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A simulation analysis on the effect of counterbeam
lighting for the tunnel entrance zones

Young-Q Lee, Seung-Ho Lee

Abstract Drivers passing through a tunnel face some difficulties caused by the visual differences between outside and
inside of the tunnel. The blackhole phenomenon at a tunnel entrance zone severely decreases the driver’s visibility during
the daytime. A counterbeam lighting is generally recommended for the prevention of it. This paper simulates an entrance
zone with a blackhole phenomenon to verify the effect of counterbeam lighting. Even though the tunnel lighting is
important, it is not easy to consider many lighting alternatives at the stage of tunnel design due to the complexity of
tunnel conditions. This paper is expected to contribute improving the visibility in tunnels, especially at the entrance zone.

Keywords: Tunnel lighting, counterbeam, simulation, entrance zone

8 A e Fashe e B R URaze] Aolel] o Wal] Be ofelg-S 7 Bk 53
F7iol B 4 AR SRR B9 Sle] e oSl Qlaje] JeE A 70 i, o)t 42 £
o Alslie] ot A9 Sk il i 2} A1 $hE Wil vlep] i while] shiel e
o &akE A7 skl AAlsh FARE RS AFEe @S] ABol slith Bl 2He AR o]
=4 Bdo] 7Ha Qs Al RA5S aels u}o&%& ool SR RS BHGL wrk £ $AHAS 95
HeER e wE7] 915 welo] Wasjch X Apolre] Alfdloldel o)at BAe Huey 27] AAwAelA s
Wztel cheket Z@vielEe] vl vlaL, $AS 7Psshl sk shkel el B Aol

Fgol: Fazy, AQLE, AlEdol4, BeE, e

1. }\1 = AZ qgfslodof & Ao} olz]dt ANF 94 5}

tjekst AAoke] AES B3t gluze] Ax= 1)
HaS ks dxks B 9Febdy) uiyekd o] HdollA] o] Fofx]#] edar lrtal g Zlo|t}.
zfolof| A Q= Wsle] B ojH w5 7HIA D} dzol]l 93k GI9(CIE, 2004; Inokuma, 1994; Sakamoto
]

l'UaN

53] HEs SHshs xAke] A7l shgish= 1998, 717 Aeld, 1994; 2| H} 0], 1996)
QbdstaL ARt Lol F ol aglolear & 5= k. U ot A 55 B8 A9t SAlol A
ol B 2 Auks ks BE 4] = AlEge S B9k A vl Ak
ol <lste] E#E(blackhole) S 77l B =R F7k] BY QoA $AR} 7
™, o= AZRgE ke ARl (visibility) o] A = olgjal BaAE Al tIXEl] 98k W el shel
7P @A ek ol2fRh AJQ1=e] = 11 B Ee] XY 7he-EW(counterbeam) 189 BIFE FFFE AlEE
Q1 wlA], Bjke] A Qlel whE ofel$]we] Wis) o]S Eslo] BAJFIT) o2 Yol AakA el %
O] Thay, x[Fe] S 2] 8Rlol| oJste] ATt W7} QI HA 5] ALREE FROE RS AlAe)
@5 olck BT W) O AQLE B g Lol BFEe] AR HEE Fale] ABdo go
P71 f1ste] Bldzg o] AAGAeA o]2]gh ANt & 2 o] AlQlEE BAIs)

ZA]Z]EHB_:}E Zj/ﬁ;\]/\a] ﬁsl;} erZ;

= 10 27

*WA A A} 0]% & (shsh123@hanmail.net) Eﬁg}_‘-‘g% QlukA o &2 j_{-"/j] loﬂ/\iﬂ_ 7E]—o] (Q:TQ?‘ =z

Tunnelling Technology, Vol. 9, No. 4, December 2007 377



G

= FYshz AFFo] Bl del
ofe]?] o] =gEo] e A
al7] wiktel] 19 201419} o] Hd
UH7E B 502 Hol= EEE ddo] Aisith.
A 5719 3,000~6000 (cd/m?)2] B ofe| ==
N 2~10 (cd/m’)] o7 B = X915t wket

Y

R0y
O

—>

;g]ﬁ:]:g

-3

Heehs A EJS o] BAVE AGARE B
e ket 9 28 ols) o] AR}
F00 B Q%) 2R 7R ghes el
2 F 5 AES ) Aol

QPPHER L AR QY ARl DA M43 o
Fool $:3% 5 ES 3] Slele] 1 3o)st 2

o] AR J=E Fo7H H=dl FA el A
Hthreshold zone), ©]345-9} £H(transition zone)2-

<+—>

7 fe- 2 =S A
-0
3ol 74

2= Ol 2 2ot o=
60%
100%
140 ~370 o/m 25% o 310 o/t
| ]

