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ABSTRACT: Stability analysis of shotcrete together with lattice girders in twin tunnels construction in soft
ground conditions as an initial support system, is the major topic of this paper. In this paper, for design of
twin metro tunnels in route between Azadi square station and Sheikh Koleini station in Isfahan Urban Railway
project, shotcrete with lattice girders are analyzed with different thickness. The obtained results showed that
shotcrete with low thickness could give enough and high value of Safety Factor, but in such conditions, the
maximum ground surface settlement plays a significant role. Approximately 2.7 mm ground surface settlement
was obtained individually from 20 cm thickness of shotcrete, and this settlement value will be decreased by using
lattice girder together with shotcrete.

1 INTRODUCTION

For tunnels located in urban regions, because of
soft ground tunneling conditions, it is necessary to
have special consideration in design of initial support
systems. In addition to enduring against introduced
ground surface loads such as traffic loads and tun-
nel overburden loads, initial support system must have
enough capacity until final support system installation.
Also, the main purpose in New Austrian Tunneling
Method (NATM), is focused on its application in
self-supporting behavior of rock mass as a support-
ing structure. So, the more economical and beneficial
design of support system will be applied.

For first construction phase of twin tunnels in the
Isfahan metro project, the tunnels will be excavated by
Roadheader machine with NATM method. The initial
support system is composed from shotcrete and lattice
girder. The major topic of this paper is analysis and
design of these initial support systems.

2 GEOLOGY OF THE TUNNELS ROUTE

Twin tunnels of Isfahan metro project with 3,730 m
length, will be excavated from Azadi square sta-
tion to Soffeh Bus Terminal. The first part of this
route is between Azadi square station and Sheikh
Koleini station. The tunnel length in this part of route

Table 1. Geological properties of Jssh shale and alluvial
deposit between Azadi square station and Sheikh Koleini
station.

γuns γsat E c ϕ Depth

Soil (kN/m3) (kN/m2) ν (kN/m2) (◦) (m)

Alluvial 17 17.8 500,000 0.4 60 25 5
Jssh 26 27 2,700,000 0.32 177 41 ∼32

equals to 717 m from 4+072 to 4+788 chainage, and
tunnel overburden varies from 8 m–10 m. Based on
data obtained from four drilled boreholes between
two above mentioned stations, the route is composed
from different sorts of shale (Jssh: Shemshak forma-
tion shale, shl: grey-white shale and shd: grey-black
shale). Since the geomechanical properties of shd and
shl shale types are a few greater than Jssh shale, and
also for considering the most critical conditions, it is
assumed that the total route is composed from Jssh
shale. Geological properties of Jssh shale and ground
surface alluvial soils are introduced in Table 1.

3 NUMERICAL ANALYSIS OF INITIAL
SUPPORT SYSTEM

Due to the special conditions in twin tunnels design,
it is suitable to use finite element numerical methods,
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Figure 1a. Tunnel geometry characteristics: O1, O2 and O3
are the arch centers of tunnel perimeter.

Figure 1b. The used geometry model for numerical analysis.

therefore in this paper we used PLAXIS software in
2D case (Brinkgreve et al. 1998). The model was used
in plane strain condition with 15-Node elements. The
boundary was restrained in horizontal plane at both
sides and in both planes at the base. The boundaries
were set to 35 m from perimeter of left tunnel to the
left boundary and 35 m from perimeter of right tun-
nel to the right boundary with 20.5 m distance spacing
from left tunnel centerline to another centerline. Mohr-
Coulomb model with drained conditions were applied
to the materials. At first, the left tunnel will be exca-
vated and then the right tunnel. The tunnel geometry
and used model are shown in Figures 1a, b. Center-
lines of twin tunnels are located 13.5 m below ground
surface. Also, due to the ground surface traffic loads,
surface distributed load is considered to be 20 kN/m2.
Excavation processes for each individual tunnel were
as below:

(1) Excavation of upper part of 1st tunnel.
(2) Support erection of upper part of 1st tunnel.
(3) Excavation of bottom part of 1st tunnel.
(4) Support erection of bottom part of 1st tunnel.
(5) Excavation of upper part of 2nd tunnel.
(6) Support erection of upper part of 2nd tunnel.
(7) Excavation of bottom part of 2nd tunnel.
(8) Support erection of bottom part of 2nd tunnel.

