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A Study on the Analysis of Representative Bus Crash Types
through Establishment of Bus In—depth Accident Data
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ABSTRACT

In this study, crash situations of representative bus crash types were elicited by analyzing a total of 1,416
bus repair record which were collected in 2018~2019. K—means clustering was used as a methodology for
this study. Bus repair record contain the information of repair term, type of bus operation, responsibility of
accident, weather condition, road surface condition, type of accident, other party, type of road and type of
location for each data. Also, by checking collision parts of each bus repair record, each record was classified
by types of collision regions. From this, 760 record are classified to frontal type, 363 record are classified
to middle—frontal type, 374 record are classified to middle—rear type and 331 record are classified to rear
type. As mentioned, k—means clustering was performed on each type of collision parts. As a result, this study
analyzed the severity of bus crash based on actual bus accident data which are based on bus repair record
not the crash data from the TAAS. Also, this study presented crash situation of representative bus crash
types. It is expected that this study can be expanded to analyzing hydrogen bus crash and defining indicators
of hydrogen bus safety.

1. A & i, 20407441 40,000t =42 Hge] HEE 214
St a4 e 75 B gofjol] whe FAan s ok

=
w ol =UIstal TOD 7|9t A&7k TAlas A7-AE
S A
¢ ol Ftstal TOD 7|9t A|&7Fs EAlaE AHAlE
A4
olgtlgtal WFA| 2Bl F 8t} W

E—mail: azang@ajou.ac.kr

skskskok

= AL ol-

=2 2020.10.28,

2020.11.10, A= L:

A f Aol oigk $ale] ot Ah S A= A
Aoz uget Astolth vlFuEe kA m g
Al ofg] 7HA] A E of7| 8 4l dEE 20101 A
< PFE CNG W2 Zuabaig Q18] 20109704 L5
nFSHAE AL S A EHA U AWM AE 25 CNG
W2 wAEEY Aol 4d AAdE Atd7F EA¢
o wTIA R, FAaM AR 8 b Ado] BAE A o
o ESQiAIE o] A AR AY v|FE 5 Qi) whehA],
Fam o] hdd 298 e o] wE uE

2020.11.17 %



]
el Abardlole AfFAMES] g, alEA
A(TAAS)OI A Al&ate aEARIL EﬂOlEi—%
S AbElE 4y EAg a8y T
OJE| 2= WA ARaLY] ThEAg B
219 ¥ 2 A 9 AbaalZtE
Nz%o]dr

T A= B 2= ARaL Apzle] E g B
71 Hko 2 W2~ AlaLH| o] B & 55},
AAEGT B At Ao &%
w3 FANM A Y mE FA4

7|k ElolH =2 &8o] 7hed

A

—’ _l_u /-\
1;
tlo P
Z
1—[‘1

Joy
O
i) Olﬂ

=
[¢]

2~

hYA
fon

Aoz 7w}

m
ay

& o

o fr 2
. 1xF
o

J
o

(o
i
b1
rﬁi

A tﬂ

O Nt T yo, T

9

Az Oﬂ:r’—O]]/ﬂ
(1967)0] & zx= Aot
o] FHo 7 Fol 7t 74
ah= W ol W

K-%+ ?@P—*M %fﬂ%— 9
}xﬂi 17] '(5‘ %}\-E‘_
9 A @ a5 vz EﬂOlEi 7k

o] FZEtet AYE o]&3ste] 7
7} ¥ R d" dlolHE &
o A =& S AEsa, l

A FAE 5l gk dloleE

Ez‘s}oizﬁ 3]%_ ‘EL O zﬂ/ﬂo}ﬂ

1 —

483 K-F 4
3 HpH O Z

MacQueen
2 HolHE k7l

7_11—

o
fu

= =
> op g 2 RE
4 peomy o

(L o

= e

(D

40

2 o] g5 - QA
o7|A, p, = PHe] i
g, = Q] i
T3 K- #HE4S HalAe 249 ke
THEA Ao AEdof st} 9 4= 2k= W Eo
2 rule of thumb, elbow method, AKX 7]& AW

