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Abstract 
Foundation pit collapse is a continuous failure process. One of the main cha-
racteristics of foundation pit collapse caused by internal support failure is that 
it will lead to the destruction of the enclosure structure. Based on the actual 
foundation pit engineering, this paper uses the finite element software Mi-
das-GTS NX to establish a three-dimensional foundation pit model. Based on 
the principle of component removal method and nonlinear dynamic analysis 
method, the influence of the inner support failure on the envelope structure is 
analyzed. The results show that when the damage degree of the inner support 
increases, the deformation of the foundation pit retaining structure also in-
creases, and the phenomenon of stress concentration occurs. The horizontal 
displacement of the retaining structure increases with the increase of the local 
failure location, but the overall displacement has little change. With the ag-
gravation of the local failure degree of the retaining structure, the soil defor-
mation around the foundation pit keeps increasing, and the maximum dis-
placement and maximum stress both increase significantly. The research of 
this paper can provide some safety guidance for foundation pit engineering.  
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1. Introduction 

Underground comprehensive pipeline corridor refers to the underground con-
struction of a tunnel space that integrates electric power, communication, gas, 
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water supply and drainage, heat and other engineering pipelines, and carries out 
unified planning, design, construction and management. It is the “lifeline” of 
important infrastructure to ensure urban operation, ensure urban safety and 
improve the comprehensive carrying capacity of the city. In order to meet the 
requirements of modern city construction, it has become a trend to promote the 
construction of underground integrated pipeline corridors. 

With the continuous development of deep foundation pit engineering of un-
derground integrated pipe corridors, the corresponding excavation and support 
technology of foundation pit has been advanced and innovated to different de-
grees. However, the supporting structure of deep foundation pit only plays a 
temporary role, coupled with the existence of some uncertain factors in deep 
foundation pit engineering, which leads to collapse accidents from time to time, 
such as Yangzhou foundation pit collapse in 2019 [1], Hangzhou foundation pit 
collapse in 2021 [2], Singapore subway accident [3], etc. It not only caused ca-
sualties but also brought huge economic losses. According to relevant informa-
tion, the collapse of foundation pit is a continuous failure process [4] [5].  

For the continuous failure of engineering structures, Huang Hua et al. [6] 
made a theoretical analysis of the collapse mechanism and influencing factors, 
and in order to reduce the occurrence of such accidents, put forward several 
methods to resist collapse. Liu et al. [7] proposed an analytical model for the 
continuous failure of reinforced concrete slab column structures. Song Ge et al. 
[8] used the energy method to analyze the force characteristics at each stage of 
continuous collapse, and expressed the curves at each stage with expressions. Fu 
[9] et al. proposed a mechanical model for composite structures with steel frames, 
which is mainly used to analyze and calculate the resistance to continuous col-
lapse of the composite structures under the condition of internal column failure. 
Lu [10] et al. proposed a better steel-concrete composite structure, which has 
better resistance to continuous collapse and earthquake resilience in terms of 
performance. Wang Junjie, Yang Tao, Yang [11] [12] [13] et al. have also carried 
out relevant studies on various combination structures, and have made their 
own achievements in the resistance to continuity failure. 

This paper mainly uses Midas-GTS NX finite element software to establish a 
three-dimensional foundation pit model, and then uses the measured data and 
model data to verify the effectiveness. The principle of the method of removing 
components is adopted to simulate the local failure of the horizontal supporting 
structure of deep foundation pit by removing different amounts of internal sup-
ports, and then its influence on the envelope structure is analyzed [14] [15] [16].  

2. Establishment of Finite Element Model 
2.1. Introduction to Mdias GTS NX 

Mdias GTS NX is a professional finite element analysis software for geotechnical 
engineering, featuring fast modeling, wide application and stable operation. Af-
ter a large number of professional engineering practices, the feedback effect is 
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good, with fast convergence, good convergence of calculation results, efficient 
analysis results and so on. In addition, the software also contains advanced anal-
ysis kernel, which can guarantee the convergence and high efficiency of the cal-
culation results. 

