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PREFACE

Many traffic accidents are the result€of mechanical failure
and human error, However, the pavement surface condiilon is lls;
an important factor in many mocidents. Accidents'in?olvius skidding,
for inetance, frequently occur on slippery surfaces which have low
coefficient of frictioh. ‘#ith safety as an essential objective,
_pavement surfaces can be designed, constructed and maintained to

- save livea, reduce personel injuries and property damage,

Th; Department of Highways hopeé thgt this report will:be Q
guide. for roéd engineers and ?oad ugers in our country and.other
‘tropical countries which have similar conditions. Nevertheless, .
more research should be encouraged to-further the knowledge in thia.
field. :

@,M.a V'a /m L-u[c[cq

(Chales Vajrabukka)

Director = General
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SYNOPSIS

One important factor which contributes to the road accident is
the friction of road surfacea. FPriction needs vary with different
typee of road sﬁrfaces and under different circumstances. Three
typeé of pavements constructed with limestone aggregate namely,
portland cement concrete, asphaltic concrete and penetration
nacadam were éalected. The criteria used in the selection were that
each tyﬁa of pavement would differ in age and texture depth but hove
sinilar traffic volume, ‘environmental conditions and geometric design.
& Mu-meter was used to record frictiom values in both wet and dry
conditions.and percentage of non carbonate in samples of limestone
aggregate were determined, The effects of speed, texture depth,

age and water film thickness on skid values were investigated,
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":In gnalysis of the data macro and miero principles of approach were

applied which revealed that in dry condition all types of pavements
~under the circumatances investigated exhibited sufficient macro and.
micre textures whioh'reflect;d inlsufficient coeffielient of friction,
- However, in wet condition, both asphaltioc conorete and macadan sure
faees with low texture depth and high age exhibited low macro and
miero textures resulting in low friction values. Comparisons and
reiation;hipa between Mu-poter and British Pértable Tester were also
determined and it was found that there was a good correlation between

the two.

INTRODUCTIOR

The accideﬁts which occur everyday oh the roads of Thailand have
cansed unnecessary loss of lives, time and economy to the country.
fne important faoctoer involves is the friction of the road surface.
The skidding of a moving vehicle on ; pavenent surface either
bitﬁminoué or po;tland cenent concrete depends on the frictional
regist%noe betyaen the surface of a pavement and tires of a méving
vehlcle, Good rosd surfaces must have suffic}ent friction for a
vehicle travelling at s designated speed to manuver safely in all
kinds of weather‘and geometric conditions, ;n &eneral any dry
pavement surface and essentially any tires, in combination will
generate adequat skid reristance to accommodate all but the most
extreme of vehicle manuvers. However, when the pavement is wet
there is water lubricant between tire-road interface which makes

skii resistorce to drop significantly. The situation becomes very
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more noticeable on old pavément surfaces where high traffic volunes
cange aggregates $o wear and polished especially those constructed

with aspha.lt.

Charapteristically, skid resistance properties of n pavement
surface depends on mecro and micro textures, surface drainage and
type of aggrggates nsed. 8kid resistance is usuélly_reported a8
frictional coefficient multiply by 100 and in Thailand it is
peasured with British portable tester (B.P.T;) and recently,

by Mu=neter,

The subject of skid resistance is extremely complex and has
been the object of intense resegrch. Variastions occur with, anong
other factors, wet or dry pavement surface, thickness of water film,
surface characteristics, age and speed or a mﬁving vehicle,
Therefore, in corder to gain further knowledge on the topiq as how
these variation effect skid resistance when subjected to local
prevailing conditions, this research was carried out to cover the
following objectives.

te To study some parameters which effect frictional character-

iatics of pavement surfaces in terms of pavement types.

2. To determine the correlation between skid number obtained

bty Mu~-nmeter and British portable tester (B.P.T.).

