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ABSTRACT

OBJECTIVES : Many roadway departure crashes on the freeway interchange are due to the running speed being greater than the design
speed. This study aims to ensure a safe and pleasant driving experience for the driver by increasing the superelevation based on the running
speed on the highway interchange ramp.

METHODS : The mean running speed for each type of ramp is calculated on site survey more than 10 interchanges. Using the mean running
speed, we calculated the superelevation and the side friction using the method given in “A Policy on Geometric Design of Highways and
Street” (Pages 145-166, 2001). Then, we applied the modified method to the superelevation range. Finally, we ensured safety using the Degree
of Safety that is proven by the centrifugal acceleration ratio as suggested by Joseph Craus (1978).

RESULTS : The mean running speeds are 50 km/h and 65 km/h when the design speeds are 40 km/h and 50 km/h, respectively. After the
application of the new method used in this study, the superelevation will be increased by 9.0% and 10.0% when the mean running speeds are 50
km/h and 65 km/h, respectively.

CONCLUSIONS : A higher superelevation can give the driver a more comfortable and safe driving environment. However, the driver needs
to be aware of snow and low-temperature conditions.

Keywords
Running Speed, Design speed, Superelevation, Side friction, Roadway departure crash, Degree of safety

Corresponding Author : Roh, Jeonghoon, Director International Journal of Highway Engineering

Department Highway, Dong Myeong Engineering Co, http://www ksre.or.kr/

5Fl1, Wooil B/D, 497, Cheonggyecheon-ro, Seoul, Korea ISSN 1738-7159 (print)

Tel : +82.2.6211.7454 Fax: +82.2.6211.7528 ISSN 2287-3678 (Online)

E-mail : ilovemb@paran.com Received Sep. 21,2016 Revised Nov, 24, 2016 Accepted Nov, 24,2016

1. ME 428,85 0.2 oF v o4} F7tstalet. 53], 20139

1.1, AHHE A 201597k &R ofA] MAYTE WEATLE 24
A 19809 = nEER AR 1,225kmel &3 o B A aeAtare) 23.3%7F YeS(AER, 7t

stglott, 3007dol A 20149 DHER AFL  HAR L BA0|E)l4 WAsIon, 1 F 82.0%%
4139kmA OF 3 4vek WOFAQl A ool o] o3t WEAO|T & IAERo|A Hg yoh
A
o

o} a8y 1529 oFA Z7lo| Hste] Q1 10 wEAIRLY] oF 7.5%7F SR A T o R 9
U W wEATE 1980E 217.59 oA 2014d gt} ar & 4= Qlot,

o
mlI,

f

il

=285 =27 - 183 xe= 161



Table 1. Number of Traffic Accident on Freeway

(2013~2015)
Type |Overspeed|Sleepiness|Negligence| Others | Total
Freeway 4,601 3,038 6,118 | 11,787 | 25,544
Ramp 2,483 394 805| 1,186 | 4,868
Tollgate 205 298 1,705| 1329| 3,537
Tunnel 173 217 345 612 | 1,347
Others 107 101 223 223 654
Total 7,569 4,048 9,196 | 15,137 35,950
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Table 2. Coefficient of A

