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ABSTRACT
The Soffeh station and parking is located at southern end of the Line 1 of the Esfahan mass rapid transit system. To construct this
metro station and parking, a long shaft has been excavated with 460 m length, 18-50 m width and 16-18 m depth in a rock mass
comprise of Jurrasic aged shale, interbedded with some sandstone layers (Shemshak Series).
In order to stabilize the excavated shaft walls, a combined supporting system was designed and executed, as pre-excavation and
post-excavation elements. Before the excavation commences, a number of drilled steel piles were installed at desired intervals along
the shaft walls, which were then supported by two rows of grouted dowels and steel wales during the excavation process. This system
was completed by placing a reinforced shotcrete onto the shaft walls for the surface protection purposes.
In this paper, by defining the geotechnical conditions of the site, the slope stability and stabilization analyses results (obtained by
different methods) have been presented together with some experimental results, gained during the execution of the designed
supporting system.
RÉSUMÉ
La station de Soffeh et son aire de stationnement sont situées à l’extrémité Sud de la ligne 1 du réseau de transport d’Esfahan. Pour la
construction de cette station de métro, une excavation de 460 m de longueur par 18-50 m de largeur sur une profondeur de 16-18 m a
été réalisée, dans une masse rocheuse comprenant des marnes du Jurassique alternées avec des couches de grès (Shemshak).
Pour stabiliser l’excavation, un système de support combiné a été développé et utilisé lors des phases de pré et post-excavation.
Avant que l’excavation ne commence, plusieurs pieux forés, en acier, ont été insérés à intervalles considérés puis supportés par deux
rangées de goujons cimentés et de barres d’acier durant la phase d’excavation. Le système a été complété par des couches de béton
projeté pour protéger les surfaces des murs soutenus.
Sont également présentées les études de stabilité des pentes et de stabilisation (par différentes méthodes), ainsi que des résultats
expérimentaux obtenus durant la mise en place du système de soutien.
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1 INTRODUCTION
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The Esfahan Metro Project is a large scale infrastructure project
which has attracted international interest from inception as it
passes through the city of Esfahan with 2500 years history and
architecture and home to a number of highly treasured world
heritage sites.
The line 1 of the Esfahan subway, which will link north of
the city to the south, passes through the bedrock at southern part
of the city and through some soft fluvial deposits at the middle
and northern portions. The Soffeh station and parking which are
located at the southern end of this line are being constructed by
traditional cut and cover method. The shaft which has been
excavated for this purpose has 460 m length, 18-50 m width and
16-18 m depth.
In order to stabilize the proposed shaft walls, a combined
pre-excavation and post-excavation rock supporting scheme was
designed and executed by success, during the past 2 years.
In this paper, by defining the geological conditions and
geotechnical characteristics of the ground in the site area, the
used ground stabilization system, together with some slope
stability analyses results and experiences gained during the
execution of the designed scheme have been presented. This
was the first experience of using this system in the Esfahan
metro project.

2.1 Lithology

GEOLOGY

The lower Jurassic (Lias) deposits, comprising shale and
sandstone alternation, form the bedrock of the project area.
These deposits which are denoted as "Shemshak Series" are
overlain by a slightly cemented, coarse grained alluvium, which
its thickness is around 4 m. at the proposed site area (ZAFA,
2004).
2.2 Structural features
The dominant structural features of the bedrock mass are
bedding plane and three systematic joint sets, with the
orientations given in Table 1. There is no visible geological
discontinuity in the covering alluvial deposits (ZAFA, 2006).
Table 1. Discontinuity system orientations in the rock mass.
Orientation (deg.)
Discontinuity type
Dip direction
Dip amount
Bedding plane
135
15-20
Joint set 1 , J1
141
70
Joint set 2 , J2
350
65
Joint set 3 , J3
226
75
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2.3 Groundwater condition
There is a shallow, low transmissible groundwater aquifer at the
southern part of the Esfahan city, which has been formed in the
alluvial deposits and shallow layers of the bedrock mass. The
main recharge source of this aquifer is water infiltration from
green areas, as well as, leakage from water and sewage lines.
The groundwater flow direction is generally from south to
north, with hydraulic gradient of about 3%. The original
groundwater table at the proposed site lies in the range of 3 to
4 m below the ground surface (ZAFA, 2004).
3

