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Abstract 
 
It can cause the destruction of the road and even make the road unusable that the uncoordinated deformation of the road 
and the redistribution of internal forces in the structure When the tunnel passes under the existing road. Nevertheless, 
existing studies on the influences of tunnel excavation superstructures hardly consider upper pavement load and neglect 
mutual influences between strata and road structure. A case study on the basis of a rail construction in Jinshuang Interval 
of Jinyidong Metro in Jinhua City, Zhejiang Province, China was carried out to disclose the influencing laws of shield 
tunneling method on superstructures more accurately and relieve impacts of underground tunnel construction on road 
structure. In this case study, a tunnel–soil–road interaction model was constructed using finite element software ANSYS. 
In addition, variation laws of stress and displacement of road structures caused by tunnel excavation were investigated 
under lane loading conditions. Influencing laws of tunnel excavation on road structure under an interaction system were 
disclosed by analyzing the buried depth of the tunnel and the soil parameters of the occupied layer. Results demonstrate 
that road settlement begins to change significantly and it increases gradually during tunnel advancing. However, road 
settlement after down-traversing changes slightly, indicating that impacts of tunneling construction on road structure 
become stable after running through roads. Under collaborative tunnel loads and traffic loads, the maximum settlement 
of pavement reaches 2.31 cm, which is lower than the widely used control value of 3 cm. The maximum settlement occurs 
at the upper right position of the tunnel axis. This finding indicates that the influences of tunnel down-traversing on 
existing road structures are in the safety control range. Settlement of roads increases significantly due to deteriorating 
soil mass in the occupied soil layer. This finding indicates that the shield tunneling method is inapplicable to soil layers 
with poor soil quality. Research conclusions can provide theoretical references to practical shield tunneling projects 
below existing roads. 
 
Keywords:tunnel down-traversing, road structures, ANSYS modeling, interaction 
__________________________________________________________________________________________ 

 
1. Introduction 
 
With the rapid urbanization process, urban population 
increases continuously, thereby increasing shortage of land 
uses. Over ground traffic space has become unable to satisfy 
traveling demands of people. Therefore, developing 
underground spaces to relieve traffic pressure in urban areas 
is necessary. Under this circumstance, metro is highly 
appreciated in large cities due to its characteristics of large 
carrying capacity, small land use, high comfort, 
environmental friendliness, and punctuality. It has become a 
trunk line in underground traffic transportation in modern 
large cities. However, tunnel construction surely disturbs 
surrounding soil and causes stress redistribution of soil, 
thereby influencing above existing roads and adjacent 
buildings[1–4]. When the tunnel runs through above existing 
roads, it may cause bucking collapse of above road structures 
when deformation of soil mass is not controlled effectively; it 
can further cause casualties and property loss. Therefore, 
influencing laws of tunnel construction on above existing 
roads should be mastered and specific protective measures 
should be adopted for road structure security. 

Among existing traditional surface settlement prediction 
methods in China and foreign countries, the empirical method 
considers few factors, and model experimental method incurs 
high costs and great errors [5]. With the development of 
computer technology, finite element method provides many 
scholars an effective analytic mean to explore influences of 
tunnel construction on surface structures. It can often provide 
more accurate conclusions because it can comprehensively 
consider dynamic construction process of tunnels, soil 
characteristics, and architectural structural shapes. However, 
sensitive influencing factors of tunnel construction on 
adjacent existing roads should be further studied [6]. 
Simulation analyses of influences on above existing roads are 
few, and studies that consider above road loads are limited. 
Moreover, interaction between soil mass and road structures 
is ignored. Existing associated studies are mainly simple 
qualitative analyses, resulting in poor practical performance 
in construction risk control. 

A case study was carried out on the basis of the rail 
construction project of Jinshuang Interval in Jinyidong Metro, 
Jinhua City, Zhejiang Province, China to decrease impacts of 
underground tunnel construction on above road structures and 
protect life and property safety of the public. A tunnel–soil–
road interaction finite element model was constructed through 
numerical simulation method with considerations to above 
road loads. Moreover, mechanical properties of road 
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structures were investigated to gain relatively accurate and 
detailed variation laws of stress and displacement of road 
structures and relieve impacts of underground tunnel 
construction on road structures.  
 
