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Abstract
Recently, the resources for asphalt pavement construction have been decreased. Therefore, the asphalt hot-
mix recycling was developed by using the recycled or reclaim asphalt pavement (RAP) as the asphalt concrete

aggregates. The literature reviews indicate that the recent researches focused on the performances and strength
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of asphalt hot-mix recycling, however, there are a few numbers of researches focusing on the safety issues of
these materials. Accordingly, this research aims to evaluate the skid resistance of asphalt hot-mix recycling with
different amount of RAP in the mixtures. Three types of asphalt concrete were designed according to the
Marshall method; (1) the asphalt concrete with 50% of RAP, (2) the asphalt concrete with 100% of RAP, and
(3) the asphalt concrete with no RAP. The asphalt binder grade AC60-70 was used as the supplementary binder
for every asphalt concrete mixture in this research. The skid resistance of three asphalt mixtures were measured
by British Pendulum Tester and Dynamic Friction Tester. The three-wheel polishing device was applied in order
to simulate the long-term deterioration for each type of the mixtures. The strength test show that, as increasing
amount of RAP, more stability of asphalt concrete mixture, however, less flow of the mixed materials.
Moreover, the results show that asphalt concrete with no RAP product the skid resistance value greater than this
value of asphalt concrete with 50% and 100% of RAP. This research reveals that the skid resistance of asphalt

concrete is relate to the results of Los Angeles Abrasion test, but not for the Polished Stone Value (PSV) test.
Keywords: Skid Resistance, Reclaim Asphalt Pavement, Road Safety, Hot-Mix Asphalt
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dethumagouguanTAiiaiung wazauaudd
\Banavesniuvad MnHanadeULANIIn1IT 4 Fady
Anadsanaufousiosne nudidefiuuuatanima
i (RAP) ludrunauveueadiadnounintu dewalvian
wdesnisty woatadeoundafiiivinafmadudy
dhunauiomniulirgagnegi 4,027 Lbs. uazwoailas
AounSnfifluSinaimaiusesay 50 lridinslvasian
o 12.1 (0.01 in) fauandluguil 15 LLGiQG]iﬁ’JuNﬁiJﬁgﬂ 3
NN TR LAY NATFIUN TN A wiouthludu
wHusegdmTuTIasan nnIsidu waznaasy
mrusuvunsaulaalagaznanidluidodaly
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715197 4 NavAAIUNITERNWUULEETHaRABUNSA

= RAP 0 50 100

o

= HB 1 50 35 0

o

o HE 2 20 5 0

g HE 3 15 5 0

x 5 na.a. 8-,

= HB 4 15 0

408 410

Asphalt Cernent (%) 5.00 4.80 5.40 - -
Density (gm./ml) 2400 | 2.360 | 2390 - b
Air Void (%) 33 50 3.1 3.5 | 3-6
VA (%) 140 | 151 | 145 14 14
VFB (%) 764 | 658 | 783 - -
Stability (Ibs) 2699 | 2,779 | 4027 | 1800 | 1,500
Flow (0.01”) 152 | 21| 126 | 8-16 | 5-156

STABILITY AND FLOW TEST

4500 S0 = 420.4 18
152 4027
A000 D =03 1 14
=42 121
3500 s 1z
‘I_';: o (268 s0 =095
£ 3000 2699 SO = 30.2 2779 5o = 2147 10 £
- 2500 kS
g ® 3
g 2000 8
£ 3
L 1m0 ©E
1000 ¢
500 2
. o
RAF 0 RAP 50 RAP 100

[CStability === Flow

JUN 16 nansnageulatiesnIn uaznisinaveneailadneunin

3.3 08015015 NATOUAIAIINAIUNIUATITAULDaRIN I
woaaspaunsn

3.3.1 nansMadeUANAILAIuTNUn1saUloa

I1ANANIINAGEUAIALFIUNIUAISAUlaaR Y
\n309ilo BPT waz DFT wesiianiaueaiiadaoundne
3 gnsdunay §Ivelasnndunsusuuilinduduiainiu
Feoantuaina (Intermational Friction Index: IFI) Fa1du
Bnsinaausiuniunisaulaaveanissionagdeu
ANANULEEANIULUUAT 9 wazdiA1u1USuRAALS7
Tunisauloafinanuid 60 Alawnsdedlug weldiia
ALFenAdosTusTIIILASaslonsads (Wilson ,2006)
Imaﬁ%umauﬁmamgﬂﬁ 17

Adjustment
SRV, DFTzo —
to FE0 pursue to IFI

Testing form
Sand Patch

'

