La Technique Routiere which we
have in our research library (volume 4, No.l, page 15).

The British "Accelerated wear machine', as they call it, has been
briefly described on pages 31 through 32 above. It is shown in the picture

and descriptive text that follow. The blue prints have just arrived.

Accelerated-wear machine for research on skidding on concrete roads

Pran 12
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“established that the use of a

(4) New accelerated wear njachiné .

An accelerated wear machine, in which concrete specimens are attached
to a rotating wheel and subjected: to wear from two road wheels that are

- held in contact with the specimens, has been designed and made at the

Laborators. he machime s set 50 that the road wheels hive an angle of
scuff with ‘the specimen wheel of 2° and they are tensioned together to,
give a contact pressure of 55 1b./sq. in. between the road wheels and the
specimens. The specimens are first worn and then polished by feeding in
an abrasive material between one of the tyres and the specimen strfaces;
A natural sand graded between 7 and 14 B.S. mesh sizes is used for wear
and is fed in onto the dry specimens for 25 hours. after which the blocks
are polished for 5 hours. by using a fine air floated emery flour powder fed
onto the specimens which are wetted. The sand is fed in at a rate of
2,000 gms./hour ‘and the powder at a rate of 250 gms./hour. At various
times during test the surface texture depth of the specimens is measured
by the sand-patch method and the *“skid-resistance” of their surfaces by
the portable tester. IR R '

Results already obtained fram-tests cdrtied out with the machine have
ige broom'is the best of the methods at
present available to texture frekh concretg.road surfaces.

‘A programme of tests is now in hand'to.examine further the effect of
mix design and the type -of aggregate on the life of both wire brushed
surfaces and surfaces grooved with specially designed rubber-tined units.

(from the Report on the Tokyo World Road Congress 1967)



I11. Surface Texture:

The survey made in France (see page 38 above) has brought out the
great variety of attempts made for solving this problem,‘none of which seemed
to be practical and up-to-date. The most ffequeﬁtly mentioned system
(by the British, the French, and'others)_for defining and representing

surfacr texture is the sand-patch method, a very simple device which anyone can

duplicate by his own means; it is both cumbersome and primitive.

But we have ample information on the little texture meter developed

in Texas (see page 46 above). It seems to be practical and costs only $650.

A photo and a general description follow on the next page:
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t GENERAL SPECIFICATIONS - Sturdy and accurately machined aluminum alloy body !

with cast-in handle which accepts aluminum extension handle for operation from con-
venient standing position., A dial indicator guard protects the easily read AD Group
III jeweled Dial Indicator furnished with revolution counter. Dial reads .00l per divi-
‘sion; 100 divisions per revolution; .250-in, total travel, 6 x ll-in. clip-board for .
‘test data forms is attached to the body. Highly flexible and stretch resistant cord
‘and ample supply of replacement cord is furnished. Replaceable fixed end reference
pins are 10-in., apart and both are 3/ 16-in. dia. standard hardened, copper plated
and blackened dial indicator contact points with 3/16-in. radius of their face., The

brass probes are fitted with replaceable hardened, copper plated and blackened steel

contact points with a .031-in. point radius. The probe .contact points are ,625-in,
apart when used as a 15 probe unit and. 3125 in. apart when used as a 29 probe unit,
A dust sealed, rugged molded-fibre 18'x 12 x 5-in. attache case, complete with-
equipment holding fixtures and removable.5 pocket file, is supplied for transporta-
tion and storage. Furnished with zermﬁg aﬂd ¢heckingbar ofaluminum 3/4x2x12-in.
complete with pattern of accurate flafibottamed holes for over-all checking of the’
unit, Operating and Service Manual witha pexided specimen report and current pro-.
cedure of Texas Transportatmn Inst1tute is- included.

| Tigure 4. The teéxturemeter appued to a laboratory

i _ specimen of asphaltic, concrete. Road surfacesmg&e

3 dial readings ranging from zero to about 100 thousandths
of an inch. (Texss)
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The larger photo of 870-TEXT-UR-METER is taken from Technical Report
No. 1 by the Texas Tranéportation Institute, dated May 1963, Mr.

Huff, Chief Desigh Engineer of the Texas Highway Department, wrote

last October as'foliows:

The most effective use of this instrument is to take a

large sample of several readings over the surface in
question. This sample should be larger on open textured
pavements. It is believed that Mr. Scrivner uses approxi-
mately 20 readings on penetration or surface treatments.

The results are meaningful since small closed textured
surfaces (concrete paving) result in low readings and large
open textured pavements result in large readings (around

100 thousands of an inch), but the reading of the small,
closed-textured surfaces will be less meaningful because of
the probe spacing. The instrument should be read as quickly:
as possible after placement. This is because the "stops" at each
end of the probes (and possibly the probes themselves)
penetrate into an asphaltic material depending on the
viscous properties at the points of contact.

