
14th International Workshop for Micropiles / August 21 – 23, 2019 / Gold Coast, Australia

MSc.-Ing. Freddy Lopez (Friedr. Ischebeck GmbH, GERMANY)

MSc.-Ing. Jann-Eike Saathoff (IGtH - Leibniz University of Hannover, GERMANY)

Univ. Prof. Dr.-Ing. Martin Achmus (IGtH - Leibniz University of Hannover, GERMANY)

REINFORCEMENT OF EXISTING 

DEEP FOUNDATIONS WITH MICROPILES



Slide 214th International Workshop for Micropiles / August 21 – 23, 2019 / Gold Coast, Australia

Layer 1: Granular infill

Layer 2: Gravels, dense

PROJECT DESCRIPTION: THE AGGRIPABAD IN COLOGNE, GERMANY

15.0m

Nserv,0 = 1000kNNserv,1 = 2500kN

Intervention of the parking deck (with one underground level) of a public indoor swimming pool.

In order to expand the capacity of the existing facilities, different upgrading and extension measures are planned.
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Rotary-percussive drilling with  flushing grout (w/c = 0.7 – 0.8)

Dynamic pressure grouting (w/c =0.4 – 0.5)

INSTALLATION PROCESS

Hollow bar

Coupler

Centralizer

Head 

construction

Transition tube

(steel / PE-HD)

Drill bit

COMPONENTS

© Friedr. Ischebeck GmbH

ADVANTAGES

High drilling performances with low vibrations

Flexible use of drilling equipment 

Installation even in confined spaces

UNDERPINNING WITH SELF-DRILLING MICROPILES
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Analytical Model (Recommendations on Piling, EAP 2012)

ANALYSIS OF THE REINFORCED PILE 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):

𝑹𝒌(𝒔) = 𝑹𝒃,𝒌(𝒔) + 𝑹𝒔,𝒌(𝒔)

𝑹𝒔,𝒌(𝒔) = 𝝅 ∗ 𝑫 ∗𝒒𝐬,𝒌,𝒊 ∗𝑳𝒊

𝑹𝒃,𝒌(𝒔) =
𝝅

𝟒
∗ 𝑫 ∗ 𝒒𝒃,𝒌(𝒔)

Model geometry: 3D / axisymmetric

Pile: volume elements (concrete), lineal-elastic

Soil:  HSsmall

Numerical Model (PLAXIS3D)

Rult

Rallow

𝑹𝒂𝒍𝒍𝒐𝒘 =
𝑹𝒖𝒍𝒕

𝑭𝑺
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ANALYSIS OF THE REINFORCED PILE 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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9.35m

Existing piles D=0.8m

Pile head level +51.9m

Pile toe level +42.9m

L=9.0m
Layer 1: Granular infill

2.5m

Layer 2: Load bearing stratum 

(case dependent )

+45.4m

GWlevel +44m

PARAMETRIC STUDY

Three different ground conditions with different geotechnical properties were assigned to the load bearing stratum:

Case Layer 2

1
Gravels, medium dense to dense

(qc = 14 MN/m2)

2
Sands, medium dense

(qc = 11 MN/m2)

3 and 4
Clays, firm – stiff

(cu,k = 150 kN/m2)
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ANALYSIS OF THE SINGLE PILES

CASE 1CASE 2CASES 3 AND 4
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ANALYSIS OF THE REINFORCED FOUNDATION: CASE 1 (GRAVELS, MICROPILE´S LENGTH = 12M)

Rmicropiles ≈ 1950kNRpile ≈ 1250kN

RFoundation ≈ 3200kN

Rallow =  34003200

𝐑𝐅𝐨𝐮𝐧𝐝𝐚𝐭𝐢𝐨𝐧

𝐑𝐩𝐢𝐥𝐞
=

𝟑𝟐𝟎𝟎𝐤𝐍

𝟏𝟐𝟓𝟎𝐤𝐍
= 𝟐. 𝟓𝟔

s = 1.7cm is expected for Nserv,1 = 2500kN 
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ANALYSIS OF THE REINFORCED FOUNDATION: CASE 2 (SANDS, MICROPILE´S LENGTH = 12M)