Mdias GTS NX finite element software contains a large number of structural 
elements and sections. For complex sections, it can be realized by adding hete-
rosexual sections, which provides convenience for 3D finite element geometric 
models. Grid division is fast and contains many constitutive models required for 
foundation pit engineering. Users can define constitutive models according to 
their own needs and choose analysis types according to their own analysis me-
thods. In the output of the results of the software can also be high-definition 
pictures, charts and other formats, more convenient to use. 

In short, Mdias GTS NX is a powerful, widely used and stable finite element 
analysis software, which is of great help to the comprehensive pipeline corridor 
deep foundation pit engineering. 

2.2. Model Building 

The total length of the comprehensive pipe corridor project is 951.37 m, and the 
standard section of the comprehensive pipe corridor is covered with about 3.0 m 
soil, which is constructed by open excavation method. In order to facilitate the 
comparison and analysis between the construction site monitoring data and the 
numerical simulation data, one section is selected. The excavation depth of the 
foundation pit of this project is 11 m and 7 m wide. According to the references, 
the influence range of foundation pit excavation is 3 - 4 times the excavation 
depth, so the geometric model size is 107 m × 85 m × 55 m. In this paper, the fi-
nite element software Midas-GTS NX is used to establish the model without 
considering the effect of groundwater, as shown in Figure 1. 
 

 
Figure 1. Foundation pit model. 

https://doi.org/10.4236/oalib.1110179


Y. Z. Wu, X. Y. An 
 

 

DOI: 10.4236/oalib.1110179 4 Open Access Library Journal 
 

According to the geological investigation report of the project, the soil layer 
structure is successively mixed fill, clay, silty clay with silty soil, and medium- 
weathered limestone. The retaining structure of the foundation pit adopts 
Φ850@600SMW three-axis cement mixing pile, the pile length is 18 m, the em-
bedment depth is 7 m, the layout type of section steel is inserted two jump one 
type, and it is converted into the ground connecting wall with a certain thickness 
according to the flexural stiffness theory [17]. The section size of crown beam is 
1.2 m × 0.8 m, and the waist beam is HN500 × 200. The section size of the first 
support is 0.8 m × 0.8 m, and the spacing is 7 m. The second inner support 
adopts D606 × 13 steel pipe inner support, and the spacing is 3.5 m. The physical 
parameters of each material are obtained based on the geotechnical test and 
geological exploration report, as shown in Table 1 and Table 2 below. 

As shown in the table above, on the premise that all components are isotropic, 
the soil constitutive model is selected as the modified Mol Coulomb model, and 
the elastic model is adopted for the ground joint wall, concrete support, steel 
pipe inner support, crown beam and waist beam. 2D plate element is used for 
the ground connecting wall, and 1D beam element is used for the inner support, 
crown beam and waist beam. 
 

Table 1. Formation physical parameters. 

Soil layer name Weight/(kN∙m−3) 
Elastic 

modulus/MPa 
Cohesion 

C/KPa 
Friction Angle 

ϕ/(˚) 
Layer 

thickness/m 
Constitutive 

relation 

Miscellaneous fill 18.2 3.0 5 15 2.4 
Modified 

Mole-Coulomb 

Clay 17.3 4 14 6 2.6 
Modified 

Moore-Coulomb 

Silty clay 
with Silty soil 

18.6 7.5 19 11 14.5 
Modified 

Mole-Coulomb 

Moderately 
weathered Limestone 

24.0 5200 100 30 - 
Modified 

Moore-Coulomb 

Ground wall     0.58  

 
Table 2. Physical parameters of materials. 

Soil layer name Weight/(kN∙m−3) 
Elastic 

modulus/MPa 
Cohesion 

C/KPa 
Friction Angle 

ϕ/(˚) 
Layer 

thickness /m 
Constitutive 

relation 

Crown Beam 24 30,000   1.2 m × 0.8 m elastic 

Concrete support 24 30,000   0.8 m × 0.8 m elastic 

Steel pipe inner support 78.5 206,000    elastic 

Section steel 78.5 206,000    elastic 

Cement soil 20 700    elastic 
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The displacement boundary constraints in X, Y and Z directions are added to 
the boundary bars of the model. Add 15 KN vertical construction load and 
self-weight load within 10 m from the foundation pit, and the constraints can be 
shown in Figure 2. In this paper, nonlinear dynamic analysis method is used to 
study the mechanism. 