(information criterion approach) 5°¢] At} Rule of thumb
WS dlolele] 7t nolet 7HEE wf, k= vn/2 9]
A& g&ato] kaks Aldtele 7P hde Wolt
Elbow methode T3 $&8 x4 02 SH7PHA T
YA A%E RUE RS $ ntlo] nirh o Y& A¥
£ YEhIA =thd ng 2R i ZHE”o}~ H o)
t}. Elbow method= *
Nt o 7% o

40
2

2.2, AdPAT HE

Anderson(2009) 19991d~2003\d J= o] A]
WA L2 WEAL HolE & 7|Who R HH A f A
ATHEA S EEeHglTh AbaL] o] E 913 GIS
(Geographical Information Systems)$} 7] F
o WHES 28l Al A 8
3 K-+ 34 SHES 838t 4
Aparepb A Aol gk 57) T, 1570 o] @
B2 Ay 7uko g ApA A o]gate] oF
AL A o] &2} Al 2§ o] 73}, 2bx
SAE =Y 243} & d9A ) wEehd Al
AN vols A orslg T, (3)

Kaplan and Prato(2012)% 200558 20091 A}o]
of w]=F NHTSAoIA 438 NASS—GES W2~ AaL d|
olEol £H% ZARYE A gelo] % o) AT
AEo] 99a9e A B4 Ak $HA7) 25

AA7E 5541 o]l A5, oA &4
mph ©]% X 20mph w9kl
Aphol| A AbaiAl ZbE 7}

o

1=} [e)
T/BIE

g g% g

I

=

T
hY

¢

PO b

R

Kol

=
[e]
e

[

Chu(2013)= 2005Lﬂ~2011wl ok
EA }1 By 2 A}Ltﬂ 19E 7]

A glo] Eﬂﬂ H%

puy

CHN2d, M4z, 2020



Prato and Kaplan(2014)9] Aol e B2 AFaLA]
7be 245 93] 20029%-E 201197404 dlwka vl
A wA R w2 Abard| ol Elol] 24| AE] 3

ARNE A8
ST #4243}, wEeka /1]l Al A, B2 A
P&} B A%, oR7e] BAT AFR) A, n
A A AR A, Am S AR A ApaA 7
%7} ol ACR YRt £, of AFo)A e v
2 A BAAAAES EAskgled], B A0
Azt SR FEY A9, AN 4, A
£ Fel A WS el Ag, B2 Adsnst &
& A AL RN AT AR A8 AL
01'1“4— (6)
AT

Feng et al.(2016)9] A4+ 200611~20101d
F¥ BIFA(Buses Involved in Fatal Accidents) ©]o]
Holl &A1Y 2ARYS HEsto] = o] o2 §3 ¢
A digk W2 AR E 9] 2L
th o] Ao 244 13 B YHESRE K-3

Jes

3

(2

Ql
ol
ok
¥
o o

N
E
>

- O{N'
b gt
o
> 0
7 AP
o k1

K

ot
ftl
=]
off

flo o xL
5 -
ro,
|o
fil
ol

oo U

2w
R

K
]
)
2
Nrfr
o

o
)
oflt

i

N,

td

o

o

il

>

=1

>,

N)

ki

t al.(2018)2] Aol W AlAlZE o
ol =& 98l 2011d~2015\d 0 7} okl 9]
BRRI(Building and Road Research Institute)ollA] <=3
k2 B rU 2 AL olHE SAY EARYS
g3to] EAGITh 1 AR, T HA ARaSl A
2 5 e nAdA] =29 A, ofgh Ay Aparg]

I
o [e] (O3 =
A5, AE =l A Fol

b

Floon HTomi

-
e
ol

F 2018)& 20101~20141 9]

AP EA A 2B (TAAS) 2]

2o 2EA FEd

Ho
o:

&
jia)

