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1. Introduction

In urban environments, due to the existence of structures in the city such as buildings and, more
importantly, the presence of people in them, as well as existing underground structures such as service spaces
including sewage tunnels, aqueducts, and adjacent tunnels, there have been always concerned about damages
to these structures and their interactions existed as a result of tunneling. Significant interaction effects can
occur when a new tunnel is dug in the vicinity of an existing tunnel. For example, the construction of a new
tunnel could impose unauthorized deformations or bending moments on the existing structural support
system. This interaction depends on parameters such as the distance of the tunnels, the size of both tunnels,
the rigidity of the support system and the method used to locate the second tunnel, and the geotechnical
characteristics of the excavation site.

Aqueducts are underground structures and excavating new tunnels can have special interaction effects on
these structures. An aqueduct is a subterranean canal with a gentle slope, which connects water-rich zones at
high altitudes to the fields where cultivation takes place.

According to studies, the interaction between underground structures is one of the critical factors that affect
ground displacement and subsidence. The effect of the interaction between the tunnels as well as the amount
of face pressure on the ground subsidence has been investigated using methods such as physical modelling,
numerical modelling, and local measurements.

In this paper, the effect of face pressure has been investigated in excavating the 2nd tunnel Line of Tabriz
Metro on existing aqueducts. It is worth noting that for 3D modelling, FLAC3D software is used in this paper.

2. Methodology
2.1. Modelling

The applied modelling in this paper for the investigated area of 2th Line of Tabriz Subway has been done
three-dimensionally by using FLAC3D software, which is based on finite differences. The tunnel excavation
steps are completely modelled using an EPB machine. These steps include digging the aqueduct and setting up
its support system, tunnel excavation, applying pressure to the tunnel face, installing the support and injection
system behind the segments, and the ground around the tunnel. The Mohr-Coulomb criterion has been selected
as the behavioral model based on the ground conditions. The behavior of elastic has been considered as an
applied support system for the shield, segment, grout, and aqueduct, and the Shell element is used for the
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aqueduct support system (combination of brick and mortar), shield and segment and finally, the volumetric
element is applied for grout.

3. Results and discussion

To investigate and compare the results of numerical modelling with the analytical solution of the crash, the
amount of displacement that occurred in the tunnel roof for the numerical method and the crash method has
been considered.

By using the crash analysis method, the displacement rate of 14.61 cm for the tunnel roof was calculated,
and the value of 15.05 cm was obtained using numerical modelling for the tunnel crown. By comparing
obtained numbers from the analytical method of the crash and the numerical method, it can be concluded that
the numerical method is suitable in predicting the amount of displacement that occurred around the tunnel
and compared to the analytical method, has an error rate of + 2.9%. Therefore, according to the results, FLAC3D
software with relative confidence can be used in this article to investigate the displacements and parameters
under investigation.

The amount of applied pressure is 130kPa, which is equivalent to the pressure calculated by the COB
method. According to the results, it is observed that the amount of subsidence created on the ground is equal
to 21.6mm and the actual amount of created subsidence in this kilometer is 20mm. Therefore, the obtained
difference is 8%.

Symmetric or asymmetric deformation in the case of an aqueduct support system perpendicular to the
tunnel depends on the amount of pressure that is applied to the face of the tunnel, and the amount of this
asymmetric decreases by increasing pressure, so that aqueduct has experienced a completely asymmetric
deformation at a pressure of 80kPa and this asymmetry has decreased at a pressure of 130kPa so that the
aqueduct system, at a pressure of 180kPa, has experienced a completely symmetrical deformation, it also might
be evident that the occurred subsidence, decreases in the aqueduct support system by face pressure increasing.

Subsidence and pressure are inversely related, and at a constant height of the aqueduct compared to the
tunnel, the amount of subsidence is less in a situation where the pressure is maximum in the face and, in this
investigation, this occurs at a pressure of 180kPa.

4. Conclusions
The most important results of the studies are as the following:

- The result obtained by the numerical model is close to the obtained result of actual measurements, and
the difference is about 8%.

- By studying the change in tunnel face pressure and grout injection pressure using three-dimensional
modelling, it was found that with increasing pressure from 80 to 180 kPa, the quantity of displacements in the
aqueduct and ground support system and ground settlement will be decreased by 60%.

