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SUMMARY: Tunneling is a sophisticated and hazardous process in urban areas. Tunnel excavation 

causes altercation in situ stress field and creates a deformation area around the tunnel. These 

movements can affect surface and subsurface structures in urban area causing permanent damages. 

Therefore, Investigation and evaluation of surface settlement during excavation and construction of 

tunnel and checking the most appropriate manner for passing through critical areas is essential. In 

this article, station F located in line 6 of Tehran's subway was checked. Due to the presence of the 

sensitive structure of the school nearby the station and the interaction between the station and the 

adjacent building excavation, high density monitoring equipment was used in this area. By using 

numerical modeling, interaction between station and building excavation was evaluated.The results 

of the monitoring was compared to numerical simulation to ensure the safety of the adjacent 

structures. 
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1 INTRODUCTION 

 

Increasing population, urbanization and rising living standards on the one hand and lack of city 

spaces on the other hand have caused the need to build underground spaces increasingly felt.The 

emergence of a problem called traffic, especially in major cities, has exacerbated this issue and the 

need for a solution to these problems has doubled. In this regard, excavation of the metro tunnel is 

very important for solving the traffic problem. The importance of the implementation of such 

projects has led to an increasing interest in tunneling in urban areas in most countries. Urban 

tunnels are usually located in the vicinity or under the types of buildings (residential, office, 

commercial, etc.)[1]. 
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Excavation shallow tunnel in earthy soils causes a significant change in the system of stress on the 

ground and the reformation of stresses and subsequently leads to horizontal and vertical 

displacements around the tunnel. The displacements are in the movement of the tunnel wall to the 

inside. 

Surface settlement caused by shallow underground excavation creates a concave shape subsidence 

basin which is typically shown in Figure 1[2]. As shown in this figure the coordinate system is 

defined where y denotes the distance from the tunnel centre line in the transverse direction, x is the 

coordinate in the longitudinal direction and z is the depth below ground level (bgl) 

 
Figure 1. Subsidence basin induced by a shallow tunnel excavation [2] 
  

Since the last few decades, many researchers like Katzenbach & Breth, Desari et al, Tang et al, 

Vermeer et al, Burd et al, Guedes & Santos Pereira, Lee & Ng, Anagnostou et al, Dimmock et al 

[3-14], have done lots of studies about the settlement caused by tunneling in urban environment and 

its effective factors. Most researchers have focused on damaging the building due to factors such as 

soil type, geological characteristics, initial stress conditions, soil anisotropy and tunneling methods. 

The interaction effect of excavation two large structures of excavation building and station metro 

stations have been less compared. 

In this paper, the interaction between two large structures of the scale, metro station and excavation 

building and its impact on ground surface settlement have been studied. For this purpose, The 

geotechnical instrumentation data of the project along with the simulation are used to examine the 

interaction between metro station and excavation building in 
7
th line of Tehran subway (F6 station).  

In this research, after the introduction of the project and the description of the geological 

characteristics and geotechnical factors of the tunnel route, the evaluation of the effect of the 

excavation building in the vicinity of the F6 subway station has been studied. In this range, using 

various instruments of high density and 3D simulation, an attempt has been made to provide a 

suitable strategy to reduce the risk of ground surface settlement. 

 

2 INSTRUMENTATION LINE 6 METRO TEHRAN 

 

Urban projects have a high risk and need to investigate the risks of further drilling. To overcome 

this problem, observational methods should be used. The necessary information for project review 

can be obtained by measuring displacements by geotechnical instrumentation and field studies. In 

Tehran Metro Line 6 project, various tools have been used to utilize the necessary information. 

Also, considering that the most important and useful method of the tooling is the measurement 

method of displacements, the measured parameters include horizontal displacement (using a 

Inclinometer), vertical displacement (using a extensometers and settlement Points), convergence 
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(using a convergence meter and EDF), cracks displacement (using a joint meter) (Figure 2).  

