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Abstract. To investigate the impact of diaphragm wall construction on adjacent 

tunnels, numerical simulations were conducted using Plaxis 3D finite element 

software based on relevant engineering cases. A bilinear model was employed to 

simulate the trench wall pressure, and two different constitutive models were ap-

plied to analyze the influence of diaphragm wall construction on the horizontal 

displacement and settlement of the tunnel. The effects of various construction 

factors, such as the distance between the tunnel and the diaphragm wall, the ex-

cavation depth of the diaphragm wall, and the trench excavation method, were 

quantified. The results indicate that the horizontal and vertical displacements of 

the tunnel are most significant during the concrete pouring stage, and the hori-

zontal deformation data closely follow a Gaussian distribution. The horizontal 

and vertical displacements of the tunnel are positively correlated with the depth 

of the diaphragm wall and negatively correlated with the horizontal distance be-

tween the tunnel and the diaphragm wall. Furthermore, the segmented excavation 

method can reduce the impact on adjacent tunnels. The findings provide theoret-

ical references and numerical methods for evaluating the influence of diaphragm 

wall construction on the deformation of adjacent subway tunnels. 

Keywords: Diaphragm wall; Tunnel deformation; Numerical simulation; Gauss-

ian distribution; Construction factors 

1 Introduction 

Metro system, the mainframe of urban transport system has an important part to play 

to take down the amount of vehicles stuck up there, and also making our living space 

more prosperous. But foundation pit construction near to metro tunnels changed soil’s 

pressure status around it and gave many difficult consequences for the existing tunnels 

structures[1-5]. And then research shows like it was like huge tunnel movements when 

we would construct things under things which would make up more than 43.81% ac-

cording to other research[6] of everything that moved during this period. These sorts of 

displacements could threaten tunnel integrity and running safety; hence we should carry  
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out further investigation into the effect of D-wall construction upon the neighboring 
metro tunnels. 

The current work takes on theoretical, numerical, field monitoring, and model testing 
ways of looking at how tunnels react when you dig big holes around them. Such as 
Wang et al[7] and Zhang et al[8], they use Boussinesq’s Elastic Solution to study the 
additional stress effect. Yin [9] utilized HSS in ZSOIL to do research on D-wall design 
parameters. Wei [10] derived an empirical model of tunnel uplift based on 14 case his-
tories, while Chen et al[11, 12] used centrifuge tests with numerical simulations. Also 
there are studies done about ground change caused by installing d-wall. report ground 
settlements ranging from 0.075% to 0.15% of excavation depth[13], and Dong[14] look at 
horizontal soil displacements and parameters sensitivity. 

Previous studies on excavaiton-indued tunnel effectsand D-wall–induced ground 
movements, but no study on D-wall’s stages influence on adjectnt tunnnels’ displace-
ment. The present investigation takes place regarding the influences on tunnels that 
arise out of building d-walls in the soil around shanghai via some numbers based tests 
made on different types. By looking at how the horizintal and vertical tunneledisplace-
ments behave, all of those main parts in construction can have an evaluation based on 
them as it serves as a theory when it comes time to do risk assessments of building old 
tubes with things like this being done nearby. 

2 Numerical Simulation 

2.1 Project Overview 

Project in Gongshu District,Hangzhou City is southwest of Dongxin & Shaoxing road 
and also near Metro Line 1 Tieguan station. South side is next to the tieguan station of 
metro line 1 and the tunnel part between the tieguan and zhalongkou station as well as 
the connecting line for intercity trains. And the boundary lines of our foundation pits 
for this support are about 9. 6 meters from the major structure of tieguan station when 
they're closest together. Support method uses 800mm wide diaphragm wall on all 4 
sides, bottom end of the wall penetrates to gravel layer. The project overview map and 
geological profile are shown in Fig 1 and 2, respectively. 

 

Fig. 1. Project Overview 
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Fig. 2. Geological Profile 

2.2 Calculation Model and Parameters 

The HS-Small constitutive model, developed within the framework of the classical HS 
theory by Benz[15] , is an improved constitutive model. Its characteristics include com-
prehensively reflecting the unloading and small-strain behavior of soils, while consid-
ering the pressure-hardening and dilatancy of soft clay, and distinguishing between 
loading and unloading stiffness. These features make the HS-Small model particularly 
advantageous for simulating complex engineering problems such as deep foundation 
pit excavation[16-18]. Therefore, this study adopts the HS-Small model and utilizes Plaxis 
3D finite element software for analysis. The finite element model is shown in Figures 
3 and 4. The calculation trench panel is 6 m wide, 0.8 m thick, and 47 m deep. The 
tunnel is 50 m long with a radius of 3.1 m, and the trench panel is 10 m away from the 
tunnel. Considering boundary effects, the calculation model dimensions are set to 50 m 
long, 25 m wide, and 20 m high. The parameters for the HS-Small constitutive model 
are listed in Table 1. The tunnel is simulated using plate elements, assumed to be an 
elastic material with a thickness of 0.4 m, an elastic modulus of 3.45×104MPa, and a 
Poisson's ratio of 0.2. The groundwater level at the diaphragm wall construction site is 
set at 2 m below the ground surface. Groundwater seepage effects are not considered 
in the calculations. 