GEOTECHNICAL ASPECTS

In order to assess the effect of the geological discontinuities on
stability of the proposed rock mass, the orientation of the four
distinguished discontinuity sets have been plotted on a streonet,
together with the orientation of the proposed shaft walls (Fig. 1).
It is evident from this streoplot that the existing
discontinuities were unlikely to be involved in the slope
failures. So, the potential slope failure had been considered as
non-structurally controlled and the slope stability analyses were
performed on the basis of this assumption. This led to design
and execution of the following slope supporting system.
In designing the executed supporting system, by assuming
the rock mass as an equivalent continuum media, the shear
strength of the rock mass had been determined on the basis of
the Hoek-Brown failure criterion, as follows (Hoek et al., 2002).
σ1′ = σ′3 +17.5(0.009σ′3 +0.00004)

0.522

slope, as well as reducing the time needed for the post excavation
supporting measures, during the excavation process.
The intended pre-supporting element of the proposed slope
stabilization scheme was a row of drilled steel piles around the
shaft with 1 m spacing, which were then tied back by two
rows of grouted steel dowels, installed between the piles at
two levels and connected to each other by steel wales. Also,
an additional steel wale was considered to connect the piles
above the ground level and to make a safe guard rail around
the shaft.
In designing the proposed ground stabilization system, first
the embedment depth of the drilled piles were determined by
using the Free Earth Support Method, suggested by Burland
et.al., 1981. By this method, the factor of safety of the slope was
determined for the different embedment depths of the piles by
taking into account the ground active pressure and passive
resistance. This analysis results is presented in Figure 2, which
shows that the appropriate pile cantilevered depth is around 6
meters in the site area. The other main design parameter of the
proposed supporting system was the required tie back force for
stabilization of the slope with an appropriate safety factor. This
was calculated by taking into account the active and passive
pressure of the ground for 1 m width of the shaft wall. These
analyses results were controlled then by stability analysis of the
slope, using two different procedures.

1.5

(1)

1.4

Factor of Safety

Where σ1′ and σ′3 are the major and minor effective principle
stresses at failure, in MPa.
Regarding the above expression, the equivalent MohrCoulomb shear strength parameters of the rock mass are as
follows: c′=0.06 MPa, ϕ′=30 deg (ZAFA, 2006).
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Figure 2. Factor of safety versus contilever depth of the piles.
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STABILITY ANALYSIS OF THE SLOPE

As noted above, the stability of the supported shaft walls by the
proposed ground stabilization system was analyzed by two
slope stability procedures, as follow. In these analyses the rock
mass assumed as fully drained with no water pressure, regarding
the designed slope drainage scheme (ZAFA, 2006).
5.1 The limit equilibrium analysis

Figure 1. Streoplot of the discontinuity system in the rock mass.
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PROPOSED SLOPE STABILIZATION DESIGN

In order to stabilize the Soffeh metro station and parking shaft
walls, a tie back cantilever wall system was proposed and
designed. This system had the advantages of gaining some selfsupporting reaction of the rock mass by pre-supporting of the

The limit equilibrium stability analysis of the supported shaft
walls was undertaken by employing the SLIDE 5.0 software
(Rocscience, 2002), using the Bishop Simplified Method.
This software is a 2D slope stability program for evaluating
the stability of circular or non-circular failure surface in soil
slopes. External loading, groundwater and support can all be
modeled with various methods.
SLIDE analyzes the stability of slip surface using vertical
slice limit equilibrium methods. Individual slip surface can be
analyzed, or search methods can be applied to locate the critical
slip surface for a given slope.
By analyzing the stability of the supported rock cut slope by
this procedure, the safety factor of the shaft wall stability was
found as 1.38 as shown in Figure 3.
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Figure 3 . Final output of the SLIDE program.
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Figure 4. An output of the UDEC program.

