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ABSTRACT

PURPOSES : This study was conducted to develop expressway safety treatments based on the analysis results of older driver behaviors
through literature review, surveys, and driving simulator experiments.

METHODS : In this study, three analyses were conducted: surveys of 700 older drivers to find the risk segments they recognized, driving
simulator experiments with older and younger drivers to investigate driver behaviors, and expert surveys to find the priority of expressway
safety treatments for older drivers.

RESULTS : Through survey results it was found that merging areas and tunnels were identified as the most dangerous areas, and more
dangerous older driver behaviors were observed on those expressway segments in the driving simulator experiments. In addition, the priorities of
safety treatments for each segment of expressways were decided based on expert surveys.

CONCLUSIONS : It was concluded that choice and concentration strategies of expressway safety treatments for older drivers should be applied
as perceptions regarding dangerous spots and older driver behaviors, including geometric designs, safety facilities, regulation, and institutes to
improve expressway safety.
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Table 1. Accidents of Older Drivers on Roads &

Expressways Accidents (2012~2016)
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Table 2. Previous Studies Regarding Improvement
Geometric Designs for Older Drivers

Characteristics Improvement of

of older drivers Authors geometric designs
Perception— | Park J.G. ) ) .
response time | (2008) Expansion of sight distance
s | et o omater
(1997) Y 9

passing

Kim et al. | Expansion of acceleration/

Poor judgment | (2009) | deceleration lanes
Jung et al. morovement of mering areas
(ot |MP ging
Ji W.S. o
(2003) Improvement of diverging Areas
P | i i horizona
(1997)
curves
Poor driving Solomon. D.| Expansion of roadway shoulder
performance

(1985) | width

Park J.G. | Expansion of min. radius of
(2008) | curve in horizontal curves
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Table 3. Previous Studies Regarding Traffic Safety
Countermeasures for Older Drivers

Characteristics
of older Authors
drivers

Improvement of traffic safety
facilities

Visibility Kim et al.
deficiency (2009)

Improving road markings of
acceleration/deceleration lanes

AAA
Foundation
(2006)

* Improvement of lighting
* Improvement of road markings
& VMSs

FHWA
(1997)

* Improvement of lighting
arrange ment & intensity

« Setting location, size, contents,
etc of signs to Improve driving
performance

TRB
(1988)

Setting reasonable brightness of
signs

TRB
(2004)

Expansion of symbols

Kim et al.

Poor driving (2009)

Expansion of size & height
(signs)

performance
Park J.G

(2008)

Expansion of lighting length

Jo et al.
(2009)

* Improvement of safety facilities
at ramp gores

* Improvement of road markings

* Improvement of merging areas
& diverging Areas

Jung et al.
(2011)

Setting reasonable brightness of
road markings & signs

Ji WS,
(2003)

« Improvement of night lighting
* Improvement of lighting at
tunnel exit/entrances

* Expansion of size of signs
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Table 4. Samples of Driving Simulator Experiments

Young drivers Older drivers
Age - : - - Sum
20s | 30's | 40's | 65~70 | 70 s~
# of 6 | 11| 3 | 12| 18 | 60
Participants
mojEYA

d E2e 2o AAE At 1%
7

= O
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Fig. 2 The Scenario 1 of the Driving Simulator Experiment
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Fig. 3 The Scenario 2 of the Driving Simulator Experiment
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Table 5. Results of Surveys to Danger Sections
among Expressways

| Tol .| Dever Rest
Classification| i, (Merging | “i ' |Ramp|Tunnell o | Sum
Responses 56 | 220 | 127 | 119 | 141 | 37 | 700
(persons)

Percentage

(%) 8 31 18 17 | 20 5 | 100

Rest area, 5%
Toll gate, 8%
Tunnel,20%

Merging, 32%

Ramp,17%

Deverging, 18%

Fig. 5 Results of Surveys to Danger Sections among
Expressways
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Table 6. Average of Driving Attributes for Each Section

Speed Operation of Velocity of
(km/n) handle handle

Old |Young| OIld |Young| OId | Young

Classification

General |54.56|84.91|0.001|-0.003| 0.001 | 0.001

Tollgate  |56.06 | 65.10 |0.007| 0.004 | 0.006 | 0.006

Curve 76.12 1 86.5710.023| 0.031 | 0.021 | 0.020

Merging areas| 54.21 |68.59| 0.012 | 0.008 | 0.014 | 0.010

Distance
between vehicle
& lane median

Old |Young| Old |Young| Old | Young

Intension
of axle

Braking

Classification intension

General |0.392|0.5121/0.062|0.0081| 0.045 | 0.2358

Tollgate 10.340|0.304|0.061| 0.049 | 0.654 | 0.492

Curve 0.304|0.324|0.025| 0.009 | 0.658 | 0.590

Merging areas| 0.310| 0.281 |0.070| 0.052 | 0.926 | 0.16
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Table 7. AHP Weight to Analysis

Evaluation items

Weight

Upper level Lower level

Average weight
Time to advance, Installation| 0.137
& operation cost

Ease to progress
constructions

Questionnaire Grades by response for

0.355
survey results dangerous cause
Guidance facilities
Safety facilities
Expert survey results 0508

for each section Geometric designs

Law (Education)