A practical texture camera was developed by the British. Their
osm description follows, taken from their Road Note No. 27:



A SIMPLE CAMERA UNIT FOR RECORDING
ROAD SURFACE TEXTURES

Requirements

Methods of photographing road surfaces
have been described elsewhere®® but-the
camera units used are not suitable for use
by a skidding team. Such a 'team requires
a relatively small unit which can be
carried in one piece in a car or light van,
is casily transporiable from one section
to’ an adjacent section of road, and is
quick and easy to operate. The unit
described in this Appendix fulfils these

. requirements and, although some of the

high-quality finish of the photographs pro-
duced by the more elaborate apparatus is

- lost, the reproduction obtained is quxte

satisfactory for record purposes,

Description of apparatus

The camera unit, which is shown in
Plate 4, consists of a }-plate camera with

an alternative 120 roll-film back adapter -

mounted vertically with its focusing plate
2 ft 10 in. from the road surface, and with
a synchronized flash gun mounted within
the same housing. The camera used had a

13.5-cm, f4.5 lens, permitting a ‘coverage .

of 12 in.x16 in. on the }-plate size
photograph, or ‘9 in.x13 in. on the
120-size negative. To illuminate this area
the flash bulb is located midway along one
of the longer sides of the box at a distance
of 20 in. and 55° from the centre, as

indicated in Fig. 2. This position was
found by experiment to be the best, having
regard to the essential requirement that

the overall dimcansions of the unit should

be as small as possible: the dircciion of the
flash is sufficiently oblique to show up

- details of surface texture, and the source

of the flash sufficiently distant to give
reasonably uniform illumination. (Ideally
the direction of the incident light should
be more oblique, but this requires a much
more distant source.®)

With  this arrangement, PF14 flash
bulbs were used in combination with a
slow panchromatic film or plate, the
camera lens being set at an aperture of
fl6 with a fixed focus. With this setting

the depth of focus is about 1} in., which

is sufficient to accommodate unevenness
and roughness in the road surface. The
flash gun was mounted. on 2 hinged door
to facilitate replacement of the flash
buibs. Each photograph can be identified

by marking with crayon a traffelyte rule, °

which is’ also engraved with a scale in
inches: this rule is placed dtrectly on the
road surface.

In operation the camcra is set on the

road surface, the identification rule set in
position, a flash bulb inserted in the gun,

‘the camecra shutter set, the door closed

and the trigger fired. Thus the time taken
to obtain a permanent record of the sur-

face, showing all the details of texture

and general appearance required, occupies
only a few seconds at each site. Standard
conditions of illumination cnsure a fair

-comparison  between different surfaces.

Typical photographs showing the range
in texture (taken on PanX 120 film) are
those shown in Plate 2. Experience has

_shown that in wet weather the road may

be dried with a sponge and rag and a

reasonable photograph still obtained.
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There is also the much more involved method of Stereophotogrammetry

of textures developed by the British Ministry of Transport. We are

reproducing hereafter the text taken from their booklet '"Road Research

No, 27, 1964", published in 1966:

Measurement of road surface texture. In connexion with studies of surface
texture. requirements for good skidding resistance, a stereophoto; metric
Jethodwhich records the surface profile of snall areas of road has b&n devel-
oped. The advantage of this method is that it gives a record of the shape of
projections in the road, whereas the ‘sand-patch’ and textare printing methods
of recordjng surface texture do not. Knowledge of the shapé or angularity of the
projectidns is important in determining the contsibution to friction arising
from deformation losses in the rubber of a tyre tread. This stereo method should
therefore have particular application in assessing surface texture requirements
for high-speed roads. .
The camera usedfor taking the stereophotographs, illustrated in Plate 2 (B), is
" a singlo-lens plate camera with a 105-mm focal length lens. Stereo
obtained by shifting the camera unit & fixed distance on its base. The lens is at
_ & fixed distance of 30 cm from the road surface and the camera shift is 8 cm.
‘The surface is illuminated by & steady light source and time exposures are made
using an aperture of f.11. An area of approximately 5 in by 4 in is covered, and
the depth of focus of ncarly 4 in ensures that on the majority of road surfaces
:;th hills and valleys are in focns. Stereopairs of two surfaces are shown in
te 3. = 4 e
. The surface profile is obtained by meens of the comparator shown in Plate
_ 4 (A). Measurcraents are madeof the relative heights of successive points at
1/50-in intervals along a tine on the surface with the aid of a parsilax bar, and
... teadings are recorded on punched tape. Sections of profiles measured from the
. stereopairs showa are deawn in Fig. 31. These are distorted profiles, the vertical
' magmfidition being approximately 2§ times. the horizontal, and readings of
- heights are adcurate to approximately 1/100 in. The profiles indicate the larger [
" scale roughress of the road surface, not its microtexture (state of polish); for *
the latter purpose an accuracy of the order of 1/1000 in would be required.
Blomen mocadam

Fine cold oaphait

CQIO10I 0408

HORDRONTAL SCALL - inches

" . Fig. 31. Profiles obtained from stereophotographs on two surfaces
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Different techniques of assessing the profile are being explored; one simple
measure, already used, is the ratio of the length of the distorted profile to the .
. " length of the baseline. This ratio correlates with the texture depth of the surface
! measured by the ‘sand-patch’ techniques (see Fig. 32).
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Fig. 32. Comparison of measurements of the ratio
of length of profile to baseline obtained with the
stereocamera and texture depth measured by the

‘sand-patch’ method

TLATE 4

(A) Comparator {or obtaining surface profiles from stercopairs

B) tamera used for stereo photography of road surfaces
PLATE 2

(a1l 3 pictures from the British RRL)
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(6) Fine cold asphalt

Sterco photographs of two road surfaces

PLATE 3 (British RRL)

Also See their RRL report LR 57 of 1967, dealing in depth with this
subject (in our library). Even in its country of origin, this method
is still in its infancy. The use of it would best be_deferred until
the time when we have gained more experience in this field, and the

British too have refined theirs.
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The report on the Tokyo meeting of the World Road Congress in

1967 gives two summaries of German and French methods.

differ essentially from those described above.

