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A Study on the Characteristics of Each Type of LED Digital
Landscape Lighting in Expressway Tunnel
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Abstract As South Korea is a mountainous topography, installation of tunnel is essential for
construction of expressway in straight lines. According to “2019 Road Bridge and Tunnel Status Report’,
there are 2,682 tunnels in Korea with total length of 2,077km. Tunnels take up 1.9% of total road length
and the number of tunnel increased by 94% with 1,300 newly constructed tunnels over the 10 years.
According to domestic and foreign researches, a long tunnel over 1km in expressway has dark lightings
and monotonous wall design which decrease driver’s concentration and make the driver feel bored.
This leads to feeling fatigue and drowsiness more easily. In response, Korea Expressway Corporation
installed design lighting that increases attentiveness on 10 tunnels with total length over 3km by 2020.
To reduce the risks of accident that may happen inside the tunnel, this study conducted a comparative
analysis on characteristics of each type of LED landscape lighting installed inside the expressway
tunnel. The study aimed on providing the basic material for effective installation of LED landscape

lighting for securing driving stability, reducing fatigue, and lowering the risk of drowsiness.
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Table 1. Prior research and analysis of internal facilities
in tunnels

Thesis name

(The author's name) ARALED Feailio

— Based on the results of dynamic
image photography of tunnel, the
factors of landscape satisfaction and
visual preference of contrast
Lighting Colors in chromosome are analyzed

Tunnels using LISREL — Analysis of aesthetics, emotionality

Model including comfort,and functionality

—Park, 11 Dong(2004) including stability and visibility as

visual satisfaction and determinants

A Study on Human
Sensitivity Engineered
Internal Landscape by

A Study on Driver's
Characteristics in Long
Tunnel using Simulator
— Korea Expressway

Transportation
Researches(2006)

— It appears that visual fatigue is felt by
closed space and limited lighting,
which are characteristics of the interior

— When the tunnel lights are dark,
anxiety arises and tends to speed to
get out of the tunnel

— The relationship between tunnel
landscape composition design factors
and driver sensitivity factors is
understood by SD method and LISREL
method, and the sensitivity image of
tunnel landscape components is
derived as the influence factor

— It was analyzed that safety and change
have a positive effect on landscape
satisfaction.

A Study on Development
Evaluation Modeling
Internal Landscape in
Tunnel Considering

Human Sensitivity
Engineering,
—Wang Yi Wan(2010)
Korea Society of Road
Engineers

— The design of the inside of the long
tunnel proposes a 1.5km type change
to ensure stability by inducing drivers
to maintain uniform driving speed in
the long tunnel

Korea Expressway,
Expressway Public
Design Manual, Bridge,
tunnel, 2010.

A study on formative
characteristics of Lighting
design in the highway
tunnel considering driver
preference
—Han Seung hee (2014)

— When designing and constructing
specialized lighting, the location,
brightness, quantity, etc. of
specialized lighting shall be considered
first

A study on the necessity
of public design that
takes into consideration
the psychological
problems experienced by
users of long Read
Tunnels,

—Lee Chae Young (2020)

— Tunnel users should reduce
psychological problems such as
anxiety and fear due to the spatial
characteristics of the tunnel and
consider driving in a safer and more
comfortable environment
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Table 2. Current status of tunnel lighting facilities
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Table 3. Traffic Accidents with Lighting in Tunnels

Number . Number of traffic
Extension[ .
Type Place of K] accidents
accidents (Case/Extension/km)
Total 501 571 878 0.7
Low pressure 923 66 12 53
light
High—pressure| 11 59 35 1.7
light+Fluoresce
nt lamp 304 442 524 0.8
LED 163 4 307 0.01
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The Stockholm BypassTunnel,
Sweden, 2021Year Completed,
18km

The Laerdal Tunnel, Norway,
2000Year Completed, 24.5km

Division Low pressure light High—pressure light
~ 1999 Year 1999~ 2000 Year
Llight source type
(4Type)
23 Place 11 Place
501 Place (5%) (2%)
brightness (cd/m*)[i
nside the 160/14 182/12
entrance ]
High—pressure LED
light+Fluorescent lamp
2001~2013 Year 2013~The present

304 Place 163 Place
(61%) (32%)
170~220/17 227/23
D) 53, o oA HEES 198 a5ER B o =
HoARIe] 2HEAY A7, VxxFsdy, Alsd A2s,

2014, pp.599—-607.

Fig. 1. Lighting installation status in overseas tunnels

Sheikh Zayed Tunnel, UAE,
2012Year Completed, 2.2Km

St. Helena Tunnel, Australia,
2015Year Completed, 434m

Fig. 2. Current status of sidewall pattern design in
overseas tunnels
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Table 4.

Concepts and characteristics of each type of
lighting in the tunnel

Lighting
method Concept and Features
—A lamp with a long array of LED elements. LEDs are
arranged at regular intervals through a stick or tube, and
LED Bar | current flows through them to emit light
—Aluminum bars, lens bars, waterproof, etc. vary in flexibility
depending on the material
LED |—As a light source installed in an LED light, it plays the same
Module | role as a light bulb in a general room light

—It's divided into square and round non—neon,
High—brightness product with flexibility to bend easily
—Various productions such as lettering and character

LED ; , o

Non—neon production are possible and there are no restrictions on
installation
—Square—shaped light emitting diode chips are mounted
inside PVC lines at regular intervals
—Lighting in a way that a large image is projected onto the
ground or wall by attaching a film with a phrase or picture
printed on the projector

LED Gobo|—The desired graphic is displayed by projecting the beam
without installing a large sculpture.

—It can be used as a means of promotion by applying logos,

pictures, and images, and has better visibility at night

—In the case of general light bulbs or fluorescent lamps,

they protrude downward, while LED surface lighting is
LED inserted into the interior.

Face light|—It can give a clean and simple feeling, so it has a high
usage rate on the ceiling of commercial facilities and
offices.
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Table 5. Design lighting installation status in tunnels

over 3km
Opening Name of Lighting .
Year Tunnel method Installation status
LY r
Cheonma
Tunnel
2011 (Suncheon LED Bar
Wanju Line)
Geumseong
Tunnel
2013 (Pyeongtack LED Bar
Jecheon Line)
Yangbuk 1
Tunnel
2015 (Busan Pohang LED Bar
Line)
Hwachon 9
Tunnel LED
(Seoul Non—neon | =
Yangyang Line) ]
Seoseok Tunnel LED Face
(Seoul light
Yangyang Line) 8
2017
LED Bar,
LED Gobo
Inje Yangyang
Tunnel
(Seoul
Yangyang Line)
Sculpture,
LED
Module
LED Bar,
LED Gobo
Geumjeongsan
Tunnel
2018 (Busan Outer
Line)
Sculpture,
LED
Module

Sineosan Tunnel

(Busan Outer LEE Etace
Line) ¢
Jaeyaksan LED Bar

Tunnel LEDGobo,
(Ulsan Milyang| Photo

Line) panel
2020
LED Bar,
Sinbulsan LEDGobo,
Tunnel Photo
panel
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