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Extraction of FHoad Superelevation

by Laser Scanning 7Technigue

17-Hyeon, Nam

Department of Civi/ Engineering, Graduate School,
LPukyong National University

Abstract

Because of the nature of the topographic characteristics, in Korea,
there are many curve sections in horizontal alignment on road. Driving
a car in curve section is very dangerous, because the car could be
seriously affected by centrifugal force. To prevent this hazardous
matter, superelevation must be installed on road surface for the stable
driving of crossway direction. Superelevation must be precisely
constructed, because they affect closely the safety of vehicle.

In former days, the traditional methods such as conventional
surveying, photogrammetry, remote sensing and GPS measurement
were utilized to obtain 3-dimensional location and attribute information
of the road. But, recently, laser scanning technique which applicable in
construction fields was developed with the growth of science and
survey technology. This laser scanning methods are enable to obtain

high density of point-set data with high positional accuracies.

- Vil -



Therefore, if this methods are applied on road, more precise road
geometric structures would be analyzed with obtaining of large amount
of data.

In this study, therefore, the superelevation in circular curve section
was extracted from obtained road space information wusing laser
scanning technique. Besides, the obtained scanning data was compared
with the result data which measured by Total Station method to prove
the usefulness of 3-dimensional laser scanning technique on the field of

road.

- Vil -
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Figure 2.3 Continuous rotation of X, Y and Z axes in 3-D space
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oA7IMd, F 449 (kg)

g T 87455 (=9.8m/sec”)
v A5 =29 4% (m/sec)
R : #HH3497 (m)

P vhEeel o FPPAAAFE (2 W ABA] FAL 9

A A (2100& WHsHolok Ft,

(Feosh— Wsinh) < f(Fsin0+ Weost) (2.10)
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A (21DNA tanO=1(FFAHE tHdstd A (212)9F Zo] "

(F—Wi) < f(Fi+ W) (2.12)

of Aol 4 (29)& HAFL, FWL WE pro] Fel sty

(2.13)
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v
R> - (2.14)
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R (2.16)

" 1270+ f)

A (216)el os dASE=S HAgAGAER HaxAnAF S ok

Table 2.13 #t}.

Table 2.1 The Minimum Radius of curvature(Superelevation)

. Minimum radius of circular curve (m)
Design speed : -
Maximum superelevation
(km/hr) Y . o
120 710 670 630
110 600 560 530
100 460 440 420
90 380 360 340
80 230 265 250
70 200 190 180
60 140 135 130
50 90 85 80
40 60 55 50
30 30 30 30
20 15 15 15

,17,



Table 2.2 The Minimum Radius of curvature(Country)

o Design
Division Speed(km/hr) 120 100 80
Minimum radius
K (1990) of circular curve 710 460 280
orea (m)
f 0.10 0.1 0.12
6% 710 460 280
7% 670 440 265
Korea(1999)
8% 630 420 250
f 0.10 0.11 0.12
6% 755 435 250
7% 710 415 240
America(AASHTO)
8% 665 395 230
f 0.09 0.12 0.14
6% (1,000) 710[(700) 460|(400) 280
| 7% 630 410 250
apatt 8% 570 380 230
f 0.10 0.11 0.12
. iglE 7.0%, n : 50% 720 450 250
erman
Y q:25%, n:10%| 2700 1,700 980
6% (1,000) 710((700) 460|  (280)
- fefere“tced ! 7% (1,000) 670/(660) 440| /(265)
1 wa standar
& de;]ign) 8% (900) 630 |(630) 420/ (250)
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Table 2.3 The Maximum Superelevation Rates

The Maximum Superelevation rates (%)

Division

In Areas with
Snow and Ice

Other Area
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Figure 2.6 Design superelevation rates for radius of curve
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Table 24 Radius of crcular curve depending on design speed and

superelevation
Design Maximum Maximum Maximum
speed | superelevation 6% | superelevation 7% | superelevation 8%
(km/hr) | R(m) f R(m) f R(m) f
120 6,900 0.0364 7,100 0.0360 7,200 0.0357
110 5,800 0.0364 5,900 0.0361 6,000 0.0359
100 4,800 0.0364 4,900 0.0361 5,000 0.0357
90 3,900 0.0364 4,000 0.0359 4,000 0.0359
80 3,100 0.0363 3,100 0.0363 3,200 0.0357
70 2,300 0.0368 2,400 0.0361 2,400 0.0361
60 1,700 0.0367 1,800 0.0357 1,800 0.0357
50 1,200 0.0364 1,200 0.0364 1,200 0.0364
40 300 0.0357 300 0.0357 300 0.0357
30 400 0.0377 450 0.0357 500 0.0342
20 200 0.0357 200 0.0357 200 0.0342
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Table 2.5 Maximum superelevation rates in accordance with design

speed
Design speed (km/hr) Maximum superelevation rates
120 17/:200
110 1/ 185
100 1/ 175
90 1/ 160
80 1/ 150
70 1/ 135
60 1/ 125
50 17 1%
40 1 /105
30 1/ 9
20 1/ 8
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Table 2.6 Adjustment factor for number of lane rotated

Number of lanes rotated Adjustment Factor
3 1.25
4 1.50
5 1.75
6 2.00

A7Ae] NAFoRRE AAALY AAHE ARG 24E Zvehe
Aol WA HE AAZLolE Table 250 ek ARE Zolol
Table 26¢] RAAFE F8 Aol oldo] Hofof shu], wwe] WErt

w3 aeEofof d




[e2}
=

5.

