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Udtagne betonkerner
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Prove- Byggear Udtagnings- | Ekspone- | Bindertype
numre dato ringstid

V1-V4  Vejlefjordbroen 1975-1980 -1,0 18-01-2012 Ca.34ar Slaggecement (Aquafirm)
fra Tyskland

Al1-A4  Alssundbroen 1978-1981 -1,5 17-01-2012 Ca.31ar A/L/S-cement fra AaP

F1-F4 Fargbroen 1980-1985 -1,5 03-02-2012 Ca.30ar Lavalkali-cement fra AaP
+ 23% FA fra Danaske

28]-30) @resundsbroen  1993-2000 -2,0 08-10-2010 Ca. 12 ar Lavalkali-cement fra
Cementa + 4% MS fra Elkem

Kerner fra Vejlefjordbroen Kerner fra Alssundbroen Kerner fra Fargbroen



Chloridanalyser
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Alssundbroen - chloridprofiler
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Chlorid-indhold (vaegt% af beton)

C(x,t) = CS—(CS—Ci)-erf<

Koos = 2y/Dq - erf~ (
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Vejlefjordbroen - chloridprofiler
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Chlorid-indhold (vaegt% af beton)

C(x,t) = C;

Koos = 2y/Dq - erf~ (
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Fargbroen - chloridprofiler
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Chlorid-indhold
Fargbroerne

Pille SFO6 (1992&2004) og SFO7 (2012), kote -1,3
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@resundsbroen - chloridprofiler
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Chlorid-indhold (vaegt% af beton)

C(x,t) = C;

Koos = 2y/Dq - erf~ (

—(cs—ci)-erf<

Chlorid-indhold (korrigeret)
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@resundsbroen - chloridindtraangningsparametre
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Chlorid-indhold (vaegt% af beton)

C(x,t) = C;

Koos = 2y/Dq - erf~ (

Chloridprofiler
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Diffusionskoefficienten D, Indtrengningsparameteren K .5
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The periodic table of the
lementy
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Sample B.V(26)

Macro-analysis: Crack

Atomic %
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-=-Al 28dg
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SEM-EDX: Structural
S g . )
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Fasesammensatning ved SEM-EDX
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Fremgangsmade ved SEM-EDX-malingerne

* | hvert dybdeniveau udfgres 300 punktanalyser, som er fordelt over 3 analyse-
felter (fig. 1), som hver bestar af 10x10 punkter fordelt over et areal svarende
til billedarealet ved ca. 1500x forstgrrelse (fig. 2).

* De tre felter fordeles pa tvaers af prgven, og placeres sa vidt muligt uden om
tilslag og luftporer.

Fig. 1: Eksempel pa fordeling af de 3 Fig. 2: Eksempel pa et analysefelt, som bestar af
analysefelter i et bestemt niveau 10x10 punkter.




