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Abstract: In engineering practice, the measured bearing capacity of a sand pile composite9

foundation in a mucky soil layer is much larger than the design value. Based on the sand pile10

construction and the load application process, a method of calculating the bearing capacity of the11

foundation based on the effective stress was proposed. Cavity diameter expansion in sand pile12

construction was simplified into a planar problem, and the cavity expansion theory was used to13

establish the expression of the rate of displacement and the horizontal stress increase. Based on14

the e–p curve and the calculation of the degree of consolidation, the relationships between the15

horizontal and vertical effective stress and the void ratio were obtained. According to the close16

relationship between the bearing capacity of the foundation in a mucky soil layer and the water17

content, an expression describing the relationships between the bearing capacity of the foundation,18

effective stress, void ratio, and water content was established. For the temporary engineering19

foundation treatment project, which needs a high bearing capacity but allows large foundation20

deformation, the design of sand pile composite foundations uses these relationships to take the21

consolidation effect of mucky soil into consideration, thereby reducing the replacement rate and22

lowering the construction cost.23
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1. Introduction26

Large caissons are widely applied in bridge tower foundations and anchor foundations because27

they can provide reliable bearing capacity and stability1. Since a large caisson has a large dead28

load, damage or rapid subsidence of an untreated superficial foundation is likely to occur under29

the dead load of the caisson. Therefore, the original foundation needs to be treated to ensure the30

smooth construction of the caisson. According to the construction technology of the caisson, the31

foundation reinforcement material needs to be excavated gradually with the sinking of the caisson,32

so the sand pile composite foundation is the preferred scheme.33

The Wufengshan Yangtze River Bridge is part of the Lianzheng railway crossing Yangtze river34

control project (see Fig.1). Its north anchorage of the large caisson foundation is the world's35

largest land open caisson with a length of 100 m and a width of 70 m. A plate load test was36

carried out before the foundation of the North Anchorage Caisson began to sink, the results of37

which show that the measured bearing capacity is much larger than the design value. The38

excessively strong bearing capacity of the foundation not only causes resources to be wasted but39

also hinders the sinking of the caisson, which leads to more soil support being excavated to40

increase the large caisson sinking coefficient, increasing the risk of the cracking of the caisson as41

the support span becomes larger. The foundation treatment of the North Anchorage Caisson of the42

Wufengshan Yangtze River Bridge is designed according to the requirements of the permanent43

works. However, the bearing capacity of foundation is too high to prevent the open caisson44

sinking, which causes the structure stress of the large caisson to exceed the permissible value.45

Sand pile composite foundations have been used for a long time, and many in-depth researches46

have been conducted in this field. Two main factors affect the bearing capacity of a sand pile47

composite foundation: the construction of sand compaction piles and the overburden load. First,48
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the construction of sand compaction piles leads to an increase in the bearing capacity of the soil49

foundation between the piles. Butterfield2 first proposed the use of the cylindrical cavity50

expansion under plane strain conditions to solve the problem of pile penetration. Vesic351

summarized the solution to the expansion of spherical cavities and cylindrical cavities and also52

extended the cavity expansion theory to compressible soil to obtain the calculation equation of53

the ultimate bearing capacity of the soil. Randolph4 applied the cavity expansion theory and finite54

element analysis to analyze the stress generated by the piles in the clay and the subsequent55

consolidation. Yu and Houlsby5 used the finite element method and cavity expansion theory to56

analyze the load of expansive soil. Collins6 used the critical state model to derive the large strain57

analytical solution for undrained cylindrical and spherical cavity expansion. According to the58

cavity expansion theory and the strain path, Zhou7 proposed a method of calculating soil59

displacement around non-circular piles in clay. Second, the load from the top compacts the soil,60

increasing the bearing capacity of the foundation. When treating the soft soil foundation using the61

drainage consolidation method, Barron8 and Richart9 applied two assumptions, i.e., free strain62

and equal strain, to solve the radial drainage degree of consolidation of the soil layer, believing63

that when the drain spacing ratio was greater than five, the average degrees of consolidation of64

the foundation obtained by the above two calculation methods were very close. Onoue1065

considered the analytical solution to sand well consolidation with smearing. Olson11 and Lekha1266

proposed analytical solutions to sand well consolidation under variable load conditions. There is67

a unique relationship between the effective stress and the void ratio of saturated soft clay, and it is68

independent of the conditions of drainage13. The bearing capacity of the foundation is related to69

the cohesion c, the internal friction angle ϕ, and the uniform load q acting on both sides of the70

foundation14, but the change of the cohesion and the internal friction angle caused by the increase71
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of effective stress remains to be verified.72

