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Methodology to Predict Service Lives of Pavement Marking Materials
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Abstract

Performances of retroreflectivity vary place to place, according to traffic volumes and time lengths after striping, depending on
pavement marking materials and colors. The present paper uses the nation wide data of retroreflectivity, which has been collected from
freeways and then tries to develop the regression curve setting traffic volume and service life as independent variables and
retroreflectivities as dependent variables. The DB system includes two year's measurement in 2005~2006 over Korean freeway
pavement marking at an interval of three months for the period. The mobile measurement system, a laserlux, was employed for the
purpose. The DB has provided a lot of information about materials and performance of the specific pavement marking such as
geometric features, traffic volumes, material characteristics and the installation date. This study provides the comparison of pavement
marking performances under diversified conditions. Based on accumulated pavement marking performances, this study provides
performance curves based on the diversified factors. The goal of the retroreflectivity modeling is to develop equations that can be used
to estimate an average retroreflectivity of pavement markings as a function time since application and traffic volume. After
representing the variation of retroreflectivities and estimating regression curves by linear, exponential, logarithmic and power function,
the regression curve which had the highest coefficient of determination and the value similar to the last field measurement was
regarded as the retroreflectivity decay model. As a result of verification, the decay model showed the signification within the 90%
confidence level and especially showed the clear relation with field data according to increase of cumulative vehicle exposure.

Accordingly, these models can be used to determine service lives, retroreflectivity degradation rates, and retroreflectivity of new
markings.

Keywords : retroreflection, roadmarking performance, retroreflectivity decay model

8 A
349 W71 dehe vl e 35, B4 3 ATARE AR, 84 S et A QER sjo)sh wEn. B
AP THEEZM 2AFE A Aol A2 upgo s nELa A9 244y e EGWSE da AN A5
+ MO GIRERTA CERERTY DEATE AN
+ HDR - SIZERTA TRHENTH NEMTE Moloi 1
e HFR - BRERBA TRUENTH DSHTE 078
sxxx TO|7 . ST 2 IAL JISEEY



By
(Y

24

o=

9 2

:F.

o A5 v s o AR A AU 2AE

o A

A%

€‘§o

Z

o FE&TEH AEFEE 331 2AANYE 2R 5 Qioh

gl : YT, THAF 2, AFHAE

1.ME2

n&ER] A Sgoz A AMTA HA|B
2da 2 g A&AHQ 7t A" E o)
EA FHe] 3EF 12 AR FHdEy
AAEATAM] 25AA7 AsEn 9o At
ARG o A AHe] B2 &4 5 72 B4
AR EA ] B4 BAlGo| 715 2 gich, el o}
Uz N2e Fdead Az Aazdize A
¥ Zo| grj=lm 9ok,

AL Az gl WA, WA, AlBHE
AH| 2 59 So| thath, A4 sAsHe g
7 293 #A7} Yok, 2l AR fAEGTE
< WEE Aol dxE 2 I 1Asn 9
o 2EFH AAANE, 34, 2% T 9§ ¢
249 A=A FHHst 2 AL47)2E 58
a4 d8doz AlPetn Y AT fAHSE
71ZW 0] e7geh.

A vFH KPS FA o2 7} Fo] Ao P
AR/ 2E AR AL A8 2 Q). &
FAEE 2o Ad MAIE A5S 2R2AE D
o £4z AdS E5 A LAA) e
A2 7122 Agsta ok ®=3 55, 3
AAg, TR, 7%, £270% S wat 3ozt
2 ZALE AAFol), 0|87 ZANE AR E ule