3« To recommend minimum service values of skid resistance for

general classes of highway and traffic conditionms,



LITERATURE REVIEW

Reosearch in recent years has estabilished that surface roughness
and wearing charasteristics of both coarse and fine aggregates in
both bituminous and portiand concrete pavements are c:;'itical in
devoloping and maintaining high coefficient of friction. Seversal
raesearchers have indicatéed that type ani magnitude of texture of the
pavement are responsible for such behavior (2, 6, 14). Recently,
terms such as ﬁacrotexture and microtexture are used to describe
the surface roughness of the pavement surfaces. Macroscopic texture
refers to a large-scale texture caused by the size and hhape of the
surface aggregate and micio-texture refegs to fine-scale roughness
contributed by ihdividual small asperities on the individual aggre-
gate particles. Good macro-texture will allow the water to escape |
.betwaen the tires andlthe pavement at high speed and goﬁd microe
-texturé will provide sufficient roughnese and maintain some 19?91
of skidding {(6). Therefore, a combination of both is most desirable,
(3, 4, 7). Pavement conastructed with limestones have proved to be
slick when subjected to heavy traffic (16). On.the other hand,
sendstone and certain granite are better res;stance to wear {15).
Dehir and Muller (3) reported that generally carbonate aggregates
will poiish faster than other type of aggregates becanse of asoft
carbonate minerals. The more percentage of impurities presehat the
better will be its skid résistance performance. Moreover, the
pevenents which are construhted with bituminoue will "blged® from
excess binder and become extremely slick when wet. Burnett and

Sikeom (1) reported that the skid resistance of a bituninous
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aurface‘is gﬁverned by larger aggregates in nmix, rather than the
propertiea of fine and that hard impurities aggregate are better
than soft material, Further, coefficient of friction of wet
pa?emenf will varylwith speed. High speed on wet pavement will
¢ause hydroplanning which results in "skiing® of véhiclel!s tires

over a pavement,

In Thailand, the materiasls and Research Difiaibn.of the Royel
?hai Highway Department has been interested in the subjeet since
1971+ Two publications (10, 17) about the suﬁjéct have Bbeen
published_and currently, an inventory of coefficient of friction

is being conducted through out the highway systenm,

THE COMPONENT OF FRICTIONAL FORCE BETWEEN TIRE AND PAVEMENT AND

THEIR RELATIONSHIP TO PAVEMENT TEXTURE,

The forces between o tire and a pavement are produced by two.
principle factora, ddhesion and hysteéresis; as shown in Pig. 1.
édhesion ir a forcé which developed by the interaction of the
rubber. and the mieroiextures of the pavement, Hysteresis is
the other coqponeni of force generated by absorbed energy when the
tire is deformed and projected on- the pavements aggregate, This -
forees is introduced by the macrotexture of the pavement.
Generally, these two componemts of forces will be efficiently
developed on a 4dry pavenment. However, when a pavement is covered
with a.film of water, the following events muat occur im order for

hysteresié ﬁnd adhesion to exist.



The layer of water must be expelled from the tire-pavement
interface in order fof.the tire té be deformed by pavement macro=
texture, The pathﬁ'for this water to escape are formed by the
channels of the pavement macrotexture apé by the openings 1in the
tire treads. The water which still coveéed thelmicrote;;nre would
then be sliowed to agueeze aslde., With a good microte;ture, the
sharpnees of aggregate projections will help in penetrating this
film of water tc develop the adhesion force between.rﬁbber and a
pavenment surface, A8 the speed of a vehicle inereases, the time
available to expel this layer of water decreases. ‘When there is nﬁ
longer enough time for water to squeeze out a pfessure between the
tire and the pavement.surface beéina to develop'ahd the value of
gkid resistance begins to drop. When this pressure becomes large
and reaches the value equal to the piassure exerted by the tires
over a pavement surface, dynamic hydroplaning occurs and the tire

nrides" on water surface,

qheré fbre, a high level of macrotexture will provide & pavement
w¥ith & good drainage at high speed where as microtexture 1s the main
texture 'hioh sustains a given frietion 1gvel.l For &‘good anti-ekid
road in all types of weather, both macro and micro textures must be

both presented at the same time.