(it1)  Chief methods used
(n Meth d used in Germany

Ph'otographg are the
closer examination. An

They do not

flowers of sulphur and
ve mould of the road
h as a liquid mineral oil

the same way 10 obtain a
surface are required.

@'mould with parallel vertical
r by several successive, thin,
ties of the surface texture.

¢ ‘pilflles and enlargements made for
ade I the first case applying German

Standard DIN 4762. From Lha iracteristic values of the profile and the
length of base chosen calcufmms are made of the maximum depth R, the
texture filling factor (indicating the way in which the nm{mw!s are dis-
tributed throughout the heights and hollows). the beariny fenuth rindicat-
iny the amount of wear likely. assuming the texture to be uniformi,

fnthe second case! the amount by which the cut surfie xecous in arca

in relation to the overall surface area is observed and coe !

capacity of the surfuce for surface water drainage.

(b)  Method usmg a profilograph

v thiv

Another apparatus was constructed recently consisting ol a row of {80
needles, 0-6 mm. in diameter, free to move vertically as they conform to the
road surface. The curve formed by the line of needie points which had
been raised is photographed to show the profile of the road surface.

This operation which can be carried out very quickly gives results

accurate to better than 1 mm.

The results are analysed following the prmcxp\es laid down in the speci-

fication of Standard DIN 4762.

Two series, five each of profiles, are generally made in two perpendicular
directions so as to obtain a representanve mean value of the surface

texture.
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{2) Methods used in France
()  Use of the profilograph?

TheCentraI Laboratory of Ponts et Chaussees first of alt contructed an
dpparatus based o a Soviet mode). having a single needi - 1o ponciple
on witich it worked was based on the intermittent contact ot a !

lhemfaue texture undergoing test.

~ooades a

boratoire Central des Ponts et

An.:l\ sis of i
metﬁod described by
nu the diagramy
are’ drawn touchin;
digtance measured

ied ‘ut in accordance with the
whiich for convenience we quotes:

100 mm. of length. twolines T and L,
st peak and the lowest hollow  The
2 two lines give the manimum dopth

The 100 mm. length is divided into two equal fenvthie of S5 m. on

which the above operation s repeated. Tln\ aives the nic i virue R, of
the two R sdepths this obtaned

The operation is repeated to obtain the mean values R0 R0 Ry

In this way u set of values are obtained charactersing the rugosity al
various steps. The representative curve can then be vharactensed mathe-
matically very easily.

(b)  Use of moulds

An a similar way to what has been done in (JLI‘H]JII\ and Great Britain

+ moulds of the road surfacc have also been made. By using a material with

a silicon base it was possible to dispense with a freeing agent to withdraw

the mould (thus gwmg a mould of greater fidelity} and in particular to get

a mould showing the “counter- reliefs™. On the other hand. however, the

negative mould is too flexible to stand up to direct measurement and
positive mould has to be made.

The methods of analysns which are used are the same as for the German
method except that the enlargement is obtained using a profile projector
apparatus. This method is accurate to 0-01'mm. (0-004 in.).

Akin to this method which the Centre National dc la Recherche
Scientifique (C.N.R.S.) developed is one which enables an analysis to be
made, by means of replicas, of the surface conditions and their importance
to skid resistance, This method giving an accuracy to the order of a micron
is now coming into use with some slight changes for certain rocks.

feeoneedle
moved up ar down as it was moved honzon\ athy aloecerhc pronde of
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The Tokyo Report Concludes:

Conclusion »
(1) With the recent.
texture.in determinin;
frogh emphasis has. beer

udies showing the great importance of surface
kidding resistance of roads at high speeds
the study@F methods of surface texture
peint of f research but also with a
ts of the highway engineer.

recording the coarse ele-
measurement of the very

satisfactorily its expression
fult problem. For example
{the texture Bome into
nt role i@ influenc-

4) There rem3 erable scope for the development of surface
texture measuring devices for practical use on the road.

* % Kk k * k& ¥k *k *k dk * N & % &k k ¥ Kk & ¥ * Kk F &

Without going into more sophisticated or doubtful solutions that
would take too much preparatory time, we could very well combine the
little British texture cémera and the Texas texture meter to obtain for
each test site and each test sample visual and measured characteristics.
These would enable us to compare the actual surface structure patterns

with the real and the desirable resistance characteristics.



RECOMMENDED PROGRAM

v o - - -

With the simple equipment outlined above we should be able to tackle,
without delay, the life-saving task of controlling the skid resistance
of our roads, also without excessive expenditure and effort. Five thousand
dollars were included in September 1967 in the Division's budget request for
special equipment to cover the cost of the Pendulum Tester and the polishing
machine.

In the meantime we can prep#re our logistics, along the lines hereafter:

1. Order the essential equipment and gather the team of men to
handle it.

2. Define our skidding performance criteria for bituminous surfaces
as well as for the materials to use.

3. Organize our test patterns for pavement diagnosis and remedial
prescriptions.

4, Review and test fhe raw materials available to us on an economical
basis.