 
2. State of art  
 
Soil disturbance caused by tunnel excavation directly 
influence road structures. Disturbance deformation of soil 
caused by tunnel excavation should be further developed and 
perfected continuously. Thus far, many scholars have carried 
out a large number of experimental studies on deformation 
and deformation laws of soil under influences of tunnel 
excavation. Some methods have been explored to predict 
surface settlement deformation, which can be applied to 
engineering theory and practices, such as empirical formula 
method and model experimental method. However, these 
methods mainly provide simple strata settlement prediction. 
For instance, empirical formula method analyzes abundant 
practical engineering monitoring data, reviews strata 
deformation characteristics, and finally obtains strata 
deformation laws through mathematical statistical analysis. 
Ağbay [7] pointed out that presupport system of urban 
shallow-buried tunnel was very important. They introduced a 
correction factor, which was applicable to ground settlement 
prediction method of twin-track tunnel, including influences 
of presupport system. Moreover, a new formula to predict 
surface deformation caused by construction of twin-track 
tunnel was proposed. They finally concluded that ground 
settlement caused by excavation of double-track tunnel was 
determined by the deformation model of surrounding soil 
materials in tunnels. Xuan [8] studied the relationship 
between Peck formula and stepwise mutation model (SMM) 
theory. On this basis, they proposed a method to determine 
key SMM parameters and verified its validity by practical 
engineering projects. They pointed out that Peck formula 
could be viewed as a simplification of SMM under relatively 
deep excavation conditions, and the proposed method had 
very good application effects in practical projects. On the 
basis of Peck formula and on site testing data, Lu [9] studied 
the prediction formula of surface deformation caused by 
curved shield tunneling. They found that the width coefficient 
of settlement and loss rate of formation showed a linear 
increase with the increase in buried depth of tunnel. Amir [10] 
calculated stratum settlement caused by excavation of metro 
tunnel through empirical formula method, analytical method, 
and numerical method. They compared the analysis results 
with practical engineering data from instruments to determine 
uncertainty of each calculation model. According to research 
results, the calculated results of the numerical model agreed 
highly with practical data. Ding [11] believed that calculating 
stratum settlement caused by tunneling construction below 
adjacent buildings was unreasonable when using Gaussian 
curve or Peck curve. They also proposed that stratum 
settlement presented skewed distribution curve and normal 
distribution curve features when the tunnel was in and out of 
the disturbance range. Moreover, the corresponding formulas 
and parameters were proposed. According to research results, 
the proposed formula could predict stratum settlement 
deformation reasonably. These studies on stratum 
deformation prediction on the basis of empirical formula 
method hypothesize that soil is a homogeneous medium, 
predict stratum deformation through calculation formula with 
limited parameters, and analyze deformation of soil under 
influences of different factors as well as deformation 

characteristics. However, surrounding soil media of tunnel 
excavation are often uneven in practical engineering projects, 
thereby resulting in large error between prediction results of 
the empirical formula and the measured results. As a result, 
the empirical formula method cannot reflect influences of 
tunnel construction truly. Soil should be considered a 
homogeneous medium and deformation laws of soil should be 
studied under influences of tunnel excavation to decrease 
errors and reflect influences of tunnel excavation on soil more 
comprehensively. 

Soil disturbance caused by tunnel excavation is a 
complicated process, which is influenced by many factors. To 
consider influences of soil as a homogeneous medium and 
reflect actual influences of tunnel excavation on soil, many 
scholars introduced model experimental method to predict 
ground settlement. For instance, Peng [12] carried out a 
unique centrifugal model experiment on ground settlement 
caused by tunnel construction in loess areas. Subsequently, 
the settlement of foundation was calculated using the 
extensively applied method, and the results were compared 
with measured results in centrifugal model experiment. On 
this basis, a new method was proposed to evaluate settlement 
of tunnel construction in loess areas with considerations to 
special engineering characteristics of loess. According to 
research results, remarkable differences were found between 
settlement curves of calculation and measurement. In 
shallow-buried strata, the settlement curve of the tunnel center 
line was gentler than that of the centrifugal model experiment. 
The maximum settlement S-max was relatively low, and great 
settlement was found far away from the center line. Opposite 
phenomenon was observed at strata close to the tunnel top. 
Additional settlement was found in shallow strata due to large 
porous structure and high compressibility of loess, thereby 
resulting in such differences. Ding [13] pointed out that 
rectangular shield tunneling could increase effective use of 
area and decrease influences of surrounding soil compared 
with round shield tunneling. Synchronous grouting process 
was simulated through an integrated simulation test by using 
large shield tunneling machine. The result showed that slip 
casting ratio and position of grouting hole were key 
parameters to synchronous grouting in a rectangular tunnel. 
Jusoh [14] assessed displacement of surrounding surface of 
the tunnel, considering the characteristics of segment joints. 
To assess the influences of segment joints on the overall 
response of tunnels, a simplified double-slit model and a 
segment joint model in the all-earth tunnel model were 
constructed to analyze influences of tunnel construction on 
surface deformation or settling tank as well as interaction of 
soil, tunnel, segment joint, and circular seams. Results 
demonstrated that the influences of different segment joints 
on the surface were different. In summary, model 
experimental method can reflect field situations and 
construction process more truly than empirical formula 
method, and the results are more intuitive. However, model 
experimental method incurs high cost, and the results are 
often sensitive to selection of materials. Thus, large errors are 
found between prediction results and measured results in 
practical engineering projects. 

