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ABSTRACT

PURPOSES: The bridge section of the expressway has a worse driving environment than the general section. However, traffic safety
countermeasures are focused only on the bridge section. Traffic safety countermeasures on the section before entry to the bridge and the section
after exit from the bridge are applied only when the bridge has a long-span section. Accordingly, this study will verify the necessity of
extending the application of traffic safety countermeasuresto areasthat are affected by the bridge.

METHODS: This study determines the areas that are affected by the bridge as well as the areas that are affected by locations with frequent
traffic accidents and suggests the risk factors by affected areas through canonical discriminant andysis. For the anaysis, traffic accident datafor
3 years, which occurred on bridge sectionsin six major expressway lines, were used.

RESULTS: The numbers of traffic accidents were 469 before the bridge, 281 on the bridge, and 468 after the bridge. The variables that have
impact on the seriousness of accidents are as follows. gpeeding, excess manipulation of the steering whedl, and failure to secure safety distance
for accidents that occurred before the bridge section; speeding, excess manipulation of the steering whedl, and dozing off for accidents that
occurred on the bridge; and speeding and failure to secure safety distance for accidents that occurred after the bridge section.

CONCLUSIONS: Aress affected by the bridge show higher accident rates than the bridge section; therefore, imposing traffic safety
countermeasures on the integrated section of the bridge and the affected areas is required. It is believed that the results suggested in this study
could be effectively used in the prevention of traffic accidents by imposing custom-made safety countermeasures for each section.
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+ Safety Countermeasures
by section

+ Risk factor by section

function
= Digcriminant analysis by

» Canonical discriminant
section

+ Variable selection
» Significance test

Fig. 1 Flow Chart
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Table 1. Guideline (General bridge)

Division

Detailed contents

Attach—type raised
pavement markers

* This type of marker is attached to the road surface using adhesive without a pole. It shall be
installed at locations that are frequently in contact with motor vehicles, such as bridge sections,
tunnels, and centerlines / traffic lanes of one—-way, one-line roads.

Structure paintings
and oblique line
markers

* Bridge pier and abutment shall be painted in a proper oblique direction in accordance with
vehicle driving direction. Visual guide sticks would lead motor vehicles at bridge piers and
abutments to prevent collision. Oblique line markers shall be installed before the bridge to clearly
indicate driving lanes for motor vehicles and prevent the collision of motor vehicles with
structures, such as bridge name posts.

Local lightings

« Lighting facilities shall be installed at bridges, crossings, multilevel crossings, places where road
widths and road lanes rapidly change, bus stops, stores, parking lots, and resting areas so that
drivers would clearly know the existence of such special places and the road lane around them.

Protective fences

* Protective fences shall be installed at required locations before and after bridges and tunnels. It
will be installed when continuous installation of protective fences would be more effective than
installation of guardrails on a bridge. It will be installed at required locations around a bridge.

Crash » Shock—absorbing facilities shall be installed at locations with high risk of accident among
cushions locations with risk of motor vehicle collision.
) * On a bridge, protective fences, which prevent motor vehicles from getting out to pedestrians or
Guardrails ) - ) ) . . ;
outside bridges, and guardrails, which prevent bicycles from falling, are installed.
» Curbs are installed at the boundary between motor vehicle roads and pedestrian roads or at the
Curb end of the widths of bridges to prevent motor vehicles from getting out of bridge surfaces or

motor vehicle roads.
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Table 2. Bridge of Main & Expressway Line

(unit : round trip km)

Gyeong | Seohae | Jungbu
bu an naeruk

Yeong
dong

Total | 8322 | 681.6 | 5312 | 665.0 | 5774 | 4688
Bridge | 51.1 935 98.1 91.9 76.9 522
Rate(%)| 6.1 13.7 18.5 13.8 13.3 1.1
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Fig. 2 Length of Main 6 Expressway Line
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Table 3. Crash by Crash Severity

Kl

i3
ox J
>,
=)
%

N

N
= ox
ofth
o
jubut}

o
N

o rr
ox Q
ar 18 ol
o T

— 1o

1

O

c

>
L

)
<

o L
2
|o
<
=]
off
>
ko
R
N

>
>
QL
o
El
ol
_E_I‘
El

o %
-
o
=
>
iz
oX
ot
El
off
>

of
2w

__c_‘bg

T

Accident
severity

Total Entrance

Bridge

Exit

4(0.3%) 1(0.2%)

