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RE-USE AND REINFORCEMENT 
OF EXISTING PILED FOUNDATIONS

 A CASE STUDY

Freddy Lopez (Tiroler Rohre GmbH, Austria), freddy.lopez@trm.at

Erich Steinlechner (Tiroler Rohre GmbH, Austria), erich.steinlechner@trm.at
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What are we gonna do tonight, Brain?

Same thing we do every night, Pinky:

Make the world a better place using micropiles and 
re-using foundations!
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SUSTAINABILITY ASPECTS OF THE RE-USE OF EXISTING STRUCTURES AND THEIR FOUNDATIONS

Source: HM Treasury (2013)
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REINFORCEMENT OF EXISTING FOUNDATIONS
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As a part of the feasibility study for the expansion of the existing facilities, different upgrading and extension measures 

were evaluated ➔ Re-use of a two-story parking deck to house an extension of the attached five-story building:

FEASIBILITY STUDY: THE AGGRIPABAD IN COLOGNE, GERMANY

Nserv,0 = 1000kN
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As a part of the feasibility study for the expansion of the existing facilities, different upgrading and extension measures 

were evaluated ➔ Re-use of a two-story parking deck to house an extension of the attached five-story building:

FEASIBILITY STUDY: THE AGGRIPABAD IN COLOGNE, GERMANY

Nserv,1 = 2500kN

Nserv,1 = 2500kN
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Layer Description

Tip resistance 

CPT 

qc (MN/m2)

Base resistance

qb,k 

(kN/m2)

Skin 

friciton

qs,k 
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ANALYSIS OF THE REINFORCED PILED FOUNDATION

There is no analytical method to evaluate the interaction between the existing piles an the reinforcement, specially in 

terms of settlement compatibility.

The evaluation was carried out with a 3D-FEM model (PLAXIS) of the reinforced pile foundation system

Preliminary analysis were carried out to assess the behavior of the single piles, comparing the results of the numerical 

simulations with those of the analytical models acc. to the German practice (EAP2012 + DIN EN 1997-1-1):
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ANALYSIS OF THE REINFORCED PILED FOUNDATION

There is no analytical method to evaluate the interaction between the existing piles an the reinforcement, specially in 

terms of settlement compatibility.

The evaluation was carried out with a 3D-FEM model (PLAXIS) of the reinforced pile foundation system

Preliminary analysis were carried out to assess the behavior of the single piles, comparing the results of the numerical 

simulations with those of the analytical models acc. to the German practice (EAP2012 + DIN EN 1997-1-1):

Numerical model (PLAXIS3D)
(IGtH University of Hannover – Germany, 2019)

Geometry: 3D / axisymmetric
Pile: volume elements (concrete), lineal-elastic
Soil:  HSsmall
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ANALYSIS OF THE REINFORCED PILED FOUNDATION
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ANALYSIS OF THE REINFORCED PILED FOUNDATION

After calibrating the numerical models to simulate the behavior of the single piles, the interaction between the elements 

of the reinforced foundation (pile and micropiles) was evaluated:

STEP 1 STEP 2 STEP 3

Nserv,0

STEP 4

Nserv,0

STEP 5

Ninc
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2500

1.6

RMP ≈ 1300kNRPA ≈ 1200kN

RF_REF ≈ 2500kN

ANALYSIS OF THE REINFORCED PILED FOUNDATION
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ANALYSIS OF THE REINFORCED PILED FOUNDATION

RMP ≈ 2000kNRPA ≈ 1300kN

RF_REF ≈ 3300kN
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REINFORCED PILED FOUNDATION: INFLUENCE OF THE INCLINATION OF THE MICROPILES 
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REINFORCED PILED FOUNDATION: INFLUENCE OF THE INCLINATION OF THE MICROPILES 
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REINFORCED PILED FOUNDATION: INFLUENCE OF THE INCLINATION OF THE MICROPILES 
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PROPOSED CONSTRUCTIVE SEQUENCE
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During the feasibility study of an intervention project in the city of Cologne, Germany, the re-use of a two-story parking 
deck (founded on piles) to house an extension of an attached five-story building (a public indoor swimming pool) was 
assessed. Due to the extension works and change of use of the structure, significant load increments were expected.

In order to re-use the existing piled foundations and to increase their load-bearing capacity, a reinforcement with a group 
of small diameter piles (self-drilling micropiles and ductile iron piles) was proposed.

A numerical model (PLAXIS 3D) was developed by the IGtH at the University of Hannover (Germany) to evaluate the 
interaction of the existing pile foundation and the reinforcement, considering different inclinations for the latter.

The results of numerical model show, that the load bearing capacity of the reinforced piled foundation is effectively 
increased, with very low additional settlements.

The reinforcement and re-use of the existing piled foundations comply with the core philosophy of embodied carbon 
reductions, in line with the principles of building less, cleverly and more efficiently; making an important contribution to 
a more sustainable deep foundations industry. In this context, ductile iron piles are a comparatively resource-saving and 
sustainable solution, falling into the category of low carbon materials, due to the use of 100 % recycled steel and iron 
scrap and the implementation of potential improvements in their manufacturing process to reduce the gray or embodied 
carbon footprint (reuse of waste heat, use of renewable energies, etc.)

SUMMARY AND CONCLUSIONS
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