2]
o) Pz wel werA,

[o}

i

’

2440

£

X
oy

+(q)

K
ol
Aqr
e

ﬁO

B

ta, =4, A4

o
vze)

A

7

A

i

(1)9] =7

_&O

)

iy
—_

ﬁO

Bl

To
v

0

NR
P

—_—

=

B!

~
o

rvzel

ba o

)

2o|(L)E A

feiz
=

o] of

°©

g F7E Wt

R

i

Ay

A,

’

al

gl

al

8

}

A
vl

o
=

(7L)

ol

MRS A5Gm Bk B S0ow

7o)

A B}

]

R

500

2.000
f00 1.500

10.000
3.500

}

3.500

20.000
5001.000 500

3.500

10.000

Figure 2.8 Typical cross section slope

3.500

2.000

01,0005

50

o

Figure 2.89] %

Hr

Hr

Gl

=
g

)A
Hr

Hr

o
oo
&+

]

3}

Aol

7

il

2]

Aol 9o

sk
=

3} o] of

ERe]

@ a}ol

v+

Eu

7}

K

Aol F

,25,



Table 2.7 Superelevation run off

Number of
. lanes rotated 9 2 4
Typical cross
section slope
15 % 60m 75m 90m
2.0 % 80m 100m 120m
gEzA o7k AAA A& ANLolwr} A5 w5E neld BA
AF HEA Dol Ze -0l = Figure 299 o] 434 A F3H
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Moximum superelevation
Standord graodient Section of superelevation(TL) (Circular curve)

 Superelevation run of f

Charge of
stondard grodient

BTC or ETC

@ Bose line
\Ec/

=R | HRK

Figure 2.9 Method of superelevation attainment(TL < Length of a

transition curve < TL’)
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Maximum superelevation
Standord gradient Section of superelevotiondTL) CClrculor curvel

[ ]

Superelevation run of f

— Choange of
standard gradient

BIC er EJE

Base line

—2% | +t2%
9
Lew)

\&c/

!

Section of drainage

Figure 2.10 Method of superelevation attainment(Length of a transition

curve = TL')

Maximum superelevaotion
Standard gradient Section of superelevatlion(TL ) (Circular curve)

, Superelevation run off

Change of <
standard gradient

BTC or ETC

/N Base line
or

e

—2% | 2%

Figure 2.11 Method of superelevation attainment(Length of a transition

curve < TL)
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Standord gradient Section of superelevation(TL>

Maximum superelevaotion
(Circular curve?

 Superelevation run of f

1/3L
Change of
standord gradient
-
o BC n
+ Q Bose line
% AEod
|

Figure 2.12 Method of superelevation attainment(Line-Curve-Line)
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Figure 3.1 Location of test field
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Figure 3.3 Shape of 3D Laser Scanner

Table 3.1 Specification of 3D laser scanner

le{ﬁe GS200 3D Laser Scanner \

instrument type long range laser mapping System
General
Metrology method time of flight
pulsed 532nm, green
laser class 3R (IEC 60825-1)
Specification
class 2 (21 CFR §1041.10)
field of view 360° x 60° continuous single scan
range standard 200m
scanning speed up to 5,000 points per second
o 1.4m @< 50m 2.5m @ <100m
standard deviation
Performance 3.6mn @<150m 6.5mm @ <200m
] ] position 12mm@100m
single point accuracy )
distance Tnn@100m
scan resolution spot size ; 3mm
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A 71" 2 AAAE SAG7IHE] AFSE Total Station
SokkiaAlell Al A 2# SET 230rkse AH8-3FATH 7 ZEls R=oA FHd
350me Ag=Ao] 7Fssty 1 A4S Figure 3494 2 5 glon &

nl e} A

4o

12 Table 3.29F #2t}.

¢

Figure 3.4 = Shape of Total Station

Table 3.2 Specification of SET230rxks

SOKKIA SET230r; 4

Laser class Class 3R Laser Product

Reflectorless mode + Class 3

Laser output
Prism/Sheet mode : Class 1

Reflectorless 0.3 to 350m(white side, 90% reflective)
Measuring . . .
(with Kodak Gray Card) 0.3 to 170m(gray side, 18% reflective)
range
prism 1.3 to 4,000m
Reflectorless 0.3 to 200m : =(3+2ppmxD)
(Fine mode) Over 200 to 350m : =(5+10ppmxD)
Accuracy )
(Fine mode) 0.3 to 200m : *(2+2ppmxD)
prism
(Rapid single mode) | 0.3 to 200m : +(5+2ppmxD)
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(a) 3D laser scanner (b) Targets

