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Fig.1. A view of the studied tunnel
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Fig. 2. Geological map, access road and location of Angoran mine (Barnell, 1968 with some changes)
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Fig. 3. Geological cross section of the studied tunnel
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Table 2. RMR classification of the rock mass of the studied tunnel route
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Table 3. Q classification results of the studied tunnel route rock mass
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Table 4. GSI classification of tunnel rock mass
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Table 5. Suggested methods of strengthening the underground space based on RMR classification (adapted from

Urmiaei, 2014)

Ol ales alols Sl Joo Jsbo Sete 598 oSSl Calss s o Ll
(%) () (el oS RMR
o)‘%ﬁ Cadw o)‘ﬁﬁ adw o)‘%ﬁ ad o)‘%ﬁ Y- stle‘,..i..u,
- Y/ - Y - - - O \ e
B SCRCISPWRN Y-\/0 B{SCRCISPWINY s - 3,ls Y- YeoO- Y lgie

& PP 5 Lo Gub ol GloaS o F Jgux
Table 6. The type of proposed reinforcements according to the tunneling quality index
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Table 7. Effective factors in instability
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Table 8. Verbal expressions and fuzzy numerical values used
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Fig. 5. Defined fuzzy hierarchical analysis structure for tunnel instability risk assessment
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Table 10. The weight of the mentioned factors based on verbal changes
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Table 11. The matrix of pairwise comparison of influencing factors based on fuzzy numbers
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Table 12. The value of M for each factor in the fuzzy calculation
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Table 13. Fuzzy triangular number Sk for different factors based on fuzzy calculation
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Table 14. Pairwise comparison matrix of influencing factors to determine the degree of magnitude(v)
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Table 15. Weight coefficients of influential factors for the preparation of zoning map
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Table 16. The characteristics of the sub-criteria used in the tunnel instability risk zoning map under study
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Abstract

Zanjan Angaran lead and zinc mine access tunnel with the length of 1133 meters has been excavated for
underground extraction at a level of 2700 meters with an existing cross section of 7.5 square meters.
The tunnel cross-section is to be increased to 20 square meters in order to access the trucks for cut and
cover extraction. In this study, while studying tunnelling and underground space stability methods, the
stability conditions of Anguran mine access tunnel were investigated empirically, fuzzy hierarchical
analysis. In the experimental method, while classifying rock masses by Q, RMR and GSI methods using
Q classification results, two types of reinforcement were introduced, due to their greater conformity with
the region, with 80% tunnelling of type 2 with 2cm shotcrete and rockbolts with 2.5 meters length and
2.5 meters spacing. According to the same conditions in the empirical classification parameters using
fuzzy hierarchical analysis, as a multilayer information analytical criterion based on the amount of
overburden, RQD index of rock, spacing, rock and water strength in defined tunnel stability and
weighting to layers and overlap In Arc GIS environment, a hazard zoning map is presented in the tunnel,
which according to the map of the end of the tunnel has the highest risk of instability.

Keywords: Tunnel stability, Experimental classification of rock mass, Anguran mine, Fuzzy

hierarchical analysis and GIS

Introduction

During the last few decades, to shorten the
route and also obtain minerals, underground
excavations have been significantly carried
out. Exploration, design, establishing the
safety of tunnels, in general, underground
spaces, during construction, and, if necessary,
its long-term stability are among the issues that
must be considered by designers. In this case,
before excavation, it is necessary to prepare
comprehensive information about the geology,
structural geology, and engineering geology of
their scope of implementation. The problems in
the projects have various causes: 1- It is
possible to not pay attention to the geological
conditions of the place. 2- The collected data
from the site may have errors. 3- Field research
might not be done properly.

Accordingly, engineering geological
investigations for the evaluation of the
construction site, design, and maintenance
operations of underground spaces have become
mandatory. Geological structures, lithological

diversity, geomechanical properties as well as
rocks and soil strength of the area should be
provided to the designer. Digging tunnels and
underground spaces disturb the natural balance
of the earth, which requires evaluating methods
for the stability of underground spaces.

Materials and methods

In this study, at first, the library method was
used to determine the topic and research
method. Then, field visits have been done.
Experts working in the mine were used in these
visits. In these visits, In addition to getting to
know the physical conditions of the project
implementation site, other local information
was also collected and used. Activities
considered in these visits include local
identification, supplementing information
from local sources, and planning.

The characteristics of petrology and
stratigraphy have not changed because the
entire tunnel route is 2,700 meters from the
point of view. Therefore, to obtain information
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about the entire route of the tunnel, Field
sampling of discontinuities divided into 100-
meter parts, and every 100 meters,
discontinuities were investigated in a 10-meter
section. In the next stage, Schmidt's hammer
has been used to determine the strength of the
rocks. The third step was the questionnaire
preparation to collect people's opinions. The
fourth stage was the experimental methods
which studied the mechanical properties of
rock mass and accurate perception of joint
characteristics, measurement of underground
water conditions, and all-round pressures. The
rock mass was classified and their stability was
evaluated according to RMR, Q-system, and
GSI methods.

The fifth step is the analytical method, in this
method, phasic hierarchical analysis was used,
which is a decision-making method. In various
problems, it is possible to formulate the
problem hierarchically based on several
criteria.

Discussion

The results of the experimental classification
showed that in the RMR classification, the rock
mass of the access tunnel route 2700+ level can
be divided into two categories, medium and
good, and two types of reinforcements have
been determined to stabilize the tunnel.
However, the results of Q classification are the
most consistent with tunnel conditions because
the rock mass does not change in terms of
petrology and the most effective factor is the
structural  characteristics of the rock.
According to the Q index, two types of rock
masses were identified, Weak and good rock
masses, and the longest length of the tunnel is
in the weak range.

According to two identified rock masses, two
types of reinforcements have been determined,

and for 80% of the length of the tunnel, type
one is suggested. The anchor rod is 2.5 meters
long the distance is 2.5 meters, and the
shotcrete is 5 cm thick. In rock engineering
classification, Rock parameters are evaluated
which are the same in terms of scoring in most
of the length of the tunnel, some local
conditions are not considered.

It is possible to define the type of stabilizer for
each range according to the obtained zoning
map. The process of phasic hierarchical
analysis has the possibility of using both
qualitative and quantitative variables and is
based on expert opinions.

To evaluate and determine the importance
degree of indicators in this project, the F-AHP
method was used which made the evaluation
closer to the real conditions.

Conclusion

According to the results obtained from the
survey, the factors affecting the instability of
the access tunnel of the Angoran mine in
Zanjan are overburden, underground water
conditions, spacing, and rock strength. Due to
the same rock material along the tunnel route,
the rock strength is the least important.
According to the topographical situation of the
surface, as we move towards the end of the
tunnel, the height of the rock column increases
which increases the tension, and changes in the
characteristics of the joints, and it affects the
tunnel. Thus, the end part is the most dangerous
area because it is located at a depth of 220
meters from the ground. By identifying the
dangerous situation in different areas of the
tunnel, it is possible to suggest the type of
suitable stability for each section and step
forward, and the basis of subsequent studies,
especially numerical studies.