378 H7l%, A9 A4z, 2007 124



BHE 75 Fh=HRxEol =00 cist AlE2|old A+

2 gk o]} s thA] 2~3TAIR s} AxEE E2200] FollEout Asatskl| tigh ARV,
o =5 AA3] Hd 7]1E9] F% A WAl HHAIE g 5o YIS ATAA FFHoR
Htk CIE 88:2004(CIE, 2004)°llA] AAah= ZA1%-2] o] gl zibrloletal & 4= Qi

Har = B A L] g*] A 2(stopping distance, e oRe] 3Tt H2 %i P>ﬂ gl 193k &
SRR ol eS BstaL PdeHAl AAE 4 e A= Hdo] AL #HEY9E I = HolAl Hv, H
AyehEo & shal Qir) AdAlG ] uh2 AukEl 4 g ko] ) AoffEo] AR HolX| ¢HA Hrh
AAE = & 1949} 2ok Aot Hd= 21908k 3= wol HE ulye] w2

713k

3o =83k & ko] Aol v (=

3. Yoo A} FRSE I 7 9 59 AJ_FHH](luminance contrast) S 2 Q14

SlA] Jeste] ol ofeles A Fk ol2g Aslol

QA titkee] Ble 91 Al 1R 4()elxseE 2 A el Fagh AL A Aol Aol tigh

o] bk A S ZAfelE o]Ent i Q1xlolt}. 5, AollEe] AR BR(FY, &% A2

(symmetric) 2= H J ojtk. =, Apge] Xtk st 7} ottt elEe] EAE WA Q1AskaL ol EH
of Z2r7]7-] A3 (photometric distribution)< 717 H|shk= —Exio] st} o] flate] Hell oA =

Hom W Sapie) Ao sk 1 Ro) el el wigg el APl ojstel umw_z
S8 5o Ao AAET 21T g FAA & W 2ol B 4T 2HOR A3l QRS F
AR} vERSRE e FE WARE gushodl  AoR At} avisln ghn o] 13 4@)%
ARSI, A AWYF e 2ol AohEolth  AALENER WAolt) of WA A olEe] A9l

Ak AFge] S-S B skt = ARk o ge WA Sl mEAR) 21l ffste] Blg=

=Y F = ZoR dEA k. E2de xket ‘i
E 1. SR e A7 o] xAe] Wl EEA O HM}H | wizell 3%
M7 %% (km/h) QA8 (m) YRS IS QAL el Sl el UUﬂOﬂ
100 160 = Hlo] ZALEA] 7] whiol] LU%Jr FolE e
80 110 =0 By} dolxitt = Auke] AofjRo] ARoo.
60 L& 2 HolA Hof ollEe] tigh XzkQ14])o] AHxIck

>

] A\
om0y

(1) WH=

<4 <4

oo

) 7HeEY =R

a9 4. R xB THEEHY Y

Tunnelling Technology, Vol. 9, No. 4, December 2007 379



4, QR Alel

ML

J
=~

Bz A vl B 84858 AHd
wojof gt 5 Bde] el ofgh Al
gl o] 2450l ofse] AAHr: dFe =
2 2] Sk, wEd, Aolee) A /EsE, =18
A, =g o) w5 A 24, BEe] Ao, Ede
S, Bael Frke 5 vk vekstel g Al
A Ahgdeld B R Edo] tErar & = Qlrk
A A 7HAde] Aol 1B B Ede) 21
vl ofe] 7Ex|e] teket £4E Skl HAgkE
stolof it} et Ao o2 WS A1,
7IeA, AR CR ofelas T vk id Ao
Bop 7hdE Al BAVE & ske AleR o
A e 7R e Y] g3E W] Skl gt
= sHoR S 9 A9 AR Qi ol
Aol AEE Bds AAlskal 1 adke Al 5
gohz e ARSSIaL givk e o] e st
ofof & Bl o] Agedo] vike- vl wor® wjgt
AZE Sol ARl A wig- Aol & 4= Stk

o A= HE dHelld TR 2%
A ARIE TR Ite] RS ol Aol
ol& flate] thel B9 vhre] 243t

Po R
O"\lﬂlﬂ,
> T oox

o]

|

i

o
o

D B R Solet ojile] Iz} gl 7
ot = A5

2: 23S EHE Sl A3 A2k el A
gk 75

- A= AR} 2 nlE ol SRk -
o} v} 2 Alolol| $Ix|sl= A$-

o
o

o,
o
w

e

ofde] o] A= ZURE FRelM =i
25% AAAelT B4 B mulEd %
- ofe] ARl Aol K1 m > 1 m x
& 25%)5 SRR 7 tidsrge] et TRy
o] 7ol tete] AlEellolds AAste] AQIEE 3
7189k ARl o] Frst wF )] 3
EHHIO)E ol A& VIEeR Adslsic