Figure 3.6 Shape of 3D laser scanning on research highway

3t o] sub-projectoll A 27U = £ 360°, A7 60°9 WHHYE =

L

sdth. AS5® dolEE PFigure 379 Mol RAAY 2] w39

o

E BF ¥+ mosaic 94T Table 3.33 #Zo] X, Y, Z9 3x49 ¢

Au, RGBE A ggu, wAg e 4ns T@sha gov ozae 914
Aue del 4 AUl xS FAoE wdd,

Figure 3.7 Panoramic view of a sub-project

Table 3.3 Form of point cloud data

X (m) Y (m) Z (m) Red | Green | Blue | Intensity
7.609 2.367 -1.056 193 108 233 62
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Figure 3.8 tid==o] & HAoA 2 doem H5H HawolHE

=
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(a) RGB

(b) IntensityFigure

Figure 3.8 Cloud points data obtained from 3D laser scanner
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199 9] sub-project #AolA HAS5H Aot A7 et v HAaA
2o ATS AT gAL wA FHE Y HFEdE YeErE Table 34

% Table 3.59 #t}.

Table 3.4 Result of 3D laser scanning(Right line)

Station number of points Targets for Registration
sub-project 1 1,751,599
sub-project 2 1,634,231 Target 1 2
sub-project 3 1,314,034 Target 3 4
sub-project 4 1,748,289 Target 7, 8
sub-project 5 1,649,970 Memger A0 L, 12
sub-project 6 1,408,481 Terag 15 14 1o
sub-project 7 1,735,561 TIEt g N7 18
sub-project 8 2,434,417 Targetn AN
Target 22, 23, 24
sub-project 9 1,437,382

Table 3.5 Result of 3D laser scanning(Left line)

Station number of peints | Targets for Registration
sub-project 10 1,503,360
sub-project 11 1,481,647 Targgt “ 20026, 27
sub-project 12 1,178,201 Target 23, 29, 30
sub-project 13 1,837,995 Target 31, 32, 33
sub-project 14 1,203,314 Target 34, 35, 36
sub-project 15 1,463,540 Target 37, 38, 39
sub-project 16 1,770,082 Target 40, 41, 42
sub-project 17 1,220,616 Target 43, 44, 45
sub-project 18 1,711,716 Target 46, 47, 48
Target 49, 50, 51
sub-project 19 2,000,986
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Table 3.6 The result of check point

sub-projecte] Registration A4 & A
daie WA 77] AT
o] o},
sk7] #e 3370 HAME S TS

Table 3.6°1 YeErWA A}

o=
T8

-

ko

=g HE Avads

filo

Z

e

Check

Point

Z,
o

X(m)

Y(m)

Z(m)

No

X(m)

Y (m)

Z(m)

226138.494

222745150

40.657

18

226531.390

222722:930

36.157

226146.028

222742.530

40.863

19

226511.520

22277121437

36.910

226153.604

2227739.985

41.008

20

226507.547

222720.768

37.058

226238.912

222718.705

42191

21

226503.565

222720.406

37.207

226326.388

222709.964

41.956

g

226231.030

222720.126

42.133

226423.981

222713.184

40.048

78

226058.040

222780.576

37.886

226427.945

222713.471

39.931

24

226051.037

222784.350

37.608

226431.942

222713.803

39.806

25

225970.886

222836.742

34.200

O |0 N[O ]W N |+

226435.903

222714111

39.673

26

225964.592

222841.677

33.946

—
o

226439.923

222714.427

39.557

27

225958.325

222846.645

33.655

—
—

226443.889

222714.767

39.429

28

225899.808

222901.039

30.828

—
\]

226447.880

222715.135

39.292

29

225894.352

222906.904

30.558

—
w

226511.520

222721.137

36.910

30

225888.981

222912.821

30.292

H
N

226515.490

222721.497

36.761

31

225843.134

222968.247

27.923

—
1

226519.477

222721.868

36.612

SY

225838.277

222974.571

27.717

—
(o))

226523.464

222722.245

36.455

33

225833.431

222980.923

27.518

—
g

226527.420

222722.589

36.307
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Figure 3.9 Target fitting for Registration
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Figure 3.10 Process of Registration
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o] 213+ Registration I} A S AH sd FAEAZ IAAH Yds2W{xs
58 Geo-referencings AL E3
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[
=)
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Figure 3.11 Result view of Geo-referencing for overall section
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Table 3.7 Comparison of check point