Although empirical formula method and model 
experimental method are easy to operate, they cannot consider 
factors comprehensively. In practical situations, extremely 
few soil conforms to empirical formula method and model 
experimental method, resulting in some limitations of their 
applications. Tunnel constructions under complicated 
geological conditions, complicated construction technologies, 
or complicated tunnel shapes very easily cause large errors 
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between prediction results and measured soil deformation in 
practical field engineering. Thus far, development of 
numerical simulation technology provides many scholars 
more convenient and beneficial means to study the influences 
of tunnel excavation on soil. Numerical simulation method 
[15] breaks limitations of empirical formula method and 
model experimental method, as well as classical elastic–
plastic theory. Ground settlement prediction based on 
numerical simulation method can consider various factors 
that might influence settlement. Thus, the results obtained are 
relatively close to practical engineering projects. For instance, 
Marto [16] introduced influences of different relative 
densities of sandy soils on stratum settlement caused by 
tunnel excavation by studying the parameters of finite 
element modeling. They found that increasing relative density 
of sandy soils could decrease influences of tunnel on surface 
effectively. Eskandari [17] studied stratum response caused 
by earth–pressure balance (EPB) stress at the triple tunnel 
intersection of urban railways in Meshed of Iran through 
ABAQUS and found that influences of tunnel construction 
sequence on settlement of working surface varied 
significantly. Moreover, stratum settlement was negatively 
related with the EPB stress on tunnel section. Aicha [18] 
constructed a 3D spatial model of PLAXIS and analyzed 
causes of engineering collapses from three aspects, namely, 
surface settlement, vertical displacement, and stress of tunnel 
floor as well as deformation of surrounding supporting soil. 
Novozhenin [19] simulated stratum settlement changes 
caused by tunnel construction in complicated soil 
environments in St. Petersburg through a new technology for 
escalator tunnel construction by using an EPB advancing 
machine. Reliability of the proposed technology was proven 
by determining the maximum settlement point, size of 
subsider, maximum settlement value, and displacement and 
strain distribution in subsider. Salvatore [20] carried out a 3D 
numerical analysis on the tunnel–soil–structure interaction by 
using a simple elastic–plastic soil constitutive model. The 
findings reflected major excavation features influencing 
induced settlement, including advanced and front pressures of 
tunnel, shield design, and grouting hardening. To inhibit 
increase in stratum settlement with time, Zhang [21] 
established a surface settlement model through 3D calculation 
software FLAC. A calculation formula was deduced and 
applied to 3D spatial–temporal prediction of double-track 
tunnel settlement during construction, considering influences 
of time on surface settlement. Although numerical simulation 
method is applied widely to predict stratum deformation and 
road settlement caused by tunnel excavation [22], these 
studies only investigated influences on above existing roads 
superficially. Moreover, these studies were mainly based on 
no-load and hardly consider the upper loads. Research 
contents were mainly pure qualitative analysis, and most 
studies applied the two-stage analytical method. They applied 
an enforced displacement to road structure, or the constructed 
model ignored mutual influences between stratum and road 
structure. Relevant conclusions cannot reflect the influencing 
laws of shield tunneling method on the above road structure 
accurately. 

To address shortages of existing studies, a finite element 
model of tunnel–soil–road structure was constructed through 
numerical simulation method on the basis of a case study of 
rail construction in the Jinshuang Interval of Jinyidong Metro 
in Jinhua City, Zhejiang Province, China. Influences of tunnel 
excavation on road structure were investigated under effects 
of traffic loads. Variation laws of displacement and internal 
forces of road structures caused by tunnel excavation were 

investigated from perspectives of buried depth of tunnels and 
occupied soil parameters. On this basis, relevant conclusions 
could be drawn. 

