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Abstract

:

For the construction and safe operation of major infrastructure in coastal cities, the impact of regional land subsidence that has occurred or is slowly proceeding deserves attention. Previous studies have mainly focused on the surrounding land subsidence caused during construction or operation, as well as the superposition effect of land subsidence caused by groundwater extraction. However, research on the different impacts of damage due to land subsidence in the construction and operation of urban infrastructure needs to be carried out according to the actual geological environmental conditions, reflected in parameters such as the soil properties and common loads. Numerical simulation cannot fully reflect the details of reality; however, it can avoid the influence of other conditions to focus on different factors influencing land subsidence and thus highlight the contribution of a single factor influencing land subsidence. Therefore, in this paper, we adopt field measurement data and carry out a numerical simulation analysis of different influencing factors. First, taking the Ningbo Jiangdong subsidence center (now located in Yinzhou District) as an example, area growth, cumulative subsidence and the occurrence and development of the subsidence rate of a typical urban subsidence funnel area are analyzed. Then, taking the Ningbo Chunxiao–Meishan area as an example, based on the physical and mechanical characteristics of the main soil layers in the coastal reclamation area, a numerical analysis of the self-weight/backfill and surcharge consolidation settlement of the soil layer (considering the water permeability/impermeability of the bottom surface) and a numerical analysis of the nonuniform settlement caused by pile foundation engineering are carried out. Finally, the Ximenkou–Gulou area is taken as the analysis object. Numerical simulation of metro tunnel pipeline deformation is carried out considering uniform/nonuniform settlement. The results show that the comprehensive prohibition of groundwater exploitation is beneficial to slow the land subsidence rate, while the sedimentation of silty clay in Layer 4 (muddy clay) is the largest among all the soil layers. Compared with uniform settlement, nonuniform settlement is more likely to cause connection failure between tunnel segments. The above research results can provide references for the prevention and control of land subsidence and thus the safe operation of major infrastructure.
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1. Introduction


Land subsidence refers to an environmental geological phenomenon caused by regional ground elevation reduction due to surface soil compression under the action of natural or anthropogenic factors [1], which has the characteristics of a long duration [2], wide range of influence [3], complex genetic mechanism and great difficulty in prevention and control [4]. The main causes of urban land subsidence are soil properties, external loads, the continuous decline in groundwater levels and engineering construction [5,6,7,8]. Under the combined action of these factors, the magnitude of land subsidence gradually accumulates.



As most cities in China take measures to limit or prohibit the exploitation of groundwater [9] and the scale of urban engineering construction continues to increase, the problem of land subsidence around engineering projects has become increasingly prominent. Ningbo is a Chinese city with serious land subsidence, which was initially attributed to the long-term massive exploitation of groundwater. However, with the prohibition of groundwater overuse, the continuous expansion of the urban construction scale, the formation of a large number of high-rise buildings and the rapid development of rail transit, land subsidence caused by ground loading and deep foundation pit engineering has become a new factor [10,11]. Additionally, the deep soft soil widely existing in Ningbo [12] has further aggravated land subsidence around engineering projects. The geotechnical properties of soils with different bearing values and plasticity [13,14] at different depths show different impacts on major infrastructure. Regarding the widespread soft soil in Ningbo, previous studies on specific research objectives have depended on empirical judgments of the soil properties.



Regarding land subsidence around engineering projects, previous studies have mainly focused on the surrounding land subsidence caused during construction or operation, as well as the superposition effect of land subsidence caused by groundwater extraction [15]. A comparison of land subsidence conditions based on previous studies is shown in Table 1.



However, more attention should be given to the impact of regional land subsidence that has occurred or is slowly proceeding on the safe operation of major urban engineering construction or major infrastructure. The occurrence and development of land subsidence will have varying degrees of impact on high-speed railways, rail transit, urban viaducts, trunk roads, urban flood dikes, etc. [22,23], and will even cause engineering disasters. Taking subway shield tunnels with long lines and considerable safety requirements as an example, nonuniform land subsidence will have an impact on both unfinished and completed subways [24]. When the deformation exceeds the range that the tunnel can bear, the subway tunnel cannot operate normally. Additionally, tunnel linings are prone to cracks, water leakage, large deformation and other hazards [25], and the most serious consequence is the overall damage of the tunnel.