73

Fig. 1 Wufeng mountain Yangtze river bridge’s north anchorage caisson74

Current research indicates that sand pile construction and preloading of piles can increase the75

bearing capacity of the foundation. In engineering applications, foundation settlement tends to be76

the key indicator of whether the design and the bearing capacity can meet the needs easily. Thus,77

the improvement of the bearing capacity of a foundation has little effect on the design of78

foundation treatment. For large caisson constructions, however, the foundation treatment is a79

temporary work, and the bearing capacity is the key indicator, so foundation settlement is80

generally paid little attention. The construction of the caisson in the pre-fabrication process takes81

a relatively long time, which is the process of applying loading step by step. The foundation82

produces large consolidation deformation because of the additional load and the drainage channel83

in the sand pile. As a result, the measured bearing capacity of a sand pile composite foundation is84

much larger than the design value. In this study, the construction and preloading process of sand85

piles were systematically studied. Moreover, an expression describing the relationships between86

the bearing capacity of the foundation, effective stress, void ratio, and water content was87

formulated to optimize the design.88

2. Increase of Foundation Stress Induced by Sand Pile Construction89

Pipe casing is often applied in the construction of sand piles, that is, the lower-end discharge90



6
Authors: Peishuai Chen, Huiwu Luo, Dejie Li, Enlong Liu, Benliang Yang.
Corresponding author: Peishuai Chen. (email: ps.chen@qq.com)

method. During the sand pile construction, a cavity is made through the pipe casing, the lower91

part of the casing is closed, and the cavity is expanded in the mucky soil layer by mechanical92

static pressure and vibration. Then, as the casing is lifted, the valve at the bottom of the casing is93

automatically opened, and the cavity is filled with sand to form the sand pile. This process can be94

simplified into cavity expansion. In this study, this theory was used to calculate the increase of95

the bearing capacity of the foundation in the mucky soil layer caused by sand pile construction.96

2.1 Cavity Expansion Theory and Basic Assumptions97

The completed sand pile was assumed to be ideally cylindrical, and its size fully met the design98

requirements. The sand pile construction process was carried out as shown in Figure 2.99

100

Fig. 2 Cavity expansion model101

The analysis of the cavity expansion theory3 was based on the following assumptions: (1) the102

soil mass is an ideal, homogeneous, and isotropic elastic plastic body; (2) the small cavity103

expands in an infinite soil mass; (3) the soil yield criterion is the Mohr-Coulomb yield criterion;104

(4) the soil pressure of the cavity wall is static before the expansion; and (5) the sand pile is made105

of pure sand without cohesive force, and the yield deformation is not considered.106

2.2 Basic Equations107

The radial stress of the soil around the pile was denoted by , the circumferential stress was108
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denoted by  , and the sand pile construction process was simplified into a problem of plane109

strain axial symmetry. The polar coordinates were used without considering the initial stress field,110

and the equilibrium differential equation was obtained as follows:111

0rrd
dr r

  
  . (1)112

Geometric equation is113

r
r

du
dr

  . (2)114

In the elastic deformation phase, the stress function  was assumed to be only a function of115

the radial coordinate r:116

lnL r  , (3)117

where r is the radial coordinate, and L represents the boundary constant.118

During the plastic deformation stage, the Mohr-Coulomb yield criterion was used:119

( ) ( )sin 2 cosr r c          . (4)120

2.3 Solution of Displacement Field and Stress Field in the Surrounding Soil Layer121

In the elastic zone, the stress and strain were defined by the following equations:122

21 ( )
1r r

v v
E v   

 


, (5)123

0r    , (6)124

2

2
i

r
R p
r    . (7)125

The displacement of the soil around the pile should satisfied the following equation:126

2(1 ) (1 )i
r

v R p vu r
E r E


 

  , (8)127

where r is the radial coordinate, ru is the radial displacement, iR is the initial radius of the128
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cavity, p is the initial radial stress, E is the elastic modulus, and v is Poisson's ratio.129

Based on Equation (4) and Equation (1), the following equation was obtained by solving the130

equilibrium differential equation:131

2sin
1 sin( )( )ur u

Rp Cctg Cctg
r


     . (9)132

By satisfying Equations (4) and (6) under the common boundary conditions of elasticity and133

plasticity, the following equation was obtained:134

cosp r C    . (10)135

On the boundary between the elastic zone and the plastic zone, the displacement of the overall136

expansion of the plastic zone was obtained on the basis of Equation (8):137

(1 )
p p p

vu R
E


 . (11)138

The radial stress near the boundary of the plastic zone was expressed as follows:139

