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3.2 Lz XM Al2ld 7= =X1F
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A3 A Al

3.1 22X Algld 2 FALE
LHEAE F303 ok B AQlAde] Folof o yHE 4 & &
Ak, =EEA L] AGe Pz wAos FrldE olABEY AdE
E2o Z4 22 IYAEY M4 dusie] F Bk iy oz
o} Aoz 2Rt g2 F oA gr] il =R 52 S
2 H4Ede gzelojs Bdloi] R WE Fdo -8 wkAbgt
o2 I ZAFe $HA FoR oA HEC & WS AXFEE 3
I 9 meEtA] =HEA L ofZRAIA L I ukAlAd Fe] FEgS W]
wl e, I8¢ =HXAL AN YT TS 3 Be AF7)F o F9
A gto
o 7]l A= ARl FEE F= AFEe B8F EAY AE-E 70
2] FAE ZIEEHE F3l AHR
3.1.1 g H]){Contrast)
s eHEA L =W Y] duE e (3] DI geo] A
9 83 gloh
i8] (Contrast) = (B-A) / A —————memmm e (2 1)
o714 B FEEY #N(=HEA)
A dly 2EWe 97
Allen{1977) € #Hs3} | (contrast)E= 2 o] FH3F AlQdAE = 30 m

- 37m o 9

A A2l

9\‘]‘

it A A sksict. tiel(contrast) 2 o]AtelgtE A&

_..11._.



dAadg, =29 %77} 30 medlux/m® @ wW, =WEAE 90
med/lux/m? 713 stekAld Folgke Zelth Allen tiHlx “2"e #A »
HEA ooz 7259 ¥7]e 71Fo] He TAR, ZEAATRY

¥7171% S FUASHA HEHD dE FH ot

3.1.2 A ¥ (Distance)

Allen(1977) & &< WM 29} &4, #3F AdA=l= 30 - 37 m 9
Helel At AAEE Y. =WEA L] SAMEF FAH79 FHGR)
30mE 7I1Ee2 3 e L o A7 EIe FEETn 2 5 3
=3

8%, Graham ¥ King(1990)& &4 ddela 19 - 474 Alo) g
91E& YL § ATodA ERXEZRE #EA Al 90 m AW
ol X Hr] ARBEE &e oz 712 AEe] ARE Fristdch 2 2
I MIROLUX-12 7[7]2 £48 2= 93 meddux/m® ©]4eo] H4s}
Fa A Af skl ot

o

iy

3.1.3 g =gc]lE 2 7} Al A 2] (Seeing distance)

Conventional #E=gte]E A ztel] Ao A FFF(High-Beam)< 72
5ol e B2 tekalFe] glg o & T AR o]FL 2
& Y4 AIEE 90m Mol B 4 & HAEZR AXAA HEHE
Al Bt g

3135 (low-beam)< Meeting-beem ©¢J8tnx 3l+=d],  t]gxlgo]
A= w WEgAF AL EFAe] UEEF AEEE ZF2E seeing
distance®] ®#+E 30-90m ojth. 2 9 F Avd ZEAZZA AME-3)
T town-beamX 835 (low-beam)@ HF-F o] 7 om seeing distanced]

He = 2,



3.1.4 A X(Colour)

19963 Zwahlen # Schnell(1997)& low-beam “HH] dhelA HAlg
M2 FAR 3244 FY4d9 finite-length®] end-detection distance®
A AE FHLE @ AFeA Ho @AAHS H4e Ay
ARk o drin BRaskEA R ol F] 1997d Aol e B4 E W
Moz wAHNE FRAZY WEEe FrieA FUchke AHE A
Adrk gdHor F4 9AEES A8 gAgE e 70 - 80 % Hx
o WA E R 2L gE Ze Aem d#EA o], ol B =97 4
2% REojetn Aladn

Migletz(1999)= FHWA <o A9 3l AEHE, A4EE ul= 327
Fo =R e HdsRed 2 2 ="1EA Y WA T
dule A3 Az W 2A dFE we AL Rt g9
oz wWao] FAET} iy} wAlghe] E Skl

3.1.5 7} 2% (Street Lighting)

Ethen(1991)2 7}2% A& Ayt gle AedA ddsle 25
7FRS o] = AeelA HA ¥iAMAF2 300 med/lux/m2, Hste €
Aoy AAEHh o FE FejolAe A 400 med/lux/m2, & 100
med/lux/m2 & AAISE T ol kT e] in]= 4D o] ch

rir

3.1.6 A g (Visual Acuity)

Ao HAr|Ee dusEAE 1Y 5 de 1F
=W B Eo 4o Ae] 0bol¥ell F & F
] 2 08 o) olojekgivtn A vk f2uete) w3t
& F7kelA 05 o]¥E AT UEd