Total Station 3D Laser Scanner Residual

o X(m) Y (m) Z(m) X(m) Y (m) Z(m) | v,(m) | v, (m) | v,(m)
1 226138.494 | 222745.150 | 40.657 | 226138.554 | 222745.133 | 40.633 | -0.060 | 0.017 | 0.024
2 226146.028 | 222742.530 | 40.863 | 226146.069 | 222742.481 | 40.798 [ -0.041 | 0.049 | 0.065
3 226153.604 | 222739.985 | 41.008 | 226153.591 | 222739.945 | 40.933 [ 0.013 | 0.040 | 0.075
4 226238912 | 222718.705 | 42.191 | 226238.916 | 222718.713 | 42.112 | -0.004 | -0.008 | 0.079
5 226326.388 | 222709.964 | 41.956 | 226326.369 | 222710.060 | 41.878 [ 0.019 | -0.096 | 0.079
6 226423.981 | 222713.184 | 40.048 | 226423.970 | 222713.185 | 39.970 [ 0.011 | 0.000 | 0.078
7 226427.945 | 222713.471 | 39.931 | 226427.953 | 222713.470 | 39.872 [ -0.008 | 0.001 | 0.059
8 226431.942 | 222713.803 | 39.806 | 226431.924 | 222713.761 | 39.764 [ 0.018 | 0.042 | 0.042
9 226435.903 | 222714.111 | 39.673 | 226435.879 | 222714.072 | 39.628 [ 0.024 | 0.039 | 0.045
10 | 226439.923 | 222714.427 | 39.557 | 226439.865 | 222714.391 | 39.503 | 0.058 | 0.036 | 0.054
11 | 226443.889 | 222714.767 | 39.429 | 226443.840 | 222714.731 | 39.378 | 0.049 | 0.036 | 0.051
12 | 226447.880 | 222715.135 | 39.292 | 226447.817 | 222715.100 | 39.227 [ 0.063 | 0.035 | 0.065
13 | 226511.520 | 222721.137 | 36.910 | 226511.485 | 222721.108 | 36.880 | 0.035 | 0.029 | 0.030
14 | 226515490 | 222721.497 | 36.761 | 226515.467 | 222721.466 | 36.726 . 0.023 | 0.031 | 0.035
15 | 226519.477 | 222721.868| 36.612 | 226519.439 | 222721.827 | 36.580 [ 0.038 | 0.041 | 0.032
16 | 226523.464 | 222722.245 | 36.455 | 226523.421 | 222722.187 | 36.422 [ 0.043 | 0.058 | 0.033
17 | 226527.420 | 222722.589 [ 36.307 | 226527.392 | 222722.510 | 36.263 [ 0.028 | 0.079 | 0.045
18 | 226531.390 | 222722.930 | 36.157 | 226531.344 | 222722.869 | 36.090 [ 0.046 | 0.061 | 0.067
19 | 226511.520 | 222721.137 | 36.910 | 226511.454 | 222721.199 | 36.908 [ 0.066 | -0.062 | 0.002
20 | 226507.547 | 222720.768 | 37.058 | 226507.490 | 222720.829 | 37.047 | 0.057 | -0.061 | 0.011
21 | 226503.565 | 222720.406 | 37.207 | 226503.510 | 222720.454 | 37.189 | 0.055 | —0.048 [ 0.018
22 | 226231.030 | 222720.126 | 42.133 | 226231.015 | 222720.143 | 42.043 | 0.015 | -0.017 [ 0.090
23 | 226058.040 | 222780.576 | 37.886 | 226058.121 | 222780.582 | 37.881 | —0.081 | -0.006 | 0.005
24 | 226051.037 | 222784.350 | 37.608 | 226051.105 | 222784.387 | 37.615 | -0.068 | =0.037 [ -0.007
25 | 225970.886 | 222836.742 | 34.200 | 225970.846 | 222836.762 | 34.133 |+0.040 | -0.020 [ 0.067
26 | 225964.592 | 222841.677 | 33.946 | 225964.583 [ 222841.710. | 33.902+ 0.009 | -0.033 | 0.044
27 | 225958.325 | 222846.645 | 33.655 | 225958.340 | 222846.667 |-33.615 |-0.015| -0.022 [ 0.040
28 | 225899.808 | 222901.039 | 30.828 | 225899.769. [ 222901.024 | 30.740 | 0.039 | 0.015 | 0.088
29 | 225894.352 | 222906.904 | 30.558 | 225894.377 | 222906.912 | 30.506 | -0.025 | =0.008 [ 0.052
30 | 225888.981 | 222912.821 | 30.292 | 225889.041 [ 222912.818 | 30.227 | -0.060 | 0.003 | 0.065
31 | 225843.134 | 222968.247 | 27.923 | 225843.150 | 222968.191 | 27.876 | -0.016 | 0.056 | 0.047
32 | 225838.277 | 222974.571 | 27.717 | 225838.303 | 222974.535 | 27.670 | -0.026 | 0.036 | 0.047
33 | 225833.431 | 222980.923 | 27.518 | 225833.475 | 222980.884 | 27.452 | -0.044 | 0.039 | 0.067

RMSE 0.041 | 0.041 | 0.025
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Table 4.1 Result of superelevations extracted on the object highway at an
interval of 5m by total station (BTC-BC)

STA. Left | Right | STA. Left | Right | STA. Left | Right
(m) (%) (%) (m) (%) (%) (m) (%) (%)
0+885 | -1.504 | -1.666 | 0+945 | 0.783 | -2.270 | 1+005 | 3.471 | -3.301
0+890 | -1.358 | -1.757 | 0+950 | 1.043 | -2.290 | 1+010 | 3.435 | -3.551
0+895 | -1.098 | -1.723 | 0+955 | 1.268 | -2.212 | 1+015 | 3.447 | -3.665
0+900 | -0.822 | -1.771 | 0+960 | 1.630 | -2.192 | 1+020 | 3.625 | -3.702
0+905 | -0.956 | -2.135 | 0+965 | 1.908 | -2.222 | 1+025 | 3.723 | -3.921
0+910 | -0.710 | -2.192 | 0+970 | 2.012 | -2.498 | 1+030 | 3.948 | -4.038
0+915 | 0572 | -2.116 | 0+975 | 2.090 | -2.552 | 1+035 | 4.164 | -4.058
0+920 | -0.366 | —2.117 | 0+980 | 2.106 | -2.580 | 1+040 | 4.133 | -4.192
0+925 | -0.048 | —2.107 | 0+985 | 2.447 | -2.494 | 1+045 | 4.125 | -4.309
0+930 | 0.165 | -2.134 | 0+990 | 2.777 | -2.607 | 1+050 | 4.259 | -4.549
0+935 | 0.378 | -2.215 | 0+995 | 3.030 | -2.765 | 1+055 | 4.448 | -4.749
0+940 | 0.711 | -2.157 }71+000 | 3.240 | -3.029 | 1+060 |4.714 | -4.886

