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A Study on Reliability of Joint Orientation Measurements
in Rock Slope using 3D Laser Scanner

Sun-Hyun Park, Su-Gon Lee*, Boyk-Kyu Lee, Chee-Hwan Kim

Abstract We must precisely investigate the mechanical characters of rock to design rock slope safely and efficiently.
But the method of clinometer has some disadvantages. So, we need a new measurement that can replace the method
of clinometer. In this study, we analyze the reliability of joint orientation measurements in rock slope using the
3D laser scanner and program Split-FX that is a point cloud data analysis software.

We could acquire the 495 pieces joint data through the automatic extraction of features. And we confirmed that
there were some errors occurred with £4° of dip and +5° of dip direction. Generally, the method of clinometer
has £5° and £10° error ranges of the joint orientation(dip/dip direction) that are the results of the advance research.
Therefore, we analyzed the method of 3D laser scanner, and it is found to be efficient, reliable. This method is
expected to mend the disadvantages of Clinometer method.

Key words Investigation of rock slope joint, Automatic rock joint extraction, 3D laser scanner, Joint orientation, Point cloud
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Table 1. Equipment Specification (Leica Geosystems, 2009)

Division Specifications

Scanning Range 300m (90% Reflectivity Standard)
Scanning Speed 50,000 points/sec

Accuracy Distance : 4mm/50m, Position : 6mm/50m
Field of View Vertical : 270°, Horizontal : 360°
Model Surface precision/noise 2mm (One Sigma)

Spot Size 0-50m : 4mm

Metrology Method Time of Flight

Laser class 3R (IEC-60825-1) visible green
Dimensions 26.5cm x 37.0cm x 51.0cm
Weight 18.5 kg

Operating Temperature 0C - 40C

Camera Single 24°x24° image : 1024x1024 pixels (Imegapixel)
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Fig. 1. Field site of 5 Zones scanned using 3D Laser Scanner
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Table 2. Joint orientation results (Dip / Dip Direction) from 3D methods

Division Orientation (Dip / Dip Direction) Amount (ea)
Set 1 10 / 254 263
Set 2 78 / 246 16
Set 3 83 / 046 22
Set 4 80 / 327 108

Total 409
1 N i
Y £
& i
7 S T = Set 1(10/254)
1 | Set 2(78/246)
W- -~E

+  Set 3(83/043)
Y /s Set 4(80/327)

At Equal Area

A ” Lower Hemisphere
. 495 Poles
L x 495 Entries

Fig. 2. Stereonet for the automatic method in Split-FX (495 Poles)
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Clinometer Data 3D Laser Scanning Data

(a) Joint point measurements of Zone 1 (No. 1~7)

Clinometer Data 3D Laser Scanning Data

(b) Joint point measurements of Zone 2 (No. 8~ 14)

Clinometer Data 3D Laser Scanning Data

(c) Joint point measurements of Zone 3 (No. 15~27)

Clinometer Data 3D Laser Scanning Data

(d) Joint point measurements of Zone 4 (No. 28~35)

Fig. 3. Joint point measurements of Zones 1 to 5.
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Table 3. Comparison of each joint orientation(Clinometer and 3D Laser Scanner)

3D Laser Scanners ©]-83F oHtAlHC] A|ieF &7

Clinometer Data

(e) Joint point measurement of Zone 5 (No. 36~40)

Fig. 3. Continued.

3D Laser Scanning Data

(Unit : degree, °)

No. Clinometer 3D Laser Scanner Difference
Dip Dip Direction Dip Dip Direction Dip Dip Direction
1 12 260 12 259 0 1
2 84 040 83 040 1 0
3 84 042 85 040 -1 2
4 9 200 13 204 -4 -4
5 85 033 85 029 0 4
6 86 281 79 281 7 1
7 12 269 12 286 0 -17
8 80 040 89 043 -9 -3
9 82 095 87 098 -5 -3
10 84 040 83 040 1 0
11 81 089 - -
12 79 093 89 096 -10 -3
13 88 102 85 106 3 -4
14 82 094 - -
15 83 098 87 103 -4 -5
16 82 040 90 040 -8 0
17 8 294 19 294 -11 0
18 81 035 81 036 0 -1
19 88 026 88 034 0 -8
20 88 046 90 047 -2 -1
21 87 053 88 050 -1 3
22 9 236 16 273 -7 -37
23 12 266 13 267 -1 -1
24 10 292 12 281 -2 11
25 77 217 73 217 4 0
26 18 265 12 274 6 -9
27 72 230 72 221 0 9
28 85 290 86 290 -1 0
29 71 235 72 237 -1 -2
30 6 268 10 255 -4 13
31 85 015 84 015 1 0
32 8 268 9 265 -1 3
33 6 268 6 253 0 15
34 87 056 87 060 0 -4
35 10 328 7 327 3 1
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Table 3. Continued.

(Unit : degree, °)

No.

Clinometer

3D Laser Scanner

Difference

Dip

Dip Direction

Dip

Dip Direction

Dip Dip Direction

36

86

061

81

060

5 1

37

50

052

78

044

-28 8

38

82

248

71

248

11 0

39

87

266

78

251

9 15

40

63

057

71

051

-8 6

Average Error

+4 +5

Dip/Dip Direction Difference of Joint

B2 Dip
Dip Direction
1| —— Dip's Error Range
——— Dip Direction's Error Range

N
o
L

Difference of Degree
o 6

o
\

S
o
L

T T T T T T T T T T T T T T T T T T | T
1 3 5 7 9 1113 1517 19 21 23 25 27 29 31 33 35 37 39 #1
Number of Joint

&
S

Fig. 4. Graph of total joint orientation error
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