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Presenter
Presentation Notes
Good afternoon, ladies and gentlemen, It’s my pleasure to give the presentation””. Vacuum preloading method is a economic and efficient method to improve soft soil and it is widely applied in mainland. With the development of this method both in theory and in application, many new vacuum preloading methods are established.
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1 Background 

           
In China, the construction activities have become concentrated in 
low-lying marshy areas and reclaimed lands, which are comprised of 
different kinds of soft soils. 

Huang Hua 

Cao Fei Dian 

Da Lian 

Shen Zhen 

Lian Yun Gang 

Slurry (high moisture 
content, high clay content 
and low permeability):  
Da Lian, Shen Zhen 
Soil with low clay content 
and high permeability: 
Huang Hua, Cao Fei Dian 

Presenter
Presentation Notes
The two photos show two kinds of soft soils in Caofeidian and Dalian. The properties of the two kinds of soils are quite different. The soil in caofeidian has high permeability. When its moisture content is high, its strength is quite low but pore water is easy to be drained. Normally, one or two month, the preloading process can be finished and it can obtain 80kpa strength gain.But for soil in dalian, the vacuum preloading process is over 6 months and the pore water pressure is very hard to be drained because of the high clay content. But from the observation to the surface of the two soils, you can not tell the difference.



1 Background 

           
To treat these kinds of soft soils, preloading (vacuum preloading, 
surcharge preloading or their composition) methods are an efficient 
choice. 

Vacuum 
preloading 
 

Vacuum combining 
surcharge preloading 
 

Surcharge 
preloading 

Sand 
consumption 

Low, only for 0.5m 
sand cushion 

Medium High 

Embankment 
stability 

High, total stress 
keeps constant 

Medium Low, total stress 
increases 

Energy 
consumption 

High, electricity 
for vacuum pump 

High, electricity for 
vacuum pump 

Low, only for 
transportation of 
surcharge 

Complexity  High High Low 

To reduce the sand consumption and increase the embankment 
stability, vacuum preloading is widely applied in China and 
developed into many new forms. 

Presenter
Presentation Notes
Because the mechanisms of soil improvement of the three methods are different, they have different features.For sand consumption, vacuum preloading only needs .5m sand cushion as the horizontal drainage layer. For surcharge preloading, the sand consumption is depending on the depth of surcharge. Compared with surcharge preloading, the combining method can save 4m surcharge.Embankment stability of surcharge preloading is low. When surcharge is placed, total stress of soil increases which induces high excess pore water pressure. The soil strength decreases correspondingly.Complexity of Vacuum preloading is high. Because many actions should be taken to keep the vacuum head at a high level. Such as the surface of the improved soil should be sealed and wax wall is installed to cut the seepage path when sand layer exist in the improved area.



2 Traditional vacuum preloading method 
The surface of the ground was sealed with a membrane and through 
a vacuum pump a negative pressure was created in the sand cushion 
beneath the sealing membrane and in the vertical drains installed in 
the soil. 

Air pressure（101kpa） 

Traditional vacuum preloading section 

PVD 

Embankment 
Sand 
cushion 

Filter 
tube Membrane 

Vacuum 
pump 



 Achievement-Theory 

Dong et al proposed new consolidation equations considering radial 
and vertical seepage and smear effect under positive pressure, 
negative pressure and their combination condition.  



 Achievement-Theory 

Permeability index (k) study 
The relation between k and consolidating stress is obtained:  

Normally, the settlement of improved soil considering the variations 
of permeability is smaller than the soil not considering the effect.  

Presenter
Presentation Notes
This explains the design calculation result of settlement of improved soil is larger than the real settlement of soil. Because the one dimensional consolidation situation, the k is a constant value.



 Achievement-Device 

Presenter
Presentation Notes
New kind of work layer that can be placed directly on the soft soil for construction activitiesPowerful and efficient vacuum pumpFloating device to install pvds. 



 Construction sequence 

1、Place sand cushion (>50cm) 



 Construction sequence 

1、Place sand cushion (>50cm) 



2、Install PVDs 

 Construction sequence 



PVD 

2、Install PVDs 

 Construction sequence 





3、Place filter tube 

 Construction sequence 



Filter tube 

3、Place filter tube 

 Construction sequence 



Filter tube 

Presenter
Presentation Notes
这个是滤管的局部放大图，率管上面由很多透水孔，将水平排水砂垫层中的水通过透水孔进入滤管



4、Laying Membrane 

 Construction sequence 



Vacuum pump  Vacuum head transmission 

Presenter
Presentation Notes
Vacuum head is generated at pump and transmitted to filter tube, sand cushion, then to the PVD.