0000000000000 00000000000000V000000OOOVOO000000D000CCO00Q000VV0OOOOV0O0ODOCOOOVV00O0

A5 R ok A4S 8T A2 34528 gaos 2uld AW A% S AREERd 2005~2006'3
dE<t MY oz A9 F5E 74 2ARIA 3 DBole A4S AT ol Ade] Ag, A%, 713
Z, 5%, EAA7] Fo] TRH| S}, & APelN 34 2AHE PSS 71228 Tge FR0M S AdA g

e =23t AT 3L B AGE nEFH =Y o] F

13te] Bool e Ao QS A3 F YT AFRF, 2aFF, AFREF, IAFRF T2 o188 F49
& R e A4 BES 4T § 28457 714 g2, 333X 718 fA1E RS A A% 3R
22 B, AR2AL AFsle] 454, AT A5 B 90% A zM FoFE B F 3092, 53 4
FF 371wt % dlolEst B2 ARYE BT wetA B 2 @ AT S 2de B A4

08 AR dE 2l g Afdate] 2R delof
EUstke @77 A Felo

FHWA (Federal Highway Administration)el] A
T AR HA7FES FEstd MUTCD
(Manual of Uniform Traffic Control Devices)®l
HAIE g7 olm, MnDOT(Minesota Department of
Transportation) ¢ MoDOT(Missouri Department
of Transportation)dlX< ojn| A #He|A|2H]
(PMMS, Pavement Marking Management
System) & AHE3L Yk FUld = AT 7]
ol AYHNE AS 1&ERAN A}
= #E A 93 A A 2" (PMMS)©]
¥ g3ichy wtEo)

2 dTdX e 28F, AR, T3, 71F,
E27% 59 75€ A5 DBY 4% B3
A9 ZEFE L 5T 7 e BEE AAE
o] 2ET, Mg, A7) Ao gt
AAARI 7|E2 vhastuAl gt

2. J|& ATeig

rek

2.1 MoDOT PMMS

FHWAoNA HAi FHAMAIZRE AHsl= dTE



AZBEXFE MoDOTAM = 2ot 2443 &
B71E ol &t e FH] AFssth
TR A TS o FHASTAE A6t
G5 FHWASN 44T A2 wet A= ¢
e 2AE pldsl7] da e ArE R o
A g el @& DB7F PMMSe] 35 a2 3t =
. 19909 84 A tate] F AAH e

HaMAE 7188 et
MoDOTE 2E71&3Ale} FE22 PMMSE
NEatdn, 24 ¥4 8 dd2Al 898
& Aas A&H s FHaa gtk Jasperd 9
1,0007}H o] 9] A& o2 ofu) 2ALE 44

93, A Missouril 770 A 9-& g g 37
Ao g AAASE AAstn Aot PMMSHl &34
Age A YgE 7 Hk The adof it
2o ARE AT 93, K UFAE A
4 5 e =g #H Fr??ﬂ«l Z‘%Zi &%‘% A
3t7] Sjaf =utd 2718 o4
L2 FH3a )l
MoDOTelM & A=A Z%‘d EAI7} obd
FAAl], o Yot FERF FEHE s Sirt
PMMS<e HJE 77, Ble £57, A8 27, AF
F48e 39 713 849 Y3 FER
FA8e, FREF, N2d g3, TSI
M, A $AE A4, dole ¢4 o] 2%

| AEshd A2l
2.2 MnDOT PMMS

MnDOT+ FHWAY] A 9& o} apde] 45-&
428 Zxog PMMSE /¥sigtt. PMMSE
Ade] AFHA, AR, AAER, AR TR
oo, WM, BER @424, A, AR
M, 1&dE F4 55& Eehetn ot

A 109 T AN FoAdd tig 4ol
A3 F7ketd, AR A& Bejste 718l AMS
g Sle e AAdwe] Alago] AuEn