1) ] 8 S(ratio)e]| 22 &7 go.
2) AFA ZEREDAYRE ZRaEW A8 A453, 2006
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2
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2t & o Aok ey o2 d AJE- BF2 Ao Agolm dUnkyoe
2 82 FAe Hg dolr3

ER e Age Fo #B7E A% ¥ E A (conspicuity)® EAY =i
£ vy @5 F AT BFAlegibility)o] &= 4 ofte] W
EAlE QA 7|5 (perceptional function)S AF37] YalAe F2 =7)
7b dAst7] W e HEAS s WA dFe Aol Fasty. Ao
FotdTE do] ¥E§ RoME o AZER ZEpr] WS AF o

e 2RAAE o We xuEAZ} Bastn ¥ 5 Ao

3.1.7 d = (Age)

AHI} AzHE BEA

409561 A g (Visual acuity)e] StelA 7] Azstm, 554 o]F o) m
EA gl F7151}8  Rockwell(1972)7 & =9tel] oA T 7}A] o
o] Wt AL w3

3 HAE  AdAgy  9224% ¥ (transmissiveness  and
accommoda -tive power)2 2, o] ¥Wl3lE 3540l A] 454 Alole] 1}ElLt
3, YAZAIY, dFo g Z:}Zl'(sensitivity to glare), binocular depth
s} AAFZe dTe v F AAEE $Hy AR A A, 55-654]
of ¥ztrt Alatgn] greke] Adddgiated @GS Frl oo WEE e W
of g AT ZuwAele e djg R (sensitivity to flicker),
a2 Aleke] Zzle] Astel W FE vz

%#, Holland¢} Rabbitte] 2001'd Older drivers: a literature revie

I:i

3) HL. Woltman, CIE technical report Nighttime Visibility of Retroreflective Road

Sign, 1994, p 24,

4} HL. Woltman, &l & p 3.

5) Holland®} Rabbitt(1992), Older drivers: a literature review, No.25, The
Department for Transport, U.S.A., 2001, A <&,

6) ITE, Traffic Engineering Hand Book, forth edition, prentice hall, 1992, p. 1L

7) Rockwell, Skills, judgment and information aquisition in driving, in Forbes(ed.),
Human factors in highway Traffic Safety Research, New York

Wiley-Interscience, p. 150.



w8 o wEehdw Azty 54 F d¥ol 4¥ A SA4g s
e g,

FAlgre Uolzt BHA, AR ZAE g dE A=) g
M3E AGstA Eoh AFEL Agely Aol Fadn 1o o
SAAY BT H4EE F XA ReA He A& A7

Holland®} Rabbitt (1992)2]9) ¢ 5tef] ¢l &}H, 70‘4‘:3%01] FHAES Y
Ao e Aol RHH AL F NZex FIed, B3 Lo
=3 ZelME o AZEx Zyon, AL z}%a}z}& roket. o
SAWH A oM E ANHS ZAPon, A2 ANANGL Az
SRS U dEYe A AT AXAYH ALY, gy
A3 e BEe EFES ALSE olf: AlRSo
A% W Fad 2z Az sl dE 222 gollx £&r] o
g}, Hills¢} Burg(1977)= 544 ol4gl FTAlz &y oAl 712 Ald
A A wAAste) BAE HHYAE EPAT Vol EULE

MRV Y
fri

B Fo ogo d
o

Aol e e AL 29T

Gekd mehe R AAME 35A6IA 454 Atele] AZAEH AT =
Asde Wit dolun T AARE sBAHCNA 654 Alolol weim
AAAAL AR AR B A" el Ar wed AP
®ow oohg AAHA NG FrAe] U Yo BgH ook w}
£ ge 459e] gign Bk
2) A8 WA

A9 WAeR # =UEAY ofzk U4 AFEE Grahame] o
T8 5 4 Utk 19964 Grahaml0 & 604 o4 =A% WAL o

8

9

— N

Holland, Rabbitt, Older drivers: a literature review, No.25, The Department for
Transport, 2001,

Holland, C. A. & Rabbitt, P. M. A, Peoples awareness of their age related
sensory and cognitive deficits and the Implications for road safety. Applied
Cognitive Psychology, 6, 1992.

