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PREFACE

Many traffic adoldents are the resultsof mechanical fallure
and husean error, However, the pavement surface cond'.\.tic{n is allé
. an important faotor 1: many accidents. Aggidenta involving . skidding,
for instance, frequently occur on slippery surfaces which have low
coefficlent of friation. With safety as an essential objective,
pavement surfaces can be deeigned, conatructed 2nd maintained to -

save lives, reduce pereonel injuriecs and property damage,.

| Th; Department of Righways hopes that this rop’orf will be a
guide for road engineers and road users in our country and other
tropical countries which have sisilar conditions. Neverthelese,
more ressarch should be encouraged to-further the kmowledge in this
field. - '

O aleo %/‘mu&.lf_q.

(Chizleo ' VA Jribaktca)
“Dirdctor - Gomebhd
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SYNOPSIS

- The primary objectives of the paper are to study the
improvement of road gurfaoaa akidding resistance by ochip seal coats
in Thailand and try to estimate the serv;ee 1ife. The instruments
used in neaauring the skidding rastitance values are the Husneter

Iagd }ha British Portadle Testar'of the Transport and Road Rasearoh
Laboratory. The rosd surfaces were measured before and ‘after the
traaﬁment. The 1ncruasa in akidding reaiatanoe talurs was found .
beins highly signifioant. With safety aB an esaantial objeotive,
the service life of the a-in. limeatone chip seal coat fcund was

'appro:imatalr after the 2 million vehiocle peasen, Thia dependa
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_mainly 0n~thé-oonstrucfion roﬁﬁrol,ﬁthe pércentase.df‘haawy.vahicles
and the reslsting to polishing of the 11mestones. -Tée'standard of
ﬁhe chip: saal coats usad in Thailand is’ included. The qurfrce ‘
texture'depths_and the skidding redistance valuea-oﬁ-basa;i, grénitg
andcrushed gravel rith various &éaa were a;po meaaured; The corre-
:1a¢ién tests between the two measuring inétrumeﬁts rero'oarried out,
The guidelines for the minimum skiddins resistance values end

- aurfaca texture depth were recoumendad in this paper.

IKTﬁODUCTIOg

-‘Imprnyingiand naintaining a“ékid-resistan% gurféca is a very
igpqrtantlfactqr in rhé pérformanor'of anj highwoya. lil.types
of paquqnf_surfaceﬁ #ill eventually show some reduction in coef-
'ficiént of friciion values dﬁring their service life. This reduction
is caused mainly by wear, polishing of surface agaresata due to
traffio and bleaﬁins*of\aaphalt. Like in other tropical countriés,
the road surfaoes in ?ha;lanGAara altawa covered uith watar film,
-and accidanta 1nvolvias skidding frequantly ooour and confront road
‘renginaers. Horaover, lack nf granite or harder aggregateu in the
central parf of the countrr ia auuthar problem. Limestone ‘whiok is
genaraily found in‘anple anount has heen used for conatrunting the

'_road surfaces.

- The Hateriala anﬁ Renearchnnivision, Thai Departnent of Highwnss
has heen interestad in road friction.since 1971. Two publicat:ona
{3; 11), were publiahed $n 1972 ‘and 1973. ~Ae shown in Fig. 1, the
,kidding,resigtanoe values of about 1,190 k;loﬁetera_of roaﬁ'sur-'
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faces were measured from 1971 to 1974.

There aFe many methods of improving skidding resistance values
of road surfaces such as pavement groovings, resurfacings, etc,
In Thailand, resurfacings can be classified as overlaying by
asphaltic eoncreté, penetration mdcadam, surface treatments and

chip seal coat.

Chip seal coat has for maﬁy years been a cheppand effective
process for improving resistance to skidding and for providiﬁg
generai protection %o the road structure, The process ia';aing _
.nged throughout the worlé, not only on low cost roads’ﬁﬁi also

on gome of the moat oxpensive and hiéhest gquality highways.

.A chip seal coaﬁ ig a thin filp of asphalt which is sprayed
on the road surface and then covered with a single layer of stone
chippings. It hgé primarily beén accepted as a means of

a) waterproof seal and prevents the entry of surface
water into the rvad gtructure; .

b) improving‘frictional relationshipg”ﬁetwegﬁ vehicle
tires and road surface even in wet coﬁditions, -

¢} protecting the surface of bituminous mats from
oxidation or polymerization of the bituminous cement exposed at
the surface(1), and, | |

d) producing better night visivility characteristies of

the surface,.

