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Beton strateqi

120 ars levetid med brug af velkendt teknologi

L'INVENTION
DU BETON ARME

Ikke start af korrosion eller stgrre reparationer

velkendt teknologli med gode erfaringer
* lkke konkurrence pa kvalitet

* Bygherren definerer de krav, der sikrer levetiden
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Hvordan er dette mal blevet opfyldt?

* EN 206-1 og EN 13670-1 brugt som ramme

TPR Contract
Tunnel Portal and Ramps Contract

VOLUME 8
Execution Requirements

« Omfattende Femern Materials and Execution
Requirements” (120 ars levetid og velkendt
teknologi)

TPR Contract
Tunnel Portal and Ramps Contract

VOLUME 7
Materials Requirements

September 2013

» Omfattende program for forpr@vning og
pravestgbninger

» Kvalitetskontrol understgttet af veldefinerede
godkendelsesprocedurer

« Systemer for certificering og akkreditering sikrer

Femern
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State-of-the-art rapporter

Tekniske noter fra Qresund
+

Nye emner (fx SCC)

11 omrader hvor baggrunds-rapporter er
blevet produceret

« Udggar en videnskabelig basis for kravene

« Udggr sammen med strategien en fast basis
for ledelsen under udfgrelsen (ved
aendringsforslag og NCR)
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Femern A/S eksponeringsplads

 Etableret i Rgdbyhavn april 2010 (bro)

« Dataopsamling skal understgtte kravene

» Lang tids dataopsamling giver viden om
levetiden

 Entreprengrens beton skal ogsa indga

» Giver supplerende viden under tunnelens drift

 Platform for forskningsaktiviteter
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CONCRETE
EXPERTCENTRE
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www.concreteexpertcentre.dk

Fehmarnbelt exposure site

The concrete was produced under strict control at the Concrete Centre’s HighTech Concrete Laboratory. Altogether thirtyseven concrete blocks
and a large number of small test specimens were produced. Fifteen large concrete blocks (400 litres — 2 x 1 x 0.2 m) each having different

concrete composition and seven instrumented blocks have been placed partly submerged in Redbyhavn harbour. The concrete blocks will be
monitored closely at least until the end of the construction period, which is expected to be in 2020
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Microscopic investigations
= Chloride ingre
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Results

Technological Services

Femern A/S, the Owner of the coming Fehmarnbelt Fixed Link, through an open tender process
selected the Concrete Centre at Danish Technological Institute as its external concrete laboratory.

21 Octot The contract involved the design, production and testing of a range of concrete types of interest to
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Had kan man finde?
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Fehmarnbelt Exposure
Site

Design and production of
concrete

Testing 6 months

Testing 2 years

Initial Concrete
testing

Microscopic investigations
Testing 5 years

Testing 10 years



Betonsammensaetninger til eksponeringsplads

 Lav alkali sulfatbestandig cement CEM | SR5 (LA)

« Kombinationer med og uden mikrosilica og flyveaske

» Slagge cement CEM I1I/B og CEM | + GGBS

 Beton til vibrering og SCC

« Holdbarheds parametre males (chloridindtraengen,
teerskelvaerdi, frost pavirkning, mikrostruktur udvikling
og betydning af revner)
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Low alkali 3R cement CEMI425N 100 85 75 75 36 84 a4 84 24 24 96
_ & |Cement CEM152,5 N 30
§ Z E Slag cement CEM 11I/B 42,5 N 100 100 100
2 E‘ = Fly ash EMN450-1 N 15 25 25 12 12 12 12 12
2 Microsilica 50 wi% slurry 4 4 4 4 A 4 4
3G blast furnace slag EM 15167-1 70
Cement kg,-’mz 385 322 300 33e 340 300 310 276 330 350 3l 375 410 108 340
Fly ash kg;’mz 57 100 112 43 44 33 a7y 50
Microsilica, solid matter kg,-’mz 14 14 13 13 16 17 14
g GGES kg/m’ 252
:E Water content I/m3 146 140 140 157 147 140 145 145 135 163 144 150 154 144 147
3_ Aggregate 0,2 kgfmz 695 671 42 G678 695 677 73l F00 G671 GET a9 702 a6 Ga9 {95
g Ageregate 4/8 kg,-‘mz 377 374 367 349 377 377 386 380 374 ERE 373 381 353 374 377
% Aggregate 8/16 kgfmz 266 270 271 704 266 272 266 268 270 713 263 269 712 263 266
g Aggregate 16/22 kgfmz 529 538 541 - 529 543 530 334 538 525 535 525 529
- Air Entraining Agent kgﬁr‘n3 L7 L7 2.3 4,0 o7 1.6 .0 L5 2.3 2.2 0,8 .0 1.8 1,0 0,0
Superplasticizer 1 kg/m® 3,8
superplasticizer 2 kg/m® 2.3 2.2
Superplasticizer 3 l-:gfr‘nE 2,8 2,9 2.7 2.9 2,6 3.6 3.4 2.3 2.6 2.9 2.9 3,7
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Low alkali SR cement CEM 142,35 N 100 83 75 73 96 a4 g4 =
_ 6 |cement CEM 152,5N
¥ o= ; -
3 £ [slag cement CEM II1/B 42,5 N
o g— =2 [Fly ash EN 450-1 N 15 25 25 12 12 12
S Microsilica 50 witb slurry 4 4 4 4
3G blast furnace slag EMN 15167-1
Cement L;g,-’mz 365 322 300 336 340 300 310 276
Fly ash L;g;’mz 57 100 112 43 44 39
Microsilica, solid matter L;Er,-’mf 14 14 15 13
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Low alkali SR cement CEM 42,5 N 84 84 95
_ & |Cement CEM152,5N 30
E Z E|slag cement CEM I1I/B 42,5 N 100 100 100
S £ £|Flyash EN450-1 N 12 12
S Microsilica 50 wi% slurry 4 4 4
GG blast furnace slag EN 15167-1 70
Cement kg;’mz 330 330 360 375 410 108 340
Fly ash kgfmz 47 a0
Microsilica, solid matter |kg/m’ 16 17 14
- |GGBS kg/m’ 252
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The maximum deviation on the w/c-ratio was 0,85 9% corresponding to values between 0,397 - 0,403 for a

nominal value of 0,400,
mixing stations.

2. roughly 10 times better than what is typically achieved by industnal concrete
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Frostbestandighed — stgbte terninger
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Chlorid migration
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Chloridindtreengen efter 10 ar

Eksponeret i havvand
fra ca. 45 dage

Concrete ID: C Concrete ID: | Concrete ID: K
Binder: 75% Portland cement + 25% fly ash Binder: 84% Portland cement + 12% fly ash + 4% microsilica (low water/binder ratio) Binder: 100% slag cement (CEM IIl/B 42.5 N)
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Ngdvendigt deeklag = Kritisk

indtreengningsdybde x ¥ 120/10 =

(19.3-5) x=2-D, -erﬂ:'][ -

Kid x 3,46

Betonhdndbogen, 19 Betons holdbarhed

19.3 Chloridindtraangning

Af Jens Mejer Frederiksen

Og idet
(19.3-6) ;czg_ﬂﬂ,erfc-][ﬂx.r]—a]
BETON —CW _Cr—

B 48 HAnDBOGEN

fas den endnu simplere form givet i formel (19.3-7), idet man samtidig ser, at t>>t.,,
hvorfor (t-tex) = t
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(19.3-7) x=K-t
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