During the 2021–2026 period, Ningbo will continue to build five rail transit projects, including Line 6 phase I, Line 7, Line 8 phase I, Line 1 west extension and Line 4 extension, with a total mileage of approximately 106.5 km. The number of metro lines passing through the urban core is becoming increasingly dense, and the number of metro lines leading to the coastal area has increased. Considering the realistic background of the acceleration of major infrastructure construction in Ningbo, in the future, corresponding prevention and control measures for land subsidence should be proposed from the level of government and social needs, which will help ensure the safety of major engineering construction and facility operation and provide a policy basis for the prevention and control management of land subsidence.



Combined with the current characteristics of land subsidence in Ningbo and its future development trend, this study intends to carry out research on the damage of land subsidence to the construction and operation of urban infrastructure according to the actual geological environment conditions. Field measurements can provide accurate data, but the mechanisms controlling different factors influencing land subsidence are lacking. Numerical simulation cannot fully reflect the details of reality; however, it can avoid the influence of other conditions to focus on different factors influencing land subsidence and thus highlight the contribution of a single factor influencing land subsidence. Therefore, in this paper, we adopt field measurement data and carry out numerical simulation analysis for different influencing factors. The main research content is to obtain the development of land subsidence under various factors, such as undersurface permeability/impermeability, dead weight and backfill, according to the physical and mechanical characteristics of the main soil layers in coastal areas. Furthermore, we aim to understand the influence of nonuniform land subsidence on the deformation of metro tunnel pipelines.




2. Analysis of the Regional Characteristics of Typical Subsidence Funnels in Urban Areas


Ningbo is one of the Chinese cities with serious land subsidence. In 1977, two obvious subsidence centers formed: the Jiangdong–Hefeng subsidence center and the Jiangbei–Kongpu subsidence center. The subsidence amounts are 161 mm and 175 mm, respectively, and the subsidence rate in each subsidence center area is greater than 15 mm/a. Since 1978, with the rapid increase in groundwater exploitation required by the urban industry, the exploitation scope has been expanding, the groundwater level has been declining and the land subsidence funnel and the cumulative subsidence have gradually increased. By 1985, groundwater exploitation had peaked, and the annual settlement rate of the Jiangdong subsidence center reached a maximum of 35.3 mm/a. Since 1986, the Ningbo Municipal Government has implemented measures such as groundwater exploitation limits and artificial groundwater recharge. Although the funnel area of land subsidence has gradually expanded and the cumulative value of land subsidence has also increased, the growth rate of land subsidence has begun to slow. By 2008, the collection of groundwater was completely prohibited in the Ningbo urban area, and the land subsidence caused by groundwater exploitation was gradually controlled.



The metro lines in operation and under construction near the Ningbo Jiangdong subsidence center are relatively dense, and land subsidence continues to develop, even after groundwater extraction prohibitions. According to the annual land subsidence monitoring data of Ningbo city, the Ningbo Jiangdong subsidence center is divided into three subsidence stages, and the characteristics of land subsidence in different stages are shown in Table 2.



The average subsidence rate in the central city is 7.2 mm/a, which is 0.5 mm/a less than that in 2017, and below 10 mm/a, which mainly shows a weak development characteristic, indicating that the land subsidence in the monitored urban areas has tended to be gentle overall. We extracted the land subsidence monitoring data of the Jiangdong subsidence center and plotted Figure 1 and Figure 2.



Figure 1 shows the growth of the land subsidence funnel area of the Jiangdong subsidence center. Although the cumulative subsidence has decreased, the urban subsidence funnel area has increased significantly due to the construction development brought about by urban expansion.



Figure 2 shows the variations in the cumulative subsidence and subsidence rate of the Jiangdong subsidence center since 1985.



Figure 2 illustrates that despite an increase in the overall amount of subsidence, the rate of subsidence has declined over time. The latter eventually decreased to 1.6 mm/a in 2021.




3. Numerical Analysis of Engineering Subsidence in Coastal Reclamation Areas


For the Ningbo coastal area, taking the Chunxiao–Meishan coastal plain as an example, its formation time is short, the soft clay layer is deeply distributed and the foundation is generally in a state of underconsolidation, which results in large consolidation subsidence under the action of its self-weight. To further clarify the mechanism of land subsidence in this area, the finite element software ABAQUS was used for modeling, and a numerical analysis of the self-weight consolidation subsidence of the soil layer, a numerical analysis of the backfill surcharge subsidence (considering the water permeability/impermeability of the bottom surface) and a nonuniform subsidence numerical analysis were carried out.