The_surface roughness‘and wearing characteristicé are
descrived by the Macro and MicrodTexture {6). Both Macro and

Micpo~Texture are very important, in developing and maintaining
r
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high level of coefficient of. frictiom. . The mean surface texture
lorth measured from the new chip seal coats constructed in Thailand
was approximately 2,0 mm. compared with the new asphaltic concrete

surf{ace which wasz about 0.8 mm,

To cover wide range of coef?icient §f.frictiqn valueﬁ,
Lhree cléssea of road wiﬁﬁ varioua.ages,qaurface agéregates, surface
- suXxiure depths.and traff;e valume were choﬁen. The main objectives
55 this paper are to study the improvement of road surfaces skiddi?g.
resistanceﬂjy chip seal coats in Thailand and try to estimate tﬁe_

_ rurvice life,

=, THE STARDARD OF CHEIP SEAL COATS IN THAILAND (12),

2.1 Standard of the materials

2e141 &gggglﬁg : Type of asphalts and their spiaying
ﬁemper;turss-are shown in Table 1.
2.1.2 Aggrogatesn 3 Ags:égateu shall be.clean,-tough, durgble,
“zeo from dirt or other objectionsble matter and shall have the
“vllowing reguirements s I
- Percentage of Wear not more than 35 %
. = Stripping by'tﬁg Plate fest not more than 20 #
- Flakiness Index of co#rse aggregate not more thax
X S '
- When orushed gravel is used, the percéntage of the
broken face chippings shall not less than 75 % by

wﬁight.
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_ 2,1.3:8159 of ggkréggteWs The chipping used shouid be
nomiﬁaliy"bfﬁéfeﬂiize4'apd praferafly should be appfox;mékely
cubical in éhhpé. _The ﬁominal sizes of aggregate sre shown in

Table I .

2 Approximate smount of asphalt and aggregate

The approximete amount of aggregate and asphalt for each

nominal sizé can be seen in Table III.

Table IV shows nominal glze of aggrsgate and’ the maximum
flakiness index recommended in Australia in oomparison to those -

q
used in Thailand.

Other details of chip seal coats used in Theilend such
25 ssphalt additive and pre-coating agent, sggregate stockpiling,

equipmonf and construction methods are not discussed in this PaPer.il

3. SCOPE OF THE. TESTS

For this study, skidding resistance(SB)measuremente wore made
on s o .

3.1 Eou;'primary {Route H@. 1,24 and 24), one secondary
(Rouge No. 321) and two provincial roads (Route No. 3037, 4025)

from various regions,

3,2 various surface'éggiégates : 11meatbne, basalt, crushed
gravel an@_gigﬁita, .
“ 3.3 bome types. of: original aurfacas s aaphaltio conorete and

penetratien.nacadamihich tend to be alipperv when wat.--
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3.4'varmna..au'a£4f_ sesfaco aggregste s 3%, 4" and B,
% 5 wet and dry conditions {the dry comdition reaults wore not
eritical end werse not insluded, the watar fiilm thickneas on wet teat

Wi 04508 mme)

3,6 various ages of chip sesl coats ranging from 2.daya to
3 yearsa, . | | _‘ _ h
| 3.7 different surface texture de.pths_'-:anging'.fm'0.76'2 to 2,032
2',"\;'11. ) ) I | . | )
Thp Hu~mater (eide-force test trailer, 3, 4, ) end the
Rv*tlsh Portable Tester ¢f the TREL: (BPT, 9, 10} are used in meaeuring

the skidding resistance values. " Teat.speed of the lu-ueter was 60 Kph. .

) . The surface texture depths werq_measured;by the Sand Patch
gethod.(%,'9) |
_ e The pereentage of non-sarbonate in limestone agaregates (2)
frem Lopburi. Hatnhaburi, Nakhon Sawan and Sarabnri, the Los Angelas
hnrnaion Teat, tﬁn-klakinaas In dex and the Speciflc Gravity were
%L 80 tested, \ o '

-The AB& and pernantasb~of buses and truoka uged in
-yllculating the vehicle pas-aa obtained frum the Statistica Section,

<lanning Division, Dept. of Eich‘ays(13)

" SUHKARY GF RESULTS

. Ihe suwmmaries of the mean SR values at 20°C from thé BPT and
- tha_lu-xetler. t_;rpeg..and aiz;ea';_..of surfage #ggregat_es, Surface
“xture depths (5TD), aggregate-p;opérties, nunber of veﬁiciﬁ_p&ésas
i the percentage of-buaas and truéks,'number'of'ancidents, lifs of

f“ seal noat- hefore ths test and typas-of original.aurfaoes are
m 1a Table V.
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The laborétorf test results of percentage of non-éarbonate in
limestone aggregates taken from 5 sources are summa;ihed in Table

]

vi.