[>

Ll
A

oo

Mr 2kl
(o
P

0,
o ox 3y 1 o ol
ol
=
2

>~ o r
tlo e to

of
o,

Hd ot fo O of
T

_|_‘
o
oot i

N
-

A
k1
b
6=
oy
=

=)
rlr

P> 0% o [ b oS = of
Mo
L

>~ oi o
1% o

o o o
=

>,

o ot N

=
[~
>

2 e
f }
od rlo

o
i =
rE
< i
fr
_O‘L
=
il
fu

(ot
oo
ol
2
>,
k1
o>
)
b

o 1
ogh
o

30
32
)

] Abardo] Bl 201811~2019 1
AbadlolE F WA sk K95
FzRle] Z3te 1,41671¢) Akt o)

EI‘U>'

>

AL Z s A F3= Akl 422] H]-&(Repair Cost) 0. & &F

o 758 dlolBe Ao AF#ke] <#2]71XH(Repair Term),
FAAN/a1E- A 9] 5] M2 3E(Type of Bus), 7}

[}

al/1)8] 5o Atz A o F-(Responsibility of Accident),
AbaL G 7)1/ el (Weather) 2 = 38l (Road Surface),
kA Ak 59 ARaLR-E (Type of Accident), 7
22 ZF(Other Party), AFsxbd &% &/ A K/
B2 5o Aba =2 3 (Type of Road), #A41/x 4}
2274 59 A A4 73 (Location Type), 3}
& 2.9 $(Number of Crash Points)o]t}, Z 53 &
2le] 54% dloly 75 7] Table 13 2t}

T B9 AR el 2 A8 79 o] %, Fig. 13} 2o
AH/EH/FHE 1070 2 el WAas
Fod, SHEZ A

gelste] 12} S&
tole ] & F-9)
} Fig. 19] 1, 2, 3¢l
& 59171 Fig. 1¢]

o
2=
1=R=]

BB o

re
B
e
rg
Hz

SNy

|\
6=

Qo
>~

£ o
>,
k]
=
o
v
lo

N
=
()
i

d

=
o
vk
i

N
>~
=
fd

-
o
ol
32

o
2L
=)
dr
>
kl
rie

o o HJo o it
ofl O oft O o [}

2
>
Rz
rr Ho

N

ol
rlr
>,
=
[y
=
Jr
[

41



Table 1 Criteria for Classification of Variables
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Table 2 Results of K—means Clustering Analysis of Collision Part Types

Cluster Mean

Variable Classification Cluster 1 Cluster 2 Cluster 3 Cluster 4 Type
N 31 610 5 114 None

Repair Cost 11,299,428 995,306 28,439,064 4,025,939 Continuous

Type of Bus 1.32 1.33 1.00 1.23 Categorical

Responsibility of Accident 0.52 0.57 0.60 0.52 Categorical

Weather Condition 0.10 0.14 0.00 0.15 Categorical

Front Road Surface 0.19 0.34 0.20 0.25 Categorical

Type of Accident 0.26 0.22 0.00 0.25 Categorical

Other Party 2.39 2.96 3.40 3.49 Categorical

Type of Road 0.74 1.00 0.60 0.86 Categorical

Type of Location 1.32 2.08 1.40 1.60 Categorical

Repair Term 15.13 0.56 46.40 4.82 Continuous

Number of Crash Points 4.48 1.79 7.00 3.01 Continuous
N 5 22 276 60 None

Repair Cost 28,439,064 12,013,867 932,070 5,020,744 Continuous

Type of Bus 1.00 1.36 1.32 1.08 Categorical

Responsibility of Accident 0.60 0.55 0.58 0.67 Categorical

Weather Condition 0.00 0.09 0.11 0.20 Categorical

. Road Surface 0.20 0.23 0.37 0.22 Categorical
Mid_Front ; ;

Type of Accident 0.00 0.18 0.38 0.23 Categorical

Other Party 3.40 2.27 2.53 3.47 Categorical

Type of Road 0.60 0.82 0.98 0.97 Categorical

Type of Location 1.40 1.27 2.32 1.25 Categorical

Repair Term 46.40 15.86 0.64 6.53 Continuous

Number of Crash Points 7.00 4.36 1.78 3.62 Continuous
N 43 4 317 10 None

Repair Cost 3,241,574 27,723,868 721,717 9,882,480 Continuous

Type of Bus 1.26 1.00 1.32 1.30 Categorical

Responsibility of Accident 0.72 0.50 0.47 0.50 Categorical

Weather Condition 0.14 0.00 0.11 0.10 Categorical

. Road Surface 0.19 0.25 0.38 0.20 Categorical
Mid_Rear - - .

