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Study on Design Principle of Reverse Curve in Superhighway
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ABSTRACT

PURPOSES: This study isto conduct the research on the design principle for the driver's safety and comfort in installing consecutive curves
of superhighway.

METHODS: Superhighway does not currently exist in domestic area. Thus, this study is conducted by collecting driving behavior usage of
30 people who are involved in the members of the virtua driving Smulation. By identifying the distribution characteristics of each scenarioin
ANOVA & Tukey Test, the distribution are categorized into three groups.

RESULTS: In the case of Group A in Section 3 (R2 entry part), lane departure exceeds the safety standard, which means to be risky
condition. And then in the case of Group B and C, the lane departure values applying theoretica formulawas evenly distributed compared to
the proven values.

CONCLUSIONS: Basad on the result, the continuous curve design principles at superhighway should follow three standards as follow.
Firgt, an additional linear part needs to be inserted between two curves. Second, what if inserting the linear part is difficult, it would be better to
insert a curve more than 2,000m. Third, R1/R2 ratio should not be over two. This design primarily aimsto the safety of the operator. Such road
alignment aso meets the expectations of drivers, thus, it may help drivers to be compatible and amenable while driving continuous curve in

superhighway.
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Lane Center

(1.808m)

Fig. 1 Offset from Lane Center Criteria

Table 1. Overall Width of Passenger Car (2013)

Model Name Vaéter:(arlri) Model Name Va\é?r:(arlrll)
Accent 1.705 K5 1.835
Avante 1.775 K5 Hybrid 1.835

Avante coupe 1.775 K7 1.850

i30 1.780 K7 Hybrid 1.850
Veloster 1.805 K9 1.900
Sonata 1.835 SM7 1.870

Sonata Hybrid 1.835 SM5 1.860

i40 1.815 SM3 1.810
Grandeur 1.860 Chairman W 1.895

Grandeur Hybrid 1.860 Chairman H 1.895
Genesis 1.890 Spark 1.595
Genesis coupe 1.865 Aveo 1.735
Equus 1.900 |Aveo Hatch back| 1.735
Morning 1.595 Cruze 1.790
Pride 1.720 Cruzeb 1.790

K3 1.780 Malibu 1.855

K3 coupe 1.780 Average 1.808
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Table 2. Scenario & CASE for Reverse Curve of
Superhighway Simulation

CASE . Scenario of R1I-R2 Combination
(Length of Tangent)

’ om 1200-1200, 1200-1500, 1200-2000
1200-2500, 1200-3000

5 160m 1500-1200, 1500-1500, 1500-2000
1500-2500, 1500-3000

3 300m 2000-1200, 2000-1500, 2000-2000
2000-2500, 2000-3000

4 500m 2500-1200, 2500-1500, 2500-2000
2500-2500, 2500-3000

5 1.000m 3000-1200, 3000-1500, 3000-2000
3000-2500, 3000-3000
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Rl & R2(m) e(%) Length of Transition Curve(m) P:r:]::lllleif::t\
1,200 8 80 310
1,500 7 80 346
2,000 [ 80 400
2,500 3 80 447
3.000 3 80 490

Fig. 3 Simulation Map Construction & Analysis
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Table 3. Composition of Test Subject for Simulation

Age Sum Male Female
20~29 16 6 7
30~39 10 7 3
40~49 1 1
50~59 1 1

Total 30
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Table 4. Basic Statistics

(Unit: mm)
R (m)
L(m) R1(m) N 1,200 1,500 2,000 2,500 3,000
Ave. | Stddev | Ave. |Stddev | Ave. |Stddev | Ave. | Stddev | Ave. | Stddev

