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ABSTRACT

Currently, roadway operation agencies provide interior zones of tunnels with emergency information including crash, fire, and
vehicles’ stop, through state-of-the-art technologies such as variable message signs and radio-based broadcast systems. However, when
coping with an emergency in tunnel interior zones, such information could be too late for drivers to access. A radio-based emergency
alert system at the access zones of freeway tunnels, on the other hand,could be a good alternative for solving this problem. Therefore,
the objective of this study is to assess user acceptability of such an alternative system. To carry out this study, an online survey was
conducted on 762 drivers, and the survey results were analyzed using a structural equation modeling to identify factors affecting
acceptability of the proposed system. As a result, driver characteristics such as age group, driving frequency, and driving career,
utilization of conventional traffic information, and usefulness of conventional traffic information have a positive impact on
acceptability. It is expected that the findings of the study will be a basis to effectively address and deploy a new emergency alert system
at the access zones of freeway tunnels.
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9 A e] nEgR 2 Vet A FA) gk S840] Fahear
JtiThe Road Traffic Authority, 2017).
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Table 1. Summary of Previous Studies on Tunnel Crash
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2.1 E{gAl

AEoA Ak uket 2o, Bde] B A FA] B A
2pegol] gk QA SRt wkg- Fasith v BE 1Y
A BAgER= QA AJRiAE), A Aok AR 5 AL ks
2 9 A7k 2710 F%e 112 % 91tk Bassan(2016)& Y
A FFES FUSIe] Aelhgion], duEo e B T
R B it Ajage] BUa sl o HlE By
Q- Z7x0] AlT AZFE(Ma et al., 2016), B g AJug
(Amundsen and Ranes, 2000; Pervez et al., 2020), E]d ¢}-&+
2] Apal&(Wang et al., 2018) 52| 477} XY=t o
el B 2 B URETh AL dgge] 3u) =& o=
HEP#TH(Amundsen and Ranes, 2000). Wang et al.(2018)
s ARl B SiRellA, BF ARl BlE EellA
AL BHRlEe] =2 Ao ® e, AR R S| oke s
A Al 98Ao] Eolkitkal AAEHom, Pervez et al(2021)
Beeg, ke BT AL S80S BIvk sjeirk Table 12

B AL @ 7IE A7 ARIE AeE Aol

Authors Methodology used Key findings
Amundsen and Ranes(2000) Descriptive statistics Tt.le crash rate in the tunnel access zone is three times higher than that of the tunnel
mid-zone.
Ma et al(2016) Generalized ordered logit model |Crashes that occurred near the entrance/exit zone tend to be more severe than those
' (GOLM) that occurred inside the tunnels.
Classification and recression free The crashes due to drivers’ failure such as safe distance violation and improper
Huang et al.(2018) g braking and steering had higher probabilities of fatalities and injuries at the tunnel

(CART) exit.

Wang et al.(2018) Descriptive statistics

The tunnel entrance zone has a higher crash rate during daytime compared with
other times.

Pervez et al.(2020) Descriptive statistics

The tunnel entrance has a high crash risk mainly due to drivers’ failure to maintain
a safe distance.

Pervez et al.(2021) Descriptive statistics

The crash rate is found to be highest in the entrance zone.
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g Atk 2y FAAJA ) JdEE A2E G
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3 5§47 AsiE A QA wepA o)Hgk A Hou
7] B Al o]8AE9 e Ak T w40
A& E]ojof S Chung et al., 2012; Chung, 2013; Chung
and Kim, 2015).

HA|, A 2246l BeF =70 2% UTIS (Urban Traffic
Information System) &J5+ 919 e o8} W= 4
(Jang et al., 2009), A& &3 A&7Fsh we A 7879
EA(Kim et al.,, 2014), 2-52F2} o] FH AV T4
AL 93 ol FHY A F 2% E2I(Ahn and Choi, 2014),
A= e 8 tigh guk ARIEe] 84 #4)(Chung and
Kim, 2015), 2ARE algAH)2 ek $HE S8 s gl Mse
TA(Yun et al,, 2017), A&F32g2] A4 845 7517
918+ We} E43(Nishihori et al.,, 2018) 5] 77} W=k
A7 A BEt ERoFE 1EE R B8 o] -84
EX)(Chung et al., 2011; Chung et al., 2012), 7[R AHH
Aol whe By ¥ #4(Chung, 2013), AReF-F 2}
E31S $15F 284 Q214 (Sung et al., 2020), AFeFBA TR}
o] 984 H 2154 58] thgk £4(Chikaraishi et al., 2020)