Type of Accident 0.23 0.50 0.54 0.60 Categorical

Other Party 2.77 4.25 2.96 2.80 Categorical

Type of Road 1.00 0.50 1.11 0.80 Categorical

Type of Location 1.49 1.25 2.37 1.00 Categorical

Repair Term 3.56 37.75 0.56 13.60 Continuous

Number of Crash Points 2.86 7.25 1.49 5.10 Continuous
N 34 9 2 286 None

Repair Cost 4,286,073 14,017,341 33,303,500 844,444 Continuous

Type of Bus 0.97 1.22 1.00 1.26 Categorical

Responsibility of Accident 0.76 0.67 1.00 0.53 Categorical

Weather Condition 0.09 0.00 0.00 0.07 Categorical

Rear Road Surface 0.35 0.00 0.00 0.41 Categorical

Type of Accident 0.41 0.44 0.00 0.37 Categorical

Other Party 2.76 2.44 3.00 2.73 Categorical

Type of Road 0.76 0.89 0.00 1.13 Categorical

Type of Location 2.50 1.22 2.00 2.89 Categorical

Repair Term 5.21 17.78 34.50 0.66 Continuous

Number of Crash Points 3.41 4.89 6.00 2.27 Continuous
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Table 3 Results of Frequency Analysis for Variables

) o Collision Parts
Variable Classification - - Type
Front Mid_Front Mid_Rear Rear
N 36 27 14 11 None
. 13,679,933 15,055,570 14,980,019 17,523,915 .
Repair Cost Mean (std) (6,900,733) | (7,365,550) | (9,574,679) | (9,109,346) | ontinuous
Red Bus (11) (8) (4) (4)
Type of Bus Intra—City Bus (4) (3) (3) (1) Categorical
Express/Intercity Bus v(21) v(16) v (7) v(6)
. Assaulter of Accident (17) (12) v(7) (3)
Respons.lblhty Victim of Accident v(19) v(15) v(7) v(®) Categorical
of Accident
Under Investigation (0) (0) (0) (0)
Weather Clear/Cloudy v(33) v(25) v(13) v(11) )
" Categorical
Condition Snow/Rain/Fog (3) (2) (1) (0)
Dry/Paved Road v (29) v(21) v (11) v (11)
Road Surface | Wet/Freezing/Under Construction (7) (6) (3) (0) Categorical
Parking Garage (0) (0) (0) (0)
Vehicle to Vehicle v(32) v(25) v(10) v(9)
Tyge of Vehicle to Pedestrian (0) (0) (0) (0) Categorical
Accident
Vehicle Only (4) (2) (4) (2)
Passenger Car (3) (3) (2) v(3)
Bus v(11) (7) (1) (2)
Truck v(11) v (9) v (4) (2)
Other Party Motorcycle (0) (0) (0) (0) Categorical
Others (2) (2) (1) (0)
None (4) (2) v(4) (2)
Unidentified (5) (4) (2) (2)
Motorway v (21) v (15) v (8) v (6)
Type of Road Urban Road (4) (3) (2) (2) Categorical
Local Road (11) 9) (4) (3)
Main Line (12) 9 v(7) ¥(5)
Intersection (5) (4) (D (0)
Merging/Diverging Area v (16) v(12) (5) (4)
Type of Bus Stop (1) (1) (0) (1 —
Location Hazardous Route (2) 1) 1) 1) g
(Tollgate, Tunnel etc.)
Parkmg Ga.rage/Termmal/ 0) 0) 0) 0)
ervice Area
Others (0) 0) (0) (0)
. 19.47 21.52 20.50 20.82 .
Repair Term Type of Road (15.20) (16.53) (17.61) (10.92) Continuous
Number of . 4.83 4.85 5.71 5.09 .
Crash Points Number of Crash Points (1.92) (1.73) (2.55) (2.74) Continuous
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Table 4 Representative Bus Crash Situation