Rmicropiles ≈ 1700kNRpile ≈ 1150kN

RFoundation ≈ 2850kN

Rallow =  2850 3000

𝐑𝐅𝐨𝐮𝐧𝐝𝐚𝐭𝐢𝐨𝐧

𝐑𝐩𝐢𝐥𝐞
=

𝟐𝟖𝟓𝟎𝐤𝐍

𝟏𝟏𝟓𝟎𝐤𝐍
= 𝟐. 𝟒𝟖
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ANALYSIS OF THE REINFORCED FOUNDATION: CASE 3 (CLAY, MICROPILE´S LENGTH = 12M)

Rmicropiles ≈ 1200kNRpile ≈ 700kN

RFoundation ≈ 1900kN

Rallow =  1900 2800

𝐑𝐅𝐨𝐮𝐧𝐝𝐚𝐭𝐢𝐨𝐧

𝐑𝐩𝐢𝐥𝐞
=

𝟏𝟗𝟎𝟎𝐤𝐍

𝟕𝟎𝟎𝐤𝐍
= 𝟐. 𝟕𝟏
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ANALYSIS OF THE REINFORCED FOUNDATION: CASE 4 (CLAY, MICROPILE´S LENGTH = 15M)

Rmicropiles ≈ 1450kNRpile ≈ 750kN

RFoundation ≈ 2200kN

Rallow =  2200 3400

𝐑𝐅𝐨𝐮𝐧𝐝𝐚𝐭𝐢𝐨𝐧

𝐑𝐩𝐢𝐥𝐞
=

𝟐𝟐𝟎𝟎𝐤𝐍

𝟕𝟓𝟎𝐤𝐍
= 𝟐. 𝟗𝟑
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SUMMARY AND CONCLUSIONS

A group of symmetrically arranged self-drilling micropiles (15° vertical inclination) was proposed to reinforce an

existing pile foundation, in order to increase its load bearing capacity.

A parametric study was conducted, using numerical models (PLAXIS3D) to evaluate the interaction of the existing

pile foundation and the reinforcement, considering three different ground conditions.

For the same settlements (up to 2.0cm), the load bearing capacity of the reinforced foundation is significantly

improved (>2.5 times the capacity of the single piled foundation). The contribution of the micropiles is evident,

representing more than 60% of the total resistance.
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FREDDY WAS WRONG:

THE OPTIMUM INCLINATION OF THE MICROPILES IS NOT 15°, IT IS 10°!!!!!

FURTHER ANALYSIS
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REINFORCED FOUNDATION: INFLUENCE OF THE INCLINATION OF THE MICROPILES (CASE 1)
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REINFORCED FOUNDATION: INFLUENCE OF THE INCLINATION OF THE MICROPILES (CASE 1)
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REINFORCED FOUNDATION: INFLUENCE OF THE INCLINATION OF THE MICROPILES (CASE 1)
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REINFORCED FOUNDATION: INFLUENCE OF THE INCLINATION OF THE MICROPILES (CASE 1)
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SUMMARY AND CONCLUSIONS 2.0

A group of symmetrically arranged self-drilling micropiles (15° vertical inclination) was proposed to reinforce an

existing pile foundation, in order to increase its load bearing capacity.

A parametric study was conducted, using numerical models (PLAXIS3D) to evaluate the interaction of the existing

pile foundation and the reinforcement, considering three different ground conditions.

For the same settlements (up to 2.0cm), the load bearing capacity of the reinforced foundation is significantly

improved (>2.5 times the capacity of the single piled foundation). The contribution of the micropiles is evident,

representing more than 60% of the total resistance.
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1.40m

0.80m

Bored

pile

Pile cap
(reinforced)

Self-drilling micropile

Self-drilling micropile

0.80m

Bored

pile

Pile cap

(existing)

The following constructive sequence can be proposed:

CONSTRUCTIVE SEQUENCE

2.40m
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LET´S MAKE SOUTH AMERICA GREAT AGAIN! VOTE FOR US IN THE WORLD CUP OF MICROPILES!

#WEALLARESOUTHAMERICA

#ISM2019