- 3C0PE OF THE TESTS

For the studies, three types of pavement surfaces, namely
portland cement conorete, aaphaltic'concréte and penetration macadanm

at various ages and texture depth were oﬁosan. In the selection of
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the sites, considerations concerning the traffic wvolume, character
of traffic, envirommental conditions geometric design and gradation
were taken to be as close as possible so that their influences on
the values of skid reaistance would be minimized., The measurenents
of coefficient of friction were t;ien with the Mu-meter making a
series of three passes over each site at a speed of 50, 60 and 80
k.p.hs over a length of 5 kilometers. The average from these
individnal readings were recorded and used inlthe study analysis.
Texture depth measurements were conducted by sand patqh method at
.each location under the investigation, -To similate wet condition,
a wﬁtering syster calibrated to supply sufficient water to create
a surface film thickness of 0,254 m.m., 0.508 m.m., and 0.762 m.m.
representing just wet, wet and very wet conditions was used. Water
wag sprayed through the nozzles in front of the Mu-meter's two

frictional=measuring pneumatic tires,

Tests for percentage of non carbonate in limestone and Los
Angeles Abrasion test were conducted on the sanples of aggregate

from two quarries commonly used as aggregste supplying sources.

The tests were 6onducted during the months of June 1974 to
February 1975. Testing temperature was in the 30 degree C range.
No seasonsl nor temperature corrections were applied to the skid

coefficient values.

The summary of test results will be found in appendix t and
the details of the instruments, method of teats and sample of

calculation will be found in appendix 2.



ul5CUSSION OF RESULTS

For the purposes of this report, four parameters whiph influence
skid resistance values on different types of surface pavaﬁent were
chosen and their effects investigated individually., The four choseq
parameters were water film thickness, texture depth, age and speed,
It was felt that tho effect of each parameter on the friction values
should be separately discussed t6 give a clear understanding view of

the subject.

Effect of water film thickness

The effects of water film thickness on the skid resistance values

of asphaltic concrete pavemgnt'waq preasented in Pig. 2

In this figure, the friction values veraué the water f£ilm thicke
ness on the different ages and aurfaces texture depth were plotted,
The friction values were the average values recorded by nuameier'
irévelling at constant speed of 60 k.p.h. over the test section for
tHiree times, The curves indicate that as the water film thickness
on thé pavement surface increagses the friction values decreases
accordingli. This characteristic is caused by the hydrodynamic
pressure wﬁich built up between the tire-pavement interface since
it decreases a tire gripping capability and traction. Hoiever,‘the
dip of curve 1, 2 and 3 which represent water film thickness in juast
wet, wot and very wet zone of water conditioﬁp seeme to indicate
tl.e ability of the pavement's texture to drain the water. For.the
youars age pavenent surfaces with high texture depth and hence,

:etter 3icr9 ani aacro texture to penetrate and drsin water, it
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showa & slower decrease in skid values compared to that of the
older one because lesser fluid pressure is being built up between

tire-pavement interface.

. Effect of surface texture depfh-

The effect of surface texture depth on ffictioﬁ values has been
furthur investigated on various type of pavement usuelly constructed
in Thailand., The average texture depths of this investigations weore
found to be in the-rahge of 0.254 to .0.752'mm, The friction values
in both dry and wet conditions were recorded by Mu-meter.travelling
at constant speed of’6o kKepshe It was found that the dry friction
velues on all types of surface pavement increase with the.texfure
depth, :This is due to the result of the-imbrovement:of hy;teresis
component of the friction force between tire and the pavement., In
the lower: range of texture depth, asphalt surface which involvaes
bleeding show a lower level of friction than that of portland
cement concrete; However, in the case of dry penetration macadam
{ourve 6), the friotion obtained seems to be.low for this texture
depths thias may be due to larger size aggregates in the mix
protruding out from the surface resulting in lesser contact area
between the tire-pavement surface, plus the bleeding of the pavement,
Iq wet condition; 1t‘was found that the values of skid resiastance .
on all surfaces pavement under investigation increased as the
macrotexture of the surfaces improved. Further, it was found that
the aéphdltié cbﬂbreie sﬁrfhce which posseéé the lowest texture
Hepth bhowed the highest imprOvemeﬂt'in wet skid resistenge values