Collision Parts

Variable - -
Front Mid_Front Mid_Rear Rear
Type of Bus Express/Intercity Express/Intercity Express/Intercity Express/Intercity
Responsibility of Accident Victim Victim Assaulter or Victim Victim
Weather Condition Clear/Cloudy Clear/Cloudy Clear/Cloudy Clear/Cloudy
Road Surface Dry/Paved Road Dry/Paved Road Dry/Paved Road Dry/Paved Road
Type of Accident Vehicle to Vehicle Vehicle to Vehicle Vehicle to Vehicle Vehicle to Vehicle
Other Party Bus or Truck Truck Truck or Object Passenger Car
Type of Road Motorway Motorway Motorway Motorway
Type of Location Divlt\e/i;i;nggrea Divgzrif;ng/(rea Main Line Main Line

4.3. AARL tlolE Abe| g2l At AtardelHE HagEsRddE E7etdiaL, A4
76071, SHEAE 36370, SHESY 3747), THE

Table 4914 AJA S WA E5FHH Ul Aba/d3e] 33170 dloJHZ &/
gk HALL HioJBl & gRlsto] ALdEs HEAo0R 7 dolHE 7o R 7t MAaFgERYdd dis)
A8kl K-t 74248 AAIEIT AT EREE 7
& Bo], AW F3o /e AxaE Folshd BA Ay} 7 f3o FHS WA AuAZE A% 1
w2 2k A A S Al abge] S EREG 1T A P HEE VFoE REHASS AT 7 UM
AZ(MAAE2Z) 8 5 2428 Fasid Wy~ o dHRe 3170, 6107, 570, 114709 dHolH= ++3
TP IARRE A2 F Alsete Abaakke] g o FAHN T, SRS 570, 2270, 2767), 6071<]
o] FnE FET Aot WA s Abaxk HloHE o] FAEUAL, SHEFFHS 4370, 471,

2ol 1ELRE 23 &

gEo] AnAF F0|2

E3fo] Abarxpsko] WAl 3470, 970, 270, 28670¢] HlolE|Z o] AT}

931, 63 AAFED ololdl Aol A WA 4 K-WF 2ATA AAE N0 UE WAFER
Fo Audge] nErEge] 1428 24 F, 242 P 432 4ol AN NE MAFERY B
g FYoE ASu 2t IARE FRZAY olF A A AASHE vk et 2k AAE, w2e A
Fofo] Aol ASlM FUIE FEW AngPe]l  HAEA S AT FUE AEED Y nERET 5
o} olgat o] Atw dolE|E HAste] thE Aol AFAASEER o) BA Ei FRYERY FHE
offl Felol AnE WAHEA AR 4L AET A Toleks Jolth meb, BT FaMs AE
% ik, WOk AT A TEED ¥ AEFET P2 FPee 5
el gl QR Al Yok AA SR Fobd e 5

5.4 2 o & Ao BEHh A 43 F i Aw, F
W SR stel BASH:E AndwE, FAARIA

B QoA 20189~20199 SE W2 sk B 7h Sk ARG} ol s ARl XSk Sy
91 Ale] ZE L416709] W 5] e vls A o thE oAl mygel ol FolAo} & Aoz wutEth
HolHR Agete] E S5 AL BHAGT ¥ BAR AWNATI} e w2 5Y0] 1%/A 9 20
qggomt K- FATA PHES BESQ. £ ROk B4, Favlae F2 AUNA 1S 9F
A a0 Aba Al FEl Ak Mz 8 P 2 EYST Qo FF nd/AH 2 wdoE $2
2, A4 B o, Ve, Al g d, g w2 299 Agelth ueby, Saw e w4y/A)s)
A B7, 40 B2 59 0 AH 5 52 A4 e el R ggah) e HAE A webs A
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