1,200 30 5378 | 2451 | 5599 | 2558 | 438.6 | 1252 | 4382 | 1254 | 4263 117.1
1,500 30 5343 | 269.9 | 408.0 | 118.1 4178 | 109.2 | 4167 | 128.0 | 4213 120.1
0 2,000 30 5497 | 2492 | 4235 | 120.1 4238 | 1229 | 4225 | 1237 401.1 124.9
2,500 30 5538 | 2717 | 4128 117.0 | 4295 | 123.3 | 417.0 127.2 | 4039 | 120.2
3,000 30 5438 | 2447 | 5479 | 2625 | 4023 | 120.0 | 433.8 | 120.5 | 421.3 116.7
1,200 30 560.0 | 252.0 | 5542 | 260.8 | 414.6 118.8 422 1 125.9 | 4293 114.6
1,600 30 548.0 | 265.9 | 439.5 117.1 430.5 | 1225 | 420.8 | 113.4 | 4247 119.0
160 2,000 30 539.1 2616 | 4326 | 118.0 | 4245 | 120.3 | 4231 118.7 | 398.6 | 1226
2,500 30 5469 | 2632 | 4329 118.1 414.2 118.2 | 4340 | 1155 416.7 119.6
3,000 30 5435 | 2504 | 5613 | 2492 | 4271 1226 | 4184 | 1233 | 4332 | 123.2
1,200 30 560.4 | 257.2 | 539.1 270.7 | 4175 1216 | 4246 | 1299 | 4293 117.7
1,500 30 519.4 | 238.6 | 4214 121.0 | 4273 116.1 4035 | 117.3 | 420.5 111.9
300 2,000 30 5557 | 261.7 | 406.1 119.9 | 430.1 126 | 4274 | 1283 | 4249 116.5
2,500 30 5473 | 2498 | 3962 | 1183 4210 | 1205 | 4266 | 1269 | 4213 127.6
3,000 30 566.8 | 246.0 | 5483 | 2559 | 398.1 119.8 | 4320 | 1255 | 415.0 116.0
1,200 30 387.1 96.0 390.4 90.1 406.3 | 100.5 | 389.5 94.0 411.0 94.4
1,500 30 396.6 99.2 396.6 94,7 396.1 100.5 | 396.8 92.6 408.2 94.5
500 2,000 30 389.6 95.5 396.2 | 100.3 | 386.1 92.7 411.0 95.1 397.8 99.5
2,500 30 387.1 96.0 401.3 98.5 403.5 96.3 400.2 | 104.1 4015 | 102.6
3,000 30 398.4 98.3 388.6 957 387.3 9.4 406.4 | 106.2 | 398.1 100.9
1,200 30 388.9 99.6 394.2 97.6 3936 | 1015 | 4009 | 104.3 | 409.3 98.5
1,500 30 404.5 89.0 399.4 971 389.4 91.5 3974 94.0 393.2 | 106.8
1,000 2,000 30 404.6 98.8 | 400.8 93.7 384.0 98.0 378.4 99.1 390.6 | 100.3
2,500 30 3935 98.4 393.0 | 103.0 | 406.4 | 106.3 | 396.2 | 100.4 | 4022 99.7
3,000 30 385.9 941 398.2 99.8 388.8 96.6 395.7 98.9 379.2 | 100.9
Total - - 485.7 191.7 an7 1437 | 4103 | 110.8 | 4133 113.5 4111 11.4
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9. 4 Offset Results of Simulation (e.g: CASE 3-Scenario 1)
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Fig. 5 Distribution of Offset from Lane Center
According to R—-pair & L (e.g : Driver No.6)
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Table 5. Result of Tested Four—Sections ANOVA
(Step 1)

L=0m | L=160m | L=300m | L=500m |L=1,000m
F [Pob| F [Pob| F [Pob| F |Pob| F |Prob

R2(m) | R1(m)

1,200 |119.4|0,000102.9/0,000%106.8/0,0001 02 |089%4| 11 |0358
1,600 |169.2|0,000% 145.1]0.000%111.3|00001 02 |0901| 03 |0809
1,200 | 2,000 |126,1|0,000128.4/0000%109.9|00001 06 |0631| 06 |0623
2,500 [144.1/0,000%1232|0,000107.0/0.000"| 02 [0894| 10 |0415
3,000 |110.8|0000%|1138|0,0007 918 (00007 03 [0800| 09 |0428

1,200 |130.4|0,000%110,6(0.000%147.3|00001 0.1 |0966| 03 |0822

Table 6. Homogeneous Subsets of Tested Four—Sections
(Step 1.—Tukey HSD)

Section
R2 | Ri

L=0m L=160m | L=300m | L=500m |L=1,000m

m | (m)

IV [IRNIIRIAY

LNV NI

1,200 | 1 2 21 2

1,500 | 1 2 251 2"

1,200| 2,000 | 1 2 2" 1 2

2,500 | 1 2 2511 2"

3,000 | 1 2 21 2

1,200 | 1 2 251 2"