2.3. Model Component Process 

The construction conditions of this model are shown in Table 3. The model is 
mainly established according to the construction conditions in the following ta-
ble. 
 

 
Figure 2. Model constraint diagram. 

 
Table 3. Construction condition table. 

Serial number Content 

1 Analysis of initial seepage field 

2 Initial stress field equilibrium 

3 Slope excavation, and shotcrete 

4 Construction of enclosure structure 

5 The first precipitation is 2.4 m below the ground 

6 
Excavate 1 to 1.9 m below the ground and erect the first inner 
support and crown beam 

7 The second precipitation is 4.2 m below the ground 

8 Excavate 2 to 3.7 m below the ground 

9 Third precipitation to 6 m below ground level 

10 
Excavate 3 to 5.5 m below the ground and erect the second inner 
support and waist beam 

11 Fourth precipitation 8 m below ground level 

12 Excavate 4 to 7.5 m below ground level 

13 The fifth precipitation to 10 m below the ground 

14 Excavate 5 to the bottom of the foundation pit 
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2.4. Comparison between Original Model and Measured Data 

The measured data in the engineering research section and the software simula-
tion data are selected for comparative analysis, as shown in Figure 3. The varia-
tion trend is roughly the same and the error is within an acceptable range, so the 
validity of the finite element model is verified, and the software can be used to 
study the envelope structure. 

3. Internal Support Local Failure Analysis 

In the relevant data, some scholars have confirmed that the lower support is 
more important than the upper support, so this paper still chooses the second 
internal support as the research pair and will not demonstrate this. Now label 
the inner support in Figure 4 for the convenience of subsequent relevant re-
search. The finite element model of damage of 1, 3 and 5 internal supports after 
the completion of foundation pit excavation was established based on the prin-
ciple of component removal method, that is, B2-13, B2-12 and B2-14, B2-11 and 
B2-15 supports were removed respectively to analyze the changes of the envelope 
structure [18] [19]. 
 

 
Figure 3. Comparison of simulated and measured values. 

 

 
Figure 4. Schematic diagram of support numbering. 
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3.1. Failure of 1 Inner Support 

As can be seen from Figure 5, when an inner support fails, the displacement of 
the ground connecting wall changes in a small range, mainly within the range of 
the inner support failure, and the influence on the side is small. In the direction 
along the X axis, the earth pressure of this part is relatively large due to the sup-
port failure, which has an impact on the ground connecting wall, and the maxi-
mum displacement reaches 29 mm. In contrast, the ground wall is affected by 
symmetry in the Y-axis direction, and its displacement is only about 0.16 mm. 

As can be seen from Figure 6, when the internal support fails, stress concen-
tration will occur in the ground diaphragm wall, mainly in the middle of the en-
closure structure, and the maximum stress of a unit can reach 1978.97 KN/m2. 
 

 
 

 
Figure 5. Cloud map of displacement change of ground diaphragm wall damaged by 1 
internal support. 
 

 
Figure 6. Stress concentration nephogram of a fractured ground wall with an internal 
support. 
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3.2. Failure of 3 Internal Supports 

As can be seen from Figure 7, when three internal supports fail, the maximum 
horizontal displacement along the X-axis increases by 77 mm (2.65 times) from 
29 mm (29 mm) of the failure of one root, and it can be clearly observed from 
the cloud map of displacement change that the affected range is also constantly 
expanding. At the same time, the displacement of the ground wall in the Y-axis 
direction is increased from 0.16 mm to 0.78 mm by 4.875 times, and the affected 
range is more concentrated and wider. 

According to the stress concentration cloud map of the ground connecting 
wall in Figure 8, the contours on the figure clearly show that the stress concen-
tration phenomenon is more obvious when the three internal supports fail, and 
the maximum stress value at one place can reach 3137.32 KN/m2, which increas-
es by 1.58 times compared with the failure of one root. 
 

