MERIEE 23c|E wHiEEe| &7| 9

I EA

zk=3
||| o

9 A0 Tt 47

A Study on Long-Term Mechanical Properties and Durability in Metakaolin
Concrete Bridge Deck

1)* 2 = 4 _
o 2 o Ay g? o x 2 at o 2 5 2 A
Yang, Eun Ik Kim, Myung Yu Yang, Joo Kyoung Park, Hae Geun Choi, Yoon Suk

Abstract

The requirement for durability of concrete bridge deck is increasing as the deterioration for the concrete bridge deck
exposed to severe environment has been increased. For this reason, the concern about high—durable concrete is being
high. Recently, a metakaolin is highly spotlighted as new admixture because its strength and durability are equivalent to
silica fume. On the other hands, there are few researches for the metakaolin concrete bridge deck in domestic. So many
various long—term data on the mechanical property and durability is needed to apply metakaolin concrete at the concrete
bridge deck construction field. This study is aim to evaluate the long—term mechanical properties and durability of
metakaolin concrete bridge deck with curing age. Mechanical properties are estimated by the compressive and flexural
strength, and the drying shrinkage, the chloride resistance, the scaling, and freezing and thawing characteristics are
compared with curing age. According to the results, when the metakaolin concrete is used, the development of
compressive and flexural strength proceed in both the early and old ages. It is also improved the resistance of chloride
penetration, freezing and thawing in concrete. It was showed that replacement of metakaolin was efficient for the

reduction of the drying shrinkage.
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Table 1 Test variable
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Specimen Type . Ttem
ratio
OpPC OPC 0% Strength
SF Silica fume 5, 10% Drying Shrinkage
MK Metakaolin 5, 10, 15% Chloride resistance
; Scaling
MS N\Igakaohn 10%(5 +5%) | Freezing & thawing
+Silica fume

Table 2 Chemical—Physical compositions and properties of materials
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Chemical component (%)

MK SiOp AlO3 Fex05 CaO TiOp NazO K0 P20s LOI density Fineness (cm?/g)
52.1 45.3 0.6 0.05 1.64 0.21 0.16 0.21 0.16 2.5 150,000
o SiO, Al:Og FesOs CaO MgO SOs Ig. loss density Fineness
91.2 1.3 0.8 0.7 0.3 - 2.3 2.2 200,000
Table 3 Mix proportions of concrete
Ginme Slump Air w/B S/a Unit weight (kg/m®) Admixture
(mm) (cm) (%) (%) (%) W C S G MK/SF AE Sp
OPC 389 754 974 0/0 0.03 0.8
MK5 369 752 972 19/0 0.03 1.1
MK10 350 750 969 39/0 0.03 1.35
MK15 25 18 5 45 44 175 331 748 967 58/0 0.03 1.6
SF5 370 751 970 0/19 0.03 1.2
SF10 350 748 966 0/39 0.04 1.5
MS5 350 759 981 19/19 0.03 1.5
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Fig. 4 Freezing and thawing test

2.2.4 ALY

ALY AHL 2897 919 FFHAE oy 47
ASTM C 672¢] w2t A&l dsbda 5% 589
& Alzste] A3 At 2AYE S48 ZAYE FA

Ao] EHe] =89 200ge el AT AEs3eh vt
R vl s Slell SrE Adel Fkesith
A ZAE FAAE 24 fed T 47l0)H, 7=
220x220X80mm ©|t}. ASTM C672¢] ZAE ¥
o 2719 AE deteby] 13 7)ol vkdE ] 9l
T} o] W St B50% QIgh A1ZH2] el of7s)

Atk webe 2 Al s el i AFA
Fol7] fJsto] 92 AEE AAIU- | &3] HolA