1,500 | 1 11

1,500| 2,000 | 1 111

2,500 | 1 11

3,000 | 1 21

1,200 | 1

1,500 | 1

2,000{ 2,000 | 1

2,500 | 1

3000 | 1

1500 | 02 |{0901| 07 |0574| 07 |0550| 1.1 |0339| 10 |03%6

1,200 | 1

1,500 | 1

2,500| 2,000 | 1

2,500 | 1

3,000 | 1

1500 | 2,000 | 13 |0289| 05 |0684| 11 |0371| 10 |0401| 12 |0310

2,500 | 11 ]0343| 0.7 |0539| 04 (0737| 16 0188 08 |0486

3,000 |1315/0.000%116.2|0,000100.4|0.000" 02 |0882| 0.7 |0573

1200 | 08 |0484| 05 |0676| 05 |0654| 12 |0301| 06 0620

1,600 | 09 |0455| 06 |0642| 03 |0800| 05 |0.703| 08 |0518

1,200 | 1

1,500 1

3000 2,000 | 1

| | |
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1111 111
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
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alalalalalalalalalalalalalalalajlalalalalalala] o

1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1

alalalalalalalalalalalalalalalajlalalalalalala] o

alalalalalajlalalalalalala| =

2,500 | 1

3000 | 1|1t {111

-
-

2,000 | 2000 | 18 |0.160| 09 |0432| 04 |0764| 09 |0461| 10 |0397

2500 | 03 |0839| 01 |0946| 01 |0931| 1.1 |0356| 09 |0447

3000 | 13 |0265| 17 |0166| 04 (0758| 14 |0249| 21 |0.106

1,200 | 07 |0550| 06 |0636| 0.7 [0549| 05 |0.705| 0.7 |0571

1500 | 19 |0129| 04 |0.740| 07 |0541| 06 |0646| 15 |0217

2,500 | 2000 | 05 |0704| 06 |0617| 02 |089%2| 04 |0.755| 05 |0660

2500 | 08 |0512| 04 |0772| 02 |0900| 13 |0283| 0.7 |0537

3000 | 13 |0285| 18 |0157| 02 |0888| 03 |0835| 04 |0.772

1,200 | 10 |0398| 12 |0314| 04 |0.766| 0.1 |0980| 05 |0654

1800 | 1.1 |0347| 00 |0993| 19 [0129] 0.7 |0554| 12 0298

3000 | 2000 | 10 |0411] 03 |0829| 0.7 |0526| 04 |0.771| 04 |0.769

2,500 | 01 |0940| 07 |0563| 12 |0320| 05 |0.704| 05 |0654

3000 | 04 |0777| 10 |0412| 09 |0466| 03 [0806| 2.7 |0.047

a. df. of all cases is 3, d.f.=four sections—1
b, Sum of squares =& LAz Qlslf =l
* F statistic is statistically significant at p < 0.05.
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* The mean difference is significant at the 0.05 level
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2l 37HA19] CASEOIA ZF Alye] e50] B FUsHA]
derog vetyttt R Lo] 500m, 1,000m<!
CASEA = HE AUz eE0] FYUs Ao & Uyt
o =, LO] 300m ©J3tel ALl eE2 M2 the &
£ UL itk AolH, o]= Section 39 A= ol
Frol A A E Ave 55 oujgith

Table 7. Result of 25 Scenarios ANOVA (Step 2)

Sump of af

L(m) Group e

Between Group | 10,046,393 24 14.389*
0 Within Group 86,547,903 | 2,975 -
Total 96,594,296 | 2,999 -
Between Group | 9,865,466 24 14.231*
160 | Within Group | 85,930,224 | 2,975 -
Total 95,795,690 | 2,999 -
Between Group | 10,501,287 24 15.306*
300 | Within Group | 85,047,629 | 2,975 -

Total 95,548,916 | 2,999 -

Between Group 170,763 24 0.751
500 Within Group 28,167,273 2,975 -
Total 28,338,036 | 2,999 -

Between Group 184,936 24 0.789
1,000/ Within Group | 29,040,351 | 2,975 -
Total 29,225,287 | 2,999 -

* F statistic is statistically significant at p < 0.05.

