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Abstract The purpose of this research was to analyze the relationship between human risk factors and
evacuation behavior stages for tunnel safety. Therefore, we conducted a survey using a structured
questionnaire on the relationship between safety facilities and safety behavior in order to derive an
optimized interaction between the two. The research subjects were 141 tunnel users who understand the
tunnel environment. The survey period was from June 24, 2018, to September 28, 2018. As data analysis
methods, we employed a frequency analysis, a multiple regression analysis, and an independent-sample
t-test. In the analysis of the correlation between the human risk factors and the major variables of
evacuation behavior, the evacuation phases 1, 2, and 3 were all correlated with acceleration and delay,
and the human risk factors were partially correlated. In the multiple regression analysis, the will to
comply with laws (8=0.188, p=0.034) and information recognition within the tunnel (8=0.220, p=0.009)
were factors that influence the relationship between human risk factors and evacuation behavior,
indicating 12% explanatory power of the impact of human risk factors for the acceleration of evacuation
behavior 3. The important variables between human risk factors and evacuation behavior were
compliance with laws and information recognition in tunnels. Hence, it is necessary to study the
elements that interact with the environment in the tunnel.
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Table 1. Running the Kaiser-Meyer-Olkin(KMO) Test

Kaiser-Meyer-Olkin Measure of Sampling

Adequacy 0.825

Approx.
Chi- square
df

Sig

5037.003

Bartlett's test of

Sphericity 1326

0.000
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Table 2. reliability statistics

Evacuation Behavior Numbe;r of Cronbach Alpha
Questions

One-Step
-Acceleration > 0.829
One-Step-Delay 5 0.772

Two-Step
-Acceleration 6 0.835
Two-Step-Delay 5 0.774

Three-Step
-Acceleration > 0.890
Three-Step-Delay 5 0.900
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Fig. 1. Tunnel image photo

Tunner risk image order
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Fig. 2. Tunnel risk image order
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Table 3. General of the sample

Variables M+SD
Neglect 4.17+0.643
Fatigue 3.18+0.775
Lane Violation 2.26£0.959
Speeding 2.43+0.965

Unsafe Safety Distance 2.19+902
Visual Maladjustment 2.65+0.972
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Table 4. Characteristics of the sample

Characteristics Categories Fre;q;len Perc(i;tage
Male 122 86.5
Gender Female 19 135
20s 8 5.7
A 30s 59 41.8
se 40s 44 31.2
(Year)
50s 20 14.2
{60s 10 7.1
High School Graduate 6 43
Education College Graduate 111 78.7
Graduate School 24 17.0
General Office
Worker 29 20.5
Occupatio Educator 31 22.0
Official 76 53.9
Other 5 3.5
135¢~280 > 28 19.9
280> ~380 » 24 17.0
Monthly 380¢(~510> 48 340
income
510{~830= 37 26.2
830¢ 4 2.8
Marriage Marriage 113 80.1
Yes or No Single 28 19.9
lyear) 5 3.5
lyear{-3year) 8 5.7
Driving 3year{-5year) 10 7.1
Experience Syear{-10year) 16 113
10year{-20year) 63 44.7
20year( 39 27.7
Less than 30minutes 14 99
Driving Time 30minutes {~lhour) 71 50.4
1hour{~3hour) 52 36.9
3hour{~5hour) 4 2.8
Light car(1000cc)) 12 8.5
Small c
type(1000cc-1600cd) | 106
. Car or Semi-Solid type c
Displacement | (1 600cc-2000c0 > 404
Medium c
type(2000cc-3000cc) | >/ 404
Total 141 100