3.1. Self-Weight Consolidation Settlement


The Geely Chunxiao Apartment Project is located on Chunxiao Street, Beilun District, Ningbo city, which is a typical coastal area in Ningbo. Taking the area where the Geely Chunxiao Apartment Project is located as an example, each soil layer thickness and physical and mechanical property index are valued according to the ZK8 (Borehole No. 8) survey point, and the soil layers are sequentially numbered top-down, as shown in Table 3. The plane strain model is used to calculate the consolidation process of the soil layer under self-weight stress. The boundary conditions are fixed at the bottom, the horizontal displacement is limited at the left and right sides, the top surface is permeable and the bottom surface is permeable/impermeable.



Under the self-weight consolidation condition, the development processes of the total land subsidence and the subsidence of each soil layer with increasing consolidation time are shown in Figure 3 and Figure 4.



Figure 3 shows that the deep soft soil layer leads to a very long consolidation time, which is approximately 100 years when the bottom surface is impervious and approximately 25 years when the bottom surface is permeable. When the bottom surface is impervious, the land subsidence rates during 0–20 years, 20–40 years and 40–60 years are 32.5 mm/a, 16.5 mm/a and 5.8 mm/a, respectively. When the bottom surface is permeable, the land subsidence rates from 0 to 5 years, 5 to 10 years and 10 to 15 years are 130 mm/a, 66 mm/a and 23.2 mm/a, respectively.



Figure 4 shows the subsidence over time for impermeable and permeable surfaces. Among all the soil layers, the subsidence of the fourth layer is the largest, exceeding 600 mm, accounting for more than 50% of the total subsidence, while the subsidence of the other layers is below 10%. Therefore, the fourth layer is the main source of stratum subsidence in this area, and reasonable treatment methods should be proposed for this muddy clay layer during foundation treatment.




3.2. Consolidation Subsidence under Backfill and Surcharge


The original ground elevation of the study area is generally approximately 2.0 m, which is calculated according to the construction site elevation of 3.5 m after leveling; this area generally needs to be backfilled with approximately 1.5 m slag in this area (gravity was calculated to be 20 kN/m3). The same finite element model in Section 3.1 was used to calculate the consolidation process of the foundation after backfilling and loading.



Figure 5 shows that the total land subsidence increases by approximately 20% to 1.48 m after the slag is backfilled.



Figure 6 shows that the subsidence increases by 25 mm, 55 mm, 125 mm, 11 mm, 14 mm, 14 mm and 10 mm in each layer from top to bottom. The shallow soil layer (Layer 1, Layer 2 and Layer 4) has a large subsidence increase, accounting for 80% of the total subsidence increase, while the deep soil layer (Layer 5, Layer 6, Layer 7 and Layer 8) has a small subsidence increase. The surcharge on the underconsolidated foundation will cause a large range of additional subsidence in the shallow soil layer, and reasonable measures should be taken to reinforce the shallow soil layer.




3.3. Nonuniform Subsidence Caused by Pile Foundation Engineering


According to the site investigation, the buildings in the area are generally faced with serious nonuniform subsidence. In this project, φ600 bored piles were used (the properties of the pile were considered linear elastic, and the material parameters were those of C30 concrete), the bearing layer was Layer 8 (silty sand) and the characteristic value of the bearing capacity of a single pile was approximately 1200 kN. The plane strain finite element model and mesh division are shown in Figure 7. The width of the model is 100 m. The pile is located in the middle of the foundation. The soil layer is the same as in Section 3.1. The boundary condition is that the bottom is fixed. The horizontal displacement is limited on the left and right sides, and the top and bottom surfaces are permeable. It was assumed that the pile is driven 2.5 years after the foundation is consolidated. The calculation results of nonuniform subsidence caused by pile foundation engineering are shown in Figure 8 and Figure 9.



Figure 9 shows that when the pile enters Layer 8 (silty sand), the subsidence of the pile itself is small, while the soil layer around the pile produces large consolidation subsidence under the additional stress caused by the self-weight and pile side resistance, resulting in nonuniform subsidence between the pile and soil, and the final nonuniform subsidence reaches 560 mm. In the first five years after the pile is driven, the nonuniform subsidence of the pile and soil develops rapidly. The nonuniform subsidence reaches approximately 300 mm, and the nonuniform subsidence rate is approximately 60 mm/a. Then, the nonuniform subsidence rate slows and becomes stable.