Mikroskopi og SEM-EDX — gamle broer
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Bro Bygget Udtagningsdato Udtagningssted Kote/Niveau Prgvenr. Cement Tyndslib Polerprgve Chlorid
Type Top Bund Top Bund Dybde Mass%
Gl Lillebzelt 1929-35 sep-10 Pille 3 vandfyldt celle 17 Gulv Niras 640 PC - - 0-45 100-140 0-30 0,29
Gl Lillebaelt 1929-35 dec-10 Pille 3 vandfyldt celle 19 4 Niras 607 PC - - - 50-100 0-30 0,42
Gl Lillebaelt 1929-35 dec-10 Pille 3 vandfyldt celle 19 4 Niras 608 PC - - - 40-75 0-30 0,40
Gl Lillebaelt 1929-35 dec-10 Pille 3 vandfyldt celle 18 4 Niras 626 PC - - 0-45 - 0-30 0,35
Gl Lillebaelt 1929-35 dec-10 Pille 3 vandfyldt celle 18 4 Niras 627 PC - - 0-45 45-90 0-30 0,41
Gl Lillebaelt 1929-35 dec-10 Pille 3 vandfyldt celle 18 4 Niras 628 PC - - 0-45 - 0-30 0,41
Gl Lillebaelt 1929-35 dec-10 Pille 3 vandfyldt celle 18 4 Niras 629 PC - - - 30-75 0-30 0,41
Vejlefjord 1975-80 okt-96 Pille 8, sydside +35 Niras 681-1 PC X X - -
Vejlefjord 1975-80 okt-96 Pille 8, sydside -149 Niras 681-3 Slagge X X - -
Vejlefjord 1975-80 okt-96 Pille 8, sydside -265 Niras 681-4 Slagge X X - -
Vejlefjord 1975-80 dec-95 Pille 13, vestside +1,3m Niras 660-1 (4) Slagge X X - -
Vejlefjord 1975-80 dec-95 Pille 13, vestside +1,4m Niras 660-2 (15) Slagge X X -
Gl Lillebaelt 1929-35 okt-11 Pille 4, vandfyldt celle 20-22 4v_05 LB-1 PC - - 0-200
Gl Lillebaelt 1929-35 okt-11 Pille 4, vandfyldt celle 17-19 4V_06 LB-2 PC AB C AB (o -
Gl Lillebaelt 1929-35 okt-11 Pille 4, tgr, celle 18 47-01 LB-3 PC AB C AB C -
Gl Lillebaelt 1929-35 okt-11 Pille 4, tgr, celle 17 47-02 LB-4 PC A C A C 0-200
Gl Lillebaelt 1929-35 okt-11 Pille 4, tor, celle 1-2 47 03 LB-5 PC AB C AB C =
Gl Lillebzelt 1929-35 okt-11 Pille 4, tgr, celle 3-1 4T_04 LB-6 PC A ® A o 0-200
Gl Lillebaelt 1929-35 okt-11 Pille 4, vandfyldt celle 5 4v_03 LB-7 PC - C - c 0-200
Gl Lillebaelt 1929-35 okt-11 Pille 4, vandfyldt celle 5 4V_04 LB-8 PC AB C AB (o -
10-12, 20-22,
Gl Lillebzelt 1929-35 okt-11 Pille 4, tgr 1 LB-9 PC A ® A o 36-38
Alssundbroen 1978-81 jan-12 Piller, under vand -1,5m A3 PC (LavAlk) A - A,B -
Vejlefjordbroen 1975-80 jan-12 Piller, under vand -1m Vi Slagge, lav CH A - AB -
Fargbroen 1980-85 feb-12 Piller, under vand -1,5m F3 PC (LavAlk)+23%FA A - A,B -
Stormstrgmsbroen 1933-37 jan-12 Piller, under vand -7.3til-7.5 Rambgll 7UV PC, 1:2:3 0-45
Stormstrgmsbroen 1933-37 jan-12 Piller, under vand -6.1til-6.7 Rambgll 12UV V PC, 1:2:3 0-45
Stormstrgmsbroen 1933-37 jan-12 Piller, under vand -1.1 Rambgll 33UV top PC, 1:2:3 0-45
@resundsbroen 1998 (juli) nov-10 Pille, over vand F16 (7090) SE lavAlk+MS A
@resundsbroen 1998 (juli) nov-10 Pille, over vand F17 (7090) SE lavAlk+MS A
@resundsbroen 1997 (nov) nov-10 Pille, over vand H23 (7090) SE lavAlk+MS A
@resundsbroen 1997 (juli) nov-10 Pille, under vand -2m 128 (7090) SE lavAlk+MS A



Mikroskopi og SEM-EDX — ung beton
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Young concrete: Femern trial concrete (28 maturity age, 6 & 24 months)

Portland low alkali sulfate resistant cement (CEM | 42,5 N) w/c=0.40.

CEM 1 42,5 N with 15% fly ash, w/c=0.40.

CEM 142,5 N with 25% fly ash, w/c=0.40.