1(0.4%)

2(0.4%)

190(14.4%) | 88(15.5%)

55(19.6%)

47(10%)

1,124(85.3%) | 480(84.3%)
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Table 4. Crash by Horizontal Alignment

Division Total Entrance | Bridge Exit
i morseoéha” 16(12%) | 305%) | 621%) | 7(1.5%)
e 'esgotga” 219(16.6%) [106(18.6%)| 41(14.6%) | 72(15.4%)

Straight  [842(63.9%)348(61.2%) 195(69.4%) |299(63.9%)
" mogzgha” 1612%) | 122.1%) | 2007%) | 2(0.4%)
eanve Ies;otgan 205(17.1%) | 100(17.6%) | 37(13.2%) | 88(18.8%)

Total 1318 | 569 281 468
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Table 5. Crash by Vertical Alignment

Division Total |Entrance | Bridge Exit

less than

39 55(3.8%) | 24(4.2%) | 13(4.6%) | 18(3.8%)

Uphill

more than

3% 432(33.6%)|182(32.0%)| 93(33.1%) [157(33.6%)

Flatland 448(33.8%)| 192(33.7%) | 98(34.9%) [158(33.8%)

'esz;ha” 347(26.9%) 154(27.1%)| 67(23.8%)[126(26.9%)

Down °

& morgo/:ha” 36(1.9%) | 17(3.0%) | 10(3.6%) | 9(1.9%)

Total 1318 | 569 281 468
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Table 6. Crash Causes

Total Entrance Bridge Exit
Division Cause (component (component (component (component
ratio) ratio) ratio) ratio)
drowsy 348 (26.9%) 150 (26.4%) 65 (23.1%) 133 (28.4%)
_ excessive handing ofa | o3 | 1559 95 (16.7%) 42 (15.0%) 76 (16.2%)
Driver steering wheel
negligence in keeping eyes |7 | (1349 75 (13.2%) 4 (14.6%) 61 (13.0%)
forward
speeding 309 (23.4%) 129 (22.7%) 65 (23.1%) 115 (24.6%)
Viojai safety distance 47 (3.6%) 17 (3.0%) 12 (4.3%) 18 (3.9%)
iolation
improper passing 27 (2.0%) 12 (2.1%) 4 (1.4%) 11 (2.4%)
drunk 23 (1.8%) 11 (1.9%) (1.8%) 7 (1.5%)
Vehidl tire defect 73 (5.5%) 36 (6.3%) 16 (5.7%) 21 (4.5%)
ehicle
car defect 46 (3.5%) 21 (3.7%) 15 (5.3%) 10 (2.1%)
Other 55 (4.2%) 23 (4.0%) 16 (5.7%) 16 (3.4%)
Total 1,318 546 265 452
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Table 8. Statistics and Homogeneity Test

Variable Process variable

Dependent variable crash severity crash level

Standard| Wilk's

deviation| Mambaa) L MR/l

Variable Avg.

@ straight, @ curve
radius < 500m,
® curve radius> 500m

horizontal

Geom |horizontal| 1692 | 0533 | 0999 | 0811 | 0.368

etry | vertical | 2.987 | 0923 | 1.000 | 0.335 | 0.563

Road Factor )
@ downhill < 3%,

@ downhill > 3%,
@ flatland, @ uphill <
3%, ® uphill > 3%

vertical

Weath |rain/snow

0.254 | 0436 | 0.997 | 3.468
er /fog

0.063*

0 : otherwise,

Environmental Factor e
1 : rain/snow/fog

rain/snow/fog

: otherwise,

drowsy ! drowsy

: otherwise,

speeding . speeding

: otherwise,
: excessive handling
of a steering wheel

excessive handling
of a steering wheel

- ol o|— O

negligence in |0 : otherwise,
Human Factor keeping eyes |1 : negligence in
forward keeping eyes forward
safety distance 0: othervwse,
1 safety distance
0 : otherwise,

