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ABSTRACT

PURPOSES : The causes of traffic accidents can be classified into the factors of highway users, vehicles, and driving environments. Traffic
accidents result from the deficiency in single or combination of these three factors. The objective of this study is to define the “potentially
hazardous sections of highway” in terms of traffic safety considering these three factors.

METHODS : The test drivers performed repeated driving on these highway sections. The drivers and passengers recorded the sections on
which the driving was uncomfortable, and the speeds on the sections excluding the uncomfortable sections were used for the development of
the model.

RESULTS : The model is composed of three sub-models for each of the horizontal curve, tangent, and the section where the curve
starts/ends. The safe driving behavior coefficients by the horizontal curvature were derived by comparing the maximum operating speeds at
which the vehicle may slide or deviate and the speeds at which the drivers feel comfort. The safety speeds on tangent were derived by the
length of tangent section considering the driver's desired speeds under the traffic condition on which the drivers hardly influenced by the other
vehicles. For the sections where the curve starts/ends, the driving behaviors were classified by the distances between the curves, and the safe
acceleration/deceleration speeds were derived on which the drivers enter/exit the curve sections safely.

CONCLUSIONS : Safety speed could then be regarded that the model suggested in this study may be useful to define the potentially
hazardous highway section and contribute the improvement of highway safety.
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Fig. 1 The Contents of This Study
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Table 1. Measurement Item of Experiment Equipment

Key Features Measurement ltem

G-Sensor | The Lateral/Longitudinal Acceleration(unit : G)
Yaw Rate Rotation Speed(unit : deg/sec)
GPS Module Location of Vehicle(Latitude, Longitude),

Time (unit : sec), Speed (unit : km/h)

Fig. 2 A Intelligent Driving Recording Device
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Table 2. Characteristic of Experimental Road

Four Lane Road | Two Lane Road

Median o) X
Curve Radius 300~1040m 50~500m
Vertical Slope -3.4~4% —6.8~7.9%
Posted Speed 80km/h 60km/h

Traffic Control

Facilities Point of Impact is Minimized

Local Road
No. 387, 741, 749

National Road

Section No. 1, 26, 37
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d3t Art= b Adate] 133} FPLEELE T 2ALO) Table 6. K-S Test Result of Curve Section Speed
zguél__]—_y_ o] L lb] o] ;(]_31:_4 S B =1 EHE._?‘;}E]_E
T L pl pid T il
_ 1 > e e Curve Radius(m)| Mean(km/h) Sfﬂgﬁ;ﬂ p—Value
& 4 9irt
300 66.0 217 0.678*
350 68.2 2.39 0.421*
=77l ' ' '
4.2. £a7 360 69.1 2.39 0.421*
A7l tisfiAE AR ol w2 Qb Sey Y] 400 69.5 374 0.229*
AR, 7V i E ol whE P2y 3 Ala=(w) 420 72.2 4.30 0.769*
£ BEel AFHOR p, WS Fo THPL QA 440 04 | 546 0.707
SES HEH wAR BYof o] At 459 22| 51 0087
o T _ ~ 500 735 3.98 0.271*
QHFAYE AFE A=) SA FANHEE T 530 69.6 817 0141
AHAEY A5t PATS 7 FPLrof fjgt 680 79.9 3.00 0.394*
A Aol AZAx|ojof gith o]ojx EE|F o= ] 700 80.0 4.47 0.370*
TR A ¢kl o|eslA] Qb= £r ol zhzko] Ak 720 81.2 273 0.262*
W sl Qe FASES vmstel Tauo] 780 g1 | 269 0417
_ *
T2 QHAFEHHE A(g)E £E5 "} 2zko] 222 :22 gég 8:22
THEA A FAE T LA wAY 257t sk : : :
jxﬂu};(j] X ’H: F ;O‘Eﬁf o; t OH ° 1005 90.8 5.20 0.998*
ar Z] A T ALC A o B
ATAE 23S /%-l/\]ﬂ?iq Kolmogorov—Smirnov 50 297 88 0707
K-9At2x H24 WS ARttt A4 A% 60 32.1 2.96 0.679*
2 sholspy] ofs) ANe HAL et et 70 3. 416 0.365"
*
AL7Eo) A p«aM 0.05 o] 4o L}%gai 95%A1 2] 4 & A%
Table 5. Independent Samples t-Test Results
Assuming Levene's Equal Variances Test T-Test of the Identity of the Average
Section Equal £ Value ' Degree of Value Mean Standard
Variance P Freedom P Difference Error
NO.1 0 504 A481* 470 58 640* 8514 1.81077
NO.2 0 1.048 .310* 721 58 A74* 1.449 2.00834
NO.3 0 1.088 .301* -1.904 58 .062* -3.68 1.93151
NO.4 X -1.92 50.86 .061* -3.11 1.62189
NO.5 0 2773 J101* -.496 58 622* -.984 1.98333
NO.6 0 381 540* 630 58 531* 1.032 1.63849