The remainder of this study is organized as follows. 
Section 3 provides a brief introduction of the project study. 
Section 4 describes the finite element modeling method and 
parameter determination. Section 5 analyzes different finite 
element model results under different buried depths of the 
tunnel and soil parameters in the occupied layers. Section 6 
summarizes relevant conclusions. 
 
 
3. Methodology 

 
3.1 Related background  

 
In this study, the rail construction in the Jinshuang Interval of 
Jinyidong Metro in Jinhua City, Zhejiang Province, China 
was chosen as the project study. The left line of the Jinshuang 
Interval is 2016.919 m (1681 rings) long, and the right line is 
2015.723 m (1680 rings) long. The minimum radius of the 
curve is 600 m and, the soil coverage is 9.2–23.7 m in the 
interval. Three connection channels are set in this interval. 
The affected buildings include Jinlan Community, Baile 
Hotel, Zhejiang Huayue Real Estate Co., Ltd, and 6#–7# 
concrete buildings of Wenrong Building. The connection runs 
from the Jiefang West road, Jinhua River, the south 
foundation of the Shuanglong Bridge, and finally to the 
Shuangxi West Road Station. The section down-traversing 
the Jiefang West Road, which is an urban trunk road, was 
chosen as the study area. The international empirical value (3 
cm), which is widely accepted to road settlement caused by 
tunnel down-traversing main trunk road, was used as the 
control value. The strata within the geological prospecting 
depth in the study area were plain fill, clay, silt, round gravels, 
and weathered rocks from upper to bottom section. The 
distribution laws are shown in Fig.1. Shield tunneling method 
was applied in this project. During excavation, the shield 
tunneling machine advanced gradually by using the front 
cutting ring, and the tail was responsible for assembly of duct 
pieces. To prevent excessive settlement of soil, grouting 
filling of spaces between the shield tail and duct pieces is 
needed during installation. The designed inner diameter and 
outer diameter of the supporting duct pieces are 5.4 and 6 m, 
respectively. The working principle of the shield tunneling 
machine is shown in Fig.2. Streets in the Jinshuang Interval 
of Jinyidong Metro in Jinhua City, Zhejiang Province, China 
were chosen as the numerical simulation research objects, and 
the tunnel–soil–road interaction model was applied. 

 
Fig. 1. Distribution laws within the geological prospecting depth in the 
Jinshuang Interval 

3.2 Basic hypotheses  
Drucker–Prager (DP) model is applicable to constitutive 
model of geotechnical materials. Thus, the DP yield criteria 
are approximate to Mahr–Coulomb criteria to amend Von 
Mises yield criteria. Moreover, DP elastic–plastic constitutive 
model was chosen to construct models of strata and road 
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structures due to its good computational effect, quick 
convergence, and stable calculation. 
 

 
(a)                            (b)  

Fig. 2. Working principle of shield tunneling machine (a) Ventilation 
system in the tunnel and (b) Installation of duct pieces 
 

Basic hypotheses of the model include the following: 
(1) Soil layers in the computational range are 

homogeneous and isotropic successive elastic–plastic soil. 
The grouting layer, duct pieces, and road structures are linear 
elastomers. 

(2) During shield tunneling process, loads produced on 
the excavation surface are uniformly distributed round loads. 

(3) At finite element analysis, effects of groundwater and 
special soil are ignored due to the relatively complicated 
conditions in underground soil layers. 
 
3.3 Construction of the computational model 
The tunnel excavation section is simplified into a round shape 
with a radius of 3.2 m. The buried depth of the tunnel is 12 m. 
The sphere of influence of the tunnel construction is generally 
five times the radius of the tunnel. Thus, the soil mass 
dimension in the computational model is 100 m (length)×60 
m (width)×41 m (height). The tunnel–soil–road interaction 
model and meshing program are shown in Fig. 3. The 
complete model has 58,069 units and 59,489 nodes. The 
buried depth of road and width of urban streets are 0.4 and 24 

m, respectively. The mesh generation of lining segment is 
shown in Fig.4.  
 

 
Fig. 3.  Tunnel–soil–road interaction model and meshing scheme   
 

 
Fig. 4.  Meshing scheme of lining ducts 
 
3.4 Material parameters and unity types 
The constitutive model of soil applied the DP yield criteria 
and eight-node solid unit. The parameters of soil and lining 
segment are listed in Table 1. In rock and soil mechanics, the 
common yield criteria are DP yield criteria, which generally 
apply DP materials. In finite element analysis of rock and 
earth masses, DP materials can describe the mechanical 
properties of geotechnical materials effectively, and results 
are often more accurate. 