 
 

 
Figure 7. Cloud map of displacement change of ground wall with three internal supports 
damaged. 
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Figure 8. Stress concentration nephogram of fractured ground wall with three internal 
supports. 

3.3. Failure of 5 Internal Supports 

As can be seen from Figure 9, when 5 internal supports fail, the damage scope of 
the ground connecting wall is wider than that of 1 and 3, and the maximum ho-
rizontal displacement reaches 161 mm, which is 5.55 times and 2.09 times higher 
than that of 1 and 3, respectively. In comparison, along the Y-axis, the maximum 
displacement reaches 1.4 mm, which is 8.75 times and 1.79 times higher than the 
failure of 1 and 3 roots. 

In Figure 10 of the stress concentration cloud map of the ground diaphragm 
wall, according to the distribution of its contour lines, it can be more obviously 
observed that when the internal support fails, the phenomenon of stress is more 
concentrated, and the maximum stress value reaches 3939 KN/m2. 

Figure 11 respectively shows the horizontal difference displacement curves at 
the same position as the original model when the internal support fails. As can 
be seen from Figure 11, the maximum difference horizontal displacement here 
occurs at a depth of 7 m. Study the transverse influence range of ground diaph-
ragm wall when support failure occurs in different quantities at a depth of 7 m: 
When an internal support was damaged, the transverse distance from the depth 
of 7 m to the observation point was 1 m, 3 m and 5 m, and the difference hori-
zontal displacements were 1.30 mm, 0.69 mm and 0.17 mm, respectively. The 
displacement values of the original model were 3.40 mm, 3.10 mm and 3.57 mm, 
respectively, increasing by 38.24%, 22.26% and 4.76%, respectively. If an increase 
of more than 5% is taken as the main influence area of local internal support 
failure, the main transverse influence range of local failure of 1 internal support 
is 1.5 times of the second internal support distance on both sides of B2-13, and 
the transverse influence range of 3 and 5 internal supports is 3.1 times and 4 
times of the second internal support distance on both sides of B2-13, respective-
ly. 

The analysis shows that with the increase of the number of removed internal 
supports, the horizontal displacement of pile at the same depth also increases to 
varying degrees while the influence range increases. At the bottom of pile, the  
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Figure 9. Cloud map of displacement change of ground connecting wall damaged by 5 
internal supports. 
 

 
Figure 10. Stress concentration nephogram of ground diaphragm wall damaged by 5 in-
ternal supports.   
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Figure 11. Horizontal displacement curve of ground connection wall difference. 

 
degree of influence is almost negligible. Near the pile top, the opposite effect is 
weaker. This corresponds to that the lower support is more important than the 
upper support of the foundation pit supporting structure. 

4. Conclusions 

In this paper, Midas-GTS NX finite element software is used to establish a 
three-dimensional foundation pit model, through the simulation of internal 
support failure, to explore the impact of the envelope structure. 

1) With the local failure of the supporting structure, the deformation of the 
foundation pit increases and the displacement develops to the pit; with the ag-
gravation of the local failure degree of the supporting structure, the maximum 
deformation value of the foundation pit retaining structure increases conti-
nuously, and the phenomenon of large displacement and stress concentration 
appears. 

2) Local failure will cause the increase in deformation and internal force of the 
foundation pit retaining structure. The horizontal displacement of the retaining 
structure increases with the increase of the local failure position, but the overall 
displacement changes little, which is consistent with the actual situation of the 
project. 

3) With the aggravation of the local failure degree of the enclosure structure, a 
large plastic strain and stress concentration phenomenon occurs in the enclosure 
structure of the foundation pit; with the aggravation of the local failure degree of 
the enclosure structure, the soil deformation around the foundation pit increases 
continuously, and the maximum displacement and maximum stress increase 
significantly. 

4) The failure of internal support has a weak influence on pile top and pile 
body. 
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When the internal support is partially damaged, the stress change law and 
displacement change law are obtained by analyzing the influence of the main-
tenance structure, which provides the corresponding basis for the needs of prac-
tical engineering. 
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