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Agenda

• Introduction and background

• Site description and methods

• Spatial variability at different length scales

• RFEM analysis 

• Conclusions 

2



2023-10-25

Background
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• Need to expand capacity of railway 
infrastructure

• More traffic

• Higher train loads

• Faster trains

• Want to minimize maintenance costs and 
unexpected operational delay
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Background
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Magnitude of loads 

transferred to 

foundation

Stiffness of 

foundation

• Classic soil-structure-interaction problem where:

Need to consider soil-structure system as a whole

• Good knowledge on 
track interaction

• Limited knowledge on 
impact of soil and 
foundation
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Uncertainty of system
• Biggest uncertainty in soil-structure 
system is soil

• Degradation of geomaterials

• Variability of in-situ soil

• Railways on soft soils require a foundation

• Need to consider green solutions 

• Variability introduced from construction
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Lime-cement columns 

• Lime-cement columns (LCC) are low 
carbon solution to strengthen soft soils

• Strength and stiffness not uniform in the 
column
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Scale of fluctuation
•SOF↓, more variability

•SOF↑, more uniformity 

•SOF commonly measured in x, y, and radial 
directions 
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Uniform soil property SOFx >>> SOFy SOFx = SOFy
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Site description – E02 Centralen, 
Västlänken (NCC, Trafikverket)
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Field measurements 
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Column penetration tests

(FKPS)

Reverse Column 
penetration tests 

(FOPS)

Plan view of test locations

N = 202 N = 29
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Block samples obtained from site
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Laboratory tests:

• Unconfined compression tests 
coupled with digital image 
correlation (DIC)

• X-ray computed tomography 
(XCT)

Example of LCC sample

Uniaxial compression with DIC

XCT
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Inter-column variation

Variability at different length scales
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Intra-column variation global variation

microscale variation

(Quang & Chai, 2015)

Increasing 
length scale

100 m10-3 m10-6 m 101 m
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Field scale SOF
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Variability of shear strength at field scale
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Laboratory scale SOF – DIC
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Vertical strain field from DIC 
Stiffness variation along height

Variability of stiffness at laboratory scale
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Incorporating variability in FEA
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y

p0 = 10 kN/m

20 m

0.1 m

Elastic 
soil

y = 5 m

Distribution of Peak 
velocities

Example of 
random field

SOFy = 1 m

Emean

E

PDF Velocity at y = 5 m

400 simulations

1D wave propagation 

Peak vely
(deterministic case)

Peak vely

(mean of 400 rfem runs)
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Conclusions 

• Need to consider soil-structure as a system with variability 

• Variability exists at different length scales

• An integrated approach needed to estimate variability of strength and 
stiffness

• Scales of fluctuations obtained will be used in RFEM analysis
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Laboratory scale SOF – XCT
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