 Drainage process 





2、Low efficiency of vacuum 
head transmission 

101kPa 

80kPa 
50~60kPa 

30kPa 

 Problem 



3 Direct drainage vacuum preloading method 

This method cancels horizontal drainage part-sand cushion and uses 
sealed pipe to directly connect with PVDs . Vacuum head can be 
transmitted into PVD without attenuation. 



Sealed pipe replaces filter tube to connect 
with PVDs directly. 



Presenter
Presentation Notes
Vertical drainage part of DDVP system is composed with PVD, PVD connector and hose. Hose is flexible enough to ensure PVD and branch pipe is connected when settlement occurs in ground improvement process. 



 Vacuum head transmission 

Presenter
Presentation Notes
真空泵     主管     支管     连接管     排水板     软土地基



 Vacuum head transmission 



 Drainage process 

Presenter
Presentation Notes
软土地基     排水板     连接管     支管     主管     真空泵





1、Sand cushion is replaced with 
clay layer, reducing the cost. 

 Comparison with traditional vacuum method 



2、High efficiency of 
vacuum head 
transmission. 

101kPa 

80kPa 

80kPa 

 Comparison with traditional vacuum method 



4 Application of DDVP method 

Test site Improved soil 
Moisture 
content ( 

%) 
Void ratio Liquidity index 

Coefficient of 
Compressibilit

y 
(MPa-1) 

In site 
vane 
shear 
test 

(kPa) 

Clay 
content 

(%) 

Drain 
spacing 

and 
pattern 

Test 
period 
(day) 

1) Da Chan 
Bay, Shen 
Zhen, China 

Marine  
Mud 

(12m) 

Before 
improvement 72.9 1.97 1.75 1.67 8 

45 1.0m, 
square 120 

After 
improvement 49.5 1.32 1.03 0.94 36.2 

2) Cao 
feidian, 
Tang Shan, 
China 

mucky 
silty 
clay  

(4m) 

Before 
improvement 50.8 1.425 2.0 0.87 3.9 

29.1 0.5m, 
square 37 

After 
improvement 34.5 0.953 1.1 0.38 28.9 

3) Da Lian, 
China 

Slurry  
(9.5m) 

Before 
improvement 125.8 3.469 4.22 2.46 2 

65.3 0.4m, 
square 180 

After 
improvement 42.5 1.191 0.95 1.142 30.7 

4) Huang 
Hua, China 

mucky 
silty 
clay   

(20.5m) 

Before 
improvement 39.4 1.044 1.18 0.795 2.67 

34 1.0m, 
square 90 

After 
improvement 31.9 0.911 0.74 0.501 >38.7 



4 Application of DDVP method 

Test site      Improved soil 
Moisture 
content 

(%) 

Void 
ratio 

Coefficient of 
Compressibilit

y 
(MPa-1) 

In site vane 
shear test 

(kPa) 

Clay 
conten
t (%) 

Test 
period 
(day) 

1) Da Chan 
Bay, Shen 
Zhen, China 

Marine  
Mud 

(12m) 

Before 
improvement 72.9 1.97 1.67 8 

45 120 

Improved by 
DDVP method 49.5 1.32 0.94 36.2 

Improved by 
traditional 
vacuum 

preloading 
method 

52.7 1.397 0.93 - 

2) Huang Hua, 
China 

mucky 
silty 
clay   

(20.5m) 

Before 
improvement 39.4 1.044 0.795 - 

34 90 

Improved by 
DDVP method 31.9 0.911 0.501 >38.7* 

Improved by 
traditional 
vacuum 

preloading 
method 

33.0 0.939 0.511 >38.7* 



5、Conclusion 

DDVP method cancels horizontal drainage part-sand cushion and 
applies PVD to drain pore water of soil. The efficiency of vacuum 
head transimission is improved significantly. For slurry, the 
improvement result is satisfactory. Because of no sand consumption, 
this method is fit for ground improvement in some regions short of 
sand resource. 
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