CEM 142,5 N with 25% fly ash, SCC, w/c=0.40.

CEM 142,5 N with 4% silica fume, w/c=0.40.

CEM 142,5 N with 12% fly ash and 4% silica fume, w/c=0.40.

CEM 142,5 N with 12% fly ash and 4% silica fume, no air entrainment, w/c=0.40.
CEM 142,5 N with 12% fly ash and 4% silica fume, w/c=0.45.

CEM 142,5 N with 12% fly ash and 4% silica fume, w/c=0.35.

CEM 142,5 N with 12% fly ash and 4% silica fume, SCC, w/c=0.40.
Traditional slag cement (CEM 11I/B), w/c=0.40.

CEM I11I/B, no air entrainment, w/c=0.40.

CEM 11I/B, SCC, w/c=0.40.

70 % slag mixed with 30% rapid cement (CEM | 52,5 N) w/c=0.40.

CEM 142,5 N with 4% silica fume with super absorbing polymers, w/c=0.40.
Basis cement (CEM Il, 52.5 — containing <5% LF and FA)

Rapid hardening cement (CEM |1 52.5 LA/MS)

Rapid hardening cement (CEM |1 52.5 LA/MS) with 30% fly ash

oz rA=-T~"ITOOmMMmMOO®>P

Rpd — 28 dggn, 6 mdr, 2 ar
Sort — kun 28 dggn
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Farpbroen og Femern D — SEM-EDX
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Vejlefjordbroen og Femern K — SEM-EDX

Tidsmaessig variation af S, Mg og Cl
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Grundstofprofiler i 4 broer — SEM-EDX
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Fargbroen

Pillar, cote -150, south Age: 1980-85

| Info Comments

Cement type LavAlk | Core taken in 2012
Fly ash X

Microsilica -
Slag -
W/C, apparent 0.40
Air % 3-4

Cement type: Lavalkali

Section No: 7206-F3

0, south Age: 1980-85

EMicro-structural zoning through concrete:

1. Surface is uneven and scaled. A thin calcite
crust is occasionally observed, as well a paste!
damaged by biological growth.

2. 0-3mm: Partially carbonated paste with
bands of black paste. Massive ettringite and
thaumasite-like phases are observed in air
voids. Paste is highly cracked.

. 3-10mm: Porous, black paste ettringite and

thaumasite-like phases in air voids.

. Internal paste contains a relatively high

amount of CH. Observed in air voids too.

Many small autogeneous cracks in paste.

- =

o

e enriched zone below.M&zone

Mikroskopi og SEM-EDX — dataark 1
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Mikroskopi og SEM-EDX — dataark 2
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Mikroskopi og SEM-EDX — dataark 3

Fargbroen Pillar, cote -150, south Age: 1980-85
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013 024 004 002 125 0P
005 019 007 o0 ope 0P

0 3, / ou o3t o0 oos ose 002
5 = 5 01 091 0 oo 1: 007
. , / 010 152 613 oos ose 010

- : 000 1840 0,06 000 o0py 130

o B = 012 1286 0,11 000 074 162

T / S -] 001 2034 003 000 o051 145

& ol P 014 2183 000 007 og2 174

v ® G s 011 2321 685 oo osi 200

= =~ " T = oy = 025 2303 002 000 o 2P4

Afca 002 2394 000 002 037 184

011 2163 002 000 ops 177
002 2483 005 000 055 165
0,10 2420 0,11 00 077 19
014 2724 005 001 053 241
007 2360 004 o010 ops 189
011 2367 002 000 ogs 180
010 2450 007 000 o024 183
020 2393 001 ooe o057 175
014 2473 002 o011 oas 185
011 2316 007 000 026 159
012 2393 000 o000 oss 174
011 2403 000 000 o7 183
011 1533 005 002 05 118




CONCRETE
EXPERTCENTRE

Mikroskopi og SEM-EDX — dataark 4

Fargbroen Pillar, cote -150, south Age: 1980-85

Faro2-7206A~(33) Faro2-7206A-(33) - Counts ( 500 Frame(s) )

Full scale counts: 143310 Faro2-7206A4{33)

Lines Usized Mapping Energy Range (V)

Mapping [KLnes ~] pom [880 1o [27%

Quant Klines v
Specy

aCheck

Phase distribution through the surface region of the concrete.