=L

REER

38 1. PMMS RHIo|EaM

1(MnDOT)
23 AMids odE 2

Michigan®ll A& 5099712 7\T off A ol 7} A4A
Azl WA AEe] g HoHE et
(1999). 284X Watee € 100med/m /lux
oz s o Alse e Astee Bk
3 84 HAES} oF 1599 Mulx FHE
e AeR vEgov, Aulasiel Wgol o
tt.
Migletz et al.(2001)& 197] FollA] 2l Aj 52
‘—H?"’“"ﬂ et A9 Festeltt. 27 e ghe
ERERH 29| SEAF F3o utet WA
74% 75-150m A9 7§ 55-100med/m’/lux -
2 433t adERA WA 84 HES]
A%, Aulx Frel Hi 10,4704 4-18
MEFE Wgol At
Abboud®t Bowman(2002)& 150§ A%
7 AMg-sle] duEF 2 5000 olstel e 22714,
2,500~5,000t] olX+= 7.570€ 5,000 o] ZelA &
4509 f-48 Mu|x 77te g A28

b x: ru

iﬁ

3. ISEE RAMY

oir

HZA

24 ) 42, A= 9% 9,000k
Qe 247 BEEALE A3



Hy,

2t}

A=A (F 6xA)  BFAEER

of}
ot
K
4
1

2 = E%_TLZ—'T—EE

£ 9,000km

FEUE FA4LA,
FP2 492 499
% of 37jgeict 23

st 2ol
- ZRAA(F 27H) :

FERYA B F

gl 2. XM

s

WS BENALE 45 23
QB Y )

3% 3. A4S DB 7% Al

F3le aEe £F

£
Q000000000000 00OCR00000V00VO000COCO00000000O0V0000000000C0000C000O00000000000O00CO000O00CO

DBE 2145 9%& A

00, ol B 2.

728 945

- 24 F A3
. Ei:‘f;ﬂ' EE

cTAAE

c IEF (2T duEP)
PEE

« AR

4. AMNS YIS 22

4.1 RETE YHE

24370 1} AR ARE gk Ae
& Qo] ohth 488, 49Y, ek $3} oy
#AAREE ] A d2vl, 2E47E B

2o}, ol AREL o}2BE FRAM F2 P55
Yehfie, died] Z3E AN o F2 4
Uehll= AREE it & Bl e 3ARY S of
3] AT+ AST Qe Bdg 7
datna g FH4S Rde FHAM T8I
wEF, AHdAg T4 2L 9 ?'% A2 ] 29w
AMEd AXE 4% ¢ 5 e, Adds
Aulx e g AEFEE 452 5 30 A
T A9 294 MHlx 1 l% 2o HE
2dg Ag3An, Az
< A 2d S A8l

ol o
tlo w

==

mlo

4.1.14% 24
ZAHZE AAY AT
% 7hao] Q8L N

o]
A, 2EF, AY FIE 7

A2E Zate] A4
£8P (A = AA T
sof 22 §¢ DBE

A o] AThe 714 dol AU T8I
F FAABA Ao 0 219 22
522 zAlee], AUEAIFY FALES

ro
H
Ll
HU
Jo
lob
T
Ao
2]



0C0CO0000C0000C0000CO0000CO0000Q00000000C00000000000000C00O00C0000C0C0000000C00000

o me ARY qulx $9L dsgn
A% 99 A9 71E DBE 283 71 EA &
A% Bz ARAe Aol 2 Fode g

A9 B e 73 F A0) Al He B4
A< ok, fe) V=] B So2 918 A5l A

SAEE 4 A4 ¢
F3el DBE FE3KT olF A 44 AolHlE o
$3el AARNE SRt ) BUE A

o =
N2 ge 54 Bl 4 gl A4l .
]

A A3 mde 5 A Ageld A9As0] 3
APEE e BEFUS ST 5 ol e
& ANSIA B

TE710 wEHE FRBAV 22 gl
gl F Wes EAd 1A AodE 2Yu
S0 34 BV WS, v 3671
% 2ERL Shtel s BPedT

VE = AgexX ADT
Number of Lane x 100,000

9714, VE (Vehicle Exposure) : A EA0]13
A AR wEF
Age @ AAEA 012 717t (Days)
ADT : A8 s

AAEse wlel BUS o gale ARG,

wdo ARAF yEH B 5 AL

AR e BEAAT

* Linear model : Y = a+bX

« Exponential model © Y = axexp(bX)

» Logarithmic model : Y = a+ bxIn(X)

* Power model © ¥ = aX?