 

 
(b) 

 
(a) 

 

 
 

(d) 
 

(c) 

 

 
(f) 

 
e)( 

 

Figure 2. Instruments  used in geotechnical  instrumentation project line 6 Metro Tehran.  

(a) extensometers for monitoring displacement, (b) EDF for monitoring convergence, (c) convergence meter for 

monitoring convergence, (d) joint meter for monitoring cracks displacement, (e) Ground leveling point-GLP for 

monitoring ground surface settlement and (f) Inclinometer for monitoring horizontal displacement 

  
 

Convergence to measure horizontal displacement 
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2 PROJECT INTRODUCTION AND GEOTECHNICAL CONDITIONS OF THE SITE 
 

The 6th Metro Line of Tehran, with a length of 31.2 km, begins south-east of Tehran in the 

Dowlatabad area and ends with the city center to northwest in the Sulaghan area. At an initial 

distance of 7/10 km, this route will be drilling using the EPB-TBM and about 20.5 km later in the 

NATM method. The 6th Metro Line consists of 27 stations, 6 of which are intersection stations with 

other lines. Considering that line 6 of Metro nearly include the diameter of Tehran, Several surface 

and subterranean adversaries are on its path.  

Different experiments were carried out to determine the mechanical and resistive properties of soil 

in the F6 station. According to the borehole sections and the results of experiments and statistical 

studies, the soil of the site of the studied area is generally composed of sandy sand and sandy layers. 

It is also been seen from the ground to a depth of about 3 meters. The groundwater level is also 

about 20 meters deep. The physical and mechanical properties of different soil layers are listed in 

the table 1. 

 
Table 1. Mechanical properties of soil. 

formation g 

(kN/m3) 

K 

(MPa) 

G 

(Mpa) 

c' 

(kPa) 
f' 

(°) 

L1 17,5 10 6 10 20 

L2 19,75 25 5,35 35 28 

L3 20 160 35,7 30 30 

 

3      EVALUATION GROUND SURFACE SETTLEMENT IN STATION F6 RANGE 

 

Underground excavation and excavation operations in urban areas are often accompanied by 

numerous and complex dangers and challenges. One of the consequences of drilling in urban areas 

is the formation of soil deformations around the structures and ground surface and depth settlement 

that if we don't consider the control of the environmental and structural behavior, can cause cracks 

in buildings Around, street surfaces, passageways. 

Therefore, engineers and designers of urban tunnel design and implementation usually use 

observation and measuring instruments to reduce and control the hazards. In this regard, the AHAB 

Instrumentation and Sustainability Control Department has been working with the consultants to 

install tools and equipment. Periodic readings and Chart of Changes and related analyzes have been 

provided to the Project Elements as periodical reports of the Daily Behavior. 

In the area of F6 station, in addition to the existence of loose material, there is a excavation building 

in the vicinity of the station at the intersection of the Saeedi and Seventeen Shahrivar streets (Fig. 

3). This estate is personal and the support system includes piles at a depth of 21 meters, with a 

spacing of 4 meters along with shotcrete and wire mesh. After excavation about 3 to 4 meters, 

ground surface settlement changed in some sections from 11 mm to 60 mm. 

With due to the ground surface settlement diagrams in the F6 station, especially the section 6+106, 

More studies are needed on evaluation ground surface settlement in station F6 range and its 

destructive effects on sensitive structures. The graphs in these sections are shown in the figure 3. In 

order to accurately monitor the surface level of the excavation range, AHAB's Instrumentation 

Department installed the dosing pins and made the readings more accurate. In the figure 4, the 

location of the nearest pin and the cracks created around it is shown. 
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Figure 3. Positioning of structures and diagram of ground surface settlement 

 
 

 

Figure 4. Location of the pin in the vicinity of the excavation building and the cracks created around it  
 

As shown in the diagrams Figure 3, the increase of the displacement rates is significant at the same 

time as the start of the building excavation , and the displacement rate is still rising. 
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In order to investigate more comprehensively and more precisely the interaction between the 

building excavation and station F6, it is better to do numerical analysis with consideration of the 

area operating condition. Therefore, the instrumental and geotechnical section of AHAB Company 

has been numerically simulated with a FLAC3D software, with preliminary results from the 

application of ambient conditions and drilling operations of the station and building in the 

following. This simulation is based on the geotechnical data of the region and the approximate 

geometry of the above structures. It is necessary to study the interaction of the structures mentioned 

on their geotechnical behavior, which will be discussed further.  
 

