
STRESZCZENIE. Szorstkoœæ oznakowania poziomego nale¿y do
jego najwa¿niejszych parametrów u¿ytkowych, wp³ywa bowiem
znacz¹co na bezpieczeñstwo wszystkich u¿ytkowników drogi,
zw³aszcza, gdy nawierzchnia jest mokra. W artykule przedstawiono
przegl¹d nielicznych publikacji poœwiêconych temu zagadnieniu.
Aby zademonstrowaæ wp³yw wybranych cz¹steczek uszorstnia-
j¹cych na wartoœæ wskaŸnika wahad³a pomiarowego (PTV, ang.
Pendulum Test Value) oznakowania poziomego, przeprowadzono
badanie terenowe piêciu materia³ów. Podczas gdy wartoœæ PTV

nawierzchni asfaltowej wynosi³a 49, pokrycie jej farb¹ bez posypki
mikrokulek szklanych czy cz¹steczek uszorstniaj¹cych spowo-
dowa³o spadek PTV do 35. Zastosowanie mikrokulek szklanych
zapewni³o wzrost PTV do 45, zaœ u¿ycie mieszaniny mikrokulek
szklanych z zaledwie 10% korundu prze³o¿y³o siê na wartoœæ PTV

równ¹ 50. Osi¹gniêta pocz¹tkowa wartoœæ PTV oraz jej zacho-
wanie podczas eksploatacji uzale¿nione by³y od wyboru cz¹ste-
czek uszorstniaj¹cych: o ile pocz¹tkowe wartoœci PTV mieœci³y siê
w zakresie 45-65, po 10 miesi¹cach zmierzono spadek do 41-49
(wzglêdny spadek o 6-32%). Uzyskane wyniki potwierdzi³y, ¿e
cz¹steczki uszorstniaj¹ce ró¿ni¹ siê pod wzglêdem skutecznoœci,
a pocz¹tkowa wartoœæ PTV nie pozwala na wiarygodne pro-
gnozowanie szorstkoœci w trakcie u¿ywania oznakowania.

S£OWA KLUCZOWE: bezpieczeñstwo ruchu drogowego,
cz¹steczki uszorstniaj¹ce, farba wodnorozcieñczalna, granulat
szklany, korund, mikrokulki szklane, pierwiastki toksyczne.

ABSTRACT. Skid resistance of road markings belongs to their
important performance parameters, significantly influencing the
safety of all road users, particularly when the roadway is wet –
yet it is very seldom addressed. A review of the sparse literature
on this topic is provided herein. To demonstrate the effect of the
selection of anti-skid particles on Pendulum Test Value (PTV) of
road markings, a field experiment was done with five drop-on
materials. Whereas PTV of the asphalt road surface was 49,
covering it with a paint without any glass beads or anti-skid
particles caused PTV decrease to 35; utilisation of glass beads
led to an increase in PTV to 45 and the use of a mixture of glass
beads with 10% of corundum provided PTV 50. The achieved ini-
tial PTV and its retention upon the usage of road markings de-
pended on the selection of the anti-skid particles. The initial
PTV were in the range of 45-65, after 10 months they decreased
to 41-49 (i.e. by 6-32%). The results confirm that not all anti-skid
particles are equal and that the initial PTV cannot be used to reli-
ably predict long-term performance.

KEYWORDS: anti-skid particles, corundum, glass beads, glass
granulate, road safety, toxic elements, waterborne paint.
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INTRODUCTION