- Also, the performed studies on pressure changes suggested that, in the case of aqueducts perpendicular to
the tunnel, asymmetric changes in the aqueduct support system decrease with increasing pressure and even
become symmetrical at some intervals and doubling the pressure can reduce the displacements of the aqueduct
roof by 50%.

- On the other hand, with the increase in face pressure, the axial force generated in the aqueduct
maintenance system decreases from 27 to 42 %. The trend of reducing the axial force at a distance of 2.5 meters
from the aqueduct to the tunnel for horizontal and vertical states (27% for the horizontal state and 42% for
the vertical state) has more changes than the reduction of the axial force at a distance of 5 meters (34% for
both horizontal modes and vertical states). This indicates that the position of the aqueduct in relation to the
tunnel (horizontal or vertical) has no effect on changes in the axial force with the increase in the pressure of
the aqueduct.

5. References

Aghdam M, Hosseini M, “Investigating the Effect of Face Pressure on Ground Settlement in Tunneling with Earth
Pressure Balance (EPB) Shield”, Journal of Engineering Geology, 2018, 12, 107.
DO0I:10.18869/acadpub.jeg.12.5.107

Chakeri H, Hasanpour R, Hindistan MA, Unver B, “Analysis of interaction between tunnels in soft ground by 3D
numerical modeling”, Bulletin of Engineering Geology and the Environment, 2011, 70 (3), 439-448. DOI:
10.1007/s10064-010-0333-8



Mehdi Soleymani et al. / J. Civ. Env. Eng. 53 (2024)

Do NA, Dias D, Oreste P, “3D Numerical Investigation on The Interaction Between Mechanized Twin Tunnels
in Soft Ground”, Environ Earth Sci, 2015, 73,2101-2113. DOI: 10.1007/s12665-014-3561-6

Herzog M, “surface subsidence above shallow tunnels (in German)”, Bautechnik, 1985, 62, 375-377.
DOI:10.22075/JME.2019.15621.1553

Jinyang Fu, Junsheng Yang, Li Yan, Syed Muntazir Abbas, “An analytical solution for deforming twin-parallel
tunnels in an elastic half plane”, International Journal for Numerical and Analytical Methods in
Geomechanics, 2015, 39, 524-538. DOI1:10.1002/nag.2322

Karakus M, Ozsan A, Basarir H, “Finite element analysis for the twin metro tunnel constructed in Ankara Clay-
Turkey”, Bulletin of Engineering Geology and the Environment journal, 2007, 66, 71-79. DOI:
10.1007/s10064-006-0056-z

Liu HY, Small ]JC, Carter JP, Williams D], “Effects of tunneling on existing support systems of perpendicularly
crossing tunnels”, Computer Geotechnics, 2009, 36 (5), 880-894. DOI:10.1016/j.compgeo.2009.01.013

Lin XT, Chen RP, Wu HN, Meng FY, Su D, Han K, “Calculation of earth pressure distribution on the deep circular
tunnel considering stress-transfer mechanisms in different zones”, Tunnelling and Underground Space
Technology, 2022, 119, 104211. DOI: 10.1016/j.tust.2021.104211

Suwansawat S, Einstein HH, “Describing Settlement Troughs over Twin Tunnels Using a Superposition
Technique”, Journal of Geotechnical and Geoenvironmental Engineering, 2007, 133 (4), 445-468. DOLI:
10.1061/(ASCE)1090-0241(2007)133:4(445)

Wang HN, Gao X, Wu L, Jiang MJ, “Analytical study on interaction between existing and new tunnels parallel
excavated in semi-infinite viscoelastic ground”, Computers and Geotechnics, 2020, 120 (103385).
DO0I:10.1016/j.compgeo0.2019.103385

Yang ], Liu C, Chen Q, Xie X, “Performance of overlapped shield tunneling through an integrated physical model
tests: numerical simulations and real-time field monitoring”, Underground Space, 2017, 2 (1), 45-59.
DO0I:10.1016/j.undsp.2017.04.002



	Dr. Chakeri
	Abstract Chakeri