sy o= Ln s
LR

380 ElE7]E, A9A AlUE, 20079 12€

A7 Ly = WA(ERRY S A%, Ly = BoIE(I
Fe) Folck

4.1 FA g A4

AlE#o) el AR B2 17 5ellA{e} o] 17
o] Fo] 3.6 mSl AE2APAC] B enlAbd 171
= 7HaL 9om, B9l % 11.961 m?l HER G50]
WA FAl 2otk

o] 279 59 52 A4l 10 mo] 4=
AL AR A B 7Ry 2ol ad $=rt
U 712 AlEEeld #4E Fste] geleiqith A
4% Z77]7%= Lithonia LightingAFe] TWS 1508 A
FO= 16,000 Im?] IPHEFMHPS) A7 171E 7H
7IFtel}. o] 271N 19 60llxoF A wig=d
ZHYPHE 7L ek

o el I%Hj lO%)ﬂli}ﬁl
j 1,480 3,600 — 3,600 3281 [

1.9l m

3% 5. Ao Hol ALgE B (27178 Swo] 4%
& A



[u}

O

BHE 75 Fh=HRxEol =00 cist AlE2|old A+

A
/\]ﬁi’ﬂo]ﬁ 2 7209] Lightscape S
1

ol whste] AlEoldE A

va =2

o Uz} Gl A 5 o) B Uz
so] Epiv) o] Flwe] o
ol thate] A Eeloldate] 1)

]_

ok

o

2001412}

_VE

39 74

o>ru“

oS?L'S.:

r1r

o1 §5o]
Jsigiek. WA

p
\I

m
rlo

79} &

ar

Filename: LTL13192R.1ES
Test: LTL13192R
Manufacturer: LITHORNIS LIGHTING
Lurninaire catalog: T'WwS 16505
Lurinaire: TS SERIES 1500 HPS TY'PE 4 YERY SHORT NONMCUTOFF DIST.
Lamp: OME 1504/ATT HIGH PRESSURE SODIUM.

Lamp=16 000-Im
Max=464 .5 cdkim

F—--...
\1 D

300

400
Box 1.3x0.5x0.6 feet

a8 6. AHEE £

CRECIEEEXE

Azx7F oka 7S o)
9%

¥ 2. AlEd ol A3 (95
A A

v

0

2ol &

o

!

>.
.,d

%1

T

=4 (©

O

-0.20

3 of

Gl

0.76

_11;%‘

-1.24

::i‘

0.69

10.2
13.4

-0.31

0.88

-1.29

ELEESR

ol

A
.

ICZEEKERE SEE;

A Hele

Tunnelling Technology, Vol. 9, No. 4, December 2007 381



a8 7. AEEeld A (F L=t §s A9

382 Hld7lE, A9d A4, 20074 12€



BHY 72 FreeyzEol aujo| st Algdold o
AIE AR o5 Folo] thet S AES Uk th o]& Folo] vt 22 AES Ak

B VI AollE( o] ZHoleol| $Ixlehs AL W o dx7t A 739 HExge] e ot
2 73} %20 A3 1, 2, 5, 6), ZHAXN el A Bo o= Ax0] Jwe] Hlgte] ulg-wtom=w
o] thzxrgell Hlsted JheEEo] 2ty B uiie] &g zlojo] 419] 7395 30 m WX
SHollA F A AIIEE Al 6}04 AukH 40 my7HA= 7ReER ] Gt e A =tk
o7 AR JLeEWe avE 7] Q)
e} elre] 2 ) 221 Afold] ﬁﬂ sk 73 5. 4% 4 35 AA
HE 73 320 33, 4, 7, 8)olle= tiEd
o) Fwuz} § =) 93]tz wiA & el Gl HE el A2 A

o vl HolEe] o ¥ Ro|(F=dH|7t io}
) ARIEZ} 7T gk FR-ERIZE ] 7
()2, 4, 6, 8) AJHHV} AAH o= 0.7 ~ 0.8
o] PH #k= FrAleh 7R HRlY] BikE Bl
ol whA tEEe] A 1, 3, 5, 7) FelkE
o] u R} O] ¥HA| HolH Foiu]E o]
Al whe} w32 #sPt dck

e TR e Y] GaE Tldishe F1F sl
A= o] AR dxrt Xﬂo}ﬂl war o dxrh Ed
el A oA s S Hrk ol A=
ETE uell A= éf‘é% "E‘ﬁ} | #13te] )5 A=
7} 4550 cd/m® == 739l disto] BExrge] §l=
Efjell ] B E U o] x|l 2] s} AgAp fe

