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Building Materials - Ecological Aspects

11
<10 - ,Bullding Materials® represent the
> 9 highest anthropogenic mass flow
o 8
0
g 7
s 6
= 5
£ 4
-
o 3
5
3 2
ol
, N L

Steel Cement CO2-Cement "Concrete"



I Forschungszentrum Karlsruhe x'HFH Karlsruhe

in der Helmholtz-Gemeinschaft |15 UNIVERSITY OF APPLIED SCIENCES

L= HOCHSCHULE FOR TECHNIK
\

8300

9000 w

The®fth §
0] .
Wwas’qd 15 % of the Gross National Product |

re"é’bagdd iNng
= 5000

of this

4000

Costs in Bill

3000

2000

1300
1000

0

"First Aid" Restoration of Structures Gross National Product

Gotthard-Highway, Switzerland




I Forschungszentrum Karlsruhe FH Karlsruhe
in der Helmholtz-Gemeinschaft UNIVERSITY OF APPLIED SCIENCES
F

HOCHSCHULE FR TECHMIK

I
Building Materials - Technical Aspects
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2000 years old Water Reservoirs made with ,Opus Cementitium*
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Durability — also a Problem in
Ancient Times

Reasonsfor the Strength of
Roman and Gothic Brickwalls and
the M easuresto Achievethis
Durability for New Brickwalls.

F.L. Ziegler (1776)
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Durability of Constructions In

Modern Times

Deterioration Mechanisms
Chloride Induced Corrosion

eCarbonation

*Sulphate Attack
*Hydrolysis of Cement-Based Materials in
Permanent Contact with Water

I Forschungszentrum Karlsruhe

, Reactive Transport of
Chemical Compounds®
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Life-Cycle-Management of

Buildings
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Application of Water Repellent Treatment
to Protect Off-shore Structures
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Impacts on Concrete Structures in a
Marine Environment

Structures in Marine Environment

*Bridge pillars
*Plers Iin harbours
*Off-shore wind Parks

... are exposed to sea water with a
very high chloride content
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Protection of Concrete Structures in a
Marine Environment

Structures in Marine Environment ...
... are protected by

e using concrete with a low wi/c ratio
« Mortars (shotcrete)

e Polymer coatings

e mass impregnated mortars

« water repellent treatment ?
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Performance of an Impregnation
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I water Repellent Treatment of
Concrete

|
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Bonding on the Surface
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Goal of the project

 Experimental characterisation of the ,, Reactive
Transport® of silanes in concrete

 Modelling of the ,, Reactive Transport* of chemical
compounds in cement-based materials



I Forschungszentrum Karlsruhe » FH Karlsruhe

in der Helmholtz-Gemeinschaft H‘“ﬁ UNIVERSITY OF APPLIED SCIENCES

T - HOCHSCHULE FR TECHMIK

umerical Simulation of thé ,Reactive
Transport® of Silane with FEMLAB

FEMLAB is a ...

... FEM-Software for Modelling
Chemical Reactors in the Chemical
Industry

Goal is the Modelling ...

... of the reactive transport of inorganic b/
(e.g chloride) and organic compounds i
(e.g. Silane) in concrete.
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umerical Simulation of the , Reactive
Transport® of Silane with FEMLAB

1. Characterisation of the
kinetic of the chemical
reaction
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EQUIPMENT:
- HPLC-pump

- Injection valve
(Volume: 1 ml)

- HPLC column Experimental set-up
(Diameter: 8 mm, Length: 50 mm)
- Fraction Collector —
ELUENT: l Column, packed with
-Ca(OH),-solution, sat. Y concreto powder
(Flux: 0.05 ml/min) AAIRHT TR T
ANALYT|CAL Fraction collector ‘ ar
TECHNIQUES: Silane /1
-GC-MS 0l @ ——
(Ethanol- und Silane determination) gﬁ,{%j ﬁ r
Inig;;:l: : HPLC-pump E;JBI:;

Ca(OH)2 (sat.)
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N Breakthrough-Curves for Different
Silanes
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Distribution of Polysiloxane
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umerical Simulation of the , Reactive
Transport® of Silane with FEMLAB

2. Characterisation of the
transport of the silane




I Forschungszentrum Karlsruhe FH Karlsruhe
in der Helmholtz-Gemeinschaft UNIVERSITY OF APPLIED SCIENCES

_—r - HOCHSCHULE FR TECHMIK

Neutron Radlography Basics
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I Transport of Silane Observed by
Neutron Radiography

Creme - Penetration Depth: 8 mm

1

___.——M\

Gel - Penetration Depth: 16 mm

Silane - Penetration Depth: 18 mm
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Concrete D Octyltriethoxysilane
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1 Transport of Silane Observed by
Neutron Radiography
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Distribution of Octyl-polysiloxane
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I Water Repellent Treatment —
Ecological Aspects
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| Silane impregnation incl. production o0 Application of Shotcrete
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Water Repellent Treatment —
Ecological Aspects

Example: Bridge Pillar in Seawater

.Life cycle assessment” - Results

If thirty years after construction
restoration measures are necessary, an
Impregnation can be carried out every
three years before the ecological
,break even“ Is reached.

In practice the service life of an
Impregnation is in the range of 10-20
years
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Water Repellent Treatment —
Economical Aspects

Minimal service life
of a water repellent treatment

35 years

11 years

4% 6% 8%

Rate of Interest
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I Water Repellent Treatment —
Economical Aspects

Example: Bridge Pillar in Seawater

My
] |

Results of Economical Calculations

~ If thirty years after construction
restoration measures are necessary, an
Impregnation can be carried out every
.. S€ven years (4% rate of interest) before
8 the economical , break even“ is reached.

In practice the service life of an im-
pregnation is in the range of 10-20

years
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Outlook

The next steps In this project are:
 Calculating the parameters for the kinetic of silane reaction

e Investigation of different silanes in order to characterise the
Influence of the chemical structure on the chemical reactivity
(,Molecular modelling®)

e Investigation of the transport properties of different silanes in
order to characterise the influence of the chemical reactivity
on the reactive transport (,Modelling of reactive transport")

 Combining the ,Reactive Transport* with the ,Mechanical
Behaviour” of cement-based materials
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