5.2 The numerical analysis results
For the numerical stability analysis of the supported slope, the
two dimensional Universal Distinct Element Code (UDEC)
software was used. This software is practically well suited to
problems involving jointed rock masses.
The method uses the Distinct Element approach to solve a
series of governing equations written at discrete points within a
grid. The analysis is conducted in stages representative of the
sequenced nature of the conditions developing at the site.
Calculations within the UDEC model are performed in "steps"
representative of time (Itasca Consulting Group Inc., 2004).
In using this software, first the geometry of the model is
defined and permitted to consolidate through a number of steps.
During this phase, potential instability of the slope is
witnessed. The construction of the non reticulated pile wall is
then modeled and the slope is analyzed through additional steps.
At each stage in the progression, calculations are conducted to
provide an equilibrium condition from which rock and structure
behavior may be obtained. The results provide rock stress-strain
and structure displacement and axial shear and moment forces.
The shaft wall and proposed pile wall was modeled for the
purpose of determining the improvement in the stability of the
wall and the probable movements and loads of the structure. An
output of the used numerical program for analyzing the stability
of the supported rock cut slope is given in Figure 4. The factor
of safety, determined by this procedure was 1.28, which is close
to the factor of safety value obtained by the limit equilibrium
method.
6
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CONCLUSIONS AND EXPERIMENTAL NOTES
1. The designed combined supporting system was found as a
cost benefit and time saving method for stabilization of
the open cuts in the urban areas.
2. The only difficulty in executing the designed slope
stabilization scheme was some local failure of the slope
face in front of the installed piles. This phenomenon could
be avoided by minimizing the pile raw interval from the
slope face and performing the post-excavation measure as
soon as possible, after completion of the shaft excavation
at each part.
3. The practical problem in reducing the pile raw interval
from the slope face was unexpected diversion of the
drilled piles from vertical, which created some difficulties
in construction of the permanent walls. So, it is advisable
to keep vertical direction in drilling of the pile installation
holes.

THE DESIGNED SLOPE STABILIZATION SCHEME

The designed slope stabilization scheme is presented in Table 2
and Figure 5, which is a combination of the pre-excavation and
post-excavation elements. The designed scheme was prepared
by the aids of numerous drawings and written instructions, for
the proper execution by the contractor.
7

The annular space between the pile and the hole wall was
then filled by a suitable mix cement grout.
The post-excavation supporting measures of the shaft walls
was started by spraying first layer of the shotcrete on the slope
face and followed by installing the grouted dowels and
prefabricated steel wales, together with placing two weldmesh
sheets and 3 more shotcrete layers. Finally the drain holes were
drilled and equipped by a 76 mm. diameter porous PVC tube.

EXECUTION PROCESS

As noted before, the execution of the designed slope
stabilization scheme were undertaken in two stages.
Before the excavation commences, the steel micropiles
where installed along the shaft walls, by drilling 120 mm
diameter vertical holes to the desired depths, using small down
the hole percussive drilling machines.

Table 2. Designed slope stabilization scheme.
Stabilization element
Dimensions
Drilled
piles

Steel pipe OD=100 mm, t=6 mm, L=21-24 m
Steel box * 60×60 mm, t=5 mm, L=21-24 m
Grouted dowels
φ 40 mm, L=1200 cm
φ 10 mm, L=250 cm
Steel wales
1 UNP 180 mm **
2 UNP 180 mm ***
Reinforced
Weld mesh φ 6 mm, 150×150 mm
shotcrete
Shotcrete
t=5+10+10+5=30 cm ****
Drain holes
D=90 mm, L=1500 cm, α=10°
* inside the pipe. ** above the ground surface. *** at the slope face.
**** dry mix.
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Figure 6. A general view of the supported shaft walls during the
excavation process

Figure 5. Designed and executed slope stabilization scheme.

4. The existence of some open cracks in the rock mass
caused some portion of the injected grout around the
dowels to escape. In this situation, the grout injection was
continued in succession, until the hole became completely
grout filled.
5. As there was possibility of encountering some major
geological discontinuities at the slope face, which could
create huge structurally controlled failures, it was
managed to map all the structural features of the rock
mass, before the post-excavation supporting measures
were performed.
6. In order to check the stability of the supported shaft walls,
it is advisable to install some precise instruments, as
borehole extensometers and inclinometers, and to monitor
any ground movement around the shaft.
7. It was found a good practice to keep daily observations on
the ground surface above the shaft walls, in order to
inspect by any tension crack formation, expansion and/or
extension, which could be indicative of the slope
instability.
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Figure 7. A general view of the supported shaft walls on completion of
the excavation.
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