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Situation Introduction

Foundation of furnaces and pipe racks around it.
steel-concrete structures within an oil and gas chemical plant of Shell (constructed in 1970) Foundations of the pipe racks part beside the furnaces

* Increased loading of new superstructure

* Existing foundation on triangular (3 piles) and rectangular (4 piles) pile
caps with beams and single pile caps. Connecting slabs in between.

* Redesign: Additional concrete foundation parts and piles.

2023 Keynote Session1 Shell / J.J.A. van Blijswijk
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Model geometry
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Model materials -

* Linear large UC>>1.

Tenslestengh 1.05 Nmm®

. Tensle softening curve
* Nonlinear pros and cons Eashincoraeny 008 Xma, s
explained. o —
- i '\H.hh

Tensle strengh 138 Nmm® gl
Tensle softening curve \
Tensle fachireenemy | 0.066 Nmm

Compressive strenzth 20 Nimm?
[ s Fig. 1 Stress-strain curve concrete
Compressive fracture 1920 Nmm
enscEy.
| stedl QRO us
Yield stress 208 Nmm2
Rupture at 219 Nimm2
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Model materials
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Pile Properties
* Different soil models

* SLS/ULS ?

orce [N]

0 0 0 @ 2 o 10
displacement [mm|

2024 Tuesday 16.10 hrs Investigations for the re-use of foundations
— A case study of the Skyline project, Shell Moerdijk
— Adriaan van Seters (Fugro)

May 28 - 30, 2024 Conference on Foundation Decarbonization and Re-use 7

Loads

Loading combinations and reaction
forces per column and pilecap (RCnr)

* Self Weight (SW) LOADING Load Comb. Desc. Horizontal sfng Horizont tal

* UDL of 10 kN/m2 in SLS on the s ——
slabs representing full s <
scaffolding and formwork

* Load from pedestal, provided for
SLS and ULS
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Approach LINEAR

Foundation check

* Repeat the designers analysis
done with linear SCIA program. i

Myy bending moments

* Check on bending and shear.

* UC>>1 mainly on connecting q
beams. =

acting bending moment _ 855 _

moment capacity 241 35

UC foundation linear =
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Approach NONLINEAR

Foundation check
* Structure adapts stiffness itself.

Strains in concrete and steel

* Check on stresses, but in the
end on strains of concrete and
steel.

* UC<1 maximum mainly on
connecting beams.
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Approach LINEAR

Pile check

* Repeat the designers analysis
done with linear SCIA program.

* Check on piles

* UC<<1, stiffness of construction
is constant. Construction is able
to spread the loads to all piles
easily.

UC pile linear =

Fd pile reaction force

acting pile load _ 814 _

pile capacity 973

0.84
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Approach NONLINEAR

Pile check

* Behaviour of piles as
characteristic (not design)
stiffness.

* Check on piles with load
1.2*ULS

* UC=0.97, piles become more
normative because structure
cannot redistribute easily when
cracked.

UC pile Non linear

Fd pile reaction forces

_ acting pile load _ 946
- T 973

pile capacity

= 097
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* Linear calculations are good for ¢ Design can be done simple linear
a single part of a structure but,
because codes are written based
on experiments and theory of
one subarea.

* add nonlinear stiffness checks
for all larger CC3 projects to
pinpoint weaknesses in

* Be careful when combining (foundation) structures.
different structural areas like
superstructure and
geostructure.

May 28 - 30, 2024 Conference on Foundation Decarbonization and Re-use 13