S. Survey the accident statistics to locate the danger spots, and prepare
the program of actual tests.

6. Set up a permanent system of surveillance and control, for the

future detection of critical zones.
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Excerpts from Dolomite Ropbx’b (7760)

RECOMMENDATIONS
&

BIBLIOGRAPHY

APPENDIX I
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from DOLGMITE RIPCRT (7740)

RECOMMENDATIONS

Until a more advapced investigation of the problem of dolomitic
aggregates for bituminous surface courses can be achieved, it would he
best fof the Departnént to be guided in its practical operations by *he
findings of compiled case study data. 'MO?Q specifically, extensive
yearly skid test comparisons shpuld be conducted on selected main-line

and intersection pavements to aid in the development of suitable interim

specifications and achieve desirable pavement 'skid resistance characteristics.

But the more important approach éoncefns the farther future, to be
prepared through a broader'anﬁﬁﬁbri refined program of systematic research,
involving much more means and equipnent then tﬁis Division can command at
the present time. Here is a first listing of essential items for such a
cbntinuing study into the eff;éts of wearing cours; aggregates on main-line

pavements and intersections:

(1) A study in depth of the slipperiness indexes of all bituminous

. pavements, with the assistance of the skid-testing apparatus heing currently

designed by the Stevens Institute of Technology. These test: could ‘evin as
soon as the apparatus becomes available.

(2) A petrographic analysis of quality control samples from ali

approved and potential sources, in order to determine if any vnartic.lar

mineral assemblage will produce a more skid-resistant surface. This anaivsis

may also make it possible to forecast behaviour patterns for various aggregates

prior to their use in pavements.
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The conduction of these analyses in our laboratories would require
the purchase of-nu-erous pieces of new equipment for thin-section analyses,
X-ray diffractions, etc. An undertaking of this magnitude would require
considerable investment in momey, time and trained personnel. It might,
therefore, be more convenieﬂf?ip have it done by qu:le:ed outside agencies.

(3) Investigations iiﬁé?the permeability of various aggregates in
order to determine the offi¢i§ of oil drippings upon the penetrability of
the pores and intersticc; of}ihe-lateiials; thereby credting a continuously

lubricated surface which w become slippery with the introduction of

water onto its surface. '

(4) Analysis of 1nsolug§e residues from coarse aggregates in order

to determine the percen : qf-vafious_sand-gtained and larger-sized

£

(greater than .05 mm) p i%’° s and the distribution of these particles

in the residue. We are awaiting further information on this item from the

Crushed Stone Associationm.

F(S) It is extre-ely difficult to analyze traffic accident data with
the present system of fepqrting. The use.of new milepost markers throughout
the State would be extremely helpful in isolating alledgedly slippery and

high-accident areas for the purposes of future investigation.
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As a preparation to fhis study-in-dolomites, an extensive search
was made in a broad field of publications, visualizing the problem against
the wider background of national (and some internétional) experience,
This 90-page digest of some two dozen papers can be made available
whenever needed. In the neantine. the condensation which follows will give
a reddy perspective of the major trends thé investigation has brought out.
The already long history of the struggle against the danger of skidding

has entered a new, more decisive phase after the First International Skid

Re31stance Conference of 1958.

The reason for this upsurxe - which had been 1ndeed the driving force

behind that conference - is ;hc;i_inte:rupted growth of the problem itself.
Its nature was clearly definediii}papers pdblished in 1965 by the Pennsylvania
Department of Higﬁways and the Britisﬁ Ministry of Transport.

In Pennsylvania, skidding is the primary cause in 35 to 40% of all
highﬁay accidents. In Great Britain, 48% of the wet surface accidents involve
skidding. Pennsylvania shows that fron.1950 to 1960, the average speed of
automobile travel has increased by 11%, requiring a 23% increase in the
frictional coupling between tire aﬁd road; this demand rises proportionally
to the square of the speed. At the same time, traffic density on the average
mile of road has grown by 48.5% with a like increase in the rate at which

the pave-eﬁt surface is polished.
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The Pennsylvanig researchers see the roots of the skid-resistance problem
in travel spéed, the frequency of the vehiculer polishing action, the decrease
of the friction coefficiénf with speed, and the tendency of apggregates to
polish,

A particularly significant warning came from Virginia where in three
areas, using limestone as fhe primary aggregate material, the frequency of»
skidding accidents was almost double that of other areas of that state.

' But, as a psper from Kéntucky puts #t, "an aggregate that is perfect for

all situations does mot exis;Q It is therefore necessary to define the

requirements of a given situation, then to find a product to fit that situation".

Most reseurchers rellize that the causes for accidents are much more
complex than the neYe influ-nco of doceleration produced in the vehicle by
the pavement surftce'lfter_brako application. Nonetheless, experience has
shown that surface i-proveiidt produced sharp reductions of accidents; high

accident rates increased as the coefficient of friction decreased.

British invesiigati_ons led to the conclusion that the number of wet-road

skidding accidents could be reduced by 80% by resurfacing the ''accident

black-spots' with materials containing polish-resistant aggregates.

None of the twenty-nine plpers and artxcles we consulted for the purposes
of this study dealt in dcpth with dolo-1tos as such. They left, however,
'signxficant indications on widely scattered simultaneous efforts and on the
trends they generate.

-——mulines;ones in general come out of many skid-resitance experiments, as
a problem, ﬁo one suggests tobeliminate entirely the use of'limes;ones in
roadway surface courses, but there is a general agreement that they are not
to be used indiscriminately. A separate article by ¥. A. Goodwin of the

National Highway Research Council sugsests that studies and tests will

eventually lead to the selective use of limestone in surface mixtures.
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A fact that bothered many researchers is that the characteristics of
the limestones vary enormously from bne quarry to the other. Very few only
can be used satisfactorily all by thehselves,-most of them are too slippery.
Some can be rendered '""adequate'' by blending with skid-resistant fines.