4      NUMERICAL SIMULATION 

 

To investigate the interaction of a large structure, such as the metro station and building excavation, 

a three-dimensional model should be used for analysis. In this section, ground surface settlement 

has been simulated using FDM, with the use of Flac3D package. The FDM is perhaps the oldest 

numerical technique used to solve sets of differential equations, given initial values and/or 

boundary conditions. In FDM, every derivative in the set of governing equations is replaced directly 

by an algebraic expression written in terms of the field variables (e.g., stress or displacement) at 

discrete points in space; these variables are undefined within elements. This program simulates the 

behaviour of structures built of soil, rock or other materials that may undergo plastic flow when 

their yield limits are reached. Materials are represented by elements, or zones, which form a grid 

that is adjusted by the user to fit the shape of the object to be modelled [17]. 

In this paper, the model geometry dimensions of 170 m × 100 m × 64 m were chosen. This model is 

confined by appropriate boundaries along the x, y and z, whereas the upper surface in z direction is 

free to move, as it corresponds to the effective ground surface and other side in x and y directions 

are fixed to prevention of any movement. Also, bottom boundary in z direction is fixed too. In order 

to traffic, 24000 KN uniform pressures have been applied of geometry surface.  

The mechanical behaviour of the soils is adopted to be elastic-plastic according to the Mohr-

Coulomb yield criterion.  
 

Simulation of the construction process of the maintenance system in accordance with the steps 

implemented in the simulated project. To simulate the maintenance system a volumetric element is 

used. To calculate the equivalent parameters of elastic modulus and specific gravity, weighted 

averaging is used relative to the concrete and soil surface. 

	
(1)	

Table 2. Properties of concrete arch simulated in numerical model 

formation g 

(kN/m3) 

K 

(GPa) 

G 

(Gpa) 

Volumetric 

element 

2250 6.81 3.89 

 

The specification of the primary maintenance system with an equilibrium cross section is given in 

the following table. In order to simulate the primary maintenance system, the shell element is used. 
 

Table 3. Properties of the primary support simulated with the shell element 

formation thickness 

(m) 

E 

(GPa) 

n   

 

primary 

support 

0.2 10.5 3.89 
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Station drilling is done in a step-by-step manner. In the figure 5, the vertical displacement contour 

is shown after the station has been drilled. 

 

 
Figure 5. Contour displacements after excavation the station 
 
The calculated settlement profile after excavation the station is show in Figure 6. 
 

 
Figure 6. settlement profile after excavation the station 
 

In the figure 7, the vertical displacement contour is shown after station and building excavation has 

been excavation. 
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Figure 7. Contour displacements after excavation the station and building excavation 
 

In order to figures 7,8 By excavation displacements in the vicinity of excavation considerably 

increases which can be due to the interaction of two adjacent structures or considering an 

inappropriate supporting system for excavation. 

 

 
Figure 8. settlement profile after excavation the station and building excavation 
 

5       CONCLUSIONS 

 

In this article, the effect of the interaction of two large scale adjacent structures, which has been less 

considered in previous studies, been investigated and evaluated. The results show that the 

interaction between the two large scale structures building excavation and the station can increase 

settlement and risk for other surface structures in vicinity of the evaluated range.  According to the 

results of simulation and instrumentation of high density of the project It was suggested that the 

excavation should been stopped. Also in this project, by increasing the instrumentations and by 

controlling and analyzing the ground surface settlement, Drilling operations done. 
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