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Summary. Clustering analysis is fundamental for determining dominant discontinuity properties in
rock engineering. This study proposes an improved netting algorithm for identifying discontinuity
sets based on multiple discontinuity properties. The new method is believed to be a potentially use-
ful tool for rapidly obtaining dominant discontinuity sets in rock engineering.

Rock discontinuities are a key factor in controlling rock mass stability. The dominant prop-
erties of discontinuities play an important role in the analysis of the deformations and strengths of
rock masses. The distribution of discontinuities is complex and random after long-term and uncer-
tain geological activity. Clustering analysis can group random discontinuities into several dominant
sets in a specific geological range. The dominant properties of discontinuities are determined to fur-
ther evaluate the rock mass stability. Therefore, the clustering analysis of rock discontinuities is
fundamental for stability evaluation in rock engineering.

Rock discontinuities in the same set have similar properties because their tectonic periods
and formation are almost identical. Generally, two methods were considered to identify discontinui-
ty sets in previous studies. One way is to cluster discontinuities according to orientation, and the
other is to consider several discontinuity properties, including orientation. In geotechnical investiga-
tions of dam foundations, tunnels, and slopes, the discontinuity orientation (dip direction and dip) is
not the only factor influencing stability. For example, open and closed discontinuities with similar
orientations have very different effects on seepage rates and stability. Therefore, a clustering meth-
od considering multiple properties of rock discontinuities is essential for identifying discontinuity
sets, and it is more applicable in engineering practice.

The netting algorithm is an unsupervised clustering algorithm based on similarity. The simi-
larity matrix is obtained by calculating the similarity between all data points. In the matrix network,
each data point is regarded as a node, and the nodes are connected through longitude and latitude
lines to perform clustering. This method has performed well in clustering discontinuity orientations.
However, the clustering analysis of multiple discontinuity properties has not been developed.
Therefore, this paper develops an improved netting algorithm to cluster discontinuities with multi-
ple properties and obtain dominant discontinuity sets.

To cluster rock discontinuities with multiple properties quickly and accurately, a clustering
method based on an improved netting algorithm is proposed, and its main steps are as follows.

1. To obtain sufficient rock discontinuity data, as many systematic measurements as possible
should be taken in the field.

2. The orientation is transformed into polar coordinates, and the unit normal vector is ex-
pressed in three-dimensional Cartesian coordinates. The properties of rock discontinuities, including
trace length, spacing, aperture, infilling material, infilling percentage, roughness, water permeability,
and rock strength, are normalized to eliminate the influence of the dimensions on subsequent calcu-
lations.

3. The subjective weights are calculated based on the G1 method, and the objective weights
are calculated based on EWM. The subjective and objective preference coefficients are obtained
based on the optimization model. Then, the combined weights of the discontinuity properties are
determined using the additive synthesis method.

4. The similarities between the rock discontinuities are calculated, and a similarity matrix R
is established based on the calculation results.
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5. The similarity matrix R is restructured. All elements above the diagonal line are deleted
because of symmetry. The elements on the diagonal line are replaced with the classified object
numbers O;.

6. The A-cutting matrix R, is constructed by choosing a confidence level A.

7. The A-cutting matrix R;, is restructured. All “1” entries are replaced by the node number
“*» and all “0” entries in R, are ignored.

8. Clustering grouping is performed in RA. The node “*” determines the longitude line and
the latitude line on the diagonal line, and the samples connected by the same node become a group.

9.According to the clustering results, the effectiveness evaluation index Vxg is calculated.
When the rationality of the results is not appropriate, steps (6—9) are repeated by choosing different
confidence levels .

10. The dominant discontinuity sets are determined based on the clustering results.

Identifying discontinuity sets and determining dominant discontinuity properties are funda-
mental for rock mass stability evaluation. Clustering analysis with multiple discontinuity properties
has a stronger significance than considering only orientation, which better reflects the comprehen-
sive contributions of discontinuity properties to the deformations and strengths of rock masses.
Therefore, this paper proposes a new method for clustering discontinuities with multiple properties
based on an improved netting algorithm.

In the new method, ten discontinuity properties are considered clustering factors. Meanwhile,
a novel weighting method is used to weigh each property, combining the advantages of subjective
and objective weighting methods. The results obtained by the proposed method are unique and re-
peatable. The initial number of sets and the initial clustering centers are not needed in advance; all
data are considered potential clustering centers simultaneously. This reduces the subjectivity of hu-
man intervention and achieves global optimization. In addition, a distinctive advantage is that the
proposed method could effectively filter the noise data to improve the accuracy of the clustering
results, and the rejection rate was approximately 26 %.Moreover, the proposed method is believed
to be a potentially useful tool for rapidly obtaining dominant discontinuity sets in rock engineering.
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Summary. Green building is one of the important contents of sustainable development, and the re-
search and application of BIM technology plays an important role in realizing the life cycle of
green building, this paper analyzes the integration of BIM technology and sustainable development
— green building and explores the significance of BIM technology to the sustainable development of
green buildings.
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