539

T} $53(2000cc~3000ccol )2 57H(40.4%) 0.2 2
o HEE YeERfT ot

g

3.2 QXY Q40 HI[YZ Zto| oA

Table 5 A 244, HY W A
HeIR], 329 07 AFA, TEFTAD doP s
(B 194 AEAL 4159 Q14| 24 @ o]}
ol digt 274, 394 : BEotHA) 7o) A= dig
P& 1~30A 25 73t ¢ F98 AHHAE B
o} Ao 9 o gs 194 7H53E 219] fogt
o] AFA (r=0.224, p=0.008)7} oH, tiuE |
A A AT e A s F EEAR vegch o
08 WXt duds 194 XA 7he] A
FAI(r=0.164, p=0.052)Z N Y5 1A A A7} Ht
F4007] 7hS B ATEAR Yeltod, HEFESoX]
o oY 294 7h&EsE 72 Folgt ko] A
(r=0.235, p=0.005)7} Lo, JFE4o0R]9} P&
204 XA 7ke] WA 19419 v IR R 5 Al
A Bol1 9t} tho 2 Wiz e} tinjds 3
oA TH&SE 7HY] Relst 9l AEAI(r=0.234,
p=0.005)7F $1oH, A 7+9] FANAE o5t Fo
(r=0.226, p=0.007) 4&THAE Ho|x 9r}. EE W
ZAEAR S} P 194 7143F 7He] ATTAE ¢l
god, quds 194 XA 72 Fost Fo] A
(r=0.183, p=0.030)7} = ASZ Yepdrt. T He
W EAR S} ey 224 7h&5t 72 Folgt g
ABA|(r=0.196, p=0.020)7F JoH, thu&s 2+
A 7k B AFA(r=0.132, p=0.120)2 et
o HY W AEA S} s 384 7R3} 1t
L §oJet oFo] A (r=0.264, p=0.002)7} Y= A
o= vyt g2 Ay 394 AA 7R A
Al(r=0.142, p=0.092)= Y& A2 Yepdtt e Y
7Y HQIR|Q} JFEoA] 7H] A A|(r=0.148, p=0.079)
£ gle o RIS thgo g 2479 Q7T
ol FE&E HuPe 194 714538 P52 dopAje=
29| AA (r=-0.173, p=0.040)7}

Ul

L o|A =)

T v

AsoH, gy
5 194 A9 7ke] AHEA(r=-0.036, p=0.669)= §1
£ 07 yeihth 24219 o F433T do s 2
Sl AEEAT gl A0 UEhgoH, 384 714
Sh= 29 AA(r=-0.197, p=0.019)7} Y= o=z
Uebgth 232k 2754 e dAE 29
AV (r=-0.357, p=0.000)7F JeH, e Y Fx
ol 29] AHAI(r=-0.255, p=0.002)7} A2 EH

AT =




ARG

R

2] A204 A7=, 2019

Table 5. Correlation between human risk factors and evacuation behavior

. _ ~ ~ Compliance Tunnel Error
Variable 1 1-1 2 22 3 33 with the Law| Information | tendency
One-Step- 1
Acceleration
One-Step- .
Delay 0.821 1
TwosStep~ | 6r6 0710 1
Acceleration
TwoStep= | 5" 0.694 0.756 1
Delay
Three-Step~ | 5 0.593" 0.660° 0.657 1
Acceleration
Three-Step- | 55" 0581 0.665" 0.668" 0.803 1
Delay
Compliance | 5o 0.164 0235 0.152 0234 0226 1
with the Law
Tunnel 0.111 0.183" 0.196 0.132 0.264 0.142 0.148 1
Information
Error . . .
-0.173 -0.036 -0.159 -0.152 -197 -0.089 -0.357 -0.255 1
Tendency
Excitement |, 59 0.067 -0.011 0.029 -0.011 0.034 -0.249" -0.093 0.255"
Propensity
(N=141) p<0.05 ,p<0.01 ,p<0.001
o} mRgto 2 extel SEAYT tuds 1, 2, 37 VIF AeE 1.074~1.242210 v[Hoz Yeht o5

A BEOIA APTAL HolA] elgror], TR 1
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e 7t SEHRIE0] 59l duys 194 7H%
3l A= AdE JFEE YUY, MR
=0.185)7} 7P 2A 3L vA= LR FRIFH
LAY 84 F {HHESIA =255 s 7t