Table 4.2 Result of superelevations extracted on the object highway at an
interval of 5m by total station (EC-ETC)

STA. Left | Right | STA. Left | Right | STA. Left | Right
(m) (%) (%) (m) (%) (%) (m) (%) (%)
1+525 | 5123 | -4.477 | 14585 | 3.054 | =2.597 | 1+645 | 0.589 | -1.634
1+530 | 4.992 | -4.269 | 14590 | 2917 | —2.348 | 1+650 | 0.422 | -1.562
1+535 | 4.753 | -4.194 | 1+595 [ 2.806 | -2.115 1+655 | 0.126 | -1.664
1+540 | 4.437 | -4.109 | 1+600 [ 2592 | =1.977 | 1+660 | -0.132 | -1.718
1+545 | 4.170 | -4.093 | 1+605 | 2.356 | -1.846 | 1+665 | -0.306 | —1.587
1+550 | 4.024 | -3.888 | 1+610 | 2.160 | -1.749 | 1+670 | -0.494 | -1.526
1+555 | 3.845 | -3.615 | 1+615 | 1.888 | -1.791 | 1+675 | -0.731 | —1.468
1+560 | 3.713 | -3.445 | 1+620 | 1.717 | -1.821 | 1+680 | -0.901 | -1.518
1+565 | 3.511 | -3.258 | 1+625 | 1.529 | -1.819 | 1+685 | -1.157 | —-1.477
1+570 | 3.331 | -3.119 | 1+630 | 1.286 | -1.821 | 1+690 | -1.283 | —1.486
1+575 | 3.191 | -3.013 | 1+635 | 1.000 | -1.742 | 1+695 | -1.453 | -1.523
1+580 | 3.075 | -2.840 | 1+640 | 0.723 | -1.733 | 1+700 | -1.444 | -1.594
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Table 4.3 Result of superelevations extracted on the object highway at an
interval of 5m by total station (BC-EC)

STA. Left | Right | STA. Left | Right | STA. Left | Right
(m) (%) (%) (m) (%) (%) (m) (%) (%)

1+060 | 4.714 | -4.886 | 1+215 | 4.993 | -4.949 | 1+370 | 4.939 | -4.847

1+065 | 5.055 | -4.934 | 1+220 | 4.964 | -5.018 | 1+375 | 4.842 | -4.898

1+070 | 5.308 | -4.971 | 1+225 | 5.099 | -4.961 | 1+380 | 4.812 | -4.979

1+075 | 5104 | -4.961 | 1+230 | 4964 | -5.148 | 1+385 | 4.805 | -4.864

1+080 | 4.875 | -4.953 | 1+235 | 4919 | -5.268 | 1+390 | 4.792 | -4.751

1+085 | 4.835 | -4.923 | 1+240 | 5117 | -5.111 | 1+395 | 4.784 | -4.774

1+090 | 4.922 | -4.909 | 1+245 | 5.018 | -5.021 | 1+400 | 4.835 | -4.735

1+095 | 4.994 | -4.895 | 1+250 | 4.879 | -4.963 | 1+405 | 4.953 | -4.663

1+100 | 4.948 | -4.966 | 1+255 | 4.884 | -4.997 | 1+410 | 4914 | -4.694

1+105 | 4.943 | -4.994 | 1+260 | 4.898 | -4.944 | 1+415 | 4.876 | -4.769

1+110 | 4974 | -5.016 | 1+265 | 4.939 | =4.942 | 1+420 | 4.814 | -5.044

1+115 | 5.021 | -5.027 | 1+270 | 4.945 | -4.986 | 1+425 | 5.110 | -4.773

1+120 | 5.060 | -5.017{ 14275 | 4.950 | -5.024 | 1+430 | 5.168 | -4.692

1+125 | 4.992 | -5.055 | 1+280 | 4.864 | -5.154 | 1+435 | 5.068 | -4.701

1+130 | 4.924 | -5.088 | 1+285 | 4.891 | -5.117 | 1+440 | 4.894 | -4.940
1+135 | 4.937 | ~5.036 | 1+290 | 4.983 | -4.963 | 1+445 | 4.878 | -4.982
1+140 | 4.992 | -4.929 | 1+295 | 5104 | -4.954 | 1+450 | 4916 | -4.844
1+145 | 5.050 | -4.855 | 1+300 | 5.141 | -4.943 | 1+455 | 4917 | -4.891
1+150 | 4.928 | -4.980 | 1+305 | 5.070 | =5.047 | 1+460 | 4.903 | -4.916
1+155 | 4.827 | -5.067 | 1+310 | 4.844 | -5.140 | 1+465 | 4.953 | -4.927
1+160 | 4.828 | -5.053 | 1+315 1.4.607 | -5.146 | 1+470 | 4.929 | -4.874