Table 89] Tukey HSDAX AiE AHEH o
gkt 23k gl 4= gl ?—fd Step 104
Section 39 xf2olgzte] 7| A H AUy o= 1
P2 g2 AU e e IF0R 3 é!ﬂ‘”ou:l o]
2gh #42 Lo] 300m o]akel 7-g-oflgt LAY skaiTt,
g Lol 500m o4l Alo]AoAs BE AU L
o] FYUL TFOE FAE U,
%, Lo] 500m o]l Alo|aoA= F 3+
33y

=
grglo] glong, E%x—lo] Tk g]

o] Lo] 300m 013& 5= SAdut

[Step 3] 871 O& 7t SLYM HS
Step 29| Ao wel B AFA= 125709 Alu

Table 8. Homogeneous Subsets of 25 Scenarios
(Step 2-Tukey HSD)

(Unit = mm)
L=0m L=160 m L =300 m
RIIR| 1 | 2 [RI[R2] 1 | 2 [RI|R2] 1 | 2
5 | 3 |401.1 5 | 3 398.6 2| 43962
3|5 4023 3|4 [a142 3|5 3981
5 | 4 4039 3|1 4146 4 | 2 /4035
2 [ 2 ]4a08.0 544167 2 | 3]406.1
2 | 44128 4|5 4184 5|5 4150
4|2 |a67 4| 2 4208 3| 14175
4| 44170 4|1 [4221 5| 2 4205
3] 24178 4| 34231 344210
524213 3|3 4245 5|4 (4213
5[5 [4213 5|2 4247 224214
4] 34225 3|5 [4271 411 4246
2 | 34235 51114293 5| 3 4249
3| 3 [4238 3|2 4305 4] 414266
5114263 2|3 4326 3|2 4273
3[4 l]a295 2| 44329 43 4274
4| 54338 5|5 4332 5| 14293
41 ]4382 4| 414340 3|3 ]430.1
3] 1 ]4386 2| 24395 4|5 4320
1]2 534.3/ 1 | 3 5391/ 1| 2 519.4
HE 537.8/ 1|5 5435 2 | 1 539.1
1]5 5438/ 1] 4 546.9 1] 4 547.3
2[5 5479/ 1] 2 5480 2 | 5 548.3
13 549.7| 2 | 1 554.2[ 1| 3 555.7
14 5538 1] 1 560.00 1 | 1 560.4
2|1 550.9/ 2 | 5 561.3/ 1[5 566.8
prob[0.993] 1.000 |prob]0.980] 1.000 |prob|0.996] 0.898
L =500 m L = 1,000 m
RI1 R2 1 R1 R2 1
3 3 386.1 4 3 3784
1 1 387.1 5 5 379.2
1 4 387.1 3 3 384.0
3 5 387.3 1 5 385.9
2 5 388.6 3 5 388.8
4 1 389.5 1 1 388.9
1 3 389.6 3 2 389.4
2 1 390.4 5 3 390.6
3 2 396.1 2 4 393.0
2 3 396.2 5 2 393.2
1 2 396.6 1 4 3935
2 2 396.6 3 1 393.6
4 2 396.8 2 1 394.2
5 3 397.8 4 5 395.7
5 5 398.1 4 4 396.2
1 5 398.4 4 2 397.4
4 4 400.2 2 5 398.2
2 4 401.3 2 2 399.4
5 4 401.5 2 3 400.8
3 4 4035 4 1 400.9
3 1 406.3 5 4 402.2
4 5 406.4 1 2 404.5
5 2 408.2 1 3 404.6
5 1 411.0 3 4 406.4
4 3 411.0 5 1 409.3
prob 0.958 prob 0.749

*1=1,200m, 2=1,500m, 3=2,000m, 4=2,500m, 5=3,000m
* subset for alpha = 0.05

176 International Journal of Highway Engineering - Vol.16 No.6



gl 8709 5= RS Step 30l4= F

Table 11. Post Hoc Test Result About Five Cases (Tukey HSD)