{curve 3}. This characteristic introduces the need of specifying
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the minimum texture depth of thisg type of pavement,

Effect of Spoed

isphaltic conorate and portland cement concrete surfaces which
poseess the minimumn texture depth (0.254 mm,) wore selected in the
study of the offeoct which speed has on the values of skid resistance,
On dry condition, it was found that the value of skid resistance
has dropped fig. 4 _ |
2 and 4 pervents on pogtland cepent conercte and_agphalzic conorete
with the inoreasing of:spead from 50 to 80 k.p.h._;espect;?aly?__The
decrease in pkid yalués is believed to pe'tha-rasuly of ghorter
contact time between the.tires and the psvement surface as the gpeed
increases. However, it waﬁ found that in spite of thé loppea,u#he
skid values were still warran;ed for safe.travellins on both types
of surfaces. In wet concitiﬁn, agphal tic coﬁcrete surface shows &
drop of 4 percente on the same range of speed change, but, the values
obtained ware‘Lower than the ascecepted standerd }or sgfg driving
even at So.k.g;h. The same slope of curves for wet and dry conditions
on asphaltic conerete pevement surface seems to indicate insufficient
drainage ability of the pavementts textures, GSince tﬁe performance
of the texturea on wet surface condition is dopendent on the dréinage
time hence the rate of deorsmsing friction as the.gpee¢ increases

should be steeper than that_of the dry surface.

gffect of age

The study of the effect of aging on skid resistance values wap

carried out on asphaltic concrete and macadem surfsces, In figs 5y
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8 set of curves indicate significant aioﬁ in friction values as age
inocreases., The polishing of liméstone sgeregate which contain 3
to 14 percent noncarﬁbnate, (as shown in Table 1)}, under traffic
decreases the toxture depth of the pavement and the sngularity of
" the aggrégateé. The decrease in friction values of dry pavement
fig., 5-a seems to be caused by the reduction of both hysteresis
and adhesion components of friction force which are related to
nacro and micro ‘textures of the surface. The drop of friction on
wet pavemeﬁt (fig. 5—b) iag the result of decreasing workability
of pavement textures. In additioﬁ, the rate of decreasing value
of friction on dry pavement is higher than that of wet pavement
which seems to be the result of bleeding effect. Fig. 6 shows
the effects of bleeding of an asphaltic concrete and poliéhing of .

limestone aggregate.

Table 1, Laboratory Test Results of Percentage of Non-carbonate in

Limestone aggregates,

»Source and Size Mean Percentage of NoneCarbonate
Ratchaburi 1" Te3
" & 14.0
Nakhon Sawan v 3.3
Lopbturi " 7.5

Saraburd _ g 3.7




-12-

Correlation of the Mueneter with the British Portable Tester

Correlation tests were run botween the Mue-meter and the British
Portable Tester (BPT). The teots were made at 14 different locations.
The locations werg geleotad so that a range of values would be covered,
The Mu-meter ranged from 17 to 77 and the BPT from 38.4 to 103,

After measurements with the BPT, the Mu-meter was run over the same
section and wheel track. The test speed for the Muemeter was 60 Kph,:
The water film thickness for both tesis was 0,508 mm. The results

of the test are summarized and the regression line shown in Figi T4

The relationship obtained in this study gives the rogression

line a8 ¥ = 1.09x + 17.4% with & coefficient r = 0,987,

CORCLUSION

1, Inoreases in water film thickness on asphaltic concrete

surfaces deoreases the friction values.

2, Wet and dry fpictional values on all types of pavement -

tested increasc as the texture deﬁth incresase,

3, Asphaltic concrete surface shows lesser skid resistance than

portland concrete surface in the lower range of texture depth,
4, The overall friction values decrease as speed increanes,

5. For all types of pavement surface tested, friction values

decrease as ages increase in both wet and dry conditions,

6, The frictional resistance in dry condition decreases more

then in wet condition as ages increase.
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7. In dry condition, the coefficient of friction is found to
be above the ninimum requirement with either increasing of spesd

or age of pavenments.

