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Terrain-Alignment Linked Design

ABSTRACT

PURPOSES: Safety consciousness can be the first factor to hinder the acceptance of design dternative, which moderates the applied design

criteriain order to adapt the road to the natura terrain condition.

METHODS: The method which enables to check the safety of design aternative by using design consistency concept is suggested. The
method is based on the linked or interactive analysis between terrain and road dignment. Real design example is considered as a guide how to
apply the method and the analysis result is discussed with the future research.

RESULTS: Suggested method can be used for designers as atool to review their design outputs can be safe as much as the origind design.
So, designers have the more objective judgement on their designs and have the confidence on their designs.

CONCLUSIONS: The method is expected to be used as a tool to see the safety consciousness in an objective view, so any possible
conflicts between designers and design-related personnels caused by the terrain-oriented design can be solved.
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Table 1. Terrain Classification Criteria
Classification Definition
Level Original earth height difference within
1km is less than 40meters
Rollin Original earth height difference within
9 1km is between 40 to 60meters
. Original earth height difference within
Mountainous .
1km is more than 60meters
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Table 2. Operating Speed Consistency Evaluation Criteria

Class Criteria
Good | V85 —V85i1 | < 10km/h
Fair 10km/h < | V85 —V85i1 | = 20km/h
Poor | V85 —V85: | > 20km/h
/85; : 85th Percentile Operating Speed of Sectioni
V85i +1 : 85th Percentile Operating Speed of Sectioni+1
_____ Desired
Speed(VE5Tmad
_____ NP ‘.'K"-___.____q____—______
VBS, h
E_ vas__
2 "SR Bmt | e
E o Suss;,:igndod -— -— e -
S_ Section
© - — - .
Horizontal Horizontal Horizontal Distance
Curve Tangent Curve {m)
(a) CASE 1
Desired
Speed (VB5Tmag
_____ wes, . T T ~—~1 " ~—"—""1"——"—"——-°
Speed
Sustained
-E_ vas, - 2 S
@ VBS,
m Amﬂh_tmd
E Sacticn Sactios
E_ Sumramed i T "
I=) Secticn
- Horizontal Ly Horizontal o Haorizontal .- Distance
Curve Tangent Curve m)
(b) CASE 2
_____ Desired
Speed (VE5Tmsd

f e e e e — e ] ——

Vo5, .

Operating Speed
Hi

decdlerated | ———— B -

= — -— - =
Horizontal Horizontal Horizontal Distance
Curve Tangent Curve (m)

(c) CASE 3
Fig. 1 Operating Speed Profile Method
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Table 3. Operating Speed Estimation Equation

Alignment - .
Coneiiien Estimation Equation
Horizontal
Curve—Vertical| V85¢6=111.948+0.010Upr-L7 —0.002CCR (1)
Grade
Horizontal | V85c6=128.901+0.004Ue-L7 =0.001CCR  (2)
Curve—Vertical| 542 711
Curve(Crest) |~ i, ~ 0.305Wbs
corizontal | VB5cs =134.168+0.007Aw U 2Ls
Curve(Sag) —0.002Avg 2CCR-1.758Up G—9.974Wbs
Horizontal | V8576=131.507-0.002Ur-CCR —0.707G (4)
Tangent— 423.964
Vertical Grade| ™~ (K
Horizontal | \/85.=137.086-0.0024.sUp2CCR (5)
Tangent—
Vertical _ 504.486 —5.141A0s
Curve(Crest) Ke
Horizontal
Tangent- Equation satisfying statistical significance
Vertical was not derived
Curve(Sag)
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Table 4. Variables Definition Used In Speed Estimation

Equation
Variables Definition
CCR Curve Curvature Change Rate(gon/km)
] Average of CCR of corresponding curve
Awg2CCR | ond the preceding curve(gon/km)
Ave-Up-2CCR Average of CCR of preceding two
curves(gon/km)
The length of preceding horizontal
UpLt
tangents(m)
AveUp-2L7 Average of distance of preceding two

horizontal tangents(m)

Vertical grade of corresponding
section(%)

Grade of preceding Vertical grade

Up-G section(%)

Vertical curvature change rate of the
corresponding section(m/%)

Vertical curvature change rate of the

Up-K preceding section(m/%)

11.5m—the sum of the width of the study defined
cross section A

Weps A=(median with minus the occupied width of
barrier)*0.5+width of lane*2+the width of right
shoulder
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Apply Terrain
Classification Criteria

v

Compare the
Original Design with
Terrain

y

Design Alternative
Derivation Relating
Terrain Characteristics

!

Design Consistency
Evaluation

Check Design
Alternative
Satisfying

Safety Criteria

No Select Original
v Design
Select
Design
Alternative

Fig. 2 The Procedure of Terrain—Alignment
Linked Design
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Fig. 3 The Location of Study Section
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Table 5. Terrain Analysis Results

. O.riginall Earth Terrain
Station Height Difference Tt
within 1 Kilometers | C'assification
0+000~1+000 37.53 Level
1+000~2+000 69.00 Mountainous
2+000~3+000 73.16 Mountainous
3+000~4+000 24.35 Level
4+000~5+000 3.85 Level
5+000~6+000 39.03 Level
6+000~7+000 41.70 Rolling
7+000~8+000 17.20 Level
8+000~9+000 7.45 Level
9+000~10+000 28.88 Level

Note) Refer Table 1 of the thesis for Terrain Classification
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004000
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00+760
014140
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07+600
074980
02+360
08+740
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09+500
094880

Station

Fig. 4 Original Earth Height of Study Section
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Table 6. Planned Earth Height and Vertical Grade