2sin
1 sin( )( )up u

p

Rp Cctg Cctg
R


     . (12)140

Based on Equations (10) and (12), the equation for the pressure inside the cylindrical cavity141

was obtained:142

2sin
1 sin

cos[ ]
( )

u
u

p

ctgp C ctg
R
R




  



  . (13)143

The volume change after the expansion of the cylindrical cavity is equal to the volume change144

of the elastic zone and that of the plastic zone, and the following equation was obtained:145

2 2 2 2 2 2( ) ( )u i p p p p uR R R R u R R           , (14)146

where pR is the maximum radius of the plastic zone, uR is the final radius of the cavity, pu is147
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the overall displacement of the plastic zone, and  is the average volumetric strain of the148

plastic zone.149

It was considered that the radius of the initial cavity approaches zero, so it was simplified as150

2 0iR  , and the overall displacement of the plastic zone boundary is relatively small.151

In the above calculation, the initial stress field was not considered. For the mucky soil, the152

stress increase, cosp C  , which made the soil enter the plastic state very small. To satisfy the153

condition that soil easily enters the plastic state, the influence range of the plastic zone needs to154

be large so that the overall displacement of the plastic zone boundary can be considered relatively155

small and simplified as follows: 2 0pu  . The following equation was obtained:156

2

2 21 2 p p
p

u u

R R
u

R R
     . (15)157

For mucky soil, the pore water pressure was difficult to dissipate during the construction of the158

sand pile, the soil particles were uncompressible, and the amount of compression in the plastic159

zone was negligible, so the following equation was obtained:160

21 2 p
p

u

R
u

R
 . (16)161

The following equation was obtained based on Equations (10), (11), and (16):162

2(1 ) cos
p

u

R E
R v C 




. (17)163

By substituting Equation (17) into Equation (13), the following equation was obtained:164

sin
1 sin[(cos )( ) ]

2(1 ) cosu
Ep C ctg ctg

v C


  


  


. (18)165

The equation of stress and path can be obtained:166

sin 2sin
1 sin 1 sin[(cos )( ) ( ) ]

2(1 ) cos
u

r
REC ctg ctg

v C r

 
    


   


. (19)167
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2.4 Increase of Additional Stress Induced by Sand Pile Construction168

When the sand piles are arranged in the shape of an equilateral triangle whose side length is s ,169

interactions occur between the sand piles, where ed is the influence range of a single sand pile,170

and er is the influence radius. It can be seen from Equation (19) that the radial stress decreases171

with increased r. For safety considerations in engineering design, the increase in the additional172

stress of the soil around the pile caused by the cavity expansion of a single sand pile has a173

uniform distribution. The value is the additional stress at the boundary of the single pile; that is,174

the average additional stress increase in the entire plastic zone is eq .175

sin 2sin
1 sin 1 sin[(cos )( ) ( ) ]

2(1 ) cos
u

r
e

REC ctg ctg
v C r

 
    


   


. (20)176

The following equation was obtained:177

1.05ed s . (21)178

The replacement rate of the sand pile is represented by m , which can be expressed as follows:179

2
2

2 ( )
1.05

u

e e

Rdm
d r

  . (22)180

By substituting Equation (22) into Equation (20), the following equation was obtained:181

sin
1 sin0.551[(cos )( ) ]

(1 ) coseq
mEC ctg ctg

v C


   


  


. (23)182

3. Increase of Effective Stress during the Load Phase183

Open caisson foundations are often used in large-scale bridge foundation construction. Since the184

caisson is a temporary project during the pre-fabrication and sinking process, large settlement of185

the caisson or controllable inclination are allowed. Moreover, the construction of the caisson in186

the pre-fabrication process takes a relatively long time, and the additional stress is gradually187

converted into effective stress, so the improvement of the bearing capacity of the foundation188

javascript:;
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javascript:;


11
Authors: Peishuai Chen, Huiwu Luo, Dejie Li, Enlong Liu, Benliang Yang.
Corresponding author: Peishuai Chen. (email: ps.chen@qq.com)

cannot be ignored.189

3.1 Calculation of Influence Depth190

The distribution of the additional stress of the foundation can be expressed by the contour line. If191

the additional stress 0.1z p  , the influence of the additional stress is negligible, whereas for the192

strip load, the contour line of the additional stress passes below the center approximately15 when193