No one has succeeded so far in éstablishing simple, clear-cut
characteristics of limestones that would simplify the selection of the usuable
types. Skid resistance seems to be lower in limestones with higher carbonate
conteﬁt (CaCOs). On the othef hand, cheuigal purity promotes lower skid
reéistance because it produces greater uniformity. Some of the dolomites
come out better then'thﬁ -xjoritffof fﬁe limestones with low or no magnesium
content, -

Among the limestones, tﬁe relatively best results were obtained on
specimens with coarser grtin sttﬁptu:0s and particles of different hardnesses.

In most of the papers, the‘principie of mixed petiolqu_emerges as highly

effective. What the experts neanvis that a mineral assemblage of greatly
varying wear characteristics will abrade unevenly and in this way perpetuate
the non-smoothness of the roadway.

Most of the authors insist on this point, including the British who
emphasize the need for keeping the road surface in a nonskidding condition
by providing an effective composite structure of the aggregates, namely
'"coarse grains for high speeds and sharpness of grains for low speeds’.

In order to obtain ''a larger grﬁin structure for high speeds’’, they have
used ''coated chips rolled into the surface' at the rate of 1 ton per 100 to
130 square yards. Purdue also shows uﬁiformity of texfure as a weakness;
they favor a crystalline'interlocking grain structure as happens in some
dolomitic linestoqesj they also mention dense-graded mixtures in which wear

gradually exposes the coarse ingredients,
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This principle of surface renewal was also found by Virginia in gneiss,

which combin?s coarseness of grain with inherently uneven hardness, producing
differential wear, therefore renewed abrasiveness.
The superiority of silicious sandsv(the “natural’' being somewhat
superior to the ''crushed"), of trap rock, slag and quarzite for skid resistance
seems to be well established, even as an indirect effect: self-generated hard
fines roughen-up the pavement undér traffic, thus perpetuating its skid
resistance. These materials are also Qseful as a practical palliative in the
form of a temporary thin covgr'of:sand-asphnlt mix over fhe existing roadway.
It should be npted, how'vofi thif siiicious materials, functioning as
nonskid admixtures, are uséful.only‘in sand-size grains not in very fine form.

In other words, hardness alone is not sufficient, differences in hardness do

the job. It was also lentiqﬁpd E&at additions beyond 50% seem to be unwarranted

and that small changes in any m{ihave little effect.

The optimum grain size of iﬁe aggregates is a problem in itself, to which

no one has produced a specific solution. A consensus, however, appears to

- have developed on limiting the maximum dimensions: it is held that too large

grain sizes would speed up the polishing process.

No one seemed to think that the type of bitumen used in surface‘ m1xtures
made any difference. There is, however, the phenomenon of flushing, that is,
bleeding of the bituminous binder up onto the surface.‘ Its nature was not
clarified, but it did not seem to be related to the gkid resiﬁtance cnaracteristics
of the aggregates.

In most researcher's reports, special attention is given to the "'special"
spots -- curves and crossings -; where the roadway is subjected to the most
intensive polishing_a;tion, Qheré therefore a maximum attentjon has to bhe

given to keeping the coefficient of friction at a safe level,



According to the paper Mr, J. C. Régﬁ of the New Jersey Department
of Transportation wrote in 1956,”slipperiness is an elusive subject{ If
all the variables could be formulated, the problem could be solved. But
nothing being all white or all blacﬁﬁ the shade of slipperiness as a
subject‘is rather gray. From all thep;any reports and papers that have
been examined on this suﬁject, it is apparent thé; this shading has not

I
changed much in the last ten years.

t.....'.'l.'..t......-"Q'QQ.'.QQQ.it'

To sum up the summary, with this specific problem in mind, the pnapers

do not supply any specific guidince on which to base decisions on dolomite.
Limestones in general are not eliminated, but it appears clearly that
selectiveness plus admixtures are more important with limestones than with

most noncarbonates. With regards to this selectiveness, durablybskid resistant
texture comes out as thé most comstructive angle;'it is obtained hy means of
deliberately built-in differentiation of grain.étructure with intentionally
uneven wear,

A consensus of outside ;pe;ialists makés it clear that the essential
difficulty is not in the designing of a road surface endowed with an instant
skid-resistant character, but in its capacity to stay that way under continuous
use. This reasoning points to the avoidanée of a monolvthic bituminous
roadway and to its replacenent‘by a composite course, iﬁéffg mix combininﬂw}b
minerals with appreciable differences in their properties of wear, of

polishability and of angularity of grain. : n{.éﬁ;ifgi




APPENDIX II

SYNTHETIC AGGREGATES FOR HIGHWAY CONSTRUCTION

By F.F. Fondriest and M.J. Snyder, Battelle Memorial institute

SUMMARY

Cotumbus, Ohio

Report No. 8 of NCHRP

Greater activity in highway and other construction has speeded the rate at which
high-quality aggregates are consumed. “This situation, coupled with an unbalanced
geographical distribution of deposits, has created a supply problem in some areas,
and many more areas are expected to encounter the problem in the future.