3.3 QXI5 QA% IMS 7to| PaHm| S3p7h WA vepdths AL ojuigic
3.3.1 QNP 249 HIAS 1HA 7143t 2014t
o| ciatmt Table 6. The Relationship between Human Risk Factors
o S and Evacuation Behavior 1 Acceleration
VA9 247} WS 194 78] nlA)E o Factors
FUAT Lohr] 98] SYu de) adls s — T
s 144 7143 gRlo g = - mgow o Oblécltjll"e " eesten d;fci?c?rn rdized| b VIE
variable A a
5] AEA(Multiple Regression Analysis)& AA|ISH variable | o
23} SARANA 2o dgES el RS (Constant)| 13566 |2.387 5.684 0.000
0.0640% Hefi}, o719 31 B2 A 84 Egor -0.071|0.068 0609 -1037| 0.302 | 1.242
- tendency
7]— EH-UJ 1147:“ 7]"“Q’Oﬂ ] ]L Cﬂooki'ﬂO]] q-lo}oq Evacuation |Excitement
6.4% /é"_uoiaﬂﬂg Table 6-"]’ Z:—‘}O] ]%E}-]H 9&7\‘:]' Behavior 1 |propensity 0.017|0.0850018 10.203| 0.839 | 1.104
ARl Fgre Shelslel B1714l0] FEW4E 4 %é}% AcCEleraion Gomplian
- _ ce with |0.826(0.403/0.185 |2.048| 0.043 | 1.187
fo4 2ge ek oo S¥¥e A5 A e o
. T .
Durbin \X/atsoniﬂ %}\O] 1.8810= 7]-‘-#— %]\ Zoﬂ 7]‘77]’1*-] Informati 0.047 [0.0670061 |0.705| 0.482 | 1.074
Feso] 0 e A1) glof Az Fldon -

R*=0.064, Adj R*=0.036, Durbin-Watson=1.881, F=2.314(p0.061)

(N=141)
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Table 7. The Relationship between Human Risk
Factors and Evacuation Behavior 1 Delay

Factors
Non-standard|Standa
Ind d
Objective | egten €lization factor|rdized ¢ VIF
X p
variable X
variable B SE | Beta
(Constant)|10.223| 2.314 4.4170.000
Error 1 032 0.066 |0 |0.480]0.632| 1.242
tendency 4
Evacuation | Excitement | 115 | g3 (0111 35510 178 1.104
Behavior | propensity 8
1Delay -
Factors |Complian 0.18
ce with |0.792|0.391 '3 2.026|0.045| 1.187
the law
rtormatiol g 135| 0065 | %7 |2078|0.040| 1074

R*=0.069, Adj R*=0.041, Durbin-Watson=1.855, F=2.514(p<0.044)
(N=141)

541

3.3.3 QMR QA0 HHIMS 2EAH 7153 Q01
ol Fek

Table 82 A SARARY LF7AF, &
FHEE, HEsYA, Y Wl AEAA)7E AP s
204 71&3to)| vAs JTFEAE LotkEr] Yol 59
W 49] 213 TEHS iP5 284 7H53F 82l
oz HMAste] tEs]HEA(Multiple Regression
Analysis)= AAISE 23} I AR A 9] BEo] HyY
< YeEhiE R%ZES 0.088% UERY, o]7]49] 319 1
F2 AAAE 2471 s 20A 7HES] vX]=
gl disto] 8.8% H¥ES YEFHL St} Fiks
gRlsto] 37|40l FEHSE AYste FAd 28
Sto] @219l Eg4E A5T 27 Durbin-Watson9
ol 1.918=% 7|8 gk 20 7719 &9 4t 32
A7) gl 208 Ueth tho g 3RS 2t
9] ETAEL A% TRPHAR EAVL e FAoE
yeigth 39 A9 f94 4527 HiEsA
(t=2.324, p<0.022)7} P& 204 71&3}o] [zt
B PIAE o= Ut S5HR o Ps 2
@A 71E3] piX= AHE S vEiH, His
£92](8=0.207)7 71 2A FTFE VA= FAoE &
A=t A 84 F HTEFYA 2255 o
o P 294 7H&E3F HEA Yeidts 2Z et
o},

Table 8. The Relationship between Human Risk

Factors and Evacuation Behavior 2
Acceleration Factors
I T = e
jective |Independe ! dized
variable |nt variable] factor t p VIF
B SE Beta
(Constant) 13557 2.873 4.725|0.000
Error -0.05 -0.0 -0.70
tendency | 7 0.082 64 0 0.485|1.242
Evacuation - 0.0
Behavior 2| EXCItement | gz | 13 ‘17 0.829]0.409| 1.104
Acceleratio | Propensity
n Factors Complianc 0.20
e with the|1.128|0.485 7 2.324(0.022|1.187
law
Inforrration |0.148 | 0.081 0.51> 1827|0.070| 1.074