Highway design speed A Highway design speed A
(km/h) (km/h)
120 1.100 80 1.200
110 1.125 70 1.225
100 1.150 60 1.250
90 1.175 50 1.275
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Table 3. Values for Design Elements Related to Design Speed and Horizontal Curvature (€max = 6%)
Design Superelevation
speed |[Calculated value| Up to 1.5% 1.5%~2.5% 2.5%~3.5% 3.5%~4.5% 4.5%~5.5% 5.5%~6.0%
(km/h) [ Applied value | -2.0% +2.0% +3.0% +4.0% +5.0% +6.0%
120 Radius (m) 6,900 6,900~3,840 3,840~2,470 2,470~1,610 1,610~1,050 1,050~710
Side friction 0.0014 0.0014~0.0046 | 0.0046~0.0110 | 0.0110~0.0255 | 0.0255~0.0532 | 0.0532~0.1000
100 Radius (m) 4,800 4,800~2,650 | 2,650~1,690 1,690~1,070 1,070~690 690~460
Side friction 0.0014 0.0014~0.0047 | 0.0047~0.0116 | 0.0116~0.0283 | 0.0283~0.0586 | 0.0586~0.1000
80 Radius (m) 3,100 3,100~1,680 1,680~1,060 1,060~670 670~420 420~280
Side friction 0.0015 0.0015~0.0050 | 0.0050~0.0126 | 0.0126~0.0305 | 0.0305~0.0650 | 0.0650~0.1200
50 Radius (m) 1,700 1,700~940 940~580 580~350 350~220 220~140
Side friction 0.0016 0.0016~0.0052 | 0.0052~0.0138 | 0.0138~0.0357 | 0.0357~0.0732 | 0.0732~0.1400
40 Radius (m) 800 800~420 420~260 260~150 150~90 90~60
Side friction 0.0016 0.0016~0.0057 | 0.0057~0.0149 | 0.0149~0.0417 | 0.0417~0.0903 | 0.0903~0.1600
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Table 4. Measured Running Speed Data

Running speed

Interchange |  Ramp Bsiton (km/h)

name type Min |Median| Max
Pi | 529 | 57.3 | 612
P2 | 523 | 566 | 60.4

Loop

P3 520 | 563 | 60.0
P4 51.7 55.9 59.6

P1 492 52.9 57.0
Right-turn | P2 46.6 | 50.0 53.6
(Entrance) | P3 455 | 486 | 520

Waegwan P4 455 | 486 | 520
c Pt | 552 | 60.0 | 652
Right—turn | "2 | 545 | 892 | 643

P3 542 | 588 | 638
P4 53.6 58.1 62.9

P1 474 | 50.0 51.4

Loop P2 46.2 48.6 50.0

P3 45.0 474 48.6

IC P1 56.3 | 60.0 64.3
Semidirect p2 58.1 62.1 66.7

P3 56.3 | 60.0 64.3

P4 56.3 | 60.0 64.3

East P1 50.0 52.9 56.3
ChangWon Loop P2 474 52.9 56.3
Ic P3 409 | 50.0 60.0

P4 40.9 64.3 69.2

Gyeongsan | . P1 57.7 60.0 63.4
Ic Right-turn P2 61.6 64.3 68.2

P3 66.2 69.2 73.8

P1 492 | 529 54.9
P2 489 | 526 54.5

Semidirect | o 486 | 523 | 542
P4 | 479 | 514 | 533
Pl | 492 | 529 | 57.0
P2 | 479 | 514 | 552
Loop

P3 47.9 514 55.2
P4 46.9 | 50.3 53.9

Yuseng | o P1 | 423 | 450 | 479

Ic (RE'?]R;:;;’; P2 | 404 | 429 | 455
P3 404 | 429 455

P1 59.2 64.7 70.9

Right-turn p2 59.2 64.7 70.9

P3 58.1 63.4 69.2

P1 60.0 | 64.3 68.2

Loop P2 60.0 | 64.3 68.2

P3 56.3 | 60.0 63.4

P4 56.3 | 60.0 63.4

P1 56.3 | 60.0 69.2

Right-turn | P2 56.3 | 60.0 69.2
(Entrance) | P3 56.3 | 60.0 | 69.2

Gyeryong P4 52.9 56.3 64.3
IC P1 62.1 64.3 69.2
Right—turn P2 64.3 66.7 72.0

P3 64.3 66.7 72.0

P4 62.1 64.3 69.2

P1 69.8 | 75.0 80.4

Semidirect P2 69.8 | 75.0 80.4

P3 726 78.3 84.1

P4 726 78.3 84.1

P1 54.5 56.3 58.1

Loop P2 51.4 52.9 54.5

P3 46.2 474 48.6

West. P4 439 | 450 46.2
Gwangsan P1 450 | 474 | 514
IC P2 50.0 | 529 56.3
Semidirect | P3 54.5 56.3 60.0