6z B . Therefore, the depth for the strip load is 6H B .194

3.2 Calculation of Degree of consolidation195

The improved Jun Takagi method16 was used to calculate the degree of consolidation, and the196

equation is as follows:197

1
1

1
[( ) ( )]i i

n
T Tti

t i i
i

qU T T e e e
p

 











   


, (24)198

where tU is the average degree of consolidation of the foundation within the depth range199

calculated within a given time of t, iq


(kPa/d) is the loading rate of the i-th load, p (kPa) is200

the accumulated value of the load at each level, 1, i iT T (d) are the starting and ending times of201

the i-th load, and ,  are the parameters of the consolidated drainage conditions of the202

foundation soil.203

Parameters ,  can be expressed as follows:204

2
8


 . (25)205

2

2 2

8
4

h v

n e

c c
F d H


   . (26)206

e

w

dn
d

 . (27)207
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2 2

2 2

3 1ln( )
1 4n

n nF n
n n


 


. (28)208

3.3 Relationship between Effective Stress and Total Stress during the Sand Pile209

Construction210

The relationship between the average effective stress of soil and total stress can be expressed by211

the following equation:212

zt

z

p pU
p p

 
 


, (29)213

where ztp ( p) represents the effective stress at time t, and zp  ( p ) stands for the effective stress214

at the time of complete consolidation.215

1 2 3

3
p    
 . (30)216

The soil is isotropic, and the equation of calculating the static soil pressure is as follows:217

1 zH p    . (31)218

0 2 3 0 eqp K H       , (32)219

where H is the buried depth, K0 is the static soil pressure coefficient, zp is the additional stress,220

and  is the dead load of the soil.221

When no load was applied, or the applied load was not converted into effective stress, the222

following equation was given:223

0
z

p  . (33)224

0eq  . (34)225

0(1 2 )
3
K Hp 

 . (35)226

After sand pile construction was completed, the total stress with additional load applied could227
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be expressed as follows:228

0(1 2 ) 2
3

z eqK H p
p

    
  . (36)229

4. Relationship between Effective Stress and Bearing Capacity of the Foundation230

4.1 Relationship between Effective Stress and Water Content231

The groundwater level in the coastal area was relatively high and the stratum had been located232

below a stable water line for a long time. Thus, it could be assumed that the stratum is saturated,233

that is, 1rS  , and the following equation was obtained:234

s
r

wGS
e

 , (37)235

that is, se wG .236

For normal consolidated soi,237

0 ln 0ce e p    . (38)238

Equation (38) can be changed to the following equation:239

0 ln 0ce e Up   , (39)240

where ce is the reference void ratio, 0e is the void ratio on the normal consolidation curve,241

p represents the average effective stress, U denotes the consolidation degree, and p denotes242

the average total stress.243

4.2 Relationship between Bearing Capacity of the Foundation and Water Content244

The relationship between the bearing capacity of a soft soil foundation and water content was245

given17 (Table 1).246

247

248

249
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Table 1 Basic bearing capacity of the soft soil foundation250

Natural water content (%) 36 40 45 50 55 65 75

Basic bearing capacity(kPa) 100 90 80 70 60 50 40

The average effective stress increase can be obtained based on the external load, the size of the251

sand pile, and the buried depth of the soil layer, and, thereby, the change of the void ratio and the252

water content can be obtained. Since the water content of the soft soil foundation is well253

correlated with the bearing capacity of the foundation, the increase of the bearing capacity of the254

foundation can be obtained based on the water content, providing a basis for the design255

calculation of the sand pile composite foundation.256

5. Engineering Example257

The calculation method proposed in this study was applied to the south anchor foundation of258

Wenzhou Oujiang Estuary Bridge, which is the world's most thick mucky soil layer of super large259

land caisson. The caisson foundation was applied to the south anchor, the plane dimension of the260

caisson was 70 × 63 m, the total height of the caisson was 67.5 m, the standard wall thickness261

was 2.0 m, the partition wall was 1.2 m thick and 8 m high, the common partition wall was 6.1 m262

high, and thirty 10.84 × 10 m rectangular well holes were set. The caisson was located in a deep263

mucky soil layer with an average thickness of 36 m and a local thickness of 40 m.264