1+165 | 4.857 | -4.999 | 14320 | 4572 | -5.087 | 1+475 | 4.951 | -4.785

1+170 | 4.865 | -5.005 | 14325 | 4.571 | -4.995 | 1+480.| 5.026 | -4.729

1+175 | 4963 | -4.966 | 14330 | 4.519 | =4.916.| 1+485| 5.062 | -4.661

1+180 | 4.948 | -4.956 | 1+335 | 4.612 | ~4.892 | 1+490 | 5.134 | -4.614

1+185 | 4.799 | -5.023 | 1+340 | 4.670 | -4.834 | 1+495 | 5.249 | -4.589

1+190 | 4.741 | -4.951 | 1+345 | 47751 | -4.832 | 1+500 | 5.361 | -4.540

1+195 | 4.795 | -5.033 | 1+350 | 4.819 | -4.762 | 1+505 | 5.456 | -4.562

1+200 | 4.806 | -5.206 | 1+355 | 4.829 | -4.704 | 1+510 | 5.356 | -4.543

1+205 | 4.939 | -5.126 | 1+360 | 4.857 | -4.807 | 1+515 | 5.271 | -4.549

1+210 | 5.053 | -4.903 | 1+365 | 4.905 | -4.851 | 1+520 | 5.213 | -4.548
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Table 4.4 Result of superelevations extracted on the object highway at an

interval of 5m by laser scanner (BC-EC)

STA. Left | Right | STA. Left | Right | STA. Left | Right
(m) (%) (%) (m) (%) (%) (m) (%) (%)
1+060 | 4.746 | -4.886 | 1+215 | 5.003 | -4.928 | 1+370 | 4.950 | -4.832
1+065 | 5.087 | -4.919 | 1+220 | 4970 | -5.013 | 1+375 | 4.827 | -4.891
1+070 | 5.344 | -4.962 | 1+225 | 5118 | -4.958 | 1+380 | 4.806 | -4.959
1+075 | 5131 | -4.959 | 1+230 | 4.988 | -5.139 | 1+385 | 4.800 | —-4.852
1+080 | 4.905 | -4.946 | 1+235 | 4.947 | -5.250 | 1+390 | 4.802 | -4.729
1+085 | 4.862 | —4.918 | 1+240 | 5152 | -5.088 | 1+395 | 4.811 | -4.740
1+090 | 4.922 | -4.920 | 1+245 | 5.037 | -5.026 | 1+400 | 4.864 | -4.713
1+095 | 5.009 | -4.872 | 1+250 | 4.899 | -4.982 | 1+405 | 4.985 | -4.660
1+100 | 4.956 | -4.968 | 1+255 | 4.882 | -5.020 | 1+410 | 4.931 | -4.693
1+105 | 4964 | -4.992 | 1+260 | 4.893 | -4.948 | 1+415 | 4.897 | -4.755
1+110 | 4.979 | -5.032 | 1+265 | 4.941 | =4.937 | 1+420 | 4.827 | -5.035
1+115 | 5.018 | -5.055 | 1+270 | 4.950 | -4.984 | 1+425 | 5.116 | -4.773
1+120 | 5.080 | -5.018 | 1+275 | 4.977 | -5.015 | 1+430 | 5.176 | -4.693
1+125 | 5.004 | -5.051 | 1+280 | 4.860 | -5.159 | 1+435 | 5.087 | —4.692
1+130 | 4.937 | -5.069 | 1+285 | 4.873 | -5.119 | 1+440 | 4.905 | -4.935
1+135 | 4.939 | ~5.046 | 1+290 | 4.953 | -4.971 | 1+445 | 4.893 | -4.969
1+140 | 4.999 | -4.954 | 1+295 | 5.092 | -4.952 | 1+450 | 4.903 | -4.859
1+145 | 5.047 | -4.898 | 1+300 | 5.145 | -4.938 | 1+455 | 4918 | -4.898
1+150 | 4.927 | -5.029 | 1+305 | 5.062 | =5.050 | 1+460 | 4.907 | -4.920
1+155 | 4.840 | -5.107 | 1+310 | 4.848 | -5.132 | 1+465 | 4.925 | —-4.953
1+160 | 4.847 | =5.069 | 1+315 [.4.610 | =5.157 | 1+470 | 4.921 | -4.872
1+165 | 4.894 | -4.981 | 1+320 | 4586 | =5.094 | 1+475.| 4.930 | -4.791
1+170 | 4.887 | -5.006 | 1+325 | 4579 | -4.993 | 1+480. | 5.016 | -4.725
1+175 | 4981 | -4.978 | 1+330 | 4533 | =4.899. | 1+485-] 5.063 | -4.655
1+180 | 4.970 | -4.975 | 1+335 [4.631 | —4.875(-1+490 | 5.133 | -4.627
1+185 | 4.817 | -5.057 | 1+340 | 4.706 | -4.809 | 1+495 | 5271 | -4.601
1+190 | 4.791 | -4.948 | 1+345 | 4.780 | -4.812 | 1+500 | 5.352 | -4.553
1+195 | 4.833 | -5.044 | 1+350 | 4.825 | -4.746 | 1+505 | 5.430 | -4.566
1+200 | 4.851 | -5.212 | 1+355 | 4.830 | -4.679 | 1+510 | 5.340 | -4.539
1+205 | 4966 | -5.136 | 1+360 | 4.860 | -4.789 | 1+515 | 5.266 | -4.538
1+210 | 5.041 | -4.925 | 1+365 | 4921 | -4.828 | 1+520 | 5223 | -4.541
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Table 4.5 A comparative analysis of superelevations (BC-EC : Right)