10) Graham et al, Pavement Marking Retroreflectivity Requirements for  Older



T-3F9Ath low-beam AEHAN B A8 HA3ed o AFdA=
6571 AMEE 20-89419] HPFAr} 3dkmE F I AEA HoEF Ao},
714 604 ©] =20& 100 medux/m2 ol FAI}AY L o)ibolgm
A A3 ek

3.1.8 7} ¥ (Weather)

19981 Migletzl= 32 AElodME 180 medlux/m2 & AASHE
o} IE 2004 Fuat Aktan & Thomas Schnelll?) & W3 JdF 5 A4
st Z1FAEC wE =WEAHZL ATolA 3MARY A9 FhelA
AWk =R EAS 2 FEde] EFedEA(eo]2a)E A3l A
Z, A A a8l ABHCE @ $HFHAARA/AL AS-F)ol A
P A AdE Frksg ok 55419 75A1ALel 9] 18H el Mg A el
EFnHEAZF A @A FoEeE 235 AU

a2y AA A7 2 4HE AALY] M e © B AFel
L% Aor AlrdEr} 3 Ao FEXHY oYL E FL =HHEA
B ElolZY H =HFEAMS AT wAYe Ae|rt e o7
] fol T,

C

3.1.9 £=(Velocity)

1) €58 =HIA wAME S
&5l w=HHA YA 52 432 E Zwahlen E Schnell!3 2] &
F, 383 Migletzlde] A& £ 4= gle}h 19963 Zwahlen @} Schnell

Drivers, TRR 1529, 1996, pp. 65-70.

11) James Migletz el al, Field Surveys of Pavement-Marking Retroreflectivity, TRR
1657, 1999, PP. 71-78.

12) Fuat Aktan, Thomas Schnell, Performance Evaluation of Pavement Markings
under Dry, Wet, and Rainy Conditions in the Field, TRR 1877, 2004,

13} Zwahlen & Schnell, Minimum in service retroreflectivity of pavement marking.
79th annual meeting, TRB, 2000.
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o] Y& W AR FEE FIAAIE AFTHA] FEAE
FolA @¥eow A == & ¢AEE=Y LFH= ;47}0]
A ¥eve Aotk olgidt A o L9 AW #

WAL e g T8t AA ST <E 3-1>

EY
off
S Mg ox

o
"" ol
2

<E 3-1>14 EAHIS o] g A 1127km/h SEAN =WE
Al WA 5ol 620 medlux/m2 ol ol BAHoE Algo] BrieH
e w& goldk & & vk EF 1998d Migletze  #H3F WA T

=1

L adukarle g 90— 127 medlux/mz & W) vtm BRgn £Xx9
e} B0km/h o] £ xolAe] TR E 150 med/lux/m2 ] & =

REE-1=8

_4

<¥ 3-1> Zwahlen ¥} Schnell®] =3 EA] 3} A A=

F sl AL A 5 (med/lux/m?2 )
£ % (mph)
EAE A= EAY dE
0-25 30 30
26-35 50 30
36-45 85 30
46-55 170 35
56-65 340 50
66-75 620 70

£ 2 Minimum in service retroreflectivity of pavement marking.

T9th annual meeting, TRB, 2000

14) Migletz(1999), skel 2, PP. 71-78,

15) FA W& (Raised Pavemnent Marking) RPMol2tn % 3lu] g5 eg £ w9 g
Ale] Bz AMgsta glvh fEjvieEled e =HEAY 223 ARE3Y ghalalg
¥ A9 (Retroreflective RPM)2 AH&38t3 gl



2) &£ x 9} Alok(field of vision) ¥£&

A AlokZhe 3-55 Wl lx 10-12% WM o

g5 2 4 Atk £E7F gobyel ukel Alokzto] YaidlAl Heo] Alof
EE Aok EH ol elw F& F¥ dopdr] wiE

T AGTEe AR AGe] goldthD wela EA

e
=
)
r (s}
Mo

AR a AWM & & UREF 4
m2ol AAZ Alokdg #ste] HA EH7
ol &xo Frbel g AofF P4 FAE =VEAY vhALel =
A 4 vAA FGedn B 5 U AA fEvEe 42 Eo
W& Eo] 36m ol FAAl AW 30m o4& Eox & q, £HX
oA 28 W3ke FoZ2 sl 305%E ojErt HEE Fo gu T4
10-12= &4 oldlel ql7] W& =HEA L okzk Al ol A
To] wE Aopzt Phg nEA Folk FHbstd & 5 gl

Zeu =HEAY TG
5] dAHA U3, E3

_r;r&irSL“{"

o

A

3110 A4 T ©& itAtAe 97

=WEA o] AAFES] J5E BPHE Aone EART AY
FE EAZL ATh 53] FAWL =wWEAS YFOE ozt 53
o oE AHAA AQYE A FAET a2e xHEAE FY)
Jal =WEAZ} HA o] AsfHy wal EAYE wde) $Ho
2 AgEs HHE M9 4% X g7 9ge)