Table 2. Summary of Previous Studies on Acceptability Analysis

5] TP 8-dS she] SRk Skt vt
slellE S} Q7] wiizel], LRk o = ekl 2 HaE F3)
WAl Hrk & ANgE 88shs T2 (Structural
Equation Modeling: SEM) 7|8t 4~8-A4] 4] o7} 72 ol
Uk Table 2= 7| AE2] A A8 RS Aefeh Zloftk

Jang et al.(2009)2 UTIS &-d3} weks $l3l 7HQl 5739
AF% EA AERA ARE 43t Ao AR
Algol] TR A2 Aow vehton], vE: W Faw
FARE B3l AM]2 i WERS ©ES18ItE Hong et al(2010)2
AEAE ol VL B Jdsy] $f5l AEEA ARE
243190tk Ao 2 VMS, e, el 5 wiAd visee
22} oA vepgon, AARE AR gk 412wt & slo R
YERdtE Chung(2013)2 7PFg1. Alkgo] wWe AR o]8A15<]
S3Pofe] Wals BAEl] 98] 60071e] AERAF ARE 283}
on, Ao 2 MARE uEgH L HE ER ogAES
FAYE W3t AR FFE M= S0 2 YERITtE Ahn
and Choi(2014)2 152k} ol 5H A Fa s F4817] 9
3], 30670 tieh = 2 BHAR gl AEFAF AAEES
Tk Ao R AR, By, Ui E o8 e
o FEFS WX Zo 2 vERLoH, PAjo] 2833 2 ki
A o7 Farol| JS vHE Ao & vERTE Chung
and Kim(2015)& e AeE A A AEY] 42849
gk RIS 1SSk A0 2 A2 Hx aEAlE]

Authors Purpose of study Acceptability type | Methodology used
Jang et al.(2009) To develop a model for traffic information user satisfaction for the establishment
& ’ plan of the urban traffic information system (UTIS)
Hong et al.(2010) To dev.elop amodel for.evalua.tmg Fhe effectiveness of traffic information and Strategy
analyzing factors affecting satisfaction
Chung et al.(2011)  |To analyze the acceptability of a freeway travel reservation strategy
Chung et al.(2012)  |To analyze factors affecting acceptability of freeway booking Technology/Strategy
Chung(2013) To df?\{elop a mode.l for usef travel behavior response to establish a strategy for Technology
providing weather information SEM
Kim et al.(2014) To analyze factors affecting acceptability of a sustainable transport policy
Ahn and Choi(2014) To analyze. factérs on investment priorities of mobility facilities for the
transportation disabled
i i i ili Strate,
Chung and Kim(2015) To analyze factors affecting public perception and acceptability of a deep 2y

subterranean railway system

Yun et al.(2017 . . .
un et al( ) traffic information service strategy

To develop a model of real-time traftic information preference to establish a

Nishihori et al.(2018) |To analyze factors affecting social acceptability of autonomous vehicles

Technology/Strategy | Meta analysis

Sung et al.(2020)

To analyze factors affecting acceptability of autonomous vehicles SEM

Chikaraishi et al.(2020) |To analyze factors affecting potential risk of autonomous vehicles

Technolo,
& Tobit model
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Fig. 1. Conceptual Diagram of the Radio-based Emergency Alert System
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Fig. 2. Conceptual Model for the New System’s Acceptability
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AR 2.1 %, 23 4.1 %, 25 2.1 %, AF 04 %= JeERITh
w5k, AR 2ARREY] Al EAdo] 70.6 %, od4do] 294 %2
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gk 7|25 Al VElItE A5 40u17) 370 %= 7P B3k
1, 30t 500 o2 YRt 17 8e 20d o] 35.0
%Nz 7P =& s yeptor, AE it F 724 %7t
T 53] o AES ©)8, 36.3 %ol F 53] oY I&ETRE
ol &gk Ao 2 etk dif-2 d FAR=E 100 km #]¥]
2o 2 VERIAEE, 300 km o) Bdsh= vleE 20.7 %=
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Table 3. Descriptive Statistics for Driver Characteristics