Sp=a+ilbxT)

SRV3s testing form

British Pendulum | «f— | DFT at 20 km/hr a=-11.6
3t 35°C b= 1136
FRS pach
FR60 = FRS x e

v

Pararmeter A B
BPT 0.056 0.008 P FR&0 = A +(Bx FR 60)
DFT 0.081 0.732

3U# 17 Funpun1smdnnudviaudeamuaina (IF)
(@n1TuN3UUES NaINTAINMINENde, 2013)

910 JUA 18 uay JUTA 19 10unsuszninedn
Fulsgansanudoanuiiviudanusalunisauloa
finu§ 60 Alawwmssedalus (FI60) Audiuruseunns
Tavoundeaile BPT way DFT aud iy efinisldeu
Winuntu weailadaeunindilétanuiasiulmidy
dunauimuaaziiadulszansanudonniu (FI60)
unninueafiadneuninfiidrunanvesTaniamiaiy
USinnfesar 50 uazwoailadnounindisiuiuiuiams
Wadudunauimuadaanudsaniusian

Lag A15199 5 uanafiadiAduvuilade (MTD)
vosuoailadnouninis 3 gradiunaudonnaoudaeis
Sand Patch Method (SPM) nieun1sdnaesaninnishdanu
(Initial) wazn18ndIN1591889@01NN15M 91U (Final)
wuiueailadaeuninilifaguaasulusiiludunay
Fanuadannniweailadaeuniniiidunanvesian
RamnafnuTuiesay 50 uazueailadnouniniil
Uinafmadsdudunasiomadeniign

anuduiusszning u (FI60, BPT,)) Audwauseunisda

=@ RAP 0%

025 M RAP 50%

u (IF160, BPT,,)

=+ l* RAP 100%

20000 40000

Number of Cycles

v o

UM 18 n91muananuduiussening p (FI60, BPT1o) Auduiu
J9UN3TA
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AUANIUEIZNI9 b (IFI60, DFT,,) fiudiuausaunisia

03 |y —8— RAP 0%

oz0 |V RAP 50%

W (IFI60, DFT )

0325 [y «+ i+ RAP 100%

0 20000 40000 60000 80000 100000

Number of Cycles

U 19 nAUARIAMNFUNUSTENINN 1 (IFI60, DFT20) AUIIUIY
9UNTTA

€aN

A15197 5 ArAuuRaY (MTD) vasiiuiiueaiadaaunsn

Mean Texture Depth (MTD)
Type
Initial Final
RAP 0% 0.870 0.473
RAP 50% 0.682 0.424
RAP 100% 0.660 0.361

4. 2AUIIY WATIATICHNANISNAGDU

910113199 6 1un1sIsuiisunanimaaoy
AaNURTANNIaT AaNTANSUYad karANATUNIY
nsdulonvosneaiiadaouninie 3 gnsdiunay
Usgnause 1) ueailadneuninfiddunavesianiaonis
AuUSnafesay 50 2) ueailadneunInifiusinauiomng
Wandudiunanianun uag 3) woailadaeuninilitan
swarulhdudrunauiiovmn

A13197 6 LWisusuran snadeuAMaNTRiantIaTIN Auaud
115¥a8 AMUAIUNIUNITAULAE LazANNLREY
HuiveLealadAauNIA 3 gnTdIuHaN

Aggregates Marshall Skid
Type properties properties MTD
Resistance
Abrasion | PSV | Stability | Flow
RAP 0 % N b4 X v N @
RAP 50% N/A N/ v Vv v @
RAP 100% X v vV X x @

mnawn v #fiaa, + Uunany, P wittan @ winan, @ Uunans, G drfian

4.1 NSNAAUAAIINTR TANNIATIN

91NA15197 6 Lansd wanIsaaoutanulaTlvl
1¥A1n158n50 LAA (Abrasion) A1ni1Tanuiasauain
Hanmiainn ﬁwm'1EJ5ﬁaqmaiaﬂmjﬁuﬁmmmumu
RensAnuseRnItnaTIIINTIALM LagtiloUsiiiuna

nageufusanusunsauloadieufuninuisnsves
IFl wudrRanasiifiunasiulwdifudiuusenouiinay
Fuvunisaulaaganitfaguasuioniani il
A0AARBINUNANISNAADU Abrasion WAMININAUNY
ANIAdaU Polishing Stone Value (PSV) “Uaﬁﬁﬂmaim
Famadmuindian Apsv sndnTaguaasulval $ldiu
IRTWINAIMBATAUNUNIUFBNISTAFFININIA
sllugl wadleuszifiunaneaeuiisufiuainnudiuniy
msaulaadiousuusniisnsves IF nuiwanisvagou
laivaveniamnuduiusiuan APSv