R?*=0.088, Adj R*=0.062, Durbin-Watson=1.918, F=3.300(p<0.013)
(N=141)
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3.3.4 Q1™ QAL [HI|JHS 2| X|H Q0lut9| Table 10. The Relationship between Human Risk
st Factors and Evacuation Behavior 3
cow Acceleration Factors
Table 9% Q1491 Aa(eAAS OFAFY, B2 —
on-standar
FTGT, WA, B BRDDS BABE  opece [P daion [t ||
. - ; n factor p
29A419] | 8Rlel JFHAL mAA] e RS YEr variable | iable
B S.E Beta
LH:]—,_ %E} 11.88
(Constant) 9 2.339 5.084/0.000
Table 9. The Relationship between Human Risk tei;reonrc -0.070| 0.067 '8'50 '15050‘2931242
Factors and Evacuation Behavior 2 Delay Evacuation 2
Factors Behavior 3 |2\ 679 | 0.087 0‘88 0.947)0.345|1.104
Acceleratio |2 ropensity
o Indepe | Non-standardi| Standar n Factors |Complian .18
Objective ndent | zation factor | dized t p | VIF ce with {0.847(0.395 | 2.145)0.034{1.187
ariable 8
vana variable| B SE Beta the law
Informati 0.22
(Consta 0.173 | 0.066 2.634|0.009(1.074
) 13.224| 2.304 5.73910.000 on 0
Frror R’=0.12, Adj R*=0.094, Durbin-Watson=1.912, F=4.630(p<0.002)
rendenc|-0.077| 0.066 [ % | 110|0.246| 124 (N=14D)
: ! 09 6 ' 2
y
Evacuation Excitem O|XM2|&d QAQ| [HII|GHE 3Ck XA Qoln
(=} o
Behavior | ™ [0091 | 0082 [0 |1.102/0272 1'410 3.3.6 2X%lal 40t MRS 3EA| XA 2201
2Delay propens 7 o] &45kn
Factors 1y —l O%ﬂﬁl
Compli = 1= =
s N DR 'S O N P QM aiot TIPS 364 Aol QoTte] I
. D . . . = =
e o ‘ 7 AR HRESAAE duwE 39 Ao foloke
pRr— 000 T 0.011% o4 0.0550 2HA Yehy, 11 FFHAE
tion 0.071 | 0.065 5 1.09210.277 4 EO]—E— Aow Table 11% ‘Eo;_‘—sH OE]_ _;[\_ %]\q_

R*=0.051, Adj R*=0.023, Durbin-Watson=1.982, F=1.814(p)130)
(N=141)

3.3.5 2R Q40 HHI[HS ITAH 7t Q21
of S

AANH @AY eFAFY, TERFTEE
e A, He W ZEAA)et s 394 7k
st a9l JFEAZE A A9 o AT 2 |
TFEFYA(t=2.145, p<0.034), EHY W AHHIIX
(t=2.634, p<0.009)7} =y 3TA 71435t alof| &
ol3t JFHAE u|AE= AL Table 102 & 5 Ut
223} Alee 2 SYHRIEC] T4 HHdE 3
@A 71E38t] vXs A dEgEE UEtdie, By
W FHERIA(5=0.220)7} 7FY ZA FFE F9°H, ot
208 WIFRSX(B=0.188)%2% AAAY 84 F
g W FEJAAC HiEolArt #2505 dugs
3 7H&ESL S7koks 2o YERdT
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Table 11. The Relationship between Human Risk
Factors and Evacuation Behavior 3 Delay

Factors
o Independe|Non-standardi|Standar
?{b]ﬁcgl‘: nt zation factor | dized t p | VIF
e variable | B | SE | Beta
(Constant)| 10.667 | 2.533 4.210{0.000
Error -0.0 -0.02
tendency -0.002| .072 02 6 0.979(1.242
. |Excitemen
pracuation| = 0108|0090 %40 | 1193|0235 |1.104
eDtlZ;fr propensity
Factors | Complian 023
ce with | 1.110 | .4281 3 2.594|0.011 |1.187
the law
Inf"r?a‘io 0.097 | 0.071 0'7“ 1363|0175 |1.074

R*=0.073, Adj R’=0.046, Durbin-Watson=1.744, F=2.677(p<0.034)
(N=141)
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HHEE(Independent Sample) t-testE
<l , AR 7L PRI Witk B4 9] o]l&&
vl o 2 HAto] SURE Flsto] Eito] 53zt 4
§ Levene| S&4t A SAFNA SAe