sTa | N OO |p | oA, TR OO g dual sTA | OO b dual
(m) | Scan | T.S (%) (m) | Scan | T.S (%) (m) | Scan | T.S (%)

1+060| -4.886] -4.886]  0.0001+215|-4.928|-4.949|  0.021]1+370|-4.832|-4.847|  0.015
14065 -4.919|-4.934]  0.015/1+220| -5.013|-5.018]  0.0051+375| -4.891|-4.898]  0.007
1+070| -4.962 -4.971|  0.009]1+225|-4.958| -4.961|  0.0031+380|-4.959|-4.979|  0.020
14075 -4.959|-4.961|  0.0021+230| -5.139|-5.148]  0.009] 1+385| -4.852|-4.864]  0.012
1+080| -4.946| -4.953|  0.007/1+235|-5.250|-5.268|  0.0181+390| -4.729|-4.751|  0.022
1+085]-4.918|-4.923] 0,005 1+240| -5.083]-5.111|  0.023/1+395| -4.740|-4.774]  0.034
1+090| ~4.920| -4.909| -0.011|1+245|-5.026|-5.021| -0.005|1+400| -4.713|-4.735|  0.022
1+095| -4.872|-4.895|  0.023]1+250| -4.982|-4.963] -0.019] 1+405| -4.660]-4.663]  0.003
1+100| ~4.968] -4.966| ~0.002|1+255|-5.020| -4.997| -0.0231+410|-4.693|-4.694|  0.001
1+105]-4.992|-4.994]  0.002]1+260| -4.948]-4.944] -0.004]1+415|-4.755|-4.769]  0.014
1+110|-5.032| -5.016| -0.0161+265| -4.937|-4.942|  0.0051+420| -5.035|-5.044|  0.009
1+115] -5.055|-5.027|  -0.028]1+270| -4.984|-4.986] ~ 0.002| 1+425] -4.773|-4.773]  0.000
1+120|-5.018/ -5.017|  -0.001|14275|-5.015|-5.024|  0.009|1+430|-4.693|-4.692| -0.001
14125 -5.051|-5.055|  0.004/1+280| -5.159|-5.154] -0.005] 1+435|-4.692]~4.701|  0.009
1+130| -5.069] -5.088| 0.019/1+285|-5.119|-5.117| -0.002|1+440|-4.935|-4.940|  0.005
1+135| -5.046 | -5.036| / ~0.010{1+290| 4971 |-4.963| -0.008| 1+445| -4.969|-4.982|  0.013
1+140| -4.954] -4.929] ~0.025|1+295/-4.952|-4.954|  0.002|14450|-4.859|-4.844| | -0.015
1+145| -4.898| -4.855| ~-0.043]1+300|-4.938]-4.943]  0.005/1+455| -4.898-4.891| 0007
1+150| -5.029] -4.980| ~0.049| 1+305|-5.050| -5.047| = ~0.003|1+460| -4.920 | -4.916| = -0.004
1+155| -5.107|-5.067), =0.040| 1+310]-5.132|-5.140| | 0.008|1+465|-4.953[-4.927| " -0.026
1+160| -5.069| -5.053| ' ~0.016| 1+315| -5.167 | -5.146| | ~0.011| 1+470| -4.872|-4.874|  0.002
1+165]-4.981|-4.999] 0.018]1+320| -5.004]-5.087| | -0.007| 1+475|-4.791|-4.785] -0.006
1+170| -5.006| -5.005| -0.001|17325{=4.993| -4.995|  0.002| 1+480]~4.725|-4.729|  0.004
1+175]-4.978|-4.966| -0.012] 1+330| -4:8991-4.916] © 10.017/1+485| -4.655|-4.661|  0.006
1+180| -4.975| -4.956| -0.019|1+335| -4.875|-4.892| " 0.017/1+490| -4.627|-4.614] -0.013
1+185] -5.057|-5.023|  -0.034] 1+340| -4.809|-4.834]  0.025]1+495| -4.601|-4.589 -0.012
1+190|-4.948| -4.951|  0.0031+345|-4.812|-4.832|  0.020]1+500| -4553|-4.540| -0.013
1+195] -5.044|-5.033]  -0.011]1+350| -4.746|-4.762]  0.0161+505| -4.566|-4.562] -0.004
1+200|-5.212 -5.206| ~0.006| 1+355|-4.679| -4.704|  0.025/1+510|-4.539|-4.543|  0.004
1+205] -5.136|-5.126] -0.010]1+360| -4.789|-4.807|  0.018/1+515| -4.538|-4.549] 0011
1+210]-4.925|-4.903]  -0.022]1+365| -4.828|-4.851|  0.023/1+520| -4.541|-4.548]  0.007
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Table 4.6 A comparative

analysis of superelevations (BC-EC : Left)

sta Lo OO | pcidual| sTA. 25 PO | peiaual| sTA. 5T P9 | Regiual
(m) | Scan | T.S (%) (m) | Scan | T.S (%) (m) | Scan | T.S (%)