Road markings (RM) are a basic road safety feature, 

They are ubiquitous, since there is no technology that 

could replace them; even machine vision utilised in advan-

ced driver assistance systems and the emerging technology 

a unique kind of industrial maintenance coatings: a dual-

layer system comprising the bottom paint layer and the top 

of materials that are suitable for the paint layer; technically, 

some of them are not paints, but polymeric or non-polyme-

divided into those designed for application in thin layers, 

-

vent-borne paints, sprayed cold plastic or sprayed thermo-

plastic) and those that are applied as thick layers (cold pla-

exceeding 1 mm and – in the cases of structured markings –

reaching even 5 The GB layer plays several roles: en-

-

improves skid resistance of RM

skid resistance of RM, drop-on GB can be intermixed with 

anti-skid particles (ASP), which are sometimes referred to 

GB can also be premixed with the materials that are applied 

in thick layers; such cases shall not be discussed herein due 

Skid resistance of RM is of utmost practical importance 

due to its association with road safety, particularly on wet 

-

jority of articles related to RM concentrate on visual perfor-

PTV
were not mentioned, even though they were measured, as 

the authors wanted to maintain the focus on other param-

There is a paucity of data related to skid resistance of RM, 

PTV

on materials on thin-layer RM (a waterborne paint applied 

to reporting the outcome of the evaluation, in this article 

Oznakowanie poziome to jeden z podstawowych elemen-

-

w zaawansowanych systemach wspomagania kierowcy 

czy w rozwijanych obecnie pojazdach autonomicznych 

-

-

-

-

wane masy chemoutwardzalne na zimno albo termopla-

styczne), oraz grubowarstwowe (masy chemoutwardzalne 

-

-

anti-
skid particles

-

-

-

-
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the scarce literature related to skid resistance of RM is also

evaluation of premixed ASP were regarded as out of the 

by road administrators seeking improvement of the perfor-

mance of RM to enhance road safety under wet conditions 

may also serve formulators of RM working on the optimum 

The importance of maintaining high skid resistance of pave-

ments was described and reviewed in numerous articles 

remain scarce; no series of publications or reports from sys-

tematic testing could be found in either the peer-reviewed

1;

however, most of them address the issue of ASP choice 

long term performance – with the exception of two reports – 

-

quately indexed sources, internet sources, and patents were 

One should note some inconsistencies amongst the reports 

listed in Table 1: for example, while in one study PTV of

ed that the same type of RM was ‘the only truly anti-skid

-

may be caused by certain reports providing PTV without 

noting whether ASP were used (what kind and what quan-

that the surface texture parameters had on skid resistance 

of a systematic study of various types of ASP this remains 

in the applied RM the ASP presence and type, particularly

as 

nie wspomniano o PTV -

-

-

PTV
-

-

-

-

-

-

-

-

-

-

-

-

INFORMACJE OGÓLNE

-

-

-

-

-

wraz z zaprezentowanymi w nich istotnymi wnioskami 
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Reference

Major comparison of PTV

PTV

PTV

PTV

Richards,

PTV

PTV

PTV

PTV

PTV

PTV

PTV

PTV

PTV

PTV
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Reference

Pasetto,

PTV

than PTV PTV in 

PTV

PTV

PTV PTV

approaches to intersections), PTV PTV

PTV PTV

PTV

PTV

PTV

PTV

Pasetto, PTV

cases, PTV

PTV

PTV

PTV

PTV

Reported PTV

PTV

PTV

PTV

PTV

PTV
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Reference

Kajánek,

Richard et PTV PTV

PTV

PTV > 55; PTV

PTV PTV

PTV PTV > 55; na 

PTV

PTV

PTV

Kozak et 

PTV

PTV

PTV

PTV
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Reference

PTV

PTV the responses 

PTV

PTV

PTV

PTV than 

PTV

PTV

Hadizadeh

PTV

PTV

PTV PTV

PTV

PTV
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-

-

PTV oznakowania z mas 

-

-

-

danymi przez posypywanie lub mieszanymi z masami ter-

-

PTV bez podania informacji, czy 

-

-

-

-

-

-

-

-

-

-

-

All of these unknowns only emphasise the need for 

a systematic study of skid resistance of RM, which was 

Unfortunately, quantification of the safety effects of 

maintaining RM at appropriate skid resistance is im-

possible due to the lack of the necessary data; most often 

the information of slips on roadway surface and slips 

on RM are bundled together, if at all reported as con-

partially addressed in an indirect manner: the available 

assessments quite consistently correlate increased acci-

dent rates with lower skid resistance of roadway surface 

are an inseparable part of 

the road infrastructure, it is extremely unlikely that they 

surface markings was reported to considerably decrease 

reports that for elderly pedestrians the risk of slipping be-

with high skid resistance could contribute to an increase 

-

garding bicycle and motorcycle stability on such surfa-

ces, except for one report where subjective bicycle sta-

on RM with various structures can be treated as related; 