Table 2. Properties of initial support system.

EA EI γ

Type (kN/m) (kN · m2/m) (kN/m3) ν

Shotcrete 2146622.2 1788.85 28 0.15
Lattice Girder 150000 521.0 76.32 0.15

0

2

4

6

8

10

12

1086420
Excavation and support installation phases

F
a
c
to

r 
o
f 
s
a

fe
ty

10 cm shotcrete

15 cm shotcrete

20 cm shotcrete

Figure 2. Factor of safety resulted after different phases of
excavation and support erection (shotcrete).

3.1 Properties of initial support system

Properties of shotcrete and lattice girder as an ini-
tial support system are introduced in Table 2. Since
in this paper different thicknesses of shotcrete are
discussed, so thickness equals to 10 cm, with com-
pressive strength equals to 20593.97 kN/m2 (28 days)
and E (Young modulus) = 2.145889 * 107 kN/m2, is
assumed in Table 2. Lattice girders are in triangular
shape, and composed from 3 bars No. 25 withAII type.

3.2 Stability analysis of shotcrete

The main purpose of this analysis is to obtain the
sufficient and economical thickness for shotcrete and
also the minimum deformation around tunnels. There-
fore, analyses were done with 10 cm, 15 cm and 20 cm
respectively (Due to the high stiffness of shotcrete in
comparison with lattice girder after 28 days, the stiff-
ness of lattice girder did not consider in this analysis).
This means that we consider the critical conditions.
Factor of safety was calculated after each tunneling
phase. The obtained results are shown in Figure 2.

It is obvious from Figure 2 that in all tunneling pro-
cesses, factor of safety is higher than 1, and it’s value
increases significantly in final step of each tunnel con-
struction (phase 4 for left tunnel and phase 8 for right
tunnel). Also, it can be concluded that according to the
final values of safety factor after phase 4 and phase 8
(that obtained for left tunnel and right tunnel respec-
tively), twin tunnels have no interaction with respect
to each other. Another result that did not introduce in
Figure 2 is that the maximum ground surface settle-
ment for 10 cm, 15 cm, and 20 cm shotcrete, obtained
8.7 mm, 7.5 mm and 2.7 mm, respectively.
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Figure 3. Factor of safety resulted after different phases of
excavation and support erection (lattice girder).

3.3 Stability analysis of lattice girder

Since in the preliminary time of shotcrete installation
it can’t endure the imposed loads, so in this part of
numerical analysis we assumed that in preliminary
steps of tunneling, introduced loads will be endured
by lattice girder. The obtained results that are shown in
Figure 3 are as same as results obtained from shotcrete
installation. Also, in this case safety factor is higher
than 1 and we will have good confidence in initial steps
of tunneling. The maximum ground surface settlement
that resulted from this case, equals to 18.5 mm, and its
location is near to the image of left tunnel center on
ground surface. This value in comparison with prior
initial support system (shotcrete) is greater. But it
must be considered that lattice girder always will be
used together with shotcrete and this value for ground
surface settlement will never be obtain.

4 CONCLUSION

Although by using 10 cm shotcrete we can obtain high
value of safety factor, but in this case the maximum
ground surface settlement will be high (approximately
9 mm) and it has some hazards to ground surface struc-
tures, but by using shotcrete with 20 cm thickness, this
value will decreased to 2.7 mm.

Also from above mentioned figures, it can be con-
cluded that in 20.5 m spacing between centerlines of
twin tunnels, they do not have significantly effect with
respect to each other and also the obtained high values
for safety factor is an evidence for this result.
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