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Applicability of The Three-Dimensional Laser Scanning to
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Fracture mapping conducted during gallery excavation on construction projects of a large-scale underground
facility is based on traditional geological techniques such as visible observations and simple measurements of
fracture orientation using a clinometer. Therefore, some difficulties persist, such as securing data quality and
worker safety. Three-dimensional (3D) laser scanning, which can instantly acquire point clouds representing the 3D
shape of an object surface, is can be effective for resolving these difficulties. In order to confirm the applicability
of the three-dimensional laser scanning to the fracture mapping on a gallery wall, this study proposes the method
for obtaining attribute information from a point cloud, such as trace length and orientation, associated with the
spatial distribution of fractures. In the proposed method, the two-dimensional image is generated from the point
cloud to obtain the trace map. After the proposed method was applied to an approximately 50-m-long horizontal
gallery excavated into the granitic rock, the reproducibility of the attribute information of fractures obtained
solely from the point cloud was examined. Results show that the number of fractures extracted from the point
cloud is approximately 80% of those extracted by traditional geological techniques. Although the trace length
reproducibility ratio of fractures is approximately 70%, fracture orientations calculated from the point cloud
compare favorably with those measured by an on-site researcher. Most fractures that were not extracted from the
point cloud do not act as water-conducting fractures because they had short lengths and because they were bonded
tightly. Even if the fracture data obtained from the point cloud were applied to modelling for hydrogeological
analysis, the results would probably not be influenced strongly. Results of this study indicate the possibility of
applying 3D laser scanning to fracture mapping.

KEY WORDS: Fracture Mapping, 3D Laser Scanning, Point Cloud, ArcGIS Spatial Analyst, Fracture Trace Map,
Fracture Orientation
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Fig.1 Layout of shafts and galleries of the Mizunami Underground Research
Laboratory, with a rock mass classification map of the -300m Access/
Research Gallery showing the studied section. (The Rock mass
classification map is based on Kawamoto et al.lg))
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Fig.2 Schematic of 3D laser scanning in the gallery.
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a) (6. ¢.rxyz]1Rp, Gp,Bp)
- Processing of raw data
- Convert scanner’s own local coordinates to global coordinates

b) (6,¢,rXY,7)
- Developing a horseshoe-shaped point cloud on 2D X'y’ plane
¢ B,enrXYZxy,z2z)

- Analysis ofthe shape of the gallery wall
- Generate the image for reading fractures

d) (8,0,1rXY,Zx,y,7,S A Ry, Gv,Bv)

6, @, : Scanner’s own local spherical polar coordinate system
X, ¥, Z : Scanner’s own local orthogonal coordinate system

X, Y, Z : Global coordinate system

x',y’,z': Local orthogonal coordinate system after development of

scanner’'s own local spherical polar coordinate system
1 : Reflection intensity of laser beam
S : Slope on 2D x'y' plane
A :Aspecton 2D x'y' plane
Rp, Gp, Bp: Colour information from the camera image

Rv, Gv, Bv : Colour information from the image forreading fractures

Fig.3 Components of point clouds and data processing.
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Fig.4 Surface shape of the gallery wall: (a) part of a rock mass with no fractures and
(b) part of a rock mass with an exposed fracture surface.
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3D laser scanning in parallel with fracture mapping on the gallery wall

)

Pre-processing of the point clouds acquired by 3D Laser scanning
Converting from the local coordinate to the global coordinate,
and developing the horseshoe-shaped point cloud on the x'y' plane

1

Fracture extraction based on the point clouds
Shape analysis of the gallery wall using the ArcGIS Spatial Analyst tools and
generating the image representing the surface shape of the gallery wall
Fracture extraction by visible reading from the image

(]

Obtaining the attribute information of the extracted fractures
Obtaining trace length based on the trace map and orientation

Fig.5 Methodology of fracture mapping based on point cloud data acquired by
3D laser scanning.
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X -99.080 m

Developing a horseshoe shape on
a two-dimensional (X', y’) plane

Q x—(—1)x2rnx%
0

y=(-1) x2rax

Fig.6 Method used to develop a horseshoe-shaped point cloud on the x'y' plane. Coordinates (8, ¢, r) are the
scanner's own local spherical polar coordinate system. Coordinates (x', y', z') are the local orthogonal
coordinate system after development of the coordinates (6, ¢, r).
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Fig.8 Results of fracture mapping in section 36: (a) visually recognized fractures on the
image generated from the point cloud, (b) fractures extracted by visible observation in
the gallery, and (c) comparison of fracture attribute information extracted by (a) and (b).
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Fig.9 The plane fitted to the selected point cloud for the extraction. The
orientation (strike and dip) of the extracted fracture are calculated from the
best-fit plane. This fracture is No.4 of section 36. Three black squares on the
fitted plane are used for calculation of the fracture orientation.
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Fig.10 Fracture trace maps: (a) trace map based on a visible reading of the image generated from the point cloud and
(b) trace map obtained as a result of on-site visual observation.
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Fig.11 Histogram of the ratio of trace length of the fracture extracted from

images based on the point cloud to the trace length of fracture observed by
a researcher. The black bar represents fractures that were not extractable
from the images for fracture extraction.
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best-fit plane to the point cloud.
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Fig.13 Histogram of the angle between lines perpendicular to the fracture

orientation measured by a researcher and that calculated from the best-fit
plane to the point cloud.
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Fig.14  Stereonet projections of fracture orientation data: (a) poles to fractures calculated from the point cloud
and (b) poles to fractures measured using traditional geological techniques. Contours were made using
a Fisher distribution (lower-hemisphere equal-area projection). The solid line in the stereonet indicates
the range where poles of planes parallel to the excavation direction of the gallery is plotted.
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Fig.15 Histograms showing trace lengths of fractures. The trase length is based
on the fracture map presented in Fig.1. These histograms show the angle
between lines perpendicular to the fracture orientation measured by a
researcher and that calculated from the best-fit plane to the point cloud:
(a) 0-10° ; (b) 10° -20” ; (c) 20° -30° ; (d) >30" ; and (e) fractures that were
not extractable from the images.
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Fig.16 Histograms of material infilling fracture thickness. The infilling material
thickness is referred from results of a study by Kawamoto et al. 19 These
histograms show the angle between lines perpendicular to the fracture
orientation measured by a researcher and that calculated from the best-fit
plane to the point cloud: (a) 0-10” ; (b) 10° -20° ; (c) 20° -30° ; (d) >30";
and (e) fractures that were not extractable from the images.
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Fig.17 Percentages of fractures with injected grout material. The black ber
represents fractures that were not extractable from the images for
fracture extraction.
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