P4 545 56.3 60.0

P5 47.4 56.3 60.0

P1 35.7 36.7 38.8

Loop P2 469 | 486 52.3

P3 446 46.2 49.5

North. P4 31.9 34.4 375
Daegu P1 53.6 56.3 60.0
IC P2 53.6 56.3 60.0

Semidirect| P3 533 | 55.9 59.6
P4 539 | 56.6 60.4
P5 536 | 56.3 | 60.0
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Table 5. 85 Percentile Running Speed of Loop Ramp

Interchange Ut Interchange e
nameg speed | Type nameg speed | Type
(km/h) (km/h)
60.0
55.3
Waelgéwan ggg Entrance| East. 540
' Changwon | Entrance
58.4 571
IC
55.8 65.0
Yuseng 541
Ic 541 Entrance West. 575
52.8 Gwangsan 54.1 Exit
North., ) 45.8
51.5
Daegu Entrance
Ic 487
36.7 50.8
58.5 Wonju 49.4 Exit
Gyeryong | 94.9 Entrance © 48.1
IC 54.9 494
58.5
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Table 6. 85 Percentile Running Speed of Righ—turn Ramp

Interchange Running Interchange Running
nameg speed | Type nameg speed | Type
(km/h) (km/h)
222 Gyeongsan 62.5
’ Entrance yeong 67.2 Exit
51.0 IC
72.6
Waegwan | 91.0
IC 63.7 788
62.8 . 724
624 Exit 704 Entrance
61.5 72.4
47.0 Gyeryong
44.7 |Entrance IC 68.2
Yuseng 447 70.8 .
Ic 69.1 708 | B
69.1 Exit 68.2
67.6
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Table 7. 85 Percentile Running Speed of Semidirect Ramp

Interchange Running Interchange Running
name speed | Type name speed Type
(km/h) (km/h)
65.4
59.0 Wonju 63.1
North. 59.0 IC 63.1 Entrance
Daegu 58.7 Exit 63.1
IC 59.4 ’
59.0 62.3
Gyeryong| 58.3 .
Ic 583 | X
50.5 58.3
West, 55.3
Gwangsan| 59.2 |Entrance 54.0
IC 592 Waegwan | 537 Exit
58.1 IC 53.4
52.4
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Table 8. Distribution of Superelevation and Side
Friction ( € max = 8.0%)

Table 9. Distribution of Superelevation and Side

Friction (€max= 8%)

R =50km/h, Vz=50km/h | V5 =50km/h, Vz=65km/h
(m) e (%) f e (%) f
80 8.60 0.1600 8.60 0.1600
90 8.40 0.1344 8.50 0.1341
100 8.20 0.1149 8.30 0.1143
110 7.90 0.0997 8.00 0.0986
120 7.70 0.0874 7.80 0.0859
130 7.40 0.0774 7.60 0.0755
140 7.20 0.0690 7.40 0.0667
150 6.90 0.0619 7.20 0.0593
160 6.70 0.0558 6.90 0.0529
170 6.50 0.0506 6.80 0.0474
180 6.30 0.0460 6.70 0.0425
190 6.20 0.0420 6.50 0.0382
200 6.00 0.0384 6.40 0.0344
210 5.90 0.0352 6.30 0.0310
220 5.70 0.0323 6.20 0.0279
230 5.60 0.0298 6.00 0.0252
240 5.50 0.0274 5.90 0.0226
250 5.30 0.0253 5.80 0.0203
260 5.20 0.0234 5.80 0.0182
270 5.10 0.0217 5.70 0.0163
280 5.00 0.0202 5.60 0.0145
290 490 0.0188 5.50 0.0128
300 4.80 0.0176 5.40 0.0113
310 470 0.0164 5.40 0.0098
320 4.60 0.0154 5.30 0.0085
330 4.50 0.0145 5.20 0.0072
340 4.40 0.0137 5.20 0.0061
350 4.30 0.0129 5.10 0.0050
360 420 0.0122 5.10 0.0039
370 4.20 0.0115 5.00 0.0030
380 410 0.0109 5.00 0.0020
390 4.00 0.0104 490 0.0012
400 3.90 0.0099 4.90 0.0003