4. Numerical Analysis of the Impact of Land Subsidence on the Deformation of Metro Tunnel Pipelines


During the construction of rail transit, the excavation of underground shield tunnels is also likely to cause the development of land subsidence [26,27,28]. To clarify the mechanism of land subsidence in metro tunnels, this project takes the Ximenkou–Gulou section in the Ningbo urban area as the object to carry out numerical analysis of the impact of uniform/nonuniform land subsidence on the deformation of metro tunnel pipelines, providing a reference for the prevention and control of land subsidence around engineering projects.



4.1. Uniform Land Subsidence


According to the geotechnical engineering investigation report [29], the main soft soil layers in this area are Layer 2 (muddy clay) and Layer 4 (mucky silty clay), but the distribution of the soil layers varies greatly, as shown in Figure 10. Taking the XS-Z02 borehole data as a reference, the thickness and physical and mechanical property indices of each soil layer are shown in Table 4. The plane strain model was used to calculate the deformation and internal force of the metro tunnel when a large area of uniform land subsidence occurred. The finite element model and mesh division are shown in Figure 11. The burial depth of the tunnel center is 10.4 m, the inner diameter D is 6.2 m and the thickness of the segment and lining is 0.3 m, which is mainly located in Layer 2-2-2 (muddy clay). The segments are considered to be linearly elastic, and the material parameters are considered to be C50 concrete. The width of the whole calculation model is 10 times the diameter of the tunnel. The boundary conditions are as follows: fixed at the bottom and limited horizontal displacement at the left and right sides.



The relationship curve between the vertical shrinkage of the tunnel inner diameter and the land subsidence was calculated, as shown in Figure 12. In this range of land subsidence, the relationship between the tunnel inner diameter shrinkage and the land subsidence is basically linear. According to “Technical Specifications for Urban Rail Transit Engineering Inspection” (GB 50911-2013) [30], the control value of shield tunnel segment headroom shrinkage is 0.2% D. In this case, the corresponding land subsidence value was approximately 67 mm, which means that the shrinkage of the tunnel headroom reaches the upper limit of the specification.



Figure 13 shows that the tunnel inner diameter converges vertically and expands laterally under the formation pressure. At this time, the von Mises stress contour diagram of the tunnel segment shows that the von Mises stress peaks at both ends of the horizontal segment are at approximately 1.04 MPa, which is less than the tensile strength of the concrete. The segment does not crack, but the connection between segments may be damaged.




4.2. Nonuniform Land Subsidence


As mentioned in a previous study, nonuniform subsidence will have an impact on both unfinished and completed subways. There are many nonuniform subsidence areas in Ningbo city. When an underground pipeline passes through the nonuniform subsidence area, the surface will produce curvature deformation under the action of the nonuniform subsidence, and the pipeline and its auxiliary structure facilities will experience bending deformation. Therefore, the contact pressure is redistributed, and the bottom of the foundation changes from the horizontal plane to the curved surface, which leads to the bending or suspended state of the pipeline, resulting in an additional bending moment and shear force. In the area of positive curvature deformation of the ground, the pipeline bulges upward; in the negative curvature deformation area of the ground, the pipeline is depressed downward. This deformation will make it produce resistance to limit movement and deformation as with a cross brace, leading to structural damage or failure of the pipeline.



The soil layer parameters and tunnel geometric parameters used in the finite element model of nonuniform subsidence are the same as those in Section 4.1. The whole range of the calculation model is 124 m (20D) in the axial length and 62 m (10D) in the radial width of the tunnel. The boundary conditions are fixed on the bottom surface, and the four sides limit the displacement in the X and Y directions.



Figure 14 shows the vertical displacement of the stratum when 200 mm settlement occurs within a width of 1D at the axial center of the tunnel. Figure 15 shows the contour diagram of the vertical displacement and stress of the tunnel segment. The relationship curve between the shrinkage value of the tunnel inner diameter and land subsidence can be obtained as shown in Figure 16.



According to the tunnel clearance shrinkage limit of 0.2% D specified in “Technical Specifications for Urban Rail Transit Engineering Inspection” (GB 50911-2013) [30]. The corresponding ground settlement is 156 mm. At this time, the von Mises stress contour diagram of the tunnel segment is shown in Figure 15b. The von Mises stress of the segment at the center of the settlement trough is the largest, reaching approximately 5.1 MPa, which far exceeds the tensile strength of the concrete. This segment is likely to crack, and the connection between segments may also fail.