Table 1. HSS Model Parameters Table 

Soil layers Fill 
Silty clay interbedded 

with silty silt 
Silt-like 

loamy clay 
Silt 
Clay 

Effective Cohesion c′/kPa 6.8 10.8 20.1 16.8 
Effective Friction 　　　/(°) 29 29.8 28.7 28.6 

Tangent Modulus Eref
oed 

/MPa 
2.6 3.9 3.1 3.3 

Secant Modulus Eref
50 /MPa 4.38 6.83 3.44 4.66 

Unloading/Reloading Modu-
lus Eref

ur /MPa 
22.5 23.2 15.9 22.9 
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Failure Ratio Rf 0.78 0.89 0.85 0.93 
Shear Strain γ0.7(10-4) 2.9 3.6 4.2 3.7 

Initial Shear Modulus Gref  
/MPa 

23.8 168.46 73.19 128.98 
0

  

Fig. 3. Mesh Diagram 

 

Fig. 4. Structural Diagram 

2.3 Calculation Steps 

The calculating model deals with all parts of the making process for the diaphragm 
walls; it looks at the stresses during four main stages: first is when there’s no changing 
at all yet (that’s the beginning of the stress), next up we start digging holes filled with 
special mix that stops it being too wet or dry before adding new concrete to it as soon 
as possible after the digging is finished. Model construction following these calcula-
tions procedure below: 

Step 1: Initial equilibrium stress field. Tunnel is simulated by Plate element and it 
will be constructed first before excavation starts. Initial soil’s own weight’s stress area 



 (1) 

 

 (2) 
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is calculated. For sake of calculation result being correct. In order to do so, right after 
having done the very initial stress computation, we reinitialize our calculation’s 
resulting Displacements to zero value, yet preserving the already found out Stress-
Fields outcome data into our future construction stages’ simulation baseline starting 
points. 

Step 2: The Trench Excavation and Slurry support are null elements which represent 
the part of the soil that is being excavated. Simultaneously Static Slurry Pressure 
(γb=12kN/m3)  is applied onto the trench wall and its base. Lateral pressure on trench 
walls from equation(1): 

hp b  

Step 3: Fluid Concrete Pouring: As it was researched in the existing, there have not 
yet become established standards with regard to how distribution should be for the 
pressure of the fluidic concrete. Therefore this paper chooses the theoretical model 
which has been given out by Lingset al. as an analysis framework.[19] Lateral pressure 
on trenches walls through bilinear model from eq(2) is calculated: 

zp c                        1crhz 
 

1crbcc hzp ）（            1crhz＞  

where cr1h  is the critical depth of concrete, taken as 1/3 of the trench depth, and 

c  is the unit weight of concrete, 24 kN/m³. 

Step 4: Concrete Hardening. The null elements representing the excavated trench 
section are set as elastic elements. Simultaneously, the concrete pressure acting on the 
trench walls and base is removed to simulate concrete hardening. 

3 Calculation Results and Analysis 

The horizontal and vertical displacements of the tunnel at each stage obtained from the 
numerical simulation are shown as hollow scatter points in Figures 5 and 6. The 
maximum displacement of the tunnel occurs near the wall, gradually decreasing with 
distance from the wall. From the results of maximum displacement and change per 
stage shown in Figures 7 and 8, it can be observed that as the construction steps proceed, 
tunnel displacements initially increase and then decrease. During the trench excavation 
stage (Step 2), tunnel displacements are relatively small, with horizontal displacements 
ranging from approximately -0.05 to 0.7 mm and vertical displacements from 0.2 to 0.8 
mm. The maximum values for both horizontal and vertical displacements occur during 
the concrete pouring stage (Step 3), with a maximum horizontal displacement of 2.10 
mm and a maximum vertical displacement of 2.16 mm. During the concrete hardening 
stage (Step 4), tunnel displacements recover somewhat compared to the previous stage. 
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The change in horizontal displacement is relatively small, decreasing by about 2.4%, 
while the change in vertical displacement is larger, decreasing by about 4.9%. 