Table 7. Original Design of the Study Section
(Vertical Alignment)

Station Vertical Alignment | Design Value
5+000~5+700 Vertical Grade 1.39
5+700~5+880 Vertical Curve K=137, L=180
5+880~6+420 Vertical Grade 2.70
6+420~6+740 Vertical Curve | K=50.7, L=320
6+740~7+060 Vertical Grade -3.60
7+060~7+260 Vertical Curve K=51, L=200
7+260~8+100 Vertical Grade 0.32

Range of the Study Section Note) K= Vertical curvanture change rate(m/%),

L =Length of the Vertical Curve(m)
Planned Earth
Station Heigh Difference Vertical Grade . . .
within One Kilometer Range(%) Table 8. Original Design of the Study Section
Road Section (Horizontal Alignment)
0+000~1+000 20.58 2.10 Station Vertical Alignment | Design Value
1+000~2+000 4.65 0.30~2.10 5+000~6+060 Horizontal Tangent -
2+000~3+000 29.20 -3.70~0.30 R=484.5,
3+000~4+000 5.09 ~0.70~0.35 6+060~6+920 Horizontal Curve :;ggg
4+000~5+000 6.13 0.35~1.39 CL=460
5+000~6+000 15.72 1.39~2.70 6+920~7+160 Horizontal Tangent -
6+000~7+000 13.37 -3.60~2.70 R=500,
7+000~8+000 11.95 -3.60~0.32 . A1=180
7+160~7+440 Horizontal Curve ’
8+000~9+000 4.46 0.32~0.66 A2=180,
CL=280
9+000~10+000 454 0.35~0.60
7+440~8+100 Horizontal Tangent -

Note) R =Horizontal Curve Radius(m), A1, A2=Clothoid Parameters,

Table 6& HH, A¥HLE 7|Eo2 3 A%
CL=Length of Horizontal Curve(m)
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Table 9. Design Alternative of the Study Section
(Vertical Alignment)

Table 10. Section Division for Design Consistency

Evaluation
. . Applied Speed
Mo o aldaney Estimation Equation
5+000~ . ) .
1 54700 Vertical Grade Equation 4 in Table 3
5+700~ . ) :
2 5+880 Vertical Curve Equation 5 in Table 3
5+880~ ) ) )
3 6+060 Vertical Grade Equation 4 in Table 3
Horizontal—
4 6+060 Vertical Curve Equation 2 in Table 3
6+920
Overlapped
6+920~ ) ) )
5 7+160 Vertical Grade Equation 4 in Table 3
Horizontal—
6 7+160 Vertical Curve Equation 3 in Table 3
7+440
Overlapped
7+440~ ) ) )
7 8+100 Vertical Grade Equation 4 in Table 3

Station Vertical Alignment Design Value
5+000~5+700 Vertical Grade 1.39
5+700~5+920 Vertical Curve K=167.9, L=220
5+920~6+360 Vertical Grade 2.70
6+360~6+700 Vertical Curve K=35.7, L=340
6+700~7+220 Vertical Grade -6.83
7+220~7+420 Vertical Curve K=27.9, L=200
7+420~8+100 Vertical Grade 0.32

S N

o ; ! "

5+000 5+700 5+920 6+360 6+700 7+060 7+260 84100

Station

Fig. 7 Vertical Alignment Profile of Design Alternative
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Fig. 8 Design Characteristics of Section for Design
Consistency Evaluation (Original Design)
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Fig. 9 Operating Speed Profile of Original Design

Table 11, Safety Evaluation Results of Original Design

0 . Speed
perating|  pitference | Eyaluation
No. Station Speed | between the
(km/h) | Successive Results
Section
1 | 5+000~5+700 | 129.7 - -
2 | 5+700~5+880 123.1 6.6 Good

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



3 | 5+880~6+060 | 126.4 3.3 Good
4 | 6+060~6+920 112.2 14.2 Fair
5 | 6+920~7+160 130.8 18.6 Fair
6 | 7+160~7+440 131.2 0.4 Good
7 | 7+440~8+100 122.8 8.4 Good
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-6.83%  Overlap 0.32%
(R=500m,
K=27.9)

e € g ke

V6 VC VG
139% K=167.9 270%

| | g
BTC | 7‘380\
6+740 6+920 7+1607+240 7+440 £-100

5+000 5+700 5+920 6+060 6+260

Station
(WG=Vertical Grade, VC=Vertical Curve, HC=Horizontal Curve)

Fig. 10 Design Characteristics of Section for Design
Consistency Evaluation (Alternative Design)
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100 110
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(R=484.5m, K=50.7) VG HCNVG VG
-6.83%  Overlap 0.32%
(R=500m,
K=27.9)

e g o

VG Ve VG
139% K=167.9 2.70%

B 7+380
6+740 6+920 7+1607+240 7+440
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Station
(VG=Vertical Grade, VC=Vertical Curve, HC=Horizontal Curve)

Fig. 11 Operating Speed Profile of Alternative Design

Table 12. Safety Evaluation Results of Design lternative

Operating Diﬁgsgr?ce Evaluation
No. Station Speed | between the
(km/h) | Successive | Results
Section

1 | 5+000~5+700 | 129.7 - -

2 | 5+700~5+920 | 1237 6 Good
3 | 5+920~6+060 | 127.0 33 Good
4 | 6+060~6+920 | 101.0 26.0 Poor
5 | 6+920~7+160 124.3 23.3 Poor
6 | 7+160~7+440 136.9 12.6 Good
7 | 7+440~8+100 115.9 21.9 Poor
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