q47]A,

y: e A

X:VE (FHAZE 18D
a b: JAAT

it}
o
o
i
=2

oz ¥¥stn, AFATF7)

A =e 3 B v SR P 249
stz mdl g P&

0 A F 13 o] A ¥AAAEE, =4
2 u%% 5EY, uE5dd, A9l A9
A 2SI

B 1. AH4E SH0S 2 - IE 2
T+ 7 AT FHd S 2y R?
B LR Y=-689Ln(x)+1535  |0.89
A 4 Y=-432Ln()+113.8  |0.88

|y oeBE | V=-629In()+1390 1089
S|l 238 | Y=-736Lnk+168.7  10.89
;}’1 T sMa | Y=-66.61Ln(0)+153.9 |0.93
2|y OHABE | V=-404ln(+106.1  [0.87
w| | 2A9E | Y=-487Ln®+112.2  [0.88

T sMA | Y=-39.7Ln(0)+117.3 0.92
A48 | Y=-550Ln(+1275  |0.89

o @] Wmed | Y=-T18lnx+163.1 095
a4 $8A Y =-87.2Ln(x) +258.2 0.81
A WAolzel | Y=-68.8Ln(x)+1534  |0.80
= a1 1E% Y=-46.3Ln(x)+118.8 0.89
o UetEd | Y=-4468Ln(x+1114 |0.83

T e | Y=-370La+1044  |0.80
5d~1% | Y=-594Ln(+1344  |0.82

i L [1B 1953 | Y=-68.3Ln() +159.3 0.81

oy 1m58~2%] Y=-77.9Ln(x)+169.1 0.84
| lomomsdl Y=-753Ln()+153.3  |0.94

S [owsd ol | Y=-1352In(0+2464 | 0.97




4

#
> 0000000000000 00000000000C0C0000QO0000000000000000000000000CD0000000C0OQO00C0O000000O

4.3 &AM 2ol o5t +=Ho|S =E Z 233 2dz AU
4.3.1 of~BE F32|E FA] 719y WA E 3. AMMS $ol% oy
A T Ao W o BEAT T agus | vo-25-05x+1456 0.54
7P 7V 2 BY e oY 3% M 2H [ 2095 | v--15.8730000+334.96 0.73
g Y2 AT 44 2dE A3 A | Y=607.51X " 0.68
1 AY P AT TRAE RS BE | 845 | Y= 14395 = 0.53
TP B 2aget P A8 Aoz 234
Ao}, FE2E 2l AAASTE 0.26~0.772 Tk | ruas, FHISHBLBIM, OABE Jioiy
3 Utk o) 3 AAASL & 2agse A | o
Y52 AED B A5 oS Sz | '
P8 22 A2 SNt we AT |y
Hel S R (A RD-0Y, o} ABE FIAF)L A | o] TRt R 4 mge
FETE AU $HAS 2d 72 HESD :
oo g 29 ), : " T ke * 3°°
O 5, AMMS SHS 2 MY (2T 1Y)
B 2. R4S $H0S 29
7 & A5 49l = 2 R 433 AHE tael E ZAro] viukxy wiakA
AFS | Y=-3E-05X+169.89 0.26 ARAF} L 20849 ASELE S
28 =-33.118Ln(®) +575.49 072 | Az ij‘é;j-f,“-ﬂ- u}x] o 2Q7kd 714 243 2y
Asgs | V=1,8914X° 077 | = golgqct.
SAG}E | Y =163.07e =™ 0.32
E 4. A4S $H0IE 2
axs RIS, OABE, 7igy 7+ A% R4S e R?
ol R AYRF | Y =-5E-05X+225.33 0.49
I R2- 0.7612 2% | Y=-37.507Ln(x) +681.51 0.78
G AFFE | Y=2,128.3X 2 0.73
M ee ., LRSS | Y= 221.73¢ #0% 0.50

33 4, AMMS SooE 2E MY (KISRY)
4.3.2 o}2~RE ZHE FA9] 719y x4
T 2de AFASTE 0.53~0.732 theks)