5. Conclusions


In this study, we analyzed the typical settlement funnel area and its characteristics in the central urban area of Ningbo and carried out numerical analyses of the self-weight/backfill consolidation settlement in the coastal reclamation area, the nonuniform subsidence caused by pile foundation engineering and the impact of land subsidence on the metro tunnel, especially the deformation of the tunnel inner diameter under uniform/nonuniform subsidence conditions. The main conclusions were as follows:



	
After the comprehensive prohibition of groundwater extraction in Ningbo city in 2008, the cumulative subsidence of the Jiangdong subsidence center in Ningbo city gradually slowed, and the annual subsidence rate decreased to 1.6 mm/a in 2021. However, for nearby areas with dense subway lines in operation and under construction, land subsidence will continue to occur and develop after groundwater extraction is prohibited, which requires attention.



	
Among all the soil layers with subsidence, the sedimentation of silty clay in Layer 4 (muddy clay) was the largest, which was more than 600 mm, accounting for more than 50% of the total subsidence. A reasonable treatment method should be proposed for this layer during foundation treatment. When pile loading is carried out on an underconsolidated foundation, additional settlement of the shallow soil layer will occur over a large range.



	
After the pile foundation enters Layer 8 (silty sand), the subsidence of the pile itself is small, while the soil around the pile produces large consolidation subsidence under the additional stress caused by its self-weight and the pile side resistance, which leads to nonuniform subsidence between the pile and soil, and the final nonuniform subsidence is up to 560 mm. In the first five years after the pile is driven, the nonuniform subsidence of the pile and soil develops rapidly, the amount of nonuniform subsidence reaches approximately 300 mm and the nonuniform subsidence rate is approximately 60 mm/year. Then, the nonuniform subsidence rate slows and becomes stable.



	
Under the action of formation pressure, the tunnel inner diameter converges vertically and expands laterally, and the relationship between the tunnel inner diameter shrinkage and the land subsidence is basically linear within the range of surface settlement. Taking the numerical analysis results of the Ximenkou–Gulou section as an example, under the condition of nonuniform subsidence, the von Mises stress of the segment at the center of the subsidence trough is the largest, reaching approximately 5.1 MPa, far more than the 1.04 MPa obtained under the condition of uniform subsidence. Compared with uniform subsidence, nonuniform subsidence easily leads to cracking of tunnel segments, which leads to failure of the connection between segments.



	
Due to the complexity of numerical modeling and multifield coupling, a single-factor analysis strategy was adopted in this study. In the future, multifield analysis or cyclic loading should be considered to conduct a more realistic numerical simulation.
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Figure 1. Growth of the land subsidence funnel area of the Jiangdong subsidence center. 
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Figure 2. Variation in the cumulative subsidence (a) and subsidence rate (b) of the Jiangdong subsidence center. 
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Figure 3. Development of land subsidence with time under the self-weight consolidation condition. 
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Figure 4. Development of land subsidence for each soil layer with time under the self-weight consolidation condition. (a) Impermeable surface. (b) Permeable surface. 
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Figure 5. Development of land subsidence with time under backfill and surcharge. 
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Figure 6. Development of land subsidence for each soil layer with time under backfill and surcharge. (a) Impermeable surface. (b) Permeable surface. 
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Figure 7. Finite element model and mesh division of a single pile. (a) Finite element model. (b) Mesh division. 
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Figure 8. Subsidence pattern of the consolidated soil. 
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Figure 9. Variation in nonuniform soil settlement with time. 
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Figure 10. Typical Ximenkou–Gulou geological section in Ningbo. 
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Figure 11. Plane strain finite element model of the metro tunnel. (a) Finite element model. (b) Mesh division. 
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Figure 12. Relationship between tunnel inner diameter shrinkage and land subsidence (uniform). 
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Figure 13. Von Mises stress patterns of the tunnel (deformation amplification factor = 50). 
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Figure 14. Vertical displacement patterns of the stratum (deformation amplification factor = 200). 
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Figure 15. Vertical displacement and von Mises stress of the tunnel segment (deformation amplification factor = 200). (a) Vertical displacement. (b) Von Mises stress. 






Figure 15. Vertical displacement and von Mises stress of the tunnel segment (deformation amplification factor = 200). (a) Vertical displacement. (b) Von Mises stress.