FTHO R 819 dFo] sUAHE Ad LEQUA| obdA]
Mean Difference
o Tt B4 SRSkt 870 1ES B ¢ Group() GrouplJ) )| PP
3 A AZo|(L)R LRt om ZpRolerglo] I A A (H=160) & (Poor) -37 1.000
= . (H=300) & (Poor) -1.4 1.000
8 AU 2E Poor, ARoFgke] w5l AHdd (L=0) (H=0) & (Good) 126.8 0.000
AU 25 GoodOo 2 PHste] 15 A5kt & (H=160) & (Good) 1225 0.000
(Poor) (H=300) & (Good) 127.7 0.000
Table 9 ANOVA Teste]] 2 87§ 152 A= o (H=500) & (Good) 1495 0.000
B OFo 2 o]FojA S & 4= Ut} Tukey TestE (H=1,000) & (Good) 152.0 0.000
Foll e Ak A4 A, B, Co 3 1EoR S 4 : <H;0> )&&<F(’°°r> ) > Loe
H=300 Poor . 1.000
St Step 2914 Poor L (Group A)o-= APgE ALt (L=160) (H=0) & (Good) 1305 0.000
Q= HE U3 B E VAL Ql= A0 R YET & (H=160) & (Good) 126.2 0.000
_ _ - . (Poor) (H=300) & (Good) 131.4 0.000
o, Sl 2l Azelggtel #5 AuEles (H=500) & (Good) 153.1 0.000
214 7o]e] A7]of whet 278 IFL R Yrolxltk= (H=1,000) & (Good) 155.7 0.000
AT 5, L S00m el Group LTSS L e S
°] 300m °]3HGroup B)Ql AluU#] ez ApRo[Egto] (L=300) | (H=0) & (Good) 1282 0.000
&%é}tﬂ g o2 0207 o)A AL o 2 9jr) & (H=160) & (Good) 123.9 0.000
- . (Poor) (H=300) & (Good) 129.1 0.000
Table 10¢I4 ®%o] Group A9 75 B3te] (H=500) & (Good) 150.9 0.000
0.5m &0 2 t}2 1837t9] a3t zjo]7) 9leS o (H=1,000) & (Good) 153.4 0.000
. H=0) & (P -126.8 0.000
7 et L2 Group B Group Cef 35 Af=old (IE|:16())) &( <§§2r> -1305 0.000
&9 Fatol 0.4m FEoR AYHUen 1 Zpo] o (L=0) (H=300) & (Poor) ~1282  |0.000
Al 0.03m =02 14} = zpo]7} 9le-L o 4= 9t} ( & ) (H=160) & (Good) -4.3 0.977
- Good (H=300) & (Good) 0.9 1.000
L FAEA A Group Be C= A= B2 15 (H=500) & (Good) 226 0.000
o, 1 Bx7} 3| th2rt= AS & 4= Utk (H=1,000) & (Good) 252 0.000
(H=0) & (Poor) -1225 0.000
, (H=160) & (Poor) -126.2 0.000
Table 9. Result of Tested Five Cases ANOVA (L=160) (H=300) & (Poor) -123.9 0.000
— ey pm— o0 . & (H=0) & (Good) 43 0.977
2 il ak (Good) | (H=300) & (Good) 5.2 0.938
Between Groups| 42,754,478 7 289.706* (H=500) & (Good) 270 0.000
Within Groups 316,071,212 14,992 - (H=1,000) & (Good) 295 0.000
Total 358,825,690 14,999 - (H=0) & (Poor) 1277 0.000
* F statistic is statistically significant at p < 0.05. (L=300) ((ﬁ_;g(()))) i ((l;oor)) —1(23;411 8888
= oor, - . .

& (H=0) & (Good) -0.9 1.000
) (Good) (H=160) & (Good) -52 0.938
Table 10. Homogeneous Subsets of Five Cases (H=500) & (Good) 218 0.000
(Tukey HSD) Uit (H=1,000 & (Good) | 243 | 0.000
(H=0) & (Poor) -149.5 0.000
e N Subset for alpha = 0.05 (H=160) & (Poor) —-153.1 0.000
roup A B C (L=500) (H=300) & (Poor) -150.9 0.000
(L=1,000) & (Good) | 3,000 304.7 & (H=0) & (Good) 226 10000
- . (Good) (H=160) & (Good) -27.0 0.000
(L=500) & (Good) 3,000 397.3 (F=300) & Good) —o1g 000
(L:300) & (GOOd) 2,160 419.0 (H 1 OOO) & (GOOd) 25 0.998
(L=0) & (Good) 2,160 419.0 (H=0) & (Poor) -152.0 0.000
(L=160) & (Good) 2,160 4243 (H 160) & (Poor) -155.7 0.000
(L=300) & (Poor) | 840 | 5481 & (+-0) & (Good) ~252 10000
- (Good) | (H=160) & (Good) -295 0.000
(L=160) & (Poor) 840 | 5504 (H=300) & (Good) —243 0.000
Prob. 0.998 | 0.980 | 1.000 (H=500) & (Good) -25 0.998
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Group A. (L=0)&(Poor), (L=160)&(Poor), (L=300)&(Poor)
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Fig. 7 Relationship of Offset from Lane Center &
Electroencephalogram
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