R | Vo =40kw/h, Va=40km/h | Vp=40km/h, Vi =50km/h
(m) e (%) f e (%) f
50 9.20 0.1600 9.20 0.1600
60 8.70 0.1225 8.80 0.1219
70 8.20 0.0975 8.40 0.0963
80 7.80 0.0798 7.90 0.0780
90 7.30 0.0667 7.60 0.0643
100 6.90 0.0565 7.20 0.0537
110 6.60 0.0484 6.90 0.0452
120 6.30 0.0419 6.70 0.0388
130 6.00 0.0365 6.40 0.0325
140 5.80 0.0319 6.20 0.0277
150 5.60 0.0280 6.00 0.0236
160 5.40 0.0247 5.90 0.0200
170 5.20 0.0219 570 0.0169
180 5.10 0.0195 5.60 0.0141
190 4.90 0.0175 550 0.0117
200 470 0.0158 5.30 0.0095
210 4.60 0.0143 5.20 0.0076
220 4.40 0.0131 510 0.0058
230 4.30 0.0119 5.10 0.0042
240 420 0.0110 5.00 0.0027
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Fig. 5% Table 8%} Table 95 X435} 3§ Ao
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=
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Fig. 4 Redistribution of Superelevation and Side
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Fig. 5 Redistribution of Superelevation and Side
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Table 10. Values for Design Elements Related to Design
Speed and Horizontal Curvature (€max= 8%)

(unit : m)

(kz)/h) NC | 2% | 3% | 4% | 5% | 6% | 7% | 8%
50 1,200 1,2£)O 720 410 330 ZiO 110 1/%0
over | 700 | 470 | 330 | 240 | 170 | 120 | 80

20 800 830 430 320 ZLO 120 1LO 73
over | 450 | 300 | 210 | 150 | 110 | 75 50
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HEE A8t oot olef 22 o 2| of

= AA%4E 50kn/h, 40km/h¥ 7S 22 9.0%
&} 10.0%= A= eH FPEEE XG5 HAAL
9= Table 113+ Zo] A= S},

Table 11. Values for Design Elements Related to Running
Speed and Horizontal Curvature

(unit : m)

2

(km/h) NC | 2% | 3% | 4% | 5% | 6% | 7% | 8% | 9% [10%

1,200(1,200| 700 | 470 | 380 | 270 | 190 | 140 | 105

50 ~
over | 700 |470|380|270 (190 | 140 | 105 | 80

800 | 800 450 300|240 180|125 | 95 | 75 | 55

40 ~ |~
over | 450 |300| 240|180 |125| 95 | 75 | 55 | 50

J
Joseph Craus®] WA4S o] &sl3t} Eq.
g3}o] oFAE(Degree of Safety)S AAMY
Table 129} Table 137} o] Alibelm], A E A
= 2 AR FOA 24 11.1%004 29 20.
2 ?_H(jE(Degree of Safety)7} $71e= A& & &
B e ﬁliEEE} =2 H7
23 obds =RaAL AT 2
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o o

7
S}
=

Table 12. Degree of Safety (1, = 40km/h)

Table 119] AZAL HMAE Fig. 4, Fig. 59 =AI
W Fig, 8, Fig. 95 9< 4 At %, /A" 844
H%_l_]\_ ’\474]—‘—EE 2'3*5‘06‘1 7(4)_?_ g g3t _1474/\]‘_ E—,—

= %

_—f (Modified Criteria)

e/100 or f
=
—

0.04

0.02
0.00
0

50 100 150 200 R (m)

