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* First mentioned in Middle
Age in Venice — Italy

e ,Sylvicultura oeconomica” by
Hans C. von Carlowitz, forest
engineer in 1713

* Brundtland Report 1987 —
UN World Commission

¢’  *Agenda 21— Rio de Janeiro
= June 1992
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Hans Carl von Carlowitz

Planned reafforestation =
sustainable forest economy

<

" Brundtland Report

Sustainable developement meets the

needs of the present without

compromising the ability for future
__generations to meet their own needs

Definition

/‘ :
Common meaning

- In nature -> Remaining of diverse
biological systems

- In economy -> Long-term practices
respecting the environment, the well-
being of employees and prospect of

\ future nations
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Resilience
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* In English material mechanics in the 19t Century — stress and
resilience by Thomas Young

* In Psychology 1950 by Jack Block — ego-resiliency

 Since 10 years Stress and Resilience developed to key concepts
in Psychology and Climatic Change research
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Definition

engineering

Resilience in
engineering sciences
refers to the ability of
technical systems not to
fail completely in the
event of faults or partial
failures, but to maintain
essential system
services.

ecosystem

Ability of an ecosystem to
return to baseline
condition after disruption

psychology

Resilience or psychological
resilience is the ability to
cope with crises and to use
them as an occasion for
development by resorting
to personal and socially
mediated resources.
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Energy sector

Resilience is defined as the
ability of a system to
maintain its ability to
function under stress or to
restore it at short notice.
Resilience goes beyond the
property of robustness.



Design and Material

Incorporation in design process

Ecologic and economic effects + resource management + lifespan cost + resilience = overall view

Resource management

Carbon footprint of different materials + efficient material usage + efficient use of equipment

Lifespan costs

Erection cost + maintenance + recycling cost

Resilience

Ability to withstand or absorb assaults without complete failure



Execution

Incorporation in execution

Ecologic and economic effects + resource management + lifespan cost + resilience

Resource management

e.g. Carbon footprint of uses equipment + reduction of consumables + efficient material usage

Lifespan costs

Erection cost + maintenance + recycling cost

Resilience

Ability to withstand or absorb assaults without complete failure



Some examples
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1. Ropeway tower foundation

section ropway axis

* Original design — shallow foundation

tower 3B
1=578,638 m

~win ¢ Value engineering — deep foundation
| with Micropiles

tower 3A e

i, * Reduction of carbon footprint
' " earthworks 60%
» * Reduction of carbon footprint
i .. concrete works 2%

 Reduction of erection cost
foundation by 60%

Improvement of slope stability at no
additional cost




Deep foundation for the tower — like roots of a
tree

Reinforcement of soil — like roots of a tree

Improvement of soil - adding the property,
which soil actually does not have

Minimizing excavation volume and concrete

Sustainable solution
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2. Pile Foundation and Slope Stabilization

Micropile
foundation for Slope slide Step by step
building in steep solution
terrain
e Geotechnical survey e Stability analysis —
e Geodetic survey — backclalculation
speed of movement e Implementation of
e Risk assessment micropiles

e Stability analysis
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Foundation solution

* High foundation loads would
have led to huge shallow slab
foundations, which could not be
realized due to steep terrain

* Due to steep inaccessable
terrain a solution with piles of
big diameter for the high loads
of the foundation was not
possible.

* A solution with micropiles was
designed to bring the
foundation loads to bearing
ground
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Drilling works

Slope stabilization 17 years later

W1=300,00 kN/m

W1=300,00 kN/m
W1=300,00 kN/m

1.28
WW1=300,00 kN/m

W1=300,00 kN/m

W1=300,00 kN/m

W1=300,00 kN/m
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Stability analysis — Krey versus Janbu

IGlobale Sicherheit, EWK 1 Mstb. 1:1362,2 (14.83,586.75..246.16,754.25)
Massgebende Gleitlinie

Y

1=300,00 kN/m
1=300,00 kN/m

W1=300,00 kN/m

1=300,00 kN/m

A
1=300,00 kN/m — W1=300,00 kN/m
1=300,00 kN/m

' 1=300,00 kN/m

1=300,00 kN/m
1=200.00 e
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Stabilization works
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Formwork and
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cap beam

concret
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demand of client

 Stability of building longterm
e Slope stability longterm
» Affordable solution

Output

 Stabilization project combined with
drainage measures

* Riverbed stabilization by riverbed
swells

* Riverbank stabilized by hard bank
reinforcements
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Finalizing
works
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Road Stabilization works
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500

900 PILE CAP

| BY OTHERS

TITAN 40/20 DRILL ROD CENTRAL

CONNECTION PLATES TO MANUFACTURERS DETAILS
ﬂ: 90MM BUTTON BIT (ROCK DRILL)
135MM+ EFFECTIVE GROUT DIA IN SAND
600 100MM EFFECTIVE GROUT DIA IN ROCK SOCKET
30 DEG RAKE TO REAR PILE (UPSLOPE)
5-10 DEG RAKE TO FRONT PILE (DOWNSLOPE)

3M ROCK SOCKET BASED ON PRELIM DESIGN
Sect|on vy CONFIRMED BY PILE TESTING

MICROPILES AT 750CTS
+/- 200 STAGGER MAX

PILE CAP
/ REAR FACE

Plan View

EXISTING CUT OFF DRAIN

CONFINED COMPOSITE
WEDGE

ROCK LEVEL
VARIES

/ MICROPILE

3M ROCK SOCKET

Typical Section

NOTE
EROSION PROTECTION TO BE PROVIDED AND
MAINTAINED TO DOWNSLOPE FACE
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Exectuion of value engineering

Drilling works with excavator mounted

Pile testing
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Exectuion of value engineering
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carbon footprint -> small

long lasting

Works as part of natural environment — not against
ldea comes from nature — roots = root piles

Resource caring

Micropiles are high capacity and versatile means of foundation
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Sustainability - conclusions
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Conclusions resilience

Robust Re.5|stan.t 4 act as collective
disruption

Transfers ground
to another system
— chamge of
properties
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After more than 30 years of
working with micropiles - my
answer Is yes
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