5.1 Geology and Hydrogeology265

Table 2 shows the simplification and parameters of the soil layer. As for the mucky clay in the266

surface layer (Number ② 1), if the pre-consolidation pressure is greater than the gravity of the267

soil, the mucky clay should be judged as slightly over-consolidated soil, and the slope of the268

compression curve =0.064k can be directly used in the calculation, so the average effective269

pre-consolidation pressure is Pc=85.6 kPa. If the average effective stress load is less than the270

average effective pre-consolidation pressure, the slope  should be used. When the average271
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effective stress load is greater than the average effective pre-consolidation pressure, the slope 272

ought to be used.273

Table 2 Physico-mechanical properties of caisson soil274

No.
Soil

layer

Thickness

(m)
Pc (kPa) 

Compression

modulus (MPa)

Permeability coefficient

(10−6 cm/s)

Bearing capacity

Eigenvalue (kPa)

Side friction

(kPa)

- Sand bed 3 - - - - 300 20

②1

Mucky

clay
12.73 135.1 0.32 2.44 0.13 60 12

②3 Silt 15 91.27 0.58 1.93 0.22 55 10

③3

Mucky

clay
5.22 150.8 0.40 2.18 0.40 60 15

The mechanical parameters of the soil layer are shown in Table 3.275

Table 3 Physical parameters of the soil layer276

Layer No. Name w (%) e Gs Ccu (kPa) Φcu (°) K0

②1 Mucky clay 47.2 1.312 2.72 16.3 14.9 0.45

②3 Silt 59.1 1.669 2.75 12.4 14 0.41

③2 Mucky clay 47.8 1.342 2.71 14.5 16.1 0.5

5.2 Calculation of Replacement Rate of the Sand Pile277

To simplify the calculation process, it was assumed that the excess pore pressure induced by the278

additional load had completely dissipated. The increase of the additional stress induced during279

the sand pile construction is inseparable from the replacement rate of the sand pile. The280

replacement rate can be preset and substituted into Equation (23), and the replacement rate can be281

obtained. If the error between the preset replacement rate and the calculated replacement rate is282

less than 5%, the calculated replacement ratio is the acceptable replacement rate. In this study, the283

replacement rate was assumed to be m=0.36.284

The relationships between the loads applied to the foundation and time are shown in Figures285
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3–6.286

287

Fig. 3 Loading process of the caisson in Sections 1–3288

289

Fig. 4 Loading process of the caisson in Sections 4–5290

291

Fig. 5 Loading process of the caisson in Sections 6–7292
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293

Fig. 6 Loading process of the caisson Sections 8–10294

Table 4 shows the calculation results.295

Table 4 Change in water content after dissipation of pore pressure296

Loading stage

Original average

effective ground stress

(kPa)

Average effective ground

stress after full consolidation

of soil (kPa)

e w (%) Note

Sections 1–3

of the caisson
29.1 132.3 1.11 40.8 Original ground

Sections 4–5

of the caisson
31.7 153.9 1.06 39.0

Digging at a depth of 5

m with water injected

Sections 6–7

of the caisson
91 219.1 1.16 42.2

Digging at a depth of

15 m with water

injected

Sections 8–10

of the caisson
167 322.4 1.08 40.4

Digging at a depth of

27 m with water

injected

The bearing capacity of the foundation was calculated according to the water content (Table 5).297

The bearing capacity of the sand pile was expressed as follows18:298

20.8 uCk
K

 , (40)299

where Cu represents cohesion, and K is the safety factor, which is recommended to be 1.05.300
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The equation of calculating the bearing capacity of the composite foundation19 is as follows:301

spk sk

pk sk

f f
m

f f





. (41)302

Then, the replacement rate of the sand pile was obtained, and the calculation results are shown303

in Table 5.304

Table 5 Calculation of the replacement rate305

Loading stage

Bearing capacity eigenvalue of

the foundation needed by the

base (kPa)

Bearing capacity

eigenvalue of the sand

pile (kPa)

Bearing capacity eigenvalue

calculated by considering the

consolidation (kPa)

Replacement

rate, m

Sections 1–3

of the caisson
144 322 88.4 0.24

Sections 4–5

of the caisson
88 322 92.5 -

Sections 6–7

of the caisson
115 246 85.6 0.23

Sections 8–10

of the caisson
160 287 89.2 0.36

The calculated pile-soil stress ratio was between 2.8 and 3.6, which is in accordance with the306

pattern that the stress ratio of cohesive soil should be between 2 and 4 and the strength of307

undisturbed soil is high and the value is large19.308

5.3 Design of Sand Pile and Verification of Degree of consolidation309

5.3.1 Design of Sand Pile310

The replacement rate of the sand piles was set as m=0.36, and the sand piles were arranged in the311

shape of a regular triangle. The diameter of each sand pile was 0.6 m, and the space between the312

sand piles was 0.95 m. The bearing capacity of the foundation, calculated according to Equation313