DP yield conditions are obtained as follows: 
 

                           (1) 
 

where is the first invariant of stress: .  
is the second invariant of stress deviation: 

. and 

 are constants related to material properties.

 
 
Table. 1.  Material parameters of soil mass and lining 

Type Thickness 
(m) 

Density 
(kg/m3) 

Elasticity modulus 
(MPa) Poisson ratios Cohesion 

(kPa) 

Internal friction 
angle 

(°) 
Plain fill 5.1 1800 4.94 0.38 11 13.1 

Clay  4.9 1850 5 0.36 19.7 19 
Silt  16 1980 20.6 0.31 33 25.7 

Weathered rocks 15 2230 500 0.27 60 34.8 
Lining ducts 0.35 2500 35000 0.18   

The road structural layer applies the eight-node solid 
units. The road structure and soil are connected by contact 
units, and frictional effect is considered. Building contact 
pairs between soil and road structure solves the deformation 
coordination problem between the soil and road structure 
effectively. Therefore, stresses in the joint and deformations 
are successive, and the calculation accuracy of the model is 
relatively high. The contact pairs are shown in Fig.5. To 
simplify the model, the pavement structure of above existing 
road is asphalt concrete, and the foundation is composed of 
lime-fly ash-stabilized aggregate layer and lime-ash soil layer. 
Material parameters of road structure are listed in Table 2. 

 
Fig. 5.  Contact pair 
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Table 2. Material parameters of road structures 
Type Thickness 

(cm) 
Density  
(kg/m3) 

Elasticity modulus 
(MPa) Poisson ratios 

Asphalt concrete pavement 12 2450 1430 0.35 
Lime-fly ash stabilized aggregate layer 30 2300 1550 0.26 

Lime-ash soil layer 30 2200 710 0.35 
Earth base 50 2180 48 0.37 

 
3.5 Loads and boundary conditions 
(1) Loads 
In the constructed model, lane loads were applied when traffic 
loads were considered in urban roads, and the remaining loads 
only considered influences of gravitational field. In 
accordance with statistics on surface traffic flows, traffic 
loads were converted into 20 kN/m2 uniformly distributed 
loads and then applied onto the pavement [23]. The advancing 
pressure on the excavation surface was 0.3 MPa, and the 
grouting pressure at shield tail was 0.15 MPa. 
 
(2) Boundary constraints 
The model considered displacement boundaries. The parallel 
direction of the tunnel, direction perpendicular to the tunnel, 
and vertical directions were set to Z-axis, X-axis, and Y-axis, 
respectively. 
 At the bottom of the numerical model, displacements 
along X, Y, and Z directions were restricted. Normal 
displacements were restricted on four side surfaces. In other 
words, horizontal displacement was fixed and vertical 
displacement was free. The top surface of the model used a 
free boundary. 
 
 
4. Results analysis and Discussion 

 

4.1 Effects of excavation process on road structure 
Shield tunneling is a continuously advancing process. Since 
the beginning of construction, three synchronous procedures, 
namely, excavation face, duct assembly, and grouting at 
shield tail were implemented until the tunnel excavation was 
completed. In the numerical simulation, the continuously 
advancing process was studied as a discontinuous excavation 
process. In other words, dynamic excavation of tunnel was 
realized by related units of stepwise “generation” and “killing.” 
Vertical displacement prior to tunnel excavation was used as 
the initial value, and the initial displacement after extraction 
was subtracted from the vertical displacement to obtain the 
displacement caused by tunnel extraction. After 20 extraction 
steps, the shield tunneling ran through the model, and the 
advancing distance of each step was 3 m. 

 
4.1.1 Displacement of road structures in the excavation 
process 
To analyze the complete excavation process, the shield 
tunneling process was reflected by excavation steps. The 
review of numerical calculation results revealed the tunnel–
soil–road interaction model results when the advancing 
distance was 12, 30, 42, and 60 m, as shown in Fig.6. As the 
tunneling process continues, the subsider above the tunnel 
expanded continuously and showed a V-shaped structure in 
the front view. The maximum settlement was at the upper 
right position of tunnel, and it was lower than the universal 
control value of 3 cm. 