PTV

S0 (PTV < 45 

or impossible to measure) to S5 (PTV -

fessional experience, for majority of longitudinal RM, class 

S1 (PTV S2 (PTV
occasionally class S3 (PTV

S4 
(PTV S5 (PTV

of practical applications, PTV classes higher than S2 for 

longitudinal lines or S3 for special locations appear unre-

asonable, because simultaneous obtaining of high retro-

PTV is almost impossible unless one uses

premium road marking solutions; discussion of this in-
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-

-

-

-

 brak danych 

-

-

ocen

-

PTV

OZNAKOWANIA

S0 (PTV < 45 lub 

S5 (PTV -

S1
(PTV

S2
(PTV  S3 
(PTV S4 (PTV S5 (PTV
wymagane rzadko i jedynie w specjalnych zastosowaniach, 

-

PTV S2
S3 w specjalnych lokalizacjach 

-

PTV

-

-

-

-

British 
Pendulum Skid Resistance Tester); parametr ten nazywa 

PTV, rzadziej BPN British Pendu-
lum Number

-

The equipment and procedures for measurement of 

skid resistance are described in detail in the standard 

resistance are to be obtained with the British Pendulum 

Skid Resistance Tester (SRT); they are referred to as Pen-

PTV), even though sometimes they 

are called British Pendulum numbers (BPN) or simply 

-

ned to imitate a patterned car tyre slipping (braking with 

related to skid resistance; for example, in Poland they are 

depending on the class of road or location of the RM, but 

generally class S1 (PTV
S2 (PTV

absence of requirements, along with standards based on 

composition and not on performance, may be one of the 

mostly associated with wet surface, it is important to note 

that the testing with SRT is to be done on surface that was 

SRT was developed and tested in the early 

-

the tested surface and the measured PTV clearly indicated 

that the obtained values should be treated as an engineering 

PTV
as the loss of energy as the standard rubber-coated slider 

assembly slides across the test surface and thus provides 

is very sensitive to positioning and requires accurate cali-

bration for repeatability and reliable results; round-robin 

A recent assessment of SRT calibration provided alarming 

results – the reported possibility of discrepancy reached 
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-

-

-

-

generalnie wymagana jest klasa S1 (PTV
S2 (PTV

-

-

-

-

-

PTV -

PTV
-

mowanego zestawu pomiarowego po badanej powierzch-

powtarzalnych i wiarygodnych wyników; badania porów-

round robin

-

-

-

one should never forget that the accuracy of measurements 

obtained with SRT depends on the positioning of the pen-

-

-

fessional experience and the typically measured ranges, 

equals ±2 units of PTV

-

dynamic testing equipment, which measures much larger 

surface than SRT, may be advantageous; in the standard 

of the majority of alternative equipment is performing the 

measurements on dry surface, so the results are not nec-

essarily representative of the worst-case scenario and di-

rect comparisons with PTV
results of evaluation of such dynamic testing equipment 

-

relation between the results from SRT and one of the dy-

were mentioned, the majority of the attention was given 

materials are not required, but size ranges, resistance to 

transparent or opaque; the colour of the opaque materials 

-
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-

-

PTV przy pomiarach 

-

-

-

-

tywnych stanowi dokonywanie pomiarów na suchej po-

-

PTV
-

-

turze pojawia

-

-

-

-

-

-

provided very high PTV
even though it does not meet the colour requirements set in 

The contents of lead, antimony, and arsenic of the eval-

They were 

measured due to the reports that contamination had been 

found

according to the procedure described in the Australian 

-

ma

were not contaminated and only a local issue was de-

Testing of RM is always burdened with high uncertain-

ty due to the variations of conditions and a plethora of 

evaluation is a valuable procedure, it can be treated as pro-

viding too idealised conditions; hence, testing was done 

wear of RM, they were applied as transverse stripes, with 

all of the vehicles traveling the particular road section 

encroaching on them, which is a valid evaluation protocol 

road in an industrial area, with asphalt surface in good 

conditions at the most used areas of typical longitudinal 

line markings quite quickly in spite of the apparently low 
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-