To compensate for the shortage or high cost of aggregates, less commonly used
materials, such as shell and scoria, are being substituted in highway construction.
Stabilized soils are also being substituted for aggregate in bases and subbases.
Another approach to the problem is to use svnthetic rather than naturally occurring
aggregates. '

A study was made to identify existing and potential materials suitable for
producing synthetic aggregates, to conceive new methods of producing such aggre-
gates, and to evaluate the present and future prospects for their use in highway
construction. A large number of existing and potential synthetic aggregates were
identified. Several manufactured or by-product materials, such as lightweight
aggregates and blast-furnace slag, currently arc used as aggregates; other hy-product
or waste materials that might be used after minor mechanical processing include
a number of ceramic wastes, various industrial slags and clinkers, demolition wastes,
and scrap iron or steel. The study considered potential methods for producing new
synthetic aggregates -— by sintering or fusing such fine-grained natural material as
sand, clay, or soil, or such waste materials as steel-furnace dusts or mining wastes;
or by chemical or thermochemical processing of mixtures such as those of sand and
lime or fly ash and lime. . '

Synthetic aggregates offer a possible alternative to importing natural aggregates
from other areas. The present worth of synthetic aggregates for highwa construc-
tion thus depends on specific economic factors in the locality suffering an aggregate
shortage. In time, when the aggregate shortage becomes more widespread and the
importing of natural aggregates becomes too extensive and costly to be u sound
practice, synthetic aggregates may provide a feasible solution to the problem. The
most significant development for the future is likely to be either the use of job-site
materials for making synthetic aggregates in versatile and portable processing equip-
ment or the establishment of a widespread synthetic aggregate industry which
processes widely available materials such as clays and shales. Another possibility,
the development of new highway systems requiring lesser guantities of aggregates,

should not be overlooked.

It is not too carly to start planning, descloping, and evaluating job-site

“materials for making synthetic aggregates with versatilé and portable processing

equipment, and large-scale processing of widely availuble materials <uch as clays
and shales.
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CONCLUSIONS AND RECOMMENDATIONS

As the reader may easily confitm, the progress which has been made
since the previous Congress been characterised by the interest and
constant co-operation shown gefiefally by all who are concerned in studies
of road slipperiness. Thig-is shown for example by the increasing number

of specialists attending Comisiittee’s meetings, and conmbuung to its
work. A second exm : found in the establishment in June, 1960,
by the Americaifes ng and Materials (A.S.T.M.) of a
special Committee to ms of this kind, known as Committee

E-17 (A.S.T.M.).
This increasing scale

. n in some measure be regarded as a
reflection of the rather dif! complicated nature of the skidding
problem: a problem of direct infterest to.the vehicle and tyre designer, to
every road user, and even to those concerned with aircraft performance
and runways, as well as to the Highway Engineer. As now constituted, the
Committee is fortunate to have among its members representatives of
these different interests who are able to combine their efforts in order to
contribute towards satisfactory technical solutions, where these are to be
found, or towards a better understanding of the problems.

Quite a lot remains to be done before the Committee is in a position to
discharge the terms of reference for which it was established. Nevertheless,
it is pleasing to report that between the previous congress and the present
one the co-operation’ of 81l the,pembers of the Committee has had a
significant effect on various quest ons important to current practice. It is
with this in mind that the Committee has attempted to give the summaries
of present knowledge and practice to be found in Sections 2 and 3 of this
report. Other more recent:developments of practical importance will be
tound among those described in Section 5. On the other hand the descrip-
tions and discussions in i, rly part of Section 4 will have been of more

direct interest to the speq in problems of skidding resistance measure-
ment..

From the increasing number of correlation and other tests carried out it
N becomqng apparent:—

(1 That the principal mcthods in use for studying the skid-resisting
properties of roads can be used successfully to discriminate between
surfaces which are satxsfactory and those which are undesirably

_-slippery.’ :

(2) In the light of present knowledge there is no clear indication that
any one of the alternative methods of measurement is to be pre-
ferred to the others. Indeed for the ultimate solution it may be
necessary to apply a combination of the different methods of
measurements, and also the different test machines, rather than a
single one to obtain a complete picture of the “‘non-skid” properties
of a wet surface.

(3) Whatever method of test is used some background data based on a
survey of existing roads carried out with the chosen method would
seem to be indispensable. A correlation with accident records is
especially important. Only with this kind of knowledge can satis-
factory standards of skidding resistance be established which are
appropriate for the method of test to be employed.
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14} In this connection, the Commmittee wish to emphasise once more the
importance, and the great value 1o all systematic work on skidding
resistance problems, of police accident reports which give for ali
accidents a clear statement on whether or not skidding occurred. and
whether the road surface was dry, wet or icy.

3) in developing any test method special attention must be given to
standardising the tread properties of the test tyres to be employed
from the points of view of resilience. hardness and the prosence or
absence of a pattern, With this in mind, the Comumittee regurds the
establishment of a specification for a suitable standard test tvre and
for the necessary means of checking these propertics as one of ity
most important and immediate future tasks.

(6) The problem of the best technique for watering the test surface is

still an important ong especially where tests are contemplated
ds of the ordcrofﬁkm/h or more.

7 ) coustructxon the essential steps which will
- tion of satisfactorily non-skid roads are:- -
(ﬁ) to choose an aggregate or chippings for the surface layer with a
sstisfactory reistance to pohshmg This can now be done with the
help of Laboratory tests for resistance to polishing. (2) to choose
H nder content, the proportions of the other constituents of the
cing, and the laymg #nd finishing technique so that the chosen
will alwaysbe expoed in the surfaceand constitute themain
fionof the sutface aﬂh throughout the life of the road surface.

