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4. General research method 
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II. Case study 



5. Structure analysis 

120𝑘𝑁𝑚
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96𝑘𝑁𝑚 − 40𝑘𝑁𝑚 = 56 𝑘𝑁𝑚
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6. Construction process 
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7. Measurements 
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GNSS-01 +0.7 +0.6 +1.5 +1.2 +8.2 +8.9 GNSS-01 +12.4 +11.4 +13.4 +13.1 +11.6 +16.0 +13.5 +13.4 +12.8 +14.8 +12.1 +14.3

GNSS-02 +1.2 +1.5 +4.1 +10.6 +19.8 GNSS-02 +22.7 +23.0 +24.6 +21.8 +23.6 +25.8 +23.9 +27.3 +26.2 +26.8 +26.9 +30.0

GNSS-03 -3.1 +1.4 +3.9 +5.9 +9.2 +6.7 +19.7 GNSS-03 +18.4 +19.8 +24.3 +23.2 +24.9 +29.0 +28.0 +30.1 +30.4 +33.0 +31.7 +33.6

GNSS-04 +0.3 -0.4 +0.9 +3.9 +6.5 +10.3 GNSS-04 +17.8 +18.8 +19.7 +17.8 +19.2 +20.7 +18.2 +21.6 +19.4 +21.2 +21.0 +22.1

GNSS-05 -2.7 +1.7 +3.0 +4.4 +6.1 +8.0 +15.4 GNSS-05 +19.4 +21.4 +20.3 +18.7 +20.0 +24.3 +22.2 +25.2 +24.2 +28.6 +27.0 +29.8

GNSS-06 +2.6 +3.6 +5.7 +6.6 +8.4 +15.5 GNSS-06 +17.3 +19.3 +20.5 +20.4 +20.2 +24.5 +22.1 +22.9 +23.0 +25.3 +24.1 +27.3

GNSS-07 +1.2 +1.6 +1.5 +2.6 +4.2 +5.0 +9.0 GNSS-07 +13.2 +14.4 +15.5 +12.7 +12.7 +14.2 +12.2 +13.8 +13.9 +15.3 +14.5 +15.0

GNSS-08 +1.3 -2.0 +7.3 +7.8 +8.0 +7.8 GNSS-08 +8.0 +6.6 +8.7 +7.0 +5.1 +9.0 +6.5 +7.6 +7.6 +9.1 +7.5 +9.3

GNSS-09 +2.6 +0.1 +0.5 +1.0 +4.6 +3.0 +2.5 GNSS-09 +4.2 +2.6 +6.1 +0.2 +6.0 +7.5 +5.2 +7.4 +5.3 +6.2 +4.5 +7.7

GNSS-10 GNSS-10 -0.8 -8.8 -10.9 -10.9 -5.7 -4.0 -4.9 -5.7 -8.6 -7.7 -6.6 -3.0

GNSS-11 -1.1 -1.8 -7.0 -6.4 -6.4 -13.0 GNSS-11 -12.7 -18.2 -21.1 -24.4 -20.5 -17.9 -20.3 -23.6 -30.1 -37.7 -29.7 -25.0

GNSS-12 GNSS-12 +1.5 -0.9 -0.4 -1.0 -0.7 -0.2 -2.3 -0.8 -3.0 -2.2 -0.3

GNSS-13 GNSS-13 +2.8 +1.5 +3.6 +1.2 -1.3 +1.1 +0.2 -0.9 -1.2 -1.7 -1.3 +1.2

+ = verschuiving in noordw estelijke richting (naar links)

- = verschuiving in zuidoostelijke richting (naar rechts)
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8. Hypotheses 
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III. Simulation and validation 

9. Method 
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Symbol Parameter Unit 

Mohr-Coulomb parameters 
 

c  Cohesion kN/m2  

φ Friction angle ◦ 

ψ Dilatancy angle ◦ 

Stiffness parameters 
 

κ* Modified swelling index - 

λ*  Modified compression index - 

μ* Modified creep index - 

Advanced parameters 
 

υur Poisson's ratio for unloading-reloading - 

K0 σ’xx / σ’yy stress ratio (horizontal/vertical stress) - 

p' Effective isotropic stress - 

σ' Effective mean stress kN/m2  



γ
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Material Unit Zand, Pleistoceen Zand, ophoog Veen, basisveen Veen Kleiig Klei, siltig        
Material model 

 
Hardening soil Mohr-Coulomb Soft soil creep Soft soil creep Mohr-Coulomb 

Drainage type 
 

Drained Drained Undrained (A) Drained Undrained (A)        
General 

      

γunsat kN/m³ 17 18 10,4 11,1 15,7 

γsat kN/m³ 20 20 10,4 11,1 15,7 
einit 

 
0,5 0,5 15 15 0,5        

Parameters 
      

E'  kN/m² 
 

1,50E+04 
  

4000 

ν' (nu) 
  

0,3 
  

0,3 
G kN/m² 

 
5769 

  
1538 

λ* (lambda*) 
   

0,407 0,407 
 

κ* (kappa*) 
   

0,08 0,08 
 

μ* 
   

0,014 0,014 
 

c'ref kN/m² 0 0,01 5 4 2 

φ (phi) ° 32,5 32,5 25 25 25 
ψ (psi) ° 0 2,5 0 0 0 

νur 
   

0,22 0,22 
 

K0
nc 

   
0,3 0,3 

 