(41), is shown in Table 6.314

315
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316

Table 6 Bearing capacity eigenvalue after foundation treatment317

Loading stage

Bearing capacity

eigenvalue of the sand

pile (kPa)

Bearing capacity eigenvalue

calculated by considering the

consolidation (kPa)

Replacement

rate, m

Bearing capacity

eigenvalue of the

foundation (kPa)

Sections 1–3

of the caisson
322 88.4 0.36 172.5

Sections 4–5

of the caisson
322 92.5 0.36 175.1

Sections 6–7

of the caisson
246 85.6 0.36 143.3

Sections 8–10

of the caisson
287 89.2 0.36 160.4

318

5.3.2 Verification of Degree of Consolidation319

Upon the completion of the sand pile construction, the additional stress was gradually converted320

into effective stress, and the pore pressure gradually disappeared. The degree of consolidation321

was calculated within the influence depth range of the additional stress. The results show that all322

the additional stress had been converted into effective stress before the caisson began to sink, and323

the degree of consolidation reached 100%.324

5.4 In-Situ Test325

The in-situ test was carried out at a randomly selected test point at the engineering site, and the326

sand pile was constructed per the replacement rate m=0.36. Considering that the plate load test327

can only reflect the bearing capacity of the shallow foundation, the in-situ test can only verify the328

change of the bearing capacity of the foundation after the action of Sections 1–3 of the caisson.329

Therefore, a load of 180 kPa was applied to the composite foundation, and the bearing capacity330

javascript:;
javascript:;
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of the composite foundation was tested after the soil pore pressure between the composite331

foundation piles had completely dissipated(see Fig.7-8).332

333

Fig. 7 On-site preloading334

335

Fig. 8 On-site plate load test336

The loading plate had a diameter of 1000 mm, and the test was terminated16 once it was loaded337

to 60 mm. The bearing capacity eigenvalue of the foundation was determined according to the338

relative deformation amount18. For soil layers with high compressibility, the maximum value of339

relative deformation did not exceed 0.015, that is, when the settlement amount was 15 mm, the340

corresponding load was 205kPa, which is larger than the design value of 172.5kPa (see Fig.9).341

This shows that the above calculation method not only makes rational use of the improvement of342

foundation bearing capacity caused by consolidation but also has a large security coefficient,343

which can provide reference for similar projects.344
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345

Fig. 9 P–S curve of the composite foundation346

6. Conclusions347

In this study, the reasons why the bearing capacity of the sand pile composite foundation is much348

larger than the design value was explored. A feasible method of calculating the bearing capacity349

of the foundation was proposed based on the cavity expansion theory, the e–p curve theory, and350

empirical data. This method can optimize the design of sand pile composite foundations.351

The main contributions of this study are listed as follows:352

(1) Cavity diameter expansion in sand pile construction was simplified into a planar problem,353

the cavity expansion theory was used to simplify the calculation of the increase of the horizontal354

stress of the soil between the piles caused by the sand compaction piles, and the expressions of355

the change in displacement rate and horizontal stress were established.356

(2) Considering the vertical effective stress increase caused by silt consolidation, the e–p357

curve was used to establish the relationship between the increase of the horizontal and vertical358

effective stress and the void ratio.359

(3) Based on the close relationship between the bearing capacity of the foundation in the360

mucky soil layer and the water content, the response of the bearing capacity of the foundation to361

the effective stress increase, the void ratio increase, and the water content increase was362
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established. According to this relationship, it was determined that the increase of the effective363

stress caused an increase in the bearing capacity of the foundation.364

For projects with long preloading or layered loading, under the premise of allowing large365

foundation deformation, the increased bearing capacity of the foundation caused by sand pile366

compaction construction and preloading can be fully considered to reduce the replacement rate367

and lower the construction cost.368
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Figures

Figure 1

Wufeng mountain Yangtze river bridge’s north anchorage caisson

Figure 2

Cavity expansion model



Figure 3

Loading process of the caisson in Sections 1–3

Figure 4

Loading process of the caisson in Sections 4–5



Figure 5

Loading process of the caisson in Sections 6–7

Figure 6

Loading process of the caisson Sections 8–10



Figure 7

On-site preloading

Figure 8

On-site plate load test



Figure 9

P–S curve of the composite foundation
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