[image: Sustainability 15 00543 g015a][image: Sustainability 15 00543 g015b]







[image: Sustainability 15 00543 g016 550] 





Figure 16. Relationship between the tunnel inner diameter shrinkage and the ground subsidence (nonuniform). 
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Table 1. Comparison of land subsidence conditions based on previous studies.
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	References
	Main Cause (s)
	Maximum Cumulative Subsidence/mm
	Maximum Subsidence Rate/(mm·a−1)
	Negative Influence
	Control Strategy





	Pacheco-Martínez et al. [16] (2013)
	Groundwater extraction
	1300
	111.8
	Damage to infrastructures, roads, pipelines and well casings
	Updating the building codes and designs, more accurate numerical models



	Nguyen [17] (2016)
	Groundwater extraction, management of underground urban infrastructure
	-
	15
	Road collapse, project delay
	Controlling groundwater exploitation, managing the underground space development



	Zhu et al. [18] (2015)
	Groundwater extraction
	342
	52
	-
	-



	Zhao et al. [19] (2022)
	Urban subway construction, building construction, groundwater extraction
	90
	57
	Karst collapse of the ground, ground collapse hazards
	More SAR satellites and higher radar accuracy



	Takagi et al. [20] (2017)
	Extracting groundwater for industrial usage
	-
	215
	Risk of flooding
	Construction of large dykes and more pumping stations



	Suganthi & Elango [21] (2020)
	Groundwater overpumping
	52
	8
	-
	Reducing the extraction of groundwater, increasing the groundwater recharge
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Table 2. Different stages of subsidence at the subsidence center in Jiangdong, Ningbo.
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Stage

	
Duration

	
Cumulative

Subsidence/mm

	
Subsidence

Rate/(mm·a−1)

	
Area of Subsidence

Funnels/(km2)






	
Initial stage

	
1964~1977

	
175

	
12.5

	
42




	
Development stage

	
1978~1985

	
320

	
18.9

	
91




	
Relatively stationary stage

	
1986–now

	
2015

	
594.4

	
5.9

	
482.8




	
2018

	
607.8

	
3.4

	
-




	
2021

	
617.1

	
1.6

	
-
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Table 3. Physical and mechanical properties of the different soil layers in the Chunxiao Project.
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	Layer No.
	Layer
	Layer Thickness/m
	Density/(g·cm−3)
	Void Ratio
	Coefficient of Compressibility/MPa
	Permeability Coefficient/(cm·s−1)
	Cohesion/kPa
	Angle of Internal Friction/°





	1
	Fill
	4
	1.8
	1.129
	3.0
	2.40 × 10−7
	14.4
	10.1



	2
	Mucky silty clay
	8.8
	1.8
	1.129
	3.0
	2.40 × 10−7
	14.4
	10.1



	4
	Muddy clay
	17
	1.79
	1.176
	2.8
	1.00 × 10−7
	16.6
	9.8



	5
	Silty clay
	4
	1.96
	0.78
	6.6
	3.40 × 10−7
	29.1
	17.6



	6
	Silty clay
	4.6
	1.91
	0.859
	6.2
	3.40 × 10−7
	24.2
	17.4



	7
	Silty clay
	4.7
	1.93
	0.823
	6.2
	3.40 × 10−7
	27.3
	17.7



	8
	Silty sand
	6.9
	1.98
	0.641
	13.3
	5.00 × 10−5
	12.3
	31.4
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Table 4. Physical and mechanical properties of the different soil layers (XS-Z02).
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	Layer No.
	Layer
	Layer Thickness/m
	Density/(g·cm−3)
	Void Ratio
	Coefficient of Compressibility/MPa
	Cohesion/kPa
	Angle of Internal Friction/°





	1-1
	Fill
	3.7
	1.72
	1.551
	2.26
	15.5
	9.2



	1-3
	Muddy clay
	1.5
	1.72
	1.551
	2.26
	15.5
	9.2



	2-2-2
	Muddy clay
	6.8
	1.75
	1.290
	2.62
	16.8
	10.2



	2-3
	Mucky silty clay
	1.5
	1.82
	1.074
	3.12
	20.5
	11.7



	3-1
	Clayey silt
	3.0
	1.94
	0.822
	6.4
	11.7
	28.3



	4-1-2
	Silty clay
	1.2
	1.85
	0.967
	3.93
	22
	14.4



	5-1
	Silty clay
	5.3
	1.96
	0.792
	6.59
	43.2
	17.9



	5-2
	Silty clay
	6.5
	1.90
	0.894
	5.52
	35.3
	16.9



	5-4
	Silty clay
	5.5
	1.87
	0.957
	4.39
	30.6
	13.4



	6-2
	Silty clay
	7.5
	1.86
	0.997
	4.5
	27.5
	13.8



	6-3
	Silty clay
	3.7
	1.86
	0.987
	4.85
	31.1
	14.9



	7-1
	Silty clay
	4.5
	1.99
	0.723
	7.44
	46.8
	19.6
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