* Significant at the 0.05 level
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80 36.3 5.04 0.927* Table 8. Calculated Factors Though Comparison of
90 397 372 0.929* Speeds (Two-Lane Road)
100 42.0 3.84 0.379* Curve Physical Experimental DSiVifng bghavior
* i afety Factor
o ©0_ | am | osr o || | ()
5 50'5 4-18 0'910* 50 29.7 29.7 1.000
48 50'9 2.64 0.789* 60 325 32.1 1.012
s 48.4 5'09 0'923* 70 35.1 35.1 1.000
o 48-7 4.38 0'904* 79 37.3 325 1.148
165 50'1 4.38 0'997* %9 570 %09 10%
. g . " 90 39.9 39.7 1.005
igg :2; 2(1)77 22213* 100 42.0 42.0 1.000
300 61.1 4.58 0'885* 115 451 45.0 1.002
- - - " 120 46.0 458 1.004
2(5)2 :Z; 2‘7‘2 g;zz 145 50.6 505 1.002
00 68.5 4'59 0'914* 148 511 50.9 1.004
’ ’ ’ 150 51.5 48.4 1.064
* Significant at the 0.05 level 151 51.6 487 1.060
165 54.0 50.1 1.078
A AR Foll AN HE Hsta hHg = 200 59.4 56.7 1.048
P22 AReA H1 o2 TATN Bedes 250 66.4 56.6 1173
Qb o} 4k=(Glaser el., 2007)2 H]LTO =4 300 728 61.1 1191
TR 2 bR AR(R)E AEHA B 350 826 00.1 1.374
) m20] Slo] TIE 9 4R E el 9XE Fa 400 84.0 64.9 1.294
L ZHgte] AlEahel 500 93.9 68.5 1.371

Table 7. Calculated Factors Though Comparison of
speeds(Four-Lane Road)

Curve Physical Experimental | Diving Behavior
Radius | Safety Speed | Safety Speed | Safety Factor
(m) (km/h) (km/h) (R")
300 67.3 66.0 1.018
350 72.7 68.2 1.065
360 73.7 69.1 1.066
400 777 69.5 1.118
420 79.6 722 1.102
440 81.4 70.4 1.156
450 82.4 722 1.141
500 86.8 73.5 1.181
530 89.3 69.6 1.283
680 101.2 79.9 1.267
700 102.6 80.0 1.283
720 104.2 81.26 1.282
780 108.5 81.1 1.338
830 111.9 823 1.360
960 120.4 88.3 1.364
1005 123.1 90.4 1.361
1040 125.3 90.3 1.388

Zdoll e PP A(R)E S| shr] $Ist
o] 100m T2 ¥53} 5kt
Table 9. Safety Driving Behavior Factors
by Curve Radius(Rr’)
Four Lane Road Two Lane Road
Curve Radius R’ Curve Radius R’
300~400m 1.049 0~100m 1.039
400~500m 1.128 100~200m 1039
500~600m 1.198
600~700m 1268 200~300m 1.119
700~800m 1.286
300~400m 1.228
800~900m 1.361
400~500m 1.301
900~1000m 1.364
1000~1250m | 1.374 500~600m 1.378
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Table 12. Safety Driving Behavior Factors by

Weather, Road Surface Condition(w”)

l One-Way ANOVA
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( Curve radius x | ’ Vehicle of center { Friction, superelevation
Acceleration of Gravity