-

-

-

-

-

-

PTV

-

-

mi doniesieniami o zanieczyszczeniach stwierdzonych 

w niektórych importowanych mikrokulkach szklanych 

-

-

-

wiastków w analizowanych próbkach potwierdza za-

-

-

-

scale, the number of vehicle passes can be conveniently 

in this case one can estimate that the number of vehicles 

-

-

-
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Material
sand

 Piasek

Sample code
GB GG EK MG BX

Description

for RM, prepared skid material, 

Hard material, 

processing

nadmiernego

Hardness (Mohs 

(skala Mohsa)

ingredients)
, ,

3

3
,

,

,

3

Do not contain not contain 

-

-

-

3
;

Fe
3

-

-

-

kiem drogi – jest to uznana procedura oceny oznakowania 

A typical commercially available quick-set white water-

a portable application machine that is usually used for this 
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na dwukierunkowej, dwupasowej drodze w obszarze prze-

-

-

-

-

-

-

-

-

-

PTV than other types of paints 

(results not published so far); secondly, waterborne paints 

are an environmentally-friendly solution with minimised 

emissions of volatile organic compounds and marginal 

Before testing, the drop-on materials (both the GB and the 

then coated in laboratory with appropriate organosilane 

practical importance, the issue of adhesion between RM

and drop-on materials has not been addressed in the lite-

rature so far; it is beyond the scope of this report and it is 

-

mixing of the ASP with the GB was done by weight after 

they were coated, as is usually practiced during manufactu-

ring; this way, the possibility of scratching the surface of GB

in-house manual spreading device at the target spreading 

the paint had been applied; their proper embedment and 

their dimensions, and granulation were matching those 

The apparently 

these types of materials and, based on professional 

a)

a)

Sample code
Pb

)

Sb

b)

szklaneb) GB

GG

MG

EK

a)

b)

GG

a)

b)

GG.
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PTV
-

-

-

-

-

Mikrokulki szklane oraz ASP 

zmieszano w wybranym stosunku masowym po pokryciu 

-

-

± natychmiast po na-

s); poprawne osadzenie 

ów

-

-

-

-

-

nonetheless, this is a possible source of error that is here-

repeats; the visible additional stripes were used for unrelated 

as control) was evaluated periodically with procedures 

measurements were taken at the same location that was 

-

RESULTS AND DISCUSSION

The collected PTV from periodic evaluations are given 

PTV at less used areas (between 

wheel tracks) was not measured, one should observe that 

they would be undergoing the same process as the most 

-

S1, PTV
the PTV decreased below this limit within the exposure 

Amongst the results, one should foremost note that cov-

ering the road surface (sample RD) with the paint without 

any drop-on material (sample WB
drop in PTV -

pery level; hence, such applications should not be permit-

PTV was measured upon incorporation of the drop-on GB 

(sample GB), but class S2
ious ASP provided higher initial PTV than was measured 

for the road surface, with initial values reaching even class 

S4; impressively high initial PTV were measured with glass 

granulate (sample GG) and with bauxite (sample BX

Upon the usage of the RM, the decrease in PTV from 

-

relative PTV
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-

-

the initial PTV of RM was larger than that of the neigh-

that remained true for one material only (sample BX

PTV 

measured in the case of glass granulate (sample GG); at the 

end of the test period it provided PTV within only class S0

PTV

PTV

Sample

code

PTV)a)

PTVa)

Initialb)

b)

3 months  

RD

WB

GB

EK-10

EK-30

EK-50

EK

GG

Piasek
MG

BX

a) b)

a) b)
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PTV zebrane podczas okresowych pomiarów 

PTV w miejscach mniej inten-

-

-

klasy S1, PTV
PTV -

-

krycie powierzchni jezdni (próbka RD WB)

PTV

mikrokulek szklanych (próbka GB
wzrost PTV, S2 -

PTV
-

S4 -

PTV stwierdzono dla granulatu szklane-

go (próbka GG) i boksytu (próbka BX

PTV od 

-

spadek PTV -

PTV PTV -

BX -

GG -

PTV

do klasy S0 -

-

-

This was most likely due to the relatively low hardness 

of glass, which permitted for some surface polishing by 

tyres of the passing vehicles; hence, rough surface became 

 PTV cannot be used to reliably pre-

dict the long-term performance could play a profound role 

in cases where the technical requirements are based only 

countries the minimum performance is demanded through-

The exploratory study of the levels of corundum (sam-

ples EK, EK-50, EK-30, and EK-10) revealed that the 

mixtures of GB and corundum provided higher PTV than 

EK)
until one realises that without GB many of the corundum 

particles would be embedded too deeply in paint; hence, 

material exposed above the paint surface to provide 

-

dum and the application based on weight, the number of 

applied particles was 

Based on visual observation, the decrease in PTV ap-

peared to have been partially caused by the removal 
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-