Category Variable }E?/tl)o Variable type
0
20s 11.2
30s 24.4
Age Group 40s 37.0
50s 20.9
60+ 6.6
1~5 16.9
Driving 5~10 14.6
career 10~15 16.1
(years) 15~20 173
20+ 35.0
Almost never 2.5
Weekly 1-2 11.9
Driver driving .
.. 3~4 13.3 interval
characteristics| frequency
5~6 38.1
7+ 343
Almost never | 16.3
Weekly 1~2 32.0
freeway 34 15.4
driving
frequency 5~6 224
7+ 13.9
~50 30.4
Daily travel 50~100 232
distance 100~200 16.1
(km) 200~300 9.4
300+ 20.7

FEA49) S 64.1 % opdo] EFF o AZlER= Zlo = ERt
omn, 9.4 %7} FAAQ] Fo = R

Fig. 4= WgAE S8 tigh AF2AL Aot v, meH
B g 880iA = IR ARSShE AFEEC] 60 %= 7FE
Eekow, 7A@ L, VMS, 2vlEE-Up|7Alo]d)E B 2
T AR 125 %2 UERITE VMS S 2nfEZ Up]Alo]dS
AF ARgERE AFES 742} 70.2 %, 67.6 %= BT]Q 46.2
%ol vl Fiale R 2o Ao g Uepttt o 2AnpEZ U]z
o]4o] aE AR HFwr} v] wom, gr]Qe] Hlsl Ao
7] wliel] vehd A7tz Bk

nRAEke 2 Fig. 55 A8 tigh AExAt Aot
b Al 2 A3 gk AEzAL ARelrds 73.2 %7t
2] 0.5 AN EAlThL sllom, AFs AP AlE 710l i)
FHehE AFES A AREE F 829 %E HUf 2 H[EE
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)
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65} 2tk

¢

4.2 ¥ M}
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HEo|t)Chung et al., 2012; Ahn and Choi, 2014; Yu, 2014).
T 2] YRR Hehe PHEE ¥ BAYOIA
;o) P} 2 A9C200), B EARR) ek wRdo] ol
(Chung et al., 2012; Chung, 2013). we}x] & oollA] GFI
(Goodness of Fit Index), AGFI (Adjusted Goodness of Fit Index),
RMSEA (Root Mean Squared Error of Approximation), CFI
(Comparative Fit Index) X|%E 2-83lo] 2ES 7518} Table

equation model 1 * x,, =\, & +0, ) 5ol A Blel 7o), F4E w o)) gk B Aw} 1 = 293.935
) . (p=0.00), GFI+= 0.943, AGFI+= 0.912, CFI+= 0.906, RMSEA+
equation model2 * y, = K,n, +& 2) B . - . L
0.0728 viepston, Ao A4 gho] Hel $52308 ek
structural model * n, =7v,£ +¢, 3) Ao g2 EXEAcKSchermelleh-Engel et al., 2003).
Table 4. Component of SEM 4.3 53 A= 2l M
Variable Description TG B 2HE A wEL Fig. 79 AXEU:
= exogenous latent variable e g TU)E e Q017 B3} AlLE Jvsh,
n, endogenous latent variable Fs okl Br|E *9} *ri= A0 p—Véllue7} 0.0010]3}, 0.05
observed varlale of%, oleke 217} eligick. S, EAR Bew AL
b d variable of
b skttt S840 A G AR Fo ek, A 54
N vector of path coefficient between &, and z,, _
. I BFHE f844E SR BEEE Tl AR 48
K. vector of path coefficient between 1, and y, ; Lol oiske o o
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6, vector of measurement error term for =, , AR, oA S areAR Bl AR dYe
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g, vector of structural error term for AEER o8N} 255E, A BV SRS, A%
U7} 2275 AFERLE 7840 378240 = WA
Table 5. Goodness of Fit Values for the Final Model T Ao eIt daEo g AF 9 217 o] o]8HxLt
Category GFI AGFI CFI RMSEA L3378 Hoh AR 8400 & J3kS )= o R
Modelfit | 0943 | 0912 [ 0906 | 007 Uttty £317)] 2eo] 84S ko] thek Talo] oA,
|- - - = === ======= 1 |- - - = = -=-======== 1
I | 1 I
EENE Co cea
| —— - 1
| /11p , Strucltural rr]odel , K1iq |
I 1 1 qu I 1 1
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Fig. 6. Basic Structure of SEM
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