A vstth, o] 3 AFASI B 2adss A4

58 HES A3 23847} wixg 233k 7}

R? = 0.7833

y = -37.507Ln({x) + 681.51 ﬁ

0”‘;0
200

150 bl :'. hda22 2 =
. e~ *
100
50
0
[J 50 100 59 200 250 30p
+ = A % &
T8 6. AMds THoE 2 MUY (21 28)



I" 7E 23 EPAS 5 &4 F ol $
BedSgks Aol A AT @ nnd
k)

A 2de FA2AE 53 S2€E DBE 28
st AT FFLUE 7S vl A H 5
PSS Adstdn A% 2l e 2% 20 Pt
A Aoz EALAT, AFASTE 0.8 o4
o, Zite o3 2ol 89 & 9ot

AP AT TS Y 75

SEAAAL B R Bk Azt
U 1oNd, 24 1T
c IABE AT FHAS 2l 75
SIAAL FR)71 A mEehe A
T 1.9~22709, 24 1.6~2.070€
s =AY A FH4S Y 75
S[AAL 27127 ek AlRE
(A 1.9~5504, 24 1.0~1.970¥
cFFE AT TS R 7%

%
AL 727 s AlZE
(A1 8~2. 7Y
X 5e B A o] &ale] WA 23
A

71E 150med/m¥/lux e wEd= Al -1 3t

ro
H
H
Hu
o
Yok

2} 7129 110med/m¥/luxdl] °]|2x ZAFAIHE Y
Epic},

BERP A
#71E

Y =1,891.4X°%%" 304,950 |1,429,989

£ 62 BdA S o] &te] FAApA FFFA
712 110med/mhuxe WHEst= A AT AAA &
217129 90med/m/luxel] o] 2 AlZHS VERdt

s S 2l B ST

ge|71E | #ellE

Y =15.873Ln(x) +334.3 | 1,367.362 | 4,820,535

5.2 M=

A B e 2552 2A AE 73he skl
AR e FHdS 2dE A 3 RS
$ gAY, A Rde A4 BE 21§41
A Aoz FAHNUL, 2HATE I Zd &
oh e Q1 0.72~0.7840l ok, 1 Ade

1

AL BRIPIE7IA EREE AT
VE =1,429,989

34 o 1BE 71AY FHAS BY 75

AR B2)7 27 EPehe AT
VE =4,820,535



i QOO0 0O00DO00O0OR0O000DOV0QDO0000000C000GOOVRAV0O0000T000VTOOR0ORA00OCRE00O0O0ORD0O0O0O

9 2aE el $9d% 2d 75 BN 2 4 gixe] Ao F85HE B5Y 5
AR B2 F7A ELehe A7 39l M} 898 e3¢ 2 % Uk ADT 5,000
VE =4.145,037 Q A%, A4S o] 14 o fAHE B,

ADT 20,000 =2} A<, 4790) Ak Qe ©
A% 2y A4 2 BN nEERe] wE 1) A4 Aol HAME oletE BojHEe ¢
F 539 g 7199 AR FE5EL S F T ol F B9 TEFE TRIA 93 927
B Hgieh, o2 AXAL AlFets @715 A0 UL
o & ok 2, 25 gt A= 71F D AR
< gEgo s, & WS SRR FlA
3@ | o dadge B2 W% A AdtEE 73
265 | dNE 243 AL APet AL FRE
252 | %ole 2A4E waE 4 o

k!
o
ot

240
228 .
217 300
206
195 %0 &%\\\
5] | B ,
5,000 175 ‘\ \‘\\'\\ ITM“FZQM
150 i = N NN
166 108 !t‘\\ o thflau‘]m W'N_
%ig O T E{ml
}.39 ! & 2 3 3 8 bt} 12 i4 18
VE %408
5 15 1 U ' T8 8, nEs| e 38TH S
0 0 | 9251 | 278 265
1 3 | 233 | 247 240
2 6 | 215 | 219 217
3 9 | 197 | 1% 195
woo A 1 1w | 12| 15| 6.88
5 15 | 161 153 157
et R a7 neERdA PR FAT A
8 24 103 106 106 | A% DBE &43l9 AXA5 9L vjAle &
T2 2020 A SRdE 2de Mgsdn AE5EE 43
2 9 | 197 | 194 | 195 | drAth
15,000 Z 14 | 170 162 166 A% veo= BT 27 847 A Roz B