Modified

R | Origin superelevtion Supeelevation

e Qe Qe B @ Qc Qe 8

50 10.08/32.0]0.78|0.025/0.10 | 32.0 | 0.98|0.031| 20.0

60 |0.08|26.7|0.78|0.029/0.09 | 26.7 | 0.88|0.033| 11.1

70 10.08/22.9|0.78|0.034/0.09|22.9|0.88|0.039| 11.1

80 |0.07/20.0/0.690.034/0.08|20.0|0.78 |0.039| 12.5

90 |0.07|17.80.69|0.039/0.08| 17.8 | 0.78 |0.044| 12.5

100 |0.07|16.0 | 0.690.043| 0.07|16.0 | 0.69 |0.043| -

110 |0.07|14.5(0.69|0.047|0.07| 14.5 |0.69 |0.047| -

120 |0.06|13.30.59|0.044/0.07|13.3|0.69|0.051| 14.3

130 |0.06|12.3|0.59(0.048/0.06|12.3 | 0.59|0.048| -

140 |0.06| 11.4 | 0.59(0.051/0.06 | 11.4 | 0.59|0.051| -

150 {0.06{10.7 |0.59]0.055/0.06 | 10.7 | 0.59 |0.055| -

Table 13. Degree of Safety (1}, = 50km/h)

Modified

rigin relevtion .
R | Origin superelevtio superelevation

(m)

€ Qe Qe /jz e (78 Qe B

80 |0.08]31.3|0.78]0.025/0.09| 31.3 |0.88 ]0.028| 11.1

Fig. 8 Modified Superelevation and Side Friction
Criteria (V= 40km/h)
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Fig. 9 Modified Superelevation and Side Friction
Criteria (V5= 50km/h)

90 |0.08|27.8|0.78 (0.028|0.09| 27.8 |1 0.88|0.032| 11.1

100 |0.08|25.0|0.78 |0.031/0.09|25.0 | 0.88 |0.035| 11.1

110 10.08|22.7|0.78 |0.034/0.08| 22.7 | 0.78 |0.034| -

120 10.08|20.8|0.78]0.038|0.08|20.8|0.78 |0.038| -

130 |0.07{19.20..69|0.036|0.08 | 19.2 | 0.78 |0.041| 12.5

140 |0.07|17.9]0.69 [0.038|0.08| 17.9 | 0.78 |0.044| 12.5

150 |0.07|16.7 | 0.69|0.0410.07 | 16.7 | 0.69|0.041| -

160 |0.07|15.6 |0.69|0.044/0.07 | 15.6 | 0.69|0.044| -

170 10.07|14.7 |0.69|0.047/0.07 | 14.7 | 0.69 |0.047| -

180 |0.06|13.90.59 (0.042| 0.07| 13.9 | 0.69 |0.049| 14.3

190 10.06|13.20.59|0.045/0.07 | 13.2 | 0.69|0.052| 14.3

200 |0.06|12.5|0.59|0.047/0.06|12.5|0.59|0.047| -

1714, 7= Eq. (14)€}F o] A4t
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y= i g (14)
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7. 82

= E2AA7|ENA FARAEE HAEARE B8
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HsHA ekl gl Aol

a2 B8 e

5(\/85)% 0]%6}01 HAAL & koA =5 Al
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ol 22} 9.0%2} 10.0%2-2 AAME 1AL, FAEER] S0
o2 AGA Ml AASE 2 BaFdsEe] 2a
g AAAL HOE HFE vl B3 1o wE
OFA %= (Degree of Safety)% ]—i— AL e E Tt oF
10%~20% o4+ Z7Hel=

B AtollA] AQEeE HHHAAL FFRE E HAAL
< =4 EEAIWHOW AL A= A
FHeg x| o o] 2 HAPAL 8.0% 712 w2l A
seteitt, ey ALY AdeF 242
A HAG FYE S AL ERO|HALL

She & =29 FYUAAY SHoA [ ALz 49
FEE v FF RIS T A FAEE=(VEH)E
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