PTV -

-

-

w posypce (próbki EK, EK-50, EK-30 oraz EK-10) wy-

-

PTV
EK) -

-

-

PTV -

obszarem jezdni (próbka RD) a obszarami znaczonymi, za-

-

ciami PTV -

of the entire RM from parts of the road surface, as in 

phalt that had been already polished by passing vehicles 

became exposed and the role of ASP in providing skid 

PTV between the road 

surface (sample RD) and the marked areas, considerable 

the measured PTV was analysed with four separate 

-

p-values were 

on the levels of corundum, the p-value was approaching the 

This presented first systematic research on the topic is 

associated with numerous uncertainties and occasio-

nal deficiencies

could observe some inconsistencies and the absence of 

linear or logarithmic decay of PTV – these could have 

been caused by weather or by natural behaviour of RM 

which initially displays an increase, even for relative

ly long period, before reaching the maximum value 

-

der laboratory conditions (and, as such, beyond the scope 

of this research), would be required to identify the ex-

levels was done only on corundum, the authors expect, 

based on professional experience, that similar patterns 

a)b)

a)b)

Source (independent variables)a) / a) df F p

RD, WB, GB, EK-10, EK-30, EK-50, EK, GG, MG, BX

GB, EK-10, EK-30, EK-50, EK, GG, MG, BX

EK, GG, MG, BX

EK-10, EK-30, EK-50, EK
a) PTV b) df – degrees of freedom; F – F-value; p – p-value; 2

size;

a) PTV b) df – stopnie swobody; F F; p p 2
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analysis of 
variance

-

p
p

-

-

PTVV
pogodowymi lub naturalnym zachowaniem oznakowa-

nia poziomego, podobnym do zachowania stwierdzonego

-

-

prac badawczych, najlepiej przeprowadzonych w warun-

-

-

-

-

-

-

-

nych warunkach klimatycznych i ruchowych, co stanowi 

premixed with the paint layer materials remains a separate 

research topic, but patterns similar to those reported herein

could be anticipated, with the added variation related 

PTVV

PTVV

area of sample MG

-

MG
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-

-

PTV

-

niezwykle istotne – o ile wszystkim rodzajom oznakowa-

-

-

-

-

-

-

WNIOSKI

-

•

-

-

• -

•

• PTV

roadway surface as the paint was undergoing abrasion 

-

sure, because the typical functional service life of the 

utilised waterborne paint was reached; evaluation of 

other thin-layer materials was not intended, even though 

they were reported by the authors as capable of provid-

one test site cannot be representative for all other test 

sites, particularly those with dissimilar climatic and road 

-

ing of alternative ASP along with evaluation of their 

systematically addressed in the literature so far is the cor-

relation between the types and quantities of the used drop-

.

of RM with various ASP, either premixed with the paint or 

Life-cycle assessments revealed that the key parameter in 

environmental evaluation of RM was not their composition 

to estimate 

the carbon footprint of RM, the consumption of ASP was in-

the ASP and GB contribute to protecting the paint surface 

CONCLUSIONS

The following conclusions can be drawn from this short 

systematic study:

• Skid resistance of RM is a seldom studied subject, even 

though it may be very important for road safety, partic-

ularly for pedestrians and for two-wheel vehicle users, 

• The use of drop-on ASP on thin layer RM is necessary 

•

• PTV cannot be used to predict the performance 
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• Stwierdzony znaczny spadek PTV oznakowania po-

-

PTV -

-

-

INTERESÓW

-

-

-

• The measured large decrease in PTV upon usage of RM 

may be a reason for concern, particularly if RM are uti-

Reasonably high PTV should be requested by the road ad-

ministrators, but the demanded values should be matched

with the desired application area – overengineering 

should be avoided, as it could ultimately cause the loss of 

limitations of various materials and technologies is 

critical; it can be achieved only through cooperation of all 
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