8., For héavy travelled asphaltic concrete pavement which has
been in used for about 24 months shows very low texture depth and

insufficient wet skid resistance,

9« The percentage of noncarbonate compoéition in limestone
aggregate used in all types of pavement investigated is lower than

15 percent,

10. Good correlation was found to exist between the NMu-meter

and British porteble tests.

RECOMMENDATIONS

In views of safety and economy, the following recommendations,
based on the findings are put forward in order to serve as ugeful
guide lines for the future pavement surfaces construction., They

are as follows,

1. ‘The recommended skid resistunce values for different types of

road are shown in Table 2.

Table 2, Guidelines for Minimum SR Values, Wet Condition,
TUBritish Hu-meter
ite Portable Runber

Nusber 60 XPH

Difficult Sites such as bends, roundabouts,
gradients, approaches to traffic lights and
_high accident locations. 50 30

Primary, Secondary highways and Peeder .
roads with easy sites and ADT 1500, 43 25
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2. The criteria for pavement surfaces with 7 years economic life

and traffic count of more than 1500 average vehicles daily are

8. Use blending of polisheresistance aggregates such as granite

or basalt with polish susceptible material.

b, Use aggregatos which sacrificial surfaces are continously

renewed by traffic action such as sandgtone.
¢e Use vesicular aggregate which provide internal drainsge.

3« For road surfaces with traffic'eount of less than 1500 average
vehicles daily any limestone that passes the normal physical tests

can be used,

4. Improve the texture depth for asphaltic concrete surfaces. This

may involve changing of the specification.

5. Inocreage orown slope for all type of pavement surface.

Aggendix 2

(A) Detsil of Muemeter, method of test and sample of calculation,

The Mu-meter is a continuous recording friction-measuring

trailer shown in fig. 8 & 9.

It comprises a triangular frame on_ﬁhich ére mopnted the two
frictional measuring preumatic wheels, the' rear whaéilwhioh drives
the fecarder and stabilizes the machine, the‘bqglaat,_the load cell

and the recorder mechanisa. it‘éag be towed by a vehicle fitted
sith a standard towing hook, together with a remote read-out stowed

ir. znd operated from a cab of a towing vehicle., On towed; it
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generates s side force friction betwesen the tested surface and the

two pneumatic tires that are set at a fixed toe out angle of Th deg.

to the liné of drag. The frictional force is sensed by a trans-

ducer (load cell) located in the apex of the trailer's A frame

and load data is tranamitted to the recorder by hydraulic pressure

through a flezible to the recorders interconnecting pipe to the

recorderts Bourdon tube and indicating machanisn.

(B) Preparation of the Mu-meter for use (8)

1.

2.

3

Ae

5.

Check the wheel nuts for tightness
Check the tire pressure (9) at ambient temperature

Lay out the checking board ensuring that the board and
surroundgs aré clean, Position the machine approximately
one meter behind and with the measuring wheels in line
with the abrasive surfaces of the checking bvoard. The
operators should aveoid walking on the ahrgsive surfaces

when the check is carried out.

One operator should pull the machine forward over the board,
dt the same time the second operator should follow to
oscillate the roll chart as the machine is-puiled over the
checking board, thus lessening the friction between the

recorder stylus and the roll chart surface.

The stylus merking on the rell chart in this check should

‘read 77f'3 with a clean dry checking and tires, but reading

will gradually fall below this figure as the board abrasive
surface weara, btecomes ingrained with dirt or if the atmosphere
is humid,
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Segmple of Caiculation

4 portion of Route No. 4 which is & asphaltic concrete_surface

wap meagured by the Mu-meter., The following datas are teken:-

= 8peed of the Mu-meter = 60 kph,

Length of the portion approximate 500 metres.

Aversge surface texture depth (By sand patch method) = 0,286 mm,

Wet pavement condition.

