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Railway 

Excess pore pressure 

generation zone 

Research background 

 Tadatoshi 1977 

Excess pore pressure 

generation zone 
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Research background 

 Clogging of pores  

 Reducing the drainage capacity 

 Reducing shear strength 

Increase maintenance costs 

Mud pumping 
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Excess pore pressure generation in fine granular materials- 

A laboratory study 

Pore water pressure generation in subgrade soils-  

A numerical study 

Cyclic loading 

Research objectives 
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Triaxial system 

Research objective 1 

Excess pore pressure generation in fine granular  

materials-A laboratory study 

Pore water pressure generation in  

subgrade soils- A numerical study 

Cyclic loading 
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Particle size distribution curves of  materials 

Materials 

Mesh 1 mm 

Railway sand sample 
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Railway sand 

Moist Tamping 

Sample preparation 
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Cyclic stress ratio (CSR):  

Railway sand: CSR = 0.2-0.60 
 

Confining pressure 𝜎𝑐′ = 30 kPa 

 

Frequency f = 1 Hz 
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Selected cyclic triaxial test results results (RD=84% ) 

Stable 

sample 

Failure 

samples 

Cyclic strain response 
Samples after the undrained cyclic triaxial tests 

CSR=0.5 CSR=0.40 

CSR=0.6 

CSR=0.2 

Stable sample 
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Samples after the undrained cyclic triaxial tests  

Selected cyclic excess PWP, 𝑟𝑢 =
𝛥𝑝𝑤

𝜎𝑣0
′  

(Excess PWP ratio ru=1 failure) 

Stable sample 

Cyclic excess pore water pressure (PWP) response 

CSR=0.40 

CSR=0.50 

CSR=0.20 

CSR=0.60 
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Evaluation of excess PWP during cyclic loading 

Evaluation of the pore pressure response during cyclic loading  

Excess pore water pressure response  

(Seed et al. 1975) 

Where θ is empirical constant determined from 

laboratory testing 

is number of cycles (N) normalised by the number of 

cycles at ru=1 
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Excess PWP and accumulated strain 

Typical rate of residual excess pore water pressure ratio Proposed excess PWP build-up versus accumulated strain  

NAcc 
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Research objective 2 

Excess pore pressure generation in fine granular  

materials-A laboratory study 

Pore water pressure generation in  

subgrade soils- A numerical study 

Cyclic loading 

FEM 



L U L E Å  U N I V E R S I T Y  O F  T E C H N O L O G Y                              15 

Methodology 
Pore water pressure generation in subgrade soils  

under cyclic loading 

A case study 

Soil water characteristic curvers 

Unsaturated soil 

Saturated soil 

Static and cyclic triaxial tests 
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Methodology 

Saturated soil 

(UBCSand model) 

Cyclic triaxial Static triaxial 

       LAB & Calibration 

Curve fitting 
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Methodology 

Unsaturated soil 

(UBCsand coupled van Genuchten) 

       LAB & Calibration 

Curve fitting 
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Pore water pressure generation in saturated soil 

B’ 

Concept of excess pore water pressure build-up during train passing 

M-shape 
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Pore water pressure generation in partially saturated embankment 

M-shape 

A 

B 
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Practical implications 
Mud pumping 

Original embankment 

Fully fouled embankment Partially fouled embankment 

Partially fouled embankment 

Thickness T1 

Thickness T2 
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Practical implications 

Original embankment 

Fully fouled embankment 

B 
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M-shape 

B 

Point B 

Practical implications 
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M-shape(higher amplitude) 

Point A 

Thickness T=0,5 m 

A 

Practical implications 
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Research objective 3 

Excess pore pressure generation in fine granular  

materials-A laboratory study 

Pore water pressure generation in  

subgrade soils- A numerical study 

Under cyclic loading 

Unsaturated soil 

How unsaturated soil characteristics affect 

to pore water pressure generation: 

- Air entrance values 

- Rate of water extraction 

- Residual saturation 
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Research background 
Fredlund, H. et al., 2012 
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Methodology 

       LAB & Calibration 

Curve fitting 

Control case 
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Methodology 

Control case 

Effects of air entrance values 
Effects of Rate of water extraction Effects of Rate of Residual saturation 
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Effects of air entrance values 

C 

Point C 
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 From cyclic triaxial tests (LAB)  

- Excess PWP and axial strain accumulates over time due to cyclic loading 

- The accumulations are significantly dependent on CSR 

- Relationship between excess PWP and accumulated strain is proposed 

 

 

Summary 
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 From numerical studies 

- Excess pore water pressure build-up during train passing: both saturated and unsaturated zones 

+ Saturated zone: fast and significant build-up excess pore water pressures 

+ Unsaturated zone: less than in the saturated zone  

  but excess pore water pressures can still built-up depending on the 

embankment conditions 

  Unsaturated soil characteristics (Air entrance values, Rate of water 

extraction, Residual saturation) also affect to pore water pressure 

generation. 

Summary 
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Further studies 

Chemical stabilization 
Prefabricated Vertical 

Drains (PVD) 
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Further studies 
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