18 142 135 139

f

Adn, 2FA5E 0.80 ooz Vet &

g n&eE B AE ke Aste A4 Rd 2

B2 Fadiged, 44 BeRE A4 BE 2284

12 | 179 [ 172 | 115 | ZHARF ALE BNEdT, ZFASE A =Y

18 | 142 | 135 | 139 | wap} vo sZo|gAlut mEZT TAATAGE
T SYESE s 2SS 3T 5 Yt

6
0
1 6 215 219
2
3

20,000

O e FIRmERSE =23



0000000000Q0000000000000000000C0O0V0O000D0QRO0000000000000000000D0CCO0CO00C000000Q00

€ d7ddMe A9 5%E DBE B3 A=
i q

ES ogwf 124 2%, 7
2% $9454 S A4S Bt e,

B2

SERFMAALN T, WA SuizF| st
A", 2003.

ATERTA, CILER AMMS BAI|E HE
2003.

Abboud, N.,and B.L.Bowman. Cost and
Longevity-Based Scheduling of Paint and
Thermoplastic Striping. Transportaion
Research Record 1794, TRB, National Research
Council Washington D.C., 2002,ppbb-62.

Akila Thamizharasan, Wayne A. Sarasua, David
B. Clarke, and William J. Davids, "A
Methodology for Estimating the Lifecycle of
Interstate Highway Pavement Marking
Retroreflectivity’, Transportation Research
Board 82nd Annual Meeting, Paper Number:
03-3867, 2003.

Michael J. Rich, Robert E. Maki, and Jill Morena,
“Development of a Pavement Marking System:
Measurement of Glass Sphere Loading in
Retroreflective Pavement Paints”, Transportation
Research Record No. 1974, pp. 49-54, 2002.

Migletz, J.,J. Graham, D. Harwood, and K.Bauer.
Service Life of Durable Pavement Markings.
Transportaion Research Record 1749,
TRB,National Research Council, Washington
D.C.,2001,pp13-21.

Migletz, J., J. L. Graham, K. M. Bauer, and D.
W. Harwood. Field Surveys of Pavement-
Marking Retroreflectivity. Transportation
Research Record, No. 1657, pp. 71-78,
Washington, D.C., 1999.

Nasser Abboud, and Brian L. Bowman, “Cost-and
Longevity-Based Scheduling of Paint and
Thermoplastic Striping’ . Transportation
Research Record No. 1974, pp. 5562, 2002

Neville A. Parker, and Massawe S.J. Meja,
“Evaluation of the Performance of Permanent
Pavement Markings , Transportation Research
Board 82nd Annual Meeting, Paper Number:
(03-3867, 2003.

U.S. Department of Transportation, Federal
Highway Administration. Roadway Delineation
Practices Hand Book. Publication No. FHWA-
SA-93-001, Augu 1994,

Yunlong Zhang, and Dongfeng Wu, "A Comparative
Analysis of Retroreflectivity of Pavement
Marking Materials’, Transportation Research
Board 82nd Annual Meeting, Paper Number:
03-4015, 2003.

Zwahlen, H. T. and T. Schnell. Driver Eye Scanning
Behavior at Night as a Function of Pavement
Marking Configuration. Transportation Research
Board 76th Annual Meeting, Washington, D.C.,
January 12-16, 1997.

Zwahlen, H. T. and T. Schnell. Minimum In-
Service Retroreflectivity of Pavement Marking.
79th Annual Meeting, Transportation Research
Board, Washington, D.C., January 9-13, 2000.

M 5 2:2008.6.18
A Ab ¥:2008.7. 8
MArIZ Y 1 2008. 8. 27