5, DISCUSSIOR ARD CONCLUSIONS -

5.1 The mean SE value st 20°C of ‘the 2 dey &" limestone chip
seal coat was 67,2 BRK. (40 Wu-Heter Number, MR) with mean STD of
2,632 om. Thig can improve SR value from 43 BFN (23 un) on the

asphaltic concrete surfaoe having STD ‘of 0 340 mM. .

5.2‘1he'maan SR value at 20°C of the 2 day E" granite wﬁa as
high as’ 72.0 BPN and Sf‘the 2 month i"-basalt‘was.69 3. These
values were higher than that of the 2 day E“‘limestone chip seal
coat, For 2 year %" crushed gravel, the BFN was 53.4 which is
gtill above the minimum requiramant (10). -Howaver, the tests

should be carried on whien the vehicle pasaes_inofease.

_ 5.5 At 0,42 million vehicle ‘passes (MVP) and under the sane
conditions, the SR value measured on *" llmestone was higher than
on v by 1.8 BPN, The BPN differed .only 0.1 at-1.10 MVP, this can
be explained by congidering the STD which waé’dlffarent by 0.116 Wi
at the 0.42 uVP gnd only 0.011 mm.gat the 1.10 HVPa 80 in this
Béhdy, the dif%ereﬁoe'in SR ?alue§ of %“'hﬁdigﬂ;limestoﬁé”ia,not
significant, The BPN measured at o.zg_uvr-én &ﬂ'limestonB-Qith the

age of 6 months, STD 1,300 ias 57.0.

5e¢4 The relationahip between ‘the Wuean SR Value at 26.'.3"'(7'1l and
the "Vehicle Passes" are shown in Fig. 2. The Mean SR Valne

decreases as the Vehicle Passes increaseé._'It dan be sepn that
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there is a rapid fall in thé SR. value in the firet millipn vahicla
pasaea followed by o gradual fallins. Prom the cuxve, with 9319*?
as an essential objective. the aervice life of #" limaetone chip
seal coat can be estimated. The number of vehiole passes ia
-approximately ? millions when the BFN decreases %o 45 (mininum
requirement suggested hy_thp TRRL). Thisnﬁependa meinly on the
_conatructiohlédnifol, the'peidentaéb of hsavf vehiclea‘and the
resgisting to polidhing af the limestonea. The service life of iﬂ
lemestone chip seal coat may be apprnximately 3 years for ADE of
_about 2 000 and nay last énly 1 yoar on heavy traffic highway

baving ADT of about 5 500, *

_ 5,5 The ralatiodehip between fhe "Texture Depth on‘Chip Séal_
Surfaoe Uaing ﬁ“-Limeatone" aﬁd the "fean SR Velue* 1is shown in Fig.
Se It can be sesn that the Moan S8R valur increases as the STD -
increases,’ The nininun Sk'requirenent auggested by the TRRL: 45 .
BIFs, needa minimun tttture ﬂeyth on ship géal aurfaca of dbout 0.8
Ty - This may be & guids in naintaining and providing adequate SR
.on thza type of road surfacea. . ' ' '

'\_ The inveatigationa have ;hown-that the results in _
_decreasing in 8TD are the, bleedina bt aaphalt and - the poliahine of ~

aggregata due to traffio. . o ' f - -

1

5.6 The peroentage of non-earbonata in limestone aggregates -
ﬁaken_from five:gources in the ca&tial part of Thailand (Table VI)‘
varied from 3 to 14 percent. These values are oonsiderably ‘low

compared ta. tha minimug raquiramant of 20 peroent(2)%
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5.7 fhe cor:élét}on tests between the two megsﬁring inst;ﬁﬁents5
were oarried out, . Tﬁe tests were made at 14 differeﬁt 19cations.
The locations were selected so that a range of SR values:;oﬁld be
covered., The HusMefér values-rangea f;om'1? to 77 and the BEN frem
38.4 to 103. .Aftér measurements with'the ﬁfT, the Mu~Meter was run
Qvgf‘tha same section and wheel track., The test speedxéf'the Hniﬁetgr
1ha 60 kph, wThe_water fiim_thickneas for both teasts was 0,508 mm,
(nmeasured frém Nésa Yeter FiIh;Depth Gage, ML-365). The reéulfa

of the:test are summarizéd andﬁthé;régresaion line showm in Fig. 4.

| The relation-ship obtained in thie study gives the

rogTeseion line 88 ¥ = 1.09 X + 17.45 with a coefficient, r = 0.987.