S8 ST Ayt a1 83 3F 3004} gom, ol
Soto] ARt o A= B Wi Azl 49
4%, 30 m WA 40 m)7HAIRE FEE WIA|AL 11 o5l
= 79 dEFE vAA e & g ok 2= e
U 30 m WA 40 m o]FollM= Sl 2443 Bld
of-e] et dx7h BjE WiF-e] vt o] 9
ol Y A o= AR o AxE A8ehd v
oI Az S Wol W= Y 930 m HWiA
40 m7HA= A= AlEEeld 24 S EeR Jitk 1

—|—‘

LO?~P

o

Y 99} F 4= YT 40 m7HA Y] AlEde)A Ao a3 9. AlEH ol A (E 494 Aot/ 33
E 3. 9% dxo I AEFA AT (FUXE 4550 cdm?’, HEZE §le o)
= Hugl ol e A SAHIE (cd/m’)
e 5 m 10 m 15 m 20 m 25 m 30 m 35 m 40 m 45 m 50 m
= 4157 50 29 8 3 2 1 1 0 0
R | 4552 257 137 69 53 24 11 2 0 0

Tunnelling Technology, Vol. 9, No. 4, December 2007 383



X 4. A EY 1A A (9 =R (4550 cd/m?)7} 92 ),
A 40 m7bA)

x| GeNE| =3 3= (cd/m?)
AA| 2| BH | gol= |10 m|20 m[30 m|40 m
w2 | 84 | 25 | 20 | 15
o | AAFE 293 76 | 29 | 8
a | £ F=dH|(C) | 25| -2.0 | -0.5 | 05
O ok w=2d | 7315 10 | 6

e 202 | 71 | 26 | 2
Ei ‘:Q [e} T
3 =u(C)| -3.0 | 3.7 | -1.6 | 0.7

=9 | g% 21 7%= (odim’)
A2 A | BH Zof) 15 m|25 m|35 m|45 m

=
=2y 38 | 16 | 10 | 10
| AFE | 151 67 | 31 | 6

hez] =
o iﬁj F=ohu ()] 3.0 [ 32 ] 2.1 04
Z %
=24
Aol | o = 2| 14| 5 | 4
Ei‘; ATE | 151 | 54 | 26

=) n)(C) | 44 | 29| -42 | 1.0

& aE Aol opAsh] $1% el shiel sk
Wzme] F3kE A4 Slste] AAls fAke 43

7ol Feiste] AgElold Si9i). 23S TG
shl thest do] A 4 gk

W 719) 3 Aol 4g5lo] Y LRk B
2 AU F B o) e 3] o] vl
HgakA ool 2 ol 771 ek ol
3 e A el ol

= AFdow rol7 gowi ARI=E 7

T 94 Yol
sie] Azt GohEe] AEE ol AheEUE
Wo] Fispr} L eRerk et sl e
G WA o Bl 94 ge) ool

SEHe 237t vehd

384 ElY7|E, A9 A4, 20073 12€

e

ro
w2
.
o

e

o Mo
F

9,
2
1
[e3
o
=2
=
e
&
ML O
&
e
3
=
o
<
b
%0,
2,
[
2
et
>,
o =

 7AA (1999), “B 9T A|2gle] HERE HAh

» Z 778 sks| X)) A8d, A6Z, pp. 31-39.

Tt ©1FE (2007), “SHO|EE Aol = HEE

A AR ARIE S AT 2R g
AlEHold A7, F=HEE 3] ey HEl
<, Vol. 9, No. 1, pp. 29-36.

3. o]t (2001), “Elde] 7MAAd JHAE $1§F Counter-
beam &3} A5, AP RIS =T, A6, Al
3, pp. 77-81.

4. AR, o17% (1996), “EREIY 2EAHe] A7)
=, S 7] ets] 19969 A S S
=3, pp. 57-60.

5. H&r, AEe, 4783 v, A8, %
<3 (2000), ZrgAH] B A7), Ao

6. Inokuma (1994), “=ZE]d 9] 7heE N2 A, ES
71415 A3sH #1035

7. CIE Publication No. 88 (2004), Guide for the lighting of
road tunnels and underpasses.

8. Lee, Y.Q. (2001), “A scheme for the evaluation of
tunnel lighting alternatives”, IE Interfaces, Vol. 14, No. 2,
pp.- 205-209.

9. Sakamoto, Hirama, Takeda (1998), “Counterbeam and pro-
beam lighting systems for tunnels”, J. of Illum. Eng. Inst.
Jpn., Vol. 82, No. 3, pp. 191-196.

N
40y
2 of I Mo

ot

pes



EiY U7 JHRE{#ZHO| a0 et AS2old o7

E-mail: yqlee@sangji.ac.kr E-mail: shsh123@hanmail.net

Tunnelling Technology, Vol. 9, No. 4, December 2007 385