8

(8) Progress has been made in understanding some of the effects of
weather and traffic on the skid-resisting properties of wet surfaces.
All road surfaces must be expected to show changes in “non-
skid” properties when wet throughout their life. but at the present
time these can only be followed by direct measurement, rather than

predicted by any sxmple rule based on observanons of weéather and
traffic.

(9) Where systematic testing is carried out, it is strongly recommended

that to assist in the interpretation of results regular measurements
should also be made on somc typical surfaces so that the current
pattern of seasonal variations in slipperiness can be followed, and
an approximate allowance made for its effects.

(10) Moreover, since the skidding resistance of a surfuce varies with
speed, with tyre properties, with the effects of wear due to differences
in the distribution of traffic a.. 1 so on, it must be recognized that
generally speaking its pertormance can rarely be represented by a
single value of coefficient. When test results are presented it is
desirable that they include: the value of the mean coefficient; the
value of the minimum coefficient, and a guide to its focation on the
surface tested; a measure of the scatter of results about the mean

value (the standard deviation for example); and an indication of the
texture of the surface.

(11) Ice and snow bring special problems of slipperiness, and, as far as
the Highway Engineer is concerned, such treatments as “gritting’".
“salting” or “water-sanding” at present appear to offer the only
feasible and effective remedial techniques.
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Summarising all that has been said in this report, and attempting to
torccdst the lines which the. Committee’s future work might follow, the
; ’s Chairman who has drawn up these final conclusions, would

regs the opinion that,kdespms any superficial appearances to the
he“increased complications which have been brought to light by
stigations into the problem of slipperiness do not represent any
damental differences of principle ; indeed at the present time the
Committee’s most important role should be to resist any suggestions of
discouragement at some of the complexities of the problem which have
been revealed, rather than seeking to act as an arbiter between any oppos-
ing points of view; only in the light of further patient and persistent studies
is a way likely to be found by which some of the existing points of difficulty
can be resolved. In this respect a wide field of study remains open to

"workers on sklddmg problems and the Committee looks forward with

confidence to the time when their efforts will be crowned with success.
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APPENDIX III-B

PERMANENT INIEI;R‘NAT‘IONAL ASSOCIATION

e

T

OF RQAD CONGRESSES

we du PrésidelWilson, Paris, 16

Improvement in the resistance to skidding on various kinds
of roads; change under the action of traffic, climate and the
age of the road. :

Improvement of the riding qualities of the different types of
roads; changes under the action of traffic, climate and the
age of the road.

Progress made in the medsurement of resistance to skidding.
Progress made in the measurement of riding quality.

Icy roads, analysis of the phenomenon, remedies and pal-
liatives. . :

GENERAL REPORT
by
J. G. SMITH. MI1CE., MIMunE,
Chief Highway Engineer, Ministry of Transport.

- GREAT BRITAIN
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CONCLUSIONS

Dealing with the tive parts of the question in order:

4.1. (a). In order to improve resistance to shidding therc must be a
. thorough understanding of the various factors invoived. Most

“gountries have therefore laid stress on the svstematic acoumu-
3 tagt

tion of data from road tests. often on expertmentally prepured
gfacings.

(b} The_ influence of time of year is evident from the cyclical

~decrease resistance ta

variation from minimum resistance in summer rising to a maxi-
mum resistance in winter. Tests of skid resistance must not
therefore be considered in isolation but in relation to summer

conditions (in the Northern hemisphere) when resistance is
lowest.

The use of high hysteresis rubber in tyres -is an advantage in
reducing the risk of skidding on slippery surfaces. Problems
however then ar:se in the dissipation of heat within the tyre.

. The main action of tmﬁc is ‘to polish the aggregate and so

skidding although with some surfaces
- there is erosion oi the fih pamcles in the wheel tracks with
"’lncreasm in rugosity aﬁ resistanice to skidding. Emphasis is
.Jaid by many countriés'$n the need for care in selection of

“Rggregatcs resistant to pohshmg and laboratory tests for this

purpose have been described.

""'vchenucal reactions in the surfacings
» particularly in bituminous roads,

whtich i v “rat&;uf erosion of fine particles. The use

‘of Trinidad Lake asphalt and pitch bitumen in Great Britain

~#-10 promote this is discussed in question 2. The Italian report

-“also emphasises the value of use of materials of different rates

(f)

(g)

(h)

4.2. (a)

(b)

(c)

. of wear.

The influence of increased vehicular speed is chiefly to reduce
the resistance to skidding. The rate of reduction can be lessened
by maintaining a textured surface. This is of great importance
on high speed motorways and on airfields.

The influence of degree of wetting and cleanliness of the surface
is evident. Both Germany and Sweden report on this aspect
but the driver skids on a road which is not prepared for quan-
titative tests of this type.

There arc interesting reports from Norway on the continued
experience of epoxy resin/sand treatment of roads there and
from Poland on treatment of airfields that could have apph-
cations to road works.

Evenness of the surface of the roads is a quality of great im-

portance with the increasing mileage of motorvmys where
sustained hlah speeds occur.

Changes under traffic are attributed to deformation of the sur-
face or base layers. The Belgian report on the construction
of concrete roads particularly notes the importance of base
layers. efticient comistruction of joints and relation of reinforce-
ment and spacing joints.