Farabroen, A Dt | Phase N2 Mg s 0 K G T M fe T8
Faro2-72084-1) 0 oH 074 1182 065 048 035 1126 005 o008 122 087
Faro2-72064(2) o2 o 0,61 1293 043 056 035 827 0,02 o1 139 059
Faro2-72064(3) 0p4 OH 0,67 1131 058 051 016 1349 000 002 113 108
Faro2-72084-48) 006 oH 087 1224 044 047 020 1006 005 000 o039 072
Faro2-72064(5) 0.1 on 08 1074 056 037 015 1283 006 00 103 125
Faro2-7206A(5) 02 oH 0,67 1361 048 047 013 742 011 000 129 053
Faro2-7208A-7) 03 oH 0,67 1327 053 933 011 244 011 000 osa 057
Faro2-72064-8) 04 o 0,00 1763 000 028 001 148 000 000 o040 0P8
Faro2-7206A-9) 05 ] 0.03 1385 035 087 009 519 015 003 17 033
Far02-72064-10) 06 o 042 1391 045 0% 005 513 012 013 18 034
Faro2-72064{11) 07 o 0,49 1185 032 062 024 835 003 004 157 0B
Faro2-7206A-12) 08 oH 051 17,29 035 073 013 024 004 002 125 0f
Faro2-72064-13) 08 oH 0,62 1866 0,43 045 005 ©01% 007 000 oge 001
Faro2-72064-14) 1 on 0,83 17,31 033 037 021 031 002 005 o 002
Faro2-7206415) 2 o 041 1305 043 058 012 051 020 000 131 007
Far02-72068-15) 3 on 031 1793 023 08 010 152 013 006 ose 010
Faro2-72064{17) 4 on 0,98 283 064 000 1840 006 000 o0ps 130
Faro2-7206A-18) 5 ] 0,51 411 108 012 1886 011 000 o074 152
Faro2-72064-19) & oH 026 034 2,40 1,11 001 2034 003 000 052 145
Far02-72064-20) 7 o 025 032 2,76 1,15 014 2184 000 007 o0f2 174
Faro27206421) 8 o1 024 023 271 134 011 2321 006 000 o5 200
Faro272064-22) s on 012 028 211 182 025 2303 002 000 oss 204
Faro2-72064-23) 10 o 02 010 134 126 002 2394 000 002 o037 1B4
Faro2-7206424) 125 oH 030 032 097 168 0,11 2163 002 000 ops 177
Faro2-7206425) 15 oH 029 032 0,86 158 002 2483 005 000 085 185
Faro2-72064-26) 175 oH 02 047 1,04 1,41 0,20 2420 011 00k 077 196
Faro2-7206427) 2 OH 018 030 098 165 014 2724 005 001 051 241

Faro272064-28)
Faro27206429)
Faro27206430)

s 110 134 007 2360 004 010 0@s 189
30 oM
3 on
faro272068-1) & o o 032
70 on
% on
%0
5

089 118 011 2367 002 000 og 180
0,76 147 0,0 2490 0,07 000 024 183
075 1,37 0320 2393 001 o008 o057 175
082 065 014 2373 002 011 o0as 185
0,53 09 011 2316 007 000 026 159
021 08 012 2393 000 000 s 174
111 066 011 2408 000 000 067 183
Average 042 65 102 09 011 1533 005 003 085 118
Average uden Mg one 120

Fr0272068-2)

Faro2-72068:3)

Faro2 72068-4)

Faro2-72068-5)
ra