IMproper passing 1 : improper passing

drunk 0 : otherwise, 1 : drunk
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drowsy | 0.290 | 0454 | 0.996 | 4903 | 0.027**

speeding| 0.257 | 0437 | 0.988 | 14.482 | 0.000**

excessive
handling
of a 0.178 | 0.383 | 0993 | 7.857
steering
wheel

0.005**

negligence)
in keeping
eyes
forward

Cause
0.148 | 0.355 | 0.998 | 1978 0.160

safety

Kk
distance ROk

0.039 | 0.194 | 0.995 | 5980

improper

) 0.023 | 0.149 | 1.000 | 0.350 | 0.554
passing

drunk | 0.019 | 0137 | 0999 | 0.792 | 0374

* 99% level of confidence, ** 95% level of confidence

59 7 TR AR 9F
S WAL R0 WAL FAAAE BE] 5 RA

Table 9. Test of Homogeneity in Entrance Section

of Bridge

) Standard| Wilk's
Variable | Avg. deviation| Lambda F-value | p—value
Speeding| 0.257 437 0.988 | 14.482 | 0.000**
Salely | 5039 | 04194 | 0995 | 5980 | 0015
distance
Excessive
handling

of a 0.178 0.383 0.993 7.857 | 0.005**
steering

wheel

Drowsy | 0.290 0.454 0.996 4903 | 0.027**
Weather | 00.254 | 0.436 0.997 3.468 | 0.063*

* 99% level of confidence, ** 95% level of confidence

ror

=285 =27 - Ml163 ®es 155



o), L AN ALAZEe dge u]x
Table 99} o] T4, eHaAZlujghn, A5z
28 7RI 2/ W27k M52 95% o

i
(&
i
rr

od
tlo

o
>
rir
e
>

—3
o
=
o

H
o
3
é
>
ot
=
o
IOm\I
s o
i_\}io&
£ &
=
o
H
5 2
sy Lo
ﬁrlr
23

lo

rO l'm
@ A
ouE o EN

1=
&

I
o
rol'
il
_k:zl
fu)
BN
2

Table 10. Test of Homogeneity in Bridge Section

) Standard| Wilk's
Variable | Avg. deviation| Lambda F-value | p—value
Speeding| 0.261 0.440 0.986 3.493 0.063*
Saely | 6048 | 0215 | 0996 | 0922 | 0338
distance
Excessive
handling

of a 0.169 0.375 0.993 1.786 0.183
steering

wheel
Drowsy | 0.261 0.440 0.990 2.614 0.107
Weather | 0.205 0.404 0.999 0.228 0.634
* 95% level of confidence
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Table 11. Test of Homogeneity in Exit Section of Bridge

. Standard| Wilk's
Variable | Avg. deviation| Lambda F-value | p—value
Speeding| 0.260 0.439 0.993 2.840 0.093*
Salely | o041 | 0199 | 0975 | 10.918 | 0,001
distance
Excessive
handling

of a 0.175 0.380 0.994 2.567 0.110
steering

wheel

Drowsy | 0.306 0.461 1.000 0.067 0.796
Weather | 0.228 0.420 0.998 1.071 0.301

* 99% level of confidence, ** 95% level of confidence

2 Uehe,

Table 12. Analysis of Canonical Discriminant Function
and Structure Matrix

Entrance section | Bridge section Exit section

Division | Coeffi |Structure| Coeffi |Structure| Coeffi |Structure
cient | Matrix | cient | Matrix | cient | Matrix

Speeding| 0911 | 0655 | 0782 | 0.652 | 0.683 | 0.481

Safety
distance

0231 | 0421 | -0.215 | -0.335 | -0.566 | -0.747

Excessive
handling
of a 0763 | 0482 | 0624 | 0466 | 0633 | 0.362
steering
wheel

Drowsy | —0.147| -0.381 | 0.148 | 0564 |-0.438 | -0.058

Weather | 0.019 | 0321 | 0268 | 0.166 | 0265 | 0.234

Wilk's
Lambda 0.972 0.68 0.957
X? 33.216 8.009 19.035
P-value 0.000* 0.156 0.002*

* 99% level of confidence
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