The influence of poor finishing of thc surface contributes mate-
rially to unevenness; this is noted in the British report on
asphalt surfacings and in the Belglan report on concrete with
appropriate recommendatlons
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4.3. (a) The attention given to research on the factors influencing skid-

ding at high.speeds is a marked reflection of the increasing
use of motorways.

(byMost countries report work at speeds of up to 80 km./br.
i-{50 m.p.h.] with emphasis on experience on airfield work to
fuide development on roads. -

Portable apparatus (pendulum type) is now in general use in

France and Great Britain. An interesting comparative test of

- apparatus is reported by the former and this perhaps could

? Jbe extended to promote more effective interchange of data
fiti contributing countries. Some work on these lines also
ad from Haly. :

(d)Fhe need for :ﬁdatdised conditions of tests (e.g. tyre pres-
“’sure, redilience #nd tread pattern, speed, use of clean surfaces

/) i emphasised by
taly and Sweden.

many countries including Germany,

gpment in many countries to appre-
vehicle speeds now current.

(). £ ‘than physical measurement of
“Feftion is sugges e British use of accident records (often
however fortified by measurements) and .in the German and

British correlations of light reflection and skid resistance.

4.4. (a) The general use of straight edges in measurement of evenness

as a determination of nding quality is often. tedious. Mobile
developments of the straight edge to speed up measurements
are in hand and modifications of the American Roughness In-

dicator are reported by many countries as the basic tool for
assessment of riding quality.

(b) The British report describes'a multi-wheel straight edge type
device to limit discrepancies between a standard straight edge
and the two-wheeled mobile variation of this.

(c) There is an interesting reference from Japan to the use of
acceleration meters to assess riding comfort. -

(d) There is clearly a need for continued development in this field.
emphasised by the reports from Belgium and Germany as to
the difficulties in determining the base for measurement.

4.5. (a) The marked influence of geographical location in the attention

given to this work is evident.

(b) Attention is particularly concentrated on the problems of glazed

(or black) ice and development of an automatic warning device
in France is particularly noted.

{c) There is a concentration of effort on known points of frequent
icing illustrated by the German use of permanent signs, in
Japan by a permanent de-icing spray installation and in Great
Britain by use of electrical heating for positions of danger.

(d) Tt is agreed generally that grit or sand alone is ineffective under
moderate or heavy traffic. The method in general use in North

Sweden of sealing in grit with a water spray in freezing condi-
tions is a notable exception.

(e) Where chemical de-icing agents are used there is agreement on

the effectiveness of salt and mechanical spreading is described
in several reports. ' :

(f) Where salt is used there: is agreement on the advantages of

pre-salting, the need for effective meteorological forecasts and

a-considered plan for action in adverse conditions with efficient
communications.
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Conclusions

At the end of each section of the report a series of conclusions has been
given summarising the main points which in the opinion of the Committee
emerge from the topics which have been considered. In this section of the
Report on the other hand an attempt will be made to bring together the
main developments and points of view.which in the Committec’s opinion

merit the special attention of the Congress. These may be summarised as
follows: '

(1) With the increasing .sped of vehicles, problems of shidding
resistance at high speeds are assuming much greater importance. These
problems are receiving attention in an increasing number of-countries
and it is clear that they raise a number of new problems and intensify old
ones. :

(2) One consequence of this work is that it throws new importance on
to the surface texture of roads and the pattern and resilience properties of
tyre treads. .

(3) As a result increasing attention is being given to the study of
methods for surface texture measurement and to the development of new

“equipment for high speed studies.

High speed studies tend-to emphasise the numerical differences in
ient values obtained with a side-slipping wheel, a locked wheel and a

hraked to give the peak coefficient value. Much more work is
neede® on the inter-relation of these different coefficient values before a
final decision on the optimum test method will be possible.

(5) +High speed investigations have also thrown into prominence the
impostant effect of the thickness of the water film on friction values at
high speed. This has great practical significance as well as presenting serious
problems in the execution and standardisation of measurements at high
speeds..-

(6) “This question of water depth comes into particular prominence in
connection with the phenomenon of *“‘aquaplaning” to which increasing
attention is now being given. Theoretically this may occur on roads at
quite moderate speeds although experiments show that it is in fact rather
difficult to produce in practice. Nevertheless it is a very real effect which
can, and no doubt does, occur from time to time.

(7) In the preoccupation with high speed studies the fact should not
be lost sight of, that good progress is being made in unifying the measure-
ments made at lower speeds, and with the laying down of guide lines for
the interpretation of their results. The present report gives details of such
developments in connection with locked wheel braking tests and the
previous one gave similar information for sideway force tests.

(8) Attention is drawn to the section on “Confidence limits™ which

musi. however, be taken into account in interpreting results of measure-
ments. N

_ (9) The task of standardising test conditions has become more difficult
In recent years because of the rapid development in tyre tread composition
and properties. Test results illustrating this problem are given in the
report and at the present time it would appear that no simple solution

offers itself. In its future work the Committee will give further study to this
problem. .

(10) Finalty the development of studded tyres represents an important
new approach to the problem of dealing with slipperiness on roads covered
thhgqe and snow. This is particularly so since, when these conditions
occur, It is not possible for the highway authorities to provide other
rem measures simultaneously on every section of road. It is hoped
that the account of recent research on this subject, which is given in the

- report, will be of value to highway authorities and others in estimating

the usefulness of this development.
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