5.8 Data on the numbef of accidents on ﬁoufe No. 2 is available,
There is a aignificént decrease in numbesaof gccident frop 10 wifhin
-3 month period to 7'§ithin T monﬁp_par@ad after the_treatment.\.The
nunber of.accidents inrolviﬁg ak}dding éspecially on wei conditions

is being studied,

5.9 The tests on surface aggregate properties -are shown in
Table V and VI. The Polishpd-Stone Value test should be introduced

to check the rate of resisting to polishing of various aggregates.

64 RECOMMENDATIONS

The recommendations Qnd fature studies of this paper are :

6.1 Guidelines for Minimum Skidding Resistance Values on

thip Seal Coat Surfaces, Wet Condition ave illustrated in Teble VII,
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However, thess, valuos naey be ‘revised by conaidering nnmber

ol accidents involving skidding at eaoh site and ADT.

642 Conaiderations in. seal-coat conatructionz - .

64241 Chip seals shouldfbe investigate& end rated every 6
_montha after opening to traffic. o
6 2,2 01d roads or weak roads with a hiato:y of ‘high
mzintenance requirementa should never be sebled, On-thigftrpe of
‘wosa patohing will soon cover the seal coat. .- .;_. S
_ . T6.2q3 Before sealinz any'ioad, be sure that it can correct
the deficiencies in the pavement. | |
 642.4 Pollow specification strickly.
6,2.5 Keep distributor functioning properly and naintain
Cwniform application rates.
"69246° Before the dgsign, 0ld surface and geouezrio condi-
tiona should be recorded.

L

6.2.7 Uae tnll-tins 1nspectora uith training and experience

-

in chip aealina operationae

]

653 Life of chip sesl Goats ghould'ﬁﬁ considered’ when uaing
limestbne sggregates wiich have low iasist;né'to polishing."vsing;
‘harder aggregates or blending euch ilimestones with hamler aggregates

are recoﬁmendea expecially on high traffio road..

‘ 6.4 The improving skidﬁing'resistance'of'foad aurfacea_by other

. . . . L : - N ’ ’ '
-uctiods should be studied for comparisom. For overlaying 3 cm..
limegtdneraaphalt;c-concreta_aurfaoe; the lifé.islabﬁroximatoly

fwigg(iﬂ)-of the §% limestone chip seal but'thé'qbﬁhixﬁctibn cost
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‘48 ammﬁnatal; M-Baht per sqme mm -Considaration.should
also hm.given to the factor of the ptr

?"f; g of :nad,patamanx.

6.5 The conpa:iaon and evaluation di <chip aeal coats using
various types of asphalts shoul& be atudied. However, The South
Dakota-Ghip_Seal Coat Study(1)cunoluded that construction control,
weather, egquipnent and the experiencé of.construction personel are

variables which apperently have mof*eproi‘und effocts on & seal coat

Eoy,

than the type of aephalt usad.

6.6 To further tye.knowledge in th%g}fie%d, the equivalent
volue in passenger car units (P.C.U's).éf hea;i.hﬁaes-and trucks
should be studied in terms of destroying skidding reaistance values,
The New York State Research in ski diﬂt registance noasurepent of
bituninous-surfaoea(1)used_1 truck-equtValent'to 11 ocars. This
equivalent value may not be.:the Qame in.Th#iland. Thia study méy
be of_use to road enginee%s in estimating,jhe sexrvice 1life of chip

seal coats in.termé of P.C.U'a, -
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“TABLE VI

~Source and size

Msan percentage of non— carbonate

r—— v —wr - P

MN (60 kph)

I

 archaburl 1" 7.3
- L] .
Ratchaburi '&- 14.0
. » ’
Nakhon Sawan 'é‘ 3.3
3" i
Lopburi 8 7.5
. ) . .
Soecbori % 3.7 ;
: 13
TABLE VII
Site Min. SR
Difficult sites’ such as bends,
~ roundabouts, gradients, approaches 5'
- ' n {‘
. * '- H .
o traftic liw . and high accident —[ 50 BPN ‘ ;
locations —————1—L30  MMN (60 kph) :
~ Easy sites..... ' —-——-——[45 BPN
| "M
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