To systematically analyze the displacement patterns of the tunnel induced by 
diaphragm wall construction, Gaussian functions were fitted to both horizontal and 
vertical displacement data for each construction stage. As shown in Figures 5 and 6, the 
fitted curves from Steps 2 to 4 exhibit high accuracy, with coefficients of determination 
(R²) exceeding 0.99 for both displacement components, indicating negligible fitting 
error. The consistently high R² values—particularly notable in critical phases such as 
concrete pouring (Step 3)—confirm that the Gaussian distribution reliably captures the 
spatial variation of tunnel displacements throughout all construction stages, 
underscoring the statistical validity of the observed displacement patterns. 

The numerical results indicate that the concrete pouring stage causes the most 
substantial tunnel displacements. This is due to the abrupt replacement of supporting 
slurry with fluid concrete, which changes the surrounding soil stress state and 
redistributes stress toward the tunnel. The observed near Gaussian displacement 
distribution along the tunnel axis agrees with the theory of spatial decay of construction 
induced disturbances, where effects weaken with distance from the source. 

Additionally, a comparative analysis using the Mohr–Coulomb model was 
conducted. As shown in Figure 9, both constitutive models exhibit similar horizontal 
displacement trends, though the Mohr–Coulomb model yields slightly larger horizontal 
and vertical displacements than the HSS model. Figure 10 further indicates pronounced 
heave under the Mohr–Coulomb model, attributed to its inability to distinguish between 
loading and unloading responses, resulting in exaggerated stress release and soil uplift 
during excavation—a finding consistent with Ge and Zhou[20]. Thus, the HSS model 
provides more reasonable predictions in complex geotechnical conditions. 

 

Fig. 5. HSS Model: Tunnel Horizontal Displacement and Fitting at Each Stage 
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Fig. 6. HSS Model: Tunnel Vertical Displacement and Fitting at Each Stage 

 

Fig. 7. HSS Model: Maximum Tunnel Displacement at Each Stage 

 

Fig. 8. HSS Model: Change in Tunnel Displacement at Each Stage 
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Fig. 9. Horizontal Displacement of Tunnel at Each Stage for Two Models 

 

Fig. 10. Vertical Displacement of Tunnel at Each Stage for Two Models 

4 Analysis of Different Influencing Factors 

As shown in Table 2, three sets of comparative analyses were conducted to study the 
influence of tunnel distance from the wall (D), diaphragm wall excavation depth (H), 
and trench segment excavation method on tunnel displacement. Control Group P uses 
the model described in Section 1, with an excavation depth of 47 m, a tunnel distance 
of 10 m from the diaphragm wall, and full-face excavation of the 6 m trench segment. 
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Table 2. Finite Element Analysis Methods and Nomenclature 

Variable Group Description 

Control Group P D=10, H=47, 6m segment full-face excavation 

Tunnel Distance from A1 D=8, H=47, 6m segment full-face excavation 
Wall A2 D=12, H=47, 6m segment full-face excavation 

Diaphragm Wall B1 D=10, H=30, 6m segment full-face excavation 
Excavation Depth B2 D=10, H=60, 6m segment full-face excavation 

D=10, H=47,  
Excavation Method C 6m segment divided into left and right 3m sections 

for excavation 

4.1 Influence of Horizontal Distance Between Tunnel and Diaphragm Wall 

The group A and control group P in figure 11 and 12 from horizontal and vertical 
displacements we can observe at the point of max displacement where the horizontal 
separation between the tunnel and the diaphragm wall being 8 meters, 10 meters, and 
12 meters this happens at the position most closely associated with the diaphragm wall 
with the corresponding maximum horizontal displacements 2.54mm, 2.11mm and 
1.73mm respectively as well as maximum vertical displacement values 2.27mm, 
2.16mm, 2.10mm. So close tunnels get more displacement because they have the 
closest proximity to the diaphragm wall. As for horizontal and vertical displacement it 
can be seen that there is an almost opposite link between them and the space which is 
left between the tunnel and the diaphragm wall. 

 

Fig. 11. Tunnel Horizontal Displacement Under Influence of Distance from Wall 
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Fig. 12. Tunnel Vertical Displacement Under Influence of Distance from Wall 

4.2 Influence of Diaphragm Wall Excavation Depth 

As per group b comparing chart of figure 13 and figure 14 it has been noticed that 
maximum value of x and y displacement will appear nearest to the area which contains 
location of d w with an excavation of 30m , 47m ,60m. For each case, we have the 
corresponding maximum horizontal displacements being 1.40mm,2.11mm,2.83mm 
and the maximum vertical displacements being 1.44mm,2.16mm,2.86mm respectively. 
This means as the depth of excavation of the diaphragm wall is raised the resulting 
movement gets even more intense. The tunnel also shows approximate relation to 
positive correlation on both the horizontal displacement and vertical displacement to 
the excavation of the diaphragm wall.  