3.4.1 Q2|9 IS 1EHQ] SFX10)
ok shush mes 15k Tl&siete] 52}

il

£ AZ3 A7 Table 129 Z2th SHAAD &R O
qoys 194 7158 B2 17.1970]|3, AT
u]gtE B 1636082 AR g7} ok A n]
gH Bt qods 1949] 7143 Bato] =9kt the
o= B9 2|7t FOAE ERIgE A, 1=1.669%
Bojshgo] 0.097F §-o4F(p)0.05)HT}t A0 E &4
Zog Folugt Zol7t YehtR] ok} th2o = tiw
P 1A AANA FHAT] gHO| Had4s: 17.24,
otAAE wEH FH 156224 AAR SHO| HF
A47) =9tk 1=3.4350]1, |olgEo] 0.001E {9
& 0.05 Bt} Zol Fougt 2fo|7F Btk &, kA
A2l gRe} ngtho] et fuPs 1 7HEG3HE Tst
=t Zol7t gls ALoR Uehyith hHo] diugs 1¢
Al As ddsle dols |38t Zjo)7t s e
LEFg T

Table 12. Differences in safety distance and
evacuation behaviorl Independent
sample t-test

of FAHLE FofuIdt Zo]7F e e 21t
A AQE w7 R FE frogEc] 0.609% SEA
o] 7Mg=°] =1.9732.2 foJ2hEo] 0.0500.2 LERY,
Sojuat Kjolg Uehct =, biAE gxeh ngkn
o wet s sl A wekg st Fol7t
e Aoz yepgrt

Table 13. Differences in safety distance and evacuation
behavior2 Independent sample t-test

Dependent .
+
Variable Variables M£SD t p
Securing
Safety 20.80+3.38
Two-Step- Distance 2.022 0.045
Acceleration - ’ :
Unsz'u‘e Safety 19.58+3.14
Distance
Securing
Safety 16.76+2.65
Two-Step- Distance 1.973 0.050
Delay - ' :
Unsz'u‘e Safety 15.8242.47
Distance

(N=141)

3.4.3 TA2[Qt LIS 3THAS| £FXI0]|

AT FEet du s 3TA 7HEsiere] 2t
0|2 A% A7 Table 149} Zt} W3S 394
7I&SRe P R9EEo] 0.3082 B4l 7HYE o
t=1.8662.2 8-98rE0] 0.064E2 94 0.005KT}
Iu= BAHCR Folugt xfo]7t YERA] iokth of
1 P5 3TA AA9] Fgh FoghEo] 0.928F G-EA]
7= 0] t=3.4822 F-9&E0] 0.001Z F-o4= 0.05
K} ztol f-oju|gt ztolg YTt &, PAAE &

bependent [y | omasp | o | p 2 vjshuo] we i 3eAe) 7heh B Ao
— = Rojulet Holsh g, dinieE Ae Tekhe
118 SAEY! 17.19+2.49 Ao 3 oL Ao
One-Step- Distance 1660 | 0.097 A2 Zol7t Qe ACE UEHT
Acceleration 3 3 ’ ’
Unsafe Saety | 163623.19
Securing Safety Table 14. Differences in safety distance and evacuation
Distz 17.24£2.58 behavior3 Independent sample t-test
One-Step- istance 3.435 | 0.001
Delay Unsafe Safety ’ ’
D d
Distance 15.62+2.52 \igrc;[;bleem Variables M+SD t p
(N=141) Securing
Two-Sten- Safety 18.02+2.75
wo te? Distance 1.866 | 0.064
Acceleration Unsafe Safety
3.4.2 QRIS IS 2EAI2] $ER0) e S | 17202260
_ = = < S i fet
A suot s 29 Admiete] ped o [Suie e 50000
= = 3.389 | 0.001
ol AZst ATHe Table 137} 2}, qmas 297 Delay [ Dnsafe Safety | 1o 2 >
Distance T

71&48H= FgE fr9jgkgo] 0.72302 SEA] 71 of
t=2.0222 §-oJgE0] 0.045% 3-95F 0.005 K} 2}
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(N=141)
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AANH AR eFAFY, TERFTEE
W), He W AEIA)e dEgA 1, 2, 39
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