The reading of WindowsH1-and C1 from the Remote Read-out Unit
{or B2 and C2 or B3 aﬁd ¢3) are:
Bt = 655, this represents 655x6.096 getres of the roadway.
measured, '
C1 = 352, this represents the summation of friction value
taken at every 6.096 neters. _ |
The readings of iﬁtegrators A and B from the Recorder ares
| A = 393, this value taken at every 6,096 metres.
3 = 741, this reprosents the approximate of 741:6;096 motrea,

"ApprOximate average friction wvalue

Window A _ 393 _
* Window B~ 741 - 0+330

Approximate average friction number
- '00530 x 100 - 55.0.
Exact average friction value
Window C1 2
™ Window B1 255 = 0.337
Exact average friction number

= 0,537 x 100 = 53.7

E:t2 Tne wpproxinate average friction velue is for check only.
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The British Portable Tester

The British Portable Tester wes developed by the Road Researci:
Laboratory to provide highway-engineers with a routine methos of
measuring the coefficient of frietion of & road surface in both wet
and dry conditions. The apparatus measures the frictional

resistance between a rudber slider and the road surface.

The details of this apparatus, the method for using and the
suggested values of skid resistance can be found in the Road
Hesearch Technical Papers No. 66 and 27, Road Research Laboratory

(11, 12).

The Sand=-Patch Method

The Sand=Patch is a qethod uged tc determine the average
texture depth of the test section. In the test, a known volume of
fine sand of uniform particle size is placed on the road surface,
and then spreaded to form a circular patch with a level surface.’
The texture depth is then, simply the volume of sand used, divided

by the area of the patch.

The details of the Sand-Patch nethcd for.measuring texture
depth and the classification of the surface texture of a roed can
be found ir the Road Research Technical Paper No. 27, Road Research

Laboratory, (t2)
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wheeltrark, age 31 mon

= ~E b
0,508, 234, = 0,757 m,



BRITISH PORTABLE TESTER VALUE

r= 0987

Yz 1L.OSX+ (748
nx |4

40.0

67.2
84.0 79.0
$8.0 815
65.0. 900
66.0 950
9.0 88.0
770 1030
20 40 60

MU - METER VALUE AT 60 KPH -

Fi8. 7 CORRELATION RESWLTS



n.l Il .‘-’ ’

Mu— Meter  Test Results

Route No.4 : Aspholtic  Concrgte  {Rt)
: | Av Mu — Meter  Vaiue Speed [MAr. WFT[Av. STD
Age, Mo |  Km ADT -
Dry Wet Kph. mm. mm.
24 23— 28| 10,044 56 28 60 | 0.234 | 0.318
" " L] - 21 L] .0.508 L]
28" " " 54 22 . | 02zse | o.206
" " " - 17 « | asos "
" " " - ] " 06835 "
" " n — 4 " - Q762 "
31 " " 53 s “ | osos | 0.254
28 R . 57 - 50 - 0.206
" " , 54 - 80 -~ n
" " " 53 ot 80 -— w
31 206—29 | . - 18 s0 | o508 | 0.284
n " M — I6 &80 " "

» " " - I4 a0 " [
ey 3¢ — 36| 7,330 - i8 60 | 0508 | 0.25¢
N " » - 5 " Q833 "
n L] H - I" L] 0.732 o
2 6l —62 | 60 85 21 0 | 0.638 | 0.381
H " " - 23 » Q 808 -
" I »" - 28 . " 0.284 n
Route  No.4 . Concrete (Lt)

120 {23--28 | 8032 - 68 34 6o | osos | o328
127 " " 64 - 50 - a3ie
“ ® " 63 - 60 - -

" " " '52 — 80 - -

Route  No. 336° Concrete
) 8—-9 |30000 69 3s 60 | o.508 | o.638
" - 68.5 35 - - 0. 508
Los Angeles Absamion Test:= 29.0
Route N0.306 : Penetraion  Mocodam
24 26 —28 | 1,500 64 28.8 "60 | asoe | o.7e2
28 . 59 27.8 . . 0.730
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