4.2 HaMTNIIVAFOUAIMINE UM IS Ul0aYeITIN e

woaltasmaunsna 3 arunas

'31J‘1’7i 18 LLamﬁwmm@fmmumﬁuima (Skid Resistance
Value, SRV) mﬂmi%@aavﬁ’wm%‘m British Pendulum
Tester (BPT) wag gﬂﬁ 19 LLamammmé‘humumﬁﬂﬂa
IINAITNAFOURILLATES Dynamic Friction tester (DFT)
Weliaszianumunzaulunisdeadisauuneailadn
apunIn i dulUnuLIn T ILYeIN TN FananT
WIgueun1u3sn15999 IFl (International Friction
Index) TANAuIEBnNIUTT AL s aNn L BT U
1) woatladmauninillivanuiasnludifudiunasiomn
2) woailadneuniniifldrunauvesiagimauiuyiuia
fovay 50 uaz 3) weailanmaundnfiausuafiamaiy
udmauiaan feftagulilumaad 6

PNRANISNAFOUNUI Wiaiusnsdrumiasiuima
iiluneailadnoundnuntu dawaldrianudumunis
Aulnaanas Feaenndsstudnuariiuiueailadaounin
ﬁLLamaﬁwwamimaaumm’mmmig MTD (miwﬁ 5)

TunmenduiudefiauSunafmaniiesdmalalusu
Usgansamnislden (Performance) A uAd§nway
wiausiziazvinnuiangu daanssagal Stability
uay Flow (3Ui 16) ilesananidonuszanlufamaii
drunsTdaunndussoznamils %fam%awﬁzmuma
Hovanmawaliueailasnoundniinnuuds uasiianis
wan3aledne

5. unagd

NIl Yaludnwnginssuanudumunisaulos
vosTaguaaiadneuninldiunanvesiimisnily
gns1dIuseY Faonvdanadenulasnieveldsald
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AUU AINNITRRNRUUATUHALAIUNINTFIUNITUVAAE
mi‘wmaaummmﬁmmumi?{ulaamummgm IF|
WU

° ﬁhmmﬁmmumiéulaaﬁwmumummgm IF|
yosuoaiadasuninazananiasusuiaianianily
drunauinuniy fedenadosfual MTD vodia
weailanpaunda lumsnduiudloduusunaimadily
drunay dmwaliauudausmosdunaufivnnduusdt Tag
VIANNEAEU dAUTe

® jansAnwnunAanuEaveteaiiagrounind
fehunamesimaduiu Juegiudaruduniunisdn
7150 (LAA) waldfiaiuduwusiuai Polishing Stone
Value (APSV) mszwudn aranudumunisannsedia
A16i1 dawalidrauilianiuuinsgiu IF qa%mﬁ'a
WisuieufiunanIsiadeua 3 @y

6. UardauaMUY

6.1 dmsunsfnulunuideildvangiamana (RAP)
Wudwau 1 unde iitelildnanismaaeuiiiuguin
Betumslimaiusiuuumasaniavna

6.2 losanUsravsnmnislinuresnsianianis

o =2

ity Aidesddsiauonainanautivesian
srasanlufiamaiiudidy asfesdiindenuania
woailaf@iuus (Asphalt Binder) Tufiamaiin dafuaasdl
MsnasuAuanTALeaTiadguuAluR LA LTiAY

6.3 nsnageuAuantAvestanuIaTILiioUsEIdy
anuanunsalunsiumunsauloaviennudeaviu
1aun Polishing Stone Value (PSV) e iiunisnaaa

Wige 1 A29819 AISHNISNAFR UM IBE1 Y

7. AanfnssuUsznA

v '
P =

ATl drunislasutunuativayuanaugiangsy
ANERS NTINEIRBULSART dvSuSyve] LAsugens
ne¥ (uatdvayunis@nwdmsuiddnsedudiygyin
Usgddmsfing 2562) uenani ansfIeremoreunm
sA.0s. fisned Inielen Nnenimnssumans imTingde
Fodlml uaz U3 Busis wda e Akanueynszh
w3asilevagou Dynamic Friction tester (DFT) LaTLA3
$ra0smstad uenani faousunszan w1etngs thiu
fidnemenusyaunsal aeuisnmihausinluiediogua
ANuUaenfgnaanANIsIa
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