(a) Z=12                                          (b)  Z=30 

 
(c)Z=42                                           (d)  Z=60 

  Fig. 6.  Displacement of interaction model in the excavation process
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Eight settlement characteristic points along the X-axis of 
the pavement central line were chosen as the research objects. 
The variation laws of settlement could be gained by 
subtracting the initial displacement from the vertical 
displacement in the tunneling process (Figs.7 and 8). After 
tunnel excavation, evident settlement of road structure was 
found close to the tunnel axial line. The soil above the tunnel 
was unloaded, and the settlement of road structure began to 
change greatly due to tunnel construction. The settlement 
became stable after the tunnel ran through the above road. 
Under collaborative effects of tunnel and traffic loads, the 
maximum road settlement reached 2.31 cm, which was lower 
than the universal control value of 3 cm. The maximum road 
settlement was at the upper right position of the tunnel axis 

Fig. 7. Vertical displacement on the pavement midline during tunneling  

 
Fig. 8. Maximum vertical displacement of pavement during tunnel 
 
4.1.2 Stress on the upper road structure in the excavation 
process 

Changes of stress on the road structure under collaborative 
effects of tunnel and lane loads are shown in Fig.9. With the 
progresses in the tunneling process, stress on the upper road 
structure increased gradually, but it became stable after 
running through the road. When the tunnel ran through the 
road, the maximum stress was detected at the structure below 
the road center (Fig.10). This situation might cause adverse 
impacts on stress state in the road center area. 

 
Fig. 9. Maximum stress on the pavement in the tunneling process 

 

Fig. 10. Maximum stress on the pavement after tunneling 

 

4.2 Effects of different soil layer parameters 
Four different types of soils were chosen in the overall model 
to study the influences of soil properties on road structural 
deformation caused by tunnel excavation. Soil parameters of 
the occupied soil layers are shown in Table 3. Variations of 
road deformation with soil properties during tunneling were 
calculated by developing a tunnel–soil–road interaction 
model. Results are shown in Fig. 11.

 
(a)Vertical displacement of silt                (b) Vertical displacement of medium-coarse sand 
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(c) Vertical displacement of gravel              (d) Vertical displacement of weathered rocks 

Fig. 11.  Variation laws of pavement under different soil properties

Fig.11 shows that when the occupied soil layer was silt, 
the maximum vertical displacement of pavement was 1.29 cm. 
When the occupied soil layer included weathered rocks, 
tunnel excavation influenced the road structure slightly. 

Hence, the settlement quantity of road structures caused by 
tunnel excavation increased significantly when the soil 
deteriorates.

Table 3. Soil properties in the occupied soil layer 

 
5. Conclusions 
 
A case study on the basis of the Jinshuang Interval of 
Jinyidong Metro in Jinhua City, Zhejiang Province, China 
was carried out to improve traditional strata prediction and 
obtain accurate and detailed stress and deformation laws of 
road structures. A tunnel–soil–road interaction finite element 
model was constructed using numerical simulation method. 
Under traffic loads, displacement and stress variation laws of 
road structures caused by tunnel extraction were investigated 
from the buried depth and soil parameters of the occupied soil 
layers. Some major conclusions could be drawn, as follows: 

(1) Shield tunneling method causes evident uneven 
settlement of the upper existing road structure. Excavation 
depth influences not only the pavement settlement, but also 
the shape and size of the settling tank. As the tunneling 
process continues, the settling tank above the tunnel expands 
gradually and presents a V shape in the front view. The 
maximum settlement is at the upper right position of the 
tunnel.  

(2) Displacement of shield tunneling excavation mainly 
occurs on soil surrounding the tunnel. The tunnel top develops 
a relatively large longitudinal displacement due to influences 
of the above soil and road loads. As the tunneling process 
continues, the road settlement and maximum stress increase 
significantly, but they become stable gradually after tunneling. 

(3) Influences of soil properties of the occupied soil 
layers are analyzed. The results show that soil properties of 
the occupied soil layers influence the existing road 
deformations significantly. The vertical road settlement 

increases greatly when soil is deteriorated. This finding 
indicates that shield tunneling method is inapplicable to 
environment with poor soils. 

Road settlement caused by shield tunneling below 
existing roads is analyzed by numerical simulation method. A 
tunnel–soil–road interaction finite element model, which can 
obtain more accurate and detailed variation laws of stress and 
deformation of road structures, is constructed. However, this 
study only focuses on horizontal road structures and static 
impacts of traffic loads. Future studies shall be further 
perfected by considering dynamic influences. 
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