TEER ARE A shAIY EEa
FUAE, ERMAAY, mRAA, HA RS9
7Vs A 2AF Aib= v Table 83 2t}

Table 8. AHP Weights of Safety Improvements for Each

Section
Improvement| Toll Mer |Dever Work
SlEm gate Curve ging | ging Ramp| Tunnel S
Guidance | 17716 065/ 0,131 |0.138|0.073| 0.146 | 0.280
facilities
Safely | 4351078 0413|0120 | 0.188| 0.212 | 0.114
facilities
Geometric |, 43610 903/ 0.219|0.219|0.192 | 0.114 | 0.058
design
Law
. 10.063]0.042|0.045|0.030|0.055|0.036| 0.056
(Education)
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Table 9. The Priority of Countermeasures in Tollgates

. SRz Countermeasures Priority
improvement
Installation of direction signs 1
Safety for each lanes
facilities Expansion of road marking to 1
separate hi-pass & general lanes
Expansion of lane width
Geometnc Expansion of tollgate—lane width
design
Expansion of shoulder lanes 2
Law Active education about a driving 5
(Education) way near a tollgate
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Table 10. Priority of Countermeasures in Merging Areas

B Countermeasures Priority
plan
Providing information to be >
Guidance careful merging
facilities Adjustment of spacing road 4
markings
Increasing distance of 1
Geometric acceleration lanes
design Increasing distance of i
acceleration lane’s tapers
Law Research to improve distance of
. . 3
(Education) acceleration lanes (taper)

IC AEF(ERFF) HtelA e A7 2-de9]
2 =23 Ay &2 2 goly Zo|E sl
Heto]l 1912 EA =gl 3, IC & Ak A
9 ARG FHl, &R 1t AR deprd £o%
WMol Hagt AoR Yyttt ol TRt 2
o] W2 H-§3} A7to] A EHete FEARE S
e E2AA REY $aE0FsA 0.219)7F =71

Table 11. Priority of Countermeasures in Diverging

Areas
IEOEmE Countermeasures Priority
plan

Guidance Improving font of direction signs

facilities | improving legibility of direction signs

Improving lane of deceleration lanes
Expansion of coloured pavement in >
deceleration lanes

Sa‘f.e‘ty Intension of delineator(lightning) 5

facilities at ramp gore to diverge

Adjustment of spacing road marking
Improving ramp gore to diverge
Increasing distance of deceleration 1
Geometric lanes
design Increasing distance of deceleration 1
lane’s tapers
Law Research to improve distance of 6
(Education) deceleration lanes (taper)

AAZ FroA o AT FAEHE =5t 2
3 ANGEEA 744 2 7] 24 deto] 1k9]2 &
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Table 12. Priority of Countermeasures in Ramps

Ll Countermeasures Priority
plan
. Providing information to guide in 5
Guidance worsening weather conditions
facilities ; . .
Installation of WrongWay signs 7
Adjustment of spacing(sizing) road 1
markings & delineators
Sa‘f-elty Installation of surface freezing >
facilities prevention facilities
Expansion of lightning
_ Expansion of lane width (shoulder)
Geometric
design Increasing distance between 6
tunnels and ramps
Law Expansion of campaign & education 7
(Education) | keeping to the speed limit in ramps
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Table 13. Priority of Countermeasures in Tunnels

Improvement

Countermeasures Priority
plan
Providing horizontal alignments of 3
tunnel before entering tunnels
Guidance — - -
tacilities  |Providing information of IC or bridge

installed near tunnel exit before 3
entering tunnels

Installation facilities to enhance
visiblility in tunnels

Safety Improving lightning maintenance in 1
facilities tunnels
Improving brightness at tunnel exit 5
/entrance
) Avoiding installation IC after exiting 4
Geomemc tunnels
design - -
Expansion of lane width (shoulder) 6
Law Research to improve lightning
. . 5
(Education) in tunnels
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Table 14. Priority of Countermeasures in Work Zones o o - e - - ° _ ©
9 AR AERAE B 2A-EAT A9E V)2
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Imprgl\;enment Countermeasures Priority THER AFPE (R4, IC AEdR, e, dE
2, FART FARIHE MY A $4e9E =
) Providing information using VMS or = = - - -
Guidance LCS in work zones 1 S5t AlFhE ZF A A XA 7], A
facilities = = o =
Installation of signs at shoulder lanes| 1 %‘, AFAZE A2k '?*]'du"o, A7 oS e stod
Improving standards of rubbercone | 2 R E B2 A4S =& 2 A9 9
Improving lightning in work zones 3 97} it}
Safety Enhancing visibility of delineator 3 EN=-] H]“?‘:[LZ_]'% 7H/?jEHi—Hg] —?‘/L?:-?‘] 24 A
facilities Removing unnecessary safety 7 QIAL e ol EAT W LHEA = vaw
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Table 15. Priority of Countermeasures in Horizontal Curves PAAIA, =2 EMAIAL HAE HAAS =9
Improvement stal FR5k=t 2 A4S S8 = S AR AR
Countermeasures Priority
plan =
Installation of delineator 1 '@f}j, i) ?j:[l—“:— 7]%%:4’ g%}‘}\h E—O/]—?—@BQE
Enhancing visibility of delineators 1 _ _ . -
Safety : - : A A9E ggsto] Add S nts e, B4
facilities Installation of longitudinal rumble strip 3 o Mo _ B o oo ~
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Enhancing intensity of light of lanes | 3 Al 53 &Aool i}, S AE Fal A AE &
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in horizontal curves . 91 & = -
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sight distance in horizontal curves
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