M 
   

2,37 2,37 
 

Flow parameters 
      

kx m/day 7,128 3,499 0,02 4,32E-03 0,04752 

ky m/day 7,128 3,499 0,02 4,32E-03 0,04752 
ck 

 
1,00E+15 1,00E+15 1 1 1,00E+04 

Initial parameters 
      

OCR 
 

1 1 1 1 1 
POP kN/m² 0 0 5 5 5 

Data set 
 

USDA USDA USDA USDA USDA 

Model 
 

Van Genuchten Van Genuchten Van Genuchten Van Genuchten Van Genuchten 
Type 

 
Sand Loamy sand Clay Clay Clay 

< 2 μm % 4 6 70 70 70 

2 μm - 50 μm % 4 11 13 13 13 
50 μm - 2 mm % 92 83 17 17 17 



 



10. Simulation 
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11. Results 
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12. Conclusion 



 

  



IV. Design of solutions 

13. Prestressed sheet pile  
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14. Weight reduction 
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𝜑

∑ 𝑀𝑠𝑓 =  
𝑡𝑎𝑛𝜑𝑖𝑛𝑝𝑢𝑡

𝑡𝑎𝑛𝜑𝑟𝑒𝑑𝑢𝑐𝑒𝑑

=
𝑐𝑖𝑛𝑝𝑢𝑡

𝑐𝑟𝑒𝑑𝑢𝑐𝑒𝑑

=
𝑇𝑒𝑛𝑠𝑖𝑙𝑒 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ𝑖𝑛𝑝𝑢𝑡

𝑇𝑒𝑛𝑠𝑖𝑙𝑒 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ𝑟𝑒𝑑𝑢𝑐𝑒𝑑

𝑆𝑎𝑓𝑒𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟 =
𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ

𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ  𝑎𝑡 𝑓𝑎𝑖𝑙𝑢𝑟𝑒
= 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑀𝑠𝑓 𝑎𝑡 𝑓𝑎𝑖𝑙𝑢𝑟𝑒



  



15. Conclusion 

 



 

 



 

Total length of measure 300 m

Depth 14 m

Material 120,00€     per m2

Installation 35,00€       per m2

Groutanchor 550,00€     per anchor (1 anchor per 2 meter)

Total 2.445,00€  per m 733.500,00€                

Volume 8,5 m3/m

Material 40,00€       per m3

Stacking 60,00€       per m

Excavation and soil removal 4,00€         per m3

Total 580,00€     per m 174.000,00€                

Cost approximation 

Sheetpile wit prestressed anchor

EPS



1 2 3 4 5

1 LOW LOW LOW MEDIUM MEDIUM

2 LOW LOW MEDIUM MEDIUM MEDIUM

3 LOW MEDIUM MEDIUM MEDIUM HIGH

4 MEDIUM MEDIUM MEDIUM HIGH HIGH

5 MEDIUM MEDIUM HIGH HIGH HIGH

S
C

A
L

E
 O

F
 L

IK
E

L
IH

O
O

D

SCALE OF SEVERITY

Risk Assessment Matrix

Risk Assessment List Sheetpile

RISK Safety / Availability AREAS AFFECTED SEVERITY LIKELIHOOD RISK IMPACT Cause Consequence

Adjusting rail alignment Availability Rail fastening 1 4 Medium Local displacements Adjust the rail fastening

Replace fastening system Availability
Rail fastening

3 2 Low
Local displacements exceed the 

adjustability
Replace the fastening system

Anchors fail Safety Sheetpile tension anchor 5 2 Medium Anchors incorrectly installed Sheetpile tension cannot be reached

Sheetpile rupture Safety
Sheetpile tension anchor

3 2 Low sheetpile interlocking fails Sheetpile effectiveness is reduced

Train disruption Availability Train service 3 4 Medium Construction works take long Train service disruption for a week

Train speed restrictions Availability

Train service

1 3 Low Small deformations due to prestressing

As the structure is deforming slightly 

train speed has to be reduced during a 

week

Insufficient drainage Safety Soil instability 4 2 Medium
Water accumulation due to insufficient 

drainage
Soil instability if drainage is not sufficient



Trade off matrix 
  Value Sheetpile EPS 

Structural safety 5 -1 0 

Construction difficulty 3 1 -1 

Construction time 3 0 0 

Costs 2 -1 0 

Traffic hindrance 2 -1 -1 

Total   -6 -5 

  

Risk Assessment List EPS

RISK Safety / Availability AREAS AFFECTED SEVERITY LIKELIHOOD RISK IMPACT Cause Consequence

Adjusting rail alignment Availability Rail fastening 1 5 Medium Local displacements Adjust the rail fastening

Replace fastening system Availability

Rail fastening

3 2 Low
Local displacements exceed the 

adjustability
Replace the fastening system

Train disruption Availability Train service 3 4 Medium Construction works take long Train service disruption for a week

Train speed restrictions Availability

Train service

1 3 Low Small deformations due to prestressing
As the structure is deforming slightly train speed has 

to be reduced during a week

Stability of the surrounding structures 

(catenary, cables, systems)
Availability

Catenary, systems, cables 

etc.
3 3 Medium Soil removal under/around the 

surrounding structures foundation

Surrounding systems could fail, require 

reconstruction



V. Conclusion and recommendation 
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17. Recommendations 
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B. Model simulation steps 
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