__of gravity moving of road

\

l Weather, road ‘
surface condition

@

where, R : curve radius(m) (four lane : R<1250m, two lane : R<600m)
9 : Acceleration of gravity (9.8m/s?
H : Vehicle's center of gravity height (m)
Ly : Distance from the center of gravity to front axle(uphill slope), rear axle(downhill slope) (m)
(uphill slope : —, downhill slope : +)
o : Vertical slope(rad)
W, 1, : Longitudinal coefficient of sliding friction, lateral coefficient of sliding friction
@ : Superelevation(rad)
R, W’ . Safety driving behavior factor according to curve radius and weather, road surface condition
Fig. 3 Safety Speed Modes of Curve Section
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Table 14. Correlation Analysis Results

Previous | Previous | Length Lane |Road Shoulder| Vertical | Tangent
Section Section of Width of Width of Slope of | Section
Driving Curve Tangent | Tangent Tangent Tangent Driving
Speed Radius Section Section Section Section Speed
Previous Section | Pearson Correlation 1
Driving Coefficient
Speed p—Value
i . Pearson Correlation .
Previous Section Coefficient 629 1
Curve Radius
p—Value .000
Pearson Correlation " "
Length of Tangent Coefficient 169 .166 1
Section
p—Value .010 .01
Pearson Correlation . %
Lane Width of Coefficient —-.253 -.027 293 1
Tangent Section
p—Value .000 .683 .000
Road Shoulder |Pearson Qo_rrelation —077 — o082 Dp7*x o46™ 1
Width of Tangent Coefficient
Section p-Value 244 215 .001 .000
Pearson Correlation
Vertica| S|ope Of Coefficient 018 _080 _028 324** 049 1
Tangent Section
p—Value 789 .223 677 .000 457
Tangent Section Pearg%”efﬁ;reﬁa“on 723% | 549 | 670™ 040 105 | -.096 1
Driving Speed
p—Value .000 .000 .000 b44 12 145
ML EE 2 FHs7] 98 & AFolM= sHHS & L010] Aol 5 A4 ol of o] -7k AR of wh
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shleh, ARG PGS EE AFEshedl Qlof ofdE o2 A R REQ v NS5k & WA FEel
b ZAAS EPAZ ol gk o] AT JAAel 9k 19 Aol S Bk HES vste] ATk
1S A FAFLE BT $HAE ThEo AE SRS} HaAE Foltt,
€ 37 sto] =& e 955kl 5fal SAIE o] A7) AL EL 1,2 238E 2 9l Ao 7|
2 AFEFEEETE 52) 75 ATt Wot 55w myo] Exolr) b 74 R HAN o T2 &%
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AN A RIS E G B4 VIR FHle g8l 2 /A muAl R ©E890 TS Eq. (3)
s Bg. ()2 2 2 ol AL AH B2H HAY F}mFPAlolt),
v, - b —Ve) _ ) V=V, 4—o=Ve 3)
1+ b, xexp 1+4.724 x exp
17|, Ve o)A ZAITE QFH LT (km/h) A7IA, Ve i ol FAGEE 4 (ki/h)
V, © W& % Desired speed(km/h) V, : 4% Desired speed(km/h)
Aiby+bx R A :0.003+2.239% 107 X R
L : SZE A7 470l ) Lt A7 440l m
(R? =O.628)
BYe A F FReE UHA "ok A WA FE Vol A e AxQ] B 229 AASEe A4
VR ol ABATLI hiLEel T F oA pEe  FALEARE Lestuz 4B 4%}?& K
Verhulst9] 4]& 7|¥te 2 & 3| g&mo} o)Ak ¢F  100km/h, G5 22429 49 T0km/hE AHE-3HL.
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Table 15. V» According to the Weather and Road
Surface Condition

(unit: km/h)

Dry Road| Wet Rain Snow Frost

FO‘FJ;O;(?“G 100 | 93 86 67 55

TWF‘;O;Z”e 70 67 62 45 44
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Fig. 4 V, According to the Length of Tangent Section
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Table 16. Safety Acceleration, Deceleration

Table 17. Deceleration, Deceleration Starting Point
According to Driving Speed
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Table 18. Deceleration Distance According to Driving
Speed Range of One—Way ANOVA Results

Standard Leges o
Speed(km/h) | Mean Deviati Freedom [p—Value
eviation
(df)
40~50 4471 13.981
50~60 81.36 27.548
60~70 105.09 33.281
142.65 .000
70~80 142.21 60.938
80~90 170.65 76.948
90~100 210.60 44,896
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Fig. 5 Safety Speed Model of Enter/Exit Curve Section
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