1+060| 4746 | 4714 | 0.032/1+215] 5.003 | 4993 |  0.010/1+370] 4950 | 4939 |  0.011
1+065] 5.087 | 5.055 | 0.0321+220] 4970 | 4964 |  0.007/1+375] 4827 | 4842 -0.014
1+070| 5344 | 5308 | 0.036/1+225| 5.118 | 5099 |  0.0191+380| 4.806 | 4812 | -0.005
14075 5.131 | 5104 | 0.026/1+230| 4988 | 4.964 |  0.024/1+385] 4.800 | 4805 | -0.005
1+080| 4905 | 4875 | 0.030/1+235| 4.947 | 4919 |  0.028/1+390| 4.802 | 4792 |  0.010
1+085] 4.862 | 4835 | 0.027/1+240| 5152 | 5117 | 0.035,1+395| 4811 | 4784 |  0.028
1+090| 4922 | 4922 | 0.000/1+245] 5.037 | 5.018 | 0.020|1+400| 4.864 | 4835 |  0.029
1+095] 5.009 | 4994 | 0.015/1+250| 4899 | 4879 |  0.020/1+405] 4.985 | 4953 |  0.031
1+100| 4956 | 4.948 | 0.008/1+255| 4.882 | 4884 | -0.0021+410| 4931 | 4914 |  0.017
1+105] 4964 | 4943 | 0.021]1+260| 4.893 | 4898 |  -0.005/1+415] 4897 | 4876 |  0.021
14110 4979 | 4974 | 0.005|1+265| 4.941 | 4939 | 0.002|1+420| 4.827 | 4814 |  0.013
1+115] 5.018 | 5.021 |  -0.003|1+270| 4950 | 4945 | ~ 0.005|1+425] 5.116 | 5110 |  0.005
1+120] 5080 | 5.060 | 0.020/1+275| 4977 | 4950 |  0.027/1+430| 5.176 | 5.168 |  0.008
14125 5.004 | 4992 | 0.012/1+280 4.860 | 4.864 | -0.004]1+435| 5.087 | 5068 |  0.019
1+130] 4937 | 4924 | 0.014/1+285| 4873 | 4891 | -0.0181+440| 4905 | 4894|  0.011
1+135] 4939 | 4937 | 0.002/1+290| 4953 | 4983 | -0.030|1+445| 4.893 | 4878 | 0.014
1+140| 4999 | 4992 || 0.007|1+295/ 5.092 | 5.104 | -0.012/1+450| 4.903 | 4916 | | -0.012
1+145] 5.047 | 5.050 | -0.003/1+30015.145 | 5.141 |  0.004|1+455] 4.918 | 4917] = 0.001
1+150| 4927 | 4928 | =0.002/1+305] 5.062 | 5.070 | = -0.008|1+460| 4907 | 4903 | = 0.004
1+155] 4.840 | 4.827 | 0.013]1+310| 4848 | 4844 | | 0.004|1+465] 4.925 | 4953 | | -0.028
1+160| 4.847 | 4828 | . 0.020/1+315| 4.610 | 4607 | = 0.0031+470| 4921 | 4920 | -0.008
1+165] 4.804 | 4857 | 0.038]1+320| 4586 | 4572 | | 0.014]1+475] 4930 | 4951 | -0.020
1+170| 4.887 | 4865 |  0.022|1+32504.579 | 4571 | 0.008|1+4801 5,016 | 5026 |  0.009
1+175] 4981 | 4963 | 0.018]1+830| 4533 | 45197 1 10.014]1+485| 5.063 | 5.062 |  0.001
1+180| 4970 | 4948 | 0.022/1+335| 4.631 | 4612 | 0.019/1+490| 5.133 | 5.134 | -0.001
1+185] 4.817 | 4799 | 0.017|1+340| 4.706 | 4670 | 0.036]1+495| 5271 | 5249 | 0.022
1+190| 4791 | 4741 | 0.049/1+345| 4780 | 4751 |  0.028/1+500| 5.352 | 5.361 |  -0.008
1+195] 4.833 | 4795 | 0.038]1+350| 4.825 | 4819 |  0.006|1+505| 5.430 | 5456 | -0.026
1+200| 4851 | 4806 |  0.045/1+355| 4.830 | 4829 |  0.001|1+510| 5.340 | 5.356 | -0.016
1+205] 4.966 | 4939 | 0.027/1+360| 4.860 | 4.857 |  0.003/1+515| 5.266 | 5271 |  -0.005
1+210] 5.041 | 5.053 | -0.0131+365| 4921 | 4905 |  0.015/1+520| 5223 | 5213 | 0.010
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