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Understanding of fracture networks and rock mass properties during tunnel construction is extremely important for the prediction
of dangers during excavation, and for deciding on appropriate excavation techniques and support. However, rapid construction pro-
cess do not allow sufficient time for surveys and interpretations for spatial distributions of fractures and rock mass properties. This
study introduces a new statistical approach for predicting joint distributions at foreside of current excavation face during the exca-
vation process. The proposed methodology is based on a cumulative space diagram for joint sets. The diagram displays the cumu-
lative spacing between adjacent joints on the vertical axis and the sequential position of each joint plotted at equally spaced intervals
on the horizontal axis. According to the diagram, the degree of linearity of points representing the regularity of joint spacing; a linear
trend of the points indicates that the joints are evenly spaced, with the slope of the line being directly related to the spacing. The lin-
ear points which are stepped indicates that the fracture set show clustered distribution. A clustered pattern within the linear group of
points indicates a clustered joint distribution. Fractures surveyed from an excavated space can be plotted on this diagram, and the dia-
gram can then be extended further according to the plotted diagram pattern. The extension of the diagram allows predictions about
joint spacing in areas that have not yet been excavated. To test the model, we collected and analyzed data during excavation of a 10-
m-long tunnel. Fractures in a 3-m zone behind the excavation face were predicted during the excavation, and the predictions were
compared with observations. The methodology yielded reasonably good predictions of joint locations.
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Fig. 1. Fractures parallel to the tunnel line (A type
fractures) and crossing the tunnel line (B type fractures).
See details in text.
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Fig. 2. Coordinate system used to calculate the spacing of
joints ina set. The average strike and dip of joints in the set
are assigned to two of the cartesian axes, and the vertical
axes is the orientation normal to the plane. the spacing
between adjacent fractures is measured along this axis.
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Fig. 3. Data of a fracutre set plotted on an accumulated spacing graph. (a). Each fracture in the set is plotted as a point.
Sequential fractures are assigned to equally spaced horizontal positions and the accumulated spacing between them is read
from the vertical axe. This graph shows the distribution of the fractures in the set, and the extension of the distribution
(“Predicted Fractures™) shows new fractures that are predicted to occur. (b) Schematic cross-section of a clustered fracture
set, and (c) distribution of clustered fracture in a set, as shown in the accumulated spacing graph.
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Fig. 4. Predicting fracture distribution within intact rock in
an excavation space. A. Selecting a fracture set that is
oriented at a high angle to the tunnel line. All fracture data
within a 13-m interval (0+883 to 0+896) in the OO tunnel
near NaePo New town are plotted and analyzed.
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