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Scale model tests
on the lateral behavior

of new monopile foundations
installed over old piles

Philipp Stein & Nils Hinzmann
Federal Waterways Engineering and Research Institute
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Motivation

• per year > 500 OWT
reach end of lifetime
from 2040 on

• in total > 4,000
installed monopile
foundations in Europe
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Motivation

• per year > 500 OWT
reach end of lifetime
from 2040 on

• what to do with old piles?
o cut off and remove partly
o remove completely
 location not usable for 

repowering
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Motivation

• per year > 500 OWT
reach end of lifetime
from 2040 on

• what to do with old piles?
o cut off and remove partly
o remove completely
o leave in place

and install new pile over it
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Pile-Over-Pile

• "old" monopiles D ≈ 5-7 m
• current monopiles D > 8 m
• higher foundation stiffness

due to larger piles
• increased foundation stiffness

due to inner ("old") pile?
• drivability of pile over pile?
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Scale Model Tests

4 m

4 
m

test pit @ TU Braunschweig

sand
layerwise compaction
water saturation
 CPT: qc = 25 MPa @2.5 m
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Scale Model Tests D2

impact
driving
of inner pile
Diesel hammer
Delmag D2
Wrated = 2.45 kJ

D = 0.5 m

Lpen = 2.3 m
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Scale Model Tests
M23

crane-guided
vibratory driving
of outer pile
J&M Model 23
Me = 2.3 kg m
fvib = 26 Hz

D = 0.6 m

Lpen = 2.4 m
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Scale Model Tests
TP

H = 15 kN
N = 12,000 cycles

u(H)
u(N)

cyclic lateral loading
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Pile Drivability

• vibratory pile driving
of outer pile (60 cm)
over inner pile (50 cm)

• dense sand in annulus
 shearing
 dilation
 increased horizontal stresses?

• installation successful

0.6 m

0.5 m

50 mm

d50 = 0.4 mm
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Lateral Pile Behaviour

quasi-static behaviour (first cycle)
• heterogenous behaviour of 

single piles due to different 
installation modes [Stein, 2023]

• pile-over-pile
stiffer than single piles ··· single piles

impact
vibro

— pile-over-pile

u

H
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Lateral Pile Behaviour

cyclic behaviour (1,000 cycles)
• heterogenous behaviour of 

single piles due to different 
installation modes [Stein, 2023]

• pile-over-pile
least displacement accumulation ··· single piles

impact
vibro

— pile-over-pile

u

N = 1 .. 1,000
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Lateral Pile Behaviour
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Lateral Pile Behaviour

• increased
flexural stiffness
of outer pile
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Lateral Pile Behaviour

• increased
flexural stiffness
of outer pile

• additional 
bedding reaction
at pile toe
of inner pile
(depending on 
pile penetration)
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Summary

• idea for repowering: pile-over-pile
 install larger monopile over old one

• scale model tests
 installation feasible
 lateral behaviour favourable

• open questions
o geometry of outer/inner piles
o variant analysis
o field validation
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Open for Discussion


