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Investigations for the re-use of foundations 
A case study of the Skyline project, Shell Moerdijk

Adriaan van Seters & Jeroen Beute
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Presentation Outline

PROJECT 
INTRODUCTION

INVESTIGATIONS RESULTS CONCLUSION
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Skyline Project, Moerdijk

See also Keynote 2023: Process to accommodate extra load on the piled foundation plate - van Blijswijk et Cotovanu (2023).
https://foundationreuse.com/wp-content/uploads/2023/04/Keynote-Session-1-van-Blijswijk.pdf

8 Furnaces 
to be 
renewed

4 Furnaces 
unchanged

Project together with
 Shell
 Technip
 Fugro
 Nebest
 NLyse
 Allnamics
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Significant 
Load increase

Foundation Re-use 

4x50 foundation piles
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But how about these foundations?
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Data Required for Foundation Re-use

Important data 
o Soil stratigraphy
o Pile type
o Pile length and 

dimensions
o Bitumen?
o Foundation structural 

integrity
o Pile bearing capacity

Data availability 
o Literature
oOpen-source information

Unknowns

Risk
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Soil Stratigraphy

1. Peat layer
2. End-bearing stratum (1) 

- sand layer, low qc

3. End-bearing stratum (2)
- sand & clay layers

• Quality of  CPT measurements
o1971 vs 2017

1

2

3
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Pile Type

• Precast concrete piles
o380x380 mm2

o Enlarged pile tip?

• Bitumen layer?
o Figure Moerdijk site, 1971
oClaessen and Horvat, 1974
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Pile Length and Dimensions

• End bearing layer
• Literature study (Claessen and Horvat, 1974)

oNAP -15.0 m
o380 x 380 mm2

• Magnetometer CPT

magnetometer
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Foundation Structural Integrity

• 1.5 m thick concrete slab
• Destructive and non-destructive tests

o Foundation slab and piles in good condition

• Bitumen coating confirmed
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Pile Bearing Capacity – Starting Points

• Old calculation method used (pre-2017)
• Verified with Pile Load Tests
• Negative Skin Friction reduced with 75% by bitumen coating

• More CPTs increased the bearing capacity
on=1 -> n=4: Rc;net;d +8%
on=1 -> n=7: Rc;net;d +13%
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Pile Bearing Capacity – Rapid Pile Load Test

• Test Field on site
• Rapid Load Test – ‘quasi-static’ loading
• Non-instrumented piles – class B (NPR 7201)

• 5 precast test piles:
o400 x 400 mm2

o Same end bearing layer (≈NAP -15 m)
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Pile Bearing Capacity – Pile Load Testing

• Tested up to failure
o Load-Settlement curve
oMeasured bearing capacity
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Pile Bearing Capacity – Pile Load Testing

• Conversion from quasi-static failure load result (Rc;ic;t) to Static Bearing 
capacity (Rc;m;g) with safety factor ξRLT and ηcombined

𝑅௖;௠;௚ =  𝜂௖௢௠௕௜௡௘ௗ ∗
𝑅௖;௜௖;௧

𝜉ோ௅்

ηcombined = empirical reduction factor for sand and clay 

Sand
(end bearing)

Clay 
(shaft friction)

Soil type

0.940.66Empirical factor 
0.150.49Coefficient of variation of 

0.61Empirical factor combined
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Pile Bearing Capacity – Results

Difference 
between 

prediction and 
measured

[%]

Predicted 
bearing 
capacity
Rc;cal;max

[kN]

Static bearing 
capacity from 

test
Rc;m;g
[kN]

Measured Quasi-
static bearing 

capacity
Rc;ic;t
[kN]Pile

+ 132123239444631
+ 452080300850912
+ 261973249447303
+ 511703256747064
+ 532177334056525
+ 38201127614928average

Uncertainties:
a) Piles not 

instrumented 

b) Value of clay 
factor uncertain
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Pile Bearing Capacity – Results

• 20 % increased shaft friction (no increase in end-bearing)
• The bearing capacity remains well within the measured values. 

Difference between 
Rc;cal;max;20f and Rc;m;g

[%]

Calculated Bearing capacity 
with 20 % extra shaft friction

Rc;cal;max;20f

[kN]

Static bearing capacity 
from test 

Rc;m;g

[kN]Pile
- 3245923941
+ 28235130082
+   9229324943
+ 31196625674
+ 36246433405
+ 2023072761average
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Conclusions

Is it possible to re-use the 
foundations? 200 Prefab piles re-used

Concrete slab re-used

Bottom part furnaces re-used

• Additional CPTs 
 Less uncertainty
 Improved bearing capacity

• Magnetometer CPTs 
 Pile lengths
 Bearing stratum elevation

• Structural Integrity Tests 
 Showed presence of bitumen
 Pile cross-sectional area 
 Quality foundation

• Pile Load Testing
 Verification of pile bearing capacity
 Possible optimization of pile bearing capacity

Project Start Investigations to reduce unknows Project Result
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Thank you!

a.vanseters@fugro.com