4,1

T8 mA9e Basuol 27 AEd EARS 2ol AHE
EAE BTl v goi At BE EAPo B 24z 3

e ZolMe) mWEAS WANSE xBEA woz 4AHE Zu

e He A%y $A8RE 1 75e oE £ gtk

16) =32, mEFIHFAUEY), FF2 1989, p. 48
17y BT 22F ol£=2, A5 &3}, A7=A, 2001, p. 21



o2 gt A FNA ellA =¥ utel Zo] Zwahlen F Schnellld) &
¢ Ho| <H 3-1> F o] FAWEY {Fo met A HAHTS A
At ddZ 46-55 mphY] HFEdA EXHel & Aede
170med/lux/m?, EAHo] & AfolE Bmed/lux/m® & EA ol
S Afdde dddez e HFMANTES AASTt B2XE AA

L3
A

rir
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18) Zwahlen & Schnell{2000}, <] 4, pp. 9-13.
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<E 3-2> AAE AY a4 24 As

Markine | Technology Supplier/Trade Name

A Standard Latex Paint with Standard (Giags The Paint and Beads
Beads and Raised Retroreflective Mackers Conform with VDOT
Road & Bridge
Specification 2002
Section 248

RR2Ms Are IMPSA
290 Type Self
Adhesive Markers with
Red and White Tences
B Standard Latex Paint with Standard Glass The Paint and Beads
Beads Conform with VDOT
Road & Bridge
Specification 2002
Section 246

C Standard Latex Paint with Large Glass Beads | Latex Paint and
Visibeads Supplied by
Potters Industries

3] Profiled Thermoplastic Drop on Line by Brite
Line Technologies

E Wet Retroreflective Tape 3M 750 Tape

F Semi-Wet Retroreflective Tape IM 860 Tape

£ 2 The Missouri Department of Transportation (MoDOT)
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480 =
{
£ 400 14 ]
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2 300 =
D 260 1 i ﬁ; @ Dry
3 2004 BE A et
E 150 | P e f;'i
S 100 :§§ ég - E%
= 3 = -l =
“T1 B Bl Gl
0 - s ¥ " e Y — s
A B c D E
Lines
A=RRPM B~ Standard Paint C= Large Glass Beads
D= Profiied Thesmogéastic E= Wet Retroeefizctive Tape F= Senvi-Wet Retroreflective Tape
(g 3-1]1 A&H A1A=
<F 3-3> AzE ALA
Technology Dry Condition Wet Condition
A -BRPM 442 415
B - Standard Paint and Beads 201 73
C — Paint and Large Glass Beads 284 88
D — Profiled Thermoplastic 339 201
E — Wet Retroreflective Tape 329 280
T — Semi-Wet Retroreflective Tape 322 200

2 #]: The Missouri Department of Transportation (MoDOT)

] AllAdE $g yRtes & FH
2u= Hedye 2% =HEAE sty ded, & 74 g

K
ZA4e 4t HAEd w3 AUdAY 235 H
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med/m2/luxel A 120m, 800mcd/m2/luxelA] 150m ZAd =WIEA|E &
T+ e RAeE R3 &)

AldAgE [29 3-2]dA B uieh Zo] =HEA FmAFd A
dAd e v#A dn A EE Eole dods A ddE AN
T BFa o B3 AT ZAAds EYARES ez 3]
el dur & A el zolrt g ALE Hu %49 Ronald
B. Gibbons, Ph.D.€11%(2004) ¢} A+ ZAst v=d AUAAE B
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Z 4] Sign Placement Marking Visibility From the Perspective
of Commercial Vehicle Drivers, 2002
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19) Roger W McNees, Establishing a Minimum Functional Reflectance for
Raised Pavement Markers, TRR 1149

20) Texas Transportation Inst, REPM: A Two-Year Field Evaluation in
Texas, 1994

21} Roger W McNees, Establishing a Minimum Functional Reflectance for
Raised Pavement Markers, TRR 1149
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<# 3-6> FHWAZ} A33t= 3 wAlgd S gh(1998)
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IE=RS | 2EREY P AEFEER TP
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X el 4 30 35 70
AeE AF =Y 30 35 70
EHEAR | B4 85 100 150
Ae AL | =24 55 65 100
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g FHWASIAE 19993 =W EAS 3 WA T g2 =98
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e BEFAEE w2z gon, =UFEA 94 CEN® 73& we.
CENol A 7#A§ »=8FA ¥ 773 (Road Marking Material EN-1436,
19978)& 4HEY FHAME =BEAL HAA DA SEE FAS
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o R3 RL>150
RS RL =300

qH Ao $vE J1ES 2 A =AM =A et 24
9le] e 7)FEe] 2Tl 2RL o Y A AAA LFAF
A aAHEgkRe] JlEFel ' ZF gle Fd wEl AdAs 2
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TSExAFA Y oFzF AR B oA FHIlaFeAAgd e Aeirt FhR
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