 

Fig. 13. Tunnel Horizontal Displacement Under Influence of Excavation Depth 
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Fig. 14. Tunnel Vertical Displacement Under Influence of Excavation Depth 

4.3 Influence of Diaphragm Wall Excavation Method 

According to Figure 15 &16 of Group C Horizontal &vertical Displacement 
Comparison chart we find that if we compare Full face Excavation Vs Two Stage 
Segment Excavation Trench Segment of Diaphragm wall we found that max 
Displacement occur at nearest point to diaphragm wall. Corresponding with these max 
values of horizontal displacement is 2.11mm & 1.26mm; vertical displacements:2.16& 
1.29mm. It means we would see lesser induced displacement if we reduce diaphragm 
wall trench size, since it has same trench size we will get reduced diaphragm wall 
construction impact on nearby tunnels by having reduced the size of trench. 

 

Fig. 15. Tunnel Horizontal Displacement Under Influence of Excavation Method 
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Fig. 16. Tunnel Vertical Displacement Under Influence of Excavation Size/Method 

5 Conclusions and Outlook 

This paper employs a refined three-dimensional numerical simulation method to 
systematically investigate the dynamic influence of the phased construction process of 
diaphragm walls on the deformation of adjacent metro tunnels. A numerical model 
incorporating four key construction stages—trench excavation, slurry support, concrete 
pouring, and concrete hardening—is established. By comparing the differences 
between the HS-Small and Mohr-Coulomb constitutive models, the construction 
mechanical mechanism, deformation distribution patterns, and key influencing factors 
are thoroughly analyzed. The main conclusions are as follows: 

The influence of diaphragm wall construction on the deformation of adjacent tunnels 
exhibits distinct stage characteristics. The tunnel displacement induced during the guide 
wall excavation stage is relatively small. The concrete pouring stage represents the most 
significant construction phase, during which the horizontal and vertical displacements 
of the tunnel reach their peak values. This is primarily attributed to the pressure exerted 
by the fluid concrete on the trench walls, which rapidly replaces the relatively balanced 
slurry pressure, leading to stress redistribution and release toward the tunnel. The 
distribution of tunnel displacement along its axial direction can be accurately fitted 
using a Gaussian distribution function (R² > 0.99). The maximum displacement occurs 
at the location closest to the diaphragm wall and decays rapidly with increasing 
distance, reflecting the spatial disturbance effect. During the concrete hardening stage, 
a slight rebound in displacement is observed. 

The numerical simulation results are highly sensitive to the selection of the 
constitutive model. Compared with the Mohr-Coulomb model, the HS-Small model, 
due to its ability to account for the high stiffness at small strains and the loading–
unloading path dependency of soils, yields more reasonable and generally smaller 
predictions of tunnel displacement (particularly vertical heave). Both the horizontal and 
vertical displacements of the tunnel are negatively correlated with the separation
distance. When the separation distance is reduced from 12 m to 8 m, the maximum 
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horizontal displacement increases by approximately 46.8 %, and the maximum vertical 
displacement increases by approximately 8.1 %. A smaller separation distance 
dramatically amplifies the influence on the tunnel. Tunnel displacement is positively 
correlated with the depth of the diaphragm wall. When the excavation depth increases 
from 30 m to 60 m, the maximum horizontal displacement increases by approximately 
102.1 %, and the maximum vertical displacement increases by approximately 98.6 %. 
Excavation depth is identified as one of the decisive factors controlling tunnel 
deformation. Compared with the full excavation of a 6 m-wide panel, the “sequential 
panel excavation” method (first excavating 3 m, then the remaining 3 m) effectively 
reduces disturbances to adjacent tunnels. This method reduces both the maximum 
horizontal and maximum vertical displacements by approximately 40.3 %, representing 
an effective construction optimization measure for deformation control.  

(4) It's also important to know that it has no account for groundwater seepage in 
terms of coupled hydro- mechanical effects at an excavated site. Clayey strata which 
has much groundwater table generates & dissipates too much excessive pore water 
stress that can affect the way it moves or changes as well as how tunnel do. And we're 
still underestimating the sort of time dependent displacement if drainage wasn't that 
fast. More work should include analysis with flows and deformations together so as to 
obtain a better picture of transitory hydromechanics and have better estimates of the 
long term displacements. 
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