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Analysis of Shoulder Width Extension Effect in the tunnel Using

Virtual Reality Technology
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Abstract

South Korea continuously installed tunnels in consideration of the safety and operation efficiency, and
the number of installed tunnels has doubled over the past 10 years. The tunnel section is designed based
on the guidelines, but the tunnel entrance becomes narrow due to dark adaptation and pressure. In fact,
around 13% of traffic in expressways of Japan happens in the entrance and this leads to congestion and
rear-end collision accidents. Therefore, this study aims to analyze the stability from the expansion of the
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Analysis of Shoulder Width Extension Effect in the tunnel Using Virtual Reality Technology

shoulder width in the tunnel entrance by applying virtual reality driving simulator in order to reduce the
accidents that happen in the tunnel entrance. To compare the driving stability based on the changes in the
width of the right shoulder under the same condition, virtual reality driving simulator is used to conduct an
experiment on 30 subjects in their 20s to 60s. The right shoulder is classified into 2.5m and 3.0m based
on the design guidelines of the expressways and the road structure installation regulations. As a result of
analyzing the speed deviation between the average driving speed of the analysis section and the average
driving speed when entering the tunnel, the distance away from the center of the lane, and the steering
angle of the wvehicle steering wheel, safety in terms of driving safety was improved when the shoulder
width was 3.0 m compared to that of 2.5 m. turned out to be felt In addition.

Keyword : Driving stability, Shoulder width, Tunnel, Virtual reality driving simulator
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[Table 1] Tunnel installation status by road grade (2010-2019)

T2 | 37 [243E|Yu3E [SEIYNE|I7ENYE | XYE | NE | 2E | TE
20104 | 1,332 623 374 142 47 63 62 20 1
20113 | 1,465 708 402 144 52 69 67 20 3
20124 | 1,578 75 421 146 67 72 73 21 3
20133 | 1,659 793 461 156 64 79 80 20 6
20144 | 1,777 810 494 172 71 101 101 21 7
20153 | 1,944 925 532 176 76 102 104 22 7
2016 | 2,189 1,054 608 185 86 116 106 27 7
2017 | 2,382 1,159 668 187 91 119 119 32 7
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[Fig. 1] Study flow chart




Analysis of Shoulder Width Extension Effect in the tunnel Using Virtual Reality Technology

J

Effectiveness)

Cf.

ZHOHE #T¢t

=2 &
[E——

B2 X0 ot

.
(=]
o

MR

24 7t0]

3

FCT.

o
o
—

HIA]

om
od

cg

2.1 E{'d9| H9|

Cf. BE 2A4Al

Of et 273 5[0{0F ohrt.

o

.
o

Ejel S2E 20|

4

-
(e}
o

El

ZE
st HUeR FASH0{0F ot XiFo| £

=
[S)

K

JE|

:I'I'

3

ud
Joi0

T

L=

2.2 FLE

~
(e}

2 ZAREMNY MEH HE RE2e XN2FH
2Xt2 B{EO E? 2.5m

A
i

9

e
=

| 2ot Ao M2, 420 QERM ZX[ol= Z0oPH2

ULt

o
XS

| XX 3.00mZ T+

£ 7} 100km/h O] AQ!

32 24

%0
wr

23 H2R F¥

EXMo}7t

e
=

dotA Lt

O] X{5tz|of

| T2 FAIE

)

=5

7¥SERALE [5].
1™ 200mECH HE U0

=

[S)
o
=]

21280 T 25.48)

Lo
=

| T2} 19.7%(E

7}SHALE [6].

4% B

k

ol

=0

&
X0
NB

i

BHEFo Xt2d O 800CH/Al O HOi|lAl ©F 1,400CH/Al O[32]

7=
=

596



Vol.10, No.6 December (2021)
O Om, 0.5m, 0.75m, 1.5m,

e
=

Journal of Next-generation Convergence Information Services Technology
O 2.5m¥ Mf 7t& Xtz

of ot

0| 3.0m O|ACZ Z7|SH4rE K2

e

o 3= s DEE=20(M ZOP7H

e
=

-
o

2
[}

of

=

=

oi| 0| &

=]
=

4

2 LiEtkton Zoj

Cf (8] 12 LSO ZOf7H

2O

Al

.
(=]

e
=

£

o

A
£k, 220[3 AF SO oish 2&57te| H

7t
Y
f

2.4 ZOon

el

mo
81

=

0l
33

MS

FSICH [11].

.
o

FoIA| =

b

H
[

O|L} =2 Yr=of Xt0|E
Aet 2 Axtel xHEY

.
o
-

Lt, 20~30CH2]
o

2.6 7| &AL

OH

o

o

g1, MRL-Mo| g2
| OfHZ2= 174

x=Xo
= o—

M
=

.I

7
(i

SHA

50| o2

p

3
=]

10j A
Cheol @7t RIYEQRIT, SE

=

2 E2530 o2t €3
=

4
b

o
[

Z:

.
o

|
At

9

of CH

I
=

=0
I
=

1t =0 &50| 7tsdta, ¢

Hokst7| I

(¢}

ZOPWZE SOt Xz

= 0/873}0]

| S(HETHAIZ Ol A)
ol 02 BI1E

TSl
oco—

14

Ao

P 2 AFME 7t

{0
ol

b

2O ZThs HokA[Z 2O

i
o

o
=

2E 10m £ O[st2

KiJ

2 7|

tj|of42|

=]
=

597



I,

—

.
o

rgpal

=

=M
S o ©

P XkZO0|E 7}

Analysis of Shoulder Width Extension Effect in the tunnel Using Virtual Reality Technology

ar

J(I

<0

3.1 O

HsHEE-EAZ g5 k2o

6.46km2| E=Z2O|Ct H1157F= JMEFE0] 2,600m~5,000m= O|F0{A
HEZ pHE 71 T2F0ICH oY T2 HATAS 22 AN 9

il

U

ol Of 3414mQ| 37l E{20] RUCt [2F 212t

EEEE

tEEol 277t 500m 0|2t 2

H
[=}

7o =

=
=

E{ 22|

I

H
[=}

X
(]

.I

o
—

B

L=
=

370 H

b

TEEO e, nE FHA X O[AHZ|7} 403mZ O|FO{X RUCH

1__[

I

ool of

=F A1

O

-

L=
=

374m

122 850 e, A2 Z2 36m, H

10 Z2 12m2 F-d&[0] UL

HE X

e

403m
(13 2 97 chaT2el g 0%z

[Fig. 2] Tunnel separation distance of study subject

&0 100km/ho| EEO0|H

HlO|HE

3

o
(o)
—
Sh
S

2 A

b

7
—

1__[

—

A
M Xgez =

598



Vol.10, No.6 December (2021)

Journal of Next-generation Convergence Information Services Technology

3

FE ¥ S woR MAY YA
e S Poa B AU o
55 - X W KH &

< T = 0 KF Kk 4r BB 5
H 10 = @0 S <M N ..__._._ NS
= Mo K ad = ~ T oY = ol
=y = _ - = — dl
s = K _- AIr o .__M._ K I_A UoHr
= o ol < 0 _ ATERTI N
BlRO M g B g B
W ow g B ot s Mgy W
ERES KB s U RK = OF ®0 o] =
Exr wm KF ny ﬂuso__ﬁﬁww
ol m <0 © =~ nm oy 4_|__.u Tl T !
gl o % &0 R R - s
EY |_ﬁ|L a O_n_ .__Aln_ @.H ofl o _._.__L ||.A_| .“m._l _._.__L
M0 = - H & M R g KW O
- ny Mo o o o =
< o = [e) = [e]] S - ol
P\ o| S 5 0 = e = it

K T s Yo R T R ozu A

> Ko [ = = .
o T wu W S T mE & W
By M D TE “omy Sas
= B moE o &1 oo Moo Ul
m © K2 S Hnrofus
B 5&m D : o W g E WSS
o = g X = = 8 W= 3 o 1o
g .. 8P = ol - = o oemLo
S ms Y 0 = s = I+ M Bl S HroH 2 =
= "1 5 o o E > It ooy = s
= 4] Jo & =~ = M ~u ol . — =R A B0
= = L T - — o] o ol w m _|_|_ =N
S KN zRD o7 T N (LS T L
e o 5 Kir mA_ - O Ho mA_ = - = U
T o B o d of R
s Y F M = s1 M D
T o o= ] mbu H ol .m_v._.T w S ok o H
w05 z0 & 7oa__ﬂ%mw%[
< 20 L2 = [ < 1+ M R
< 0= W _ T+ N o = R
w0 K mVA_u alo uxpl ol o %A w__w_u_m_ui_ x_ﬂuﬂow_M
o - B0 T _ _ il
KE Ok ST < = 0 ._Io:_ <r ) =) KIr . 1o
VER IS I o MW MWW okAr 0
N F T = ol Eﬂ%&f.ol_[x
Cll = TR - T K o o S Oom o op
of I ¥ m = § o0 | O Ol — 8 — = o
GRS R a O llmom B W TR
BP0 ml I {0 .m - W o2 o O o =0 oY =l

< oH w3 - N B T oH K BT

599



Analysis of Shoulder Width Extension Effect in the tunnel Using Virtual Reality Technology

[ 4] A7 =N

[Fig. 4] Route map of the experimental section
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[Fig. 5] Tunnel entry shoulder width of Scenario 1- 2.5m(left) and Scenario 2 - 3.0m(right)
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[Table 4] Average driving speed at the entrance of the tunnel

& galy Bals M1 oz
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[Table 5] Speed deviation at the entrance of the tunnel
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[Fig. 6] Speed deviation at the entrance of the tunnel
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[Table 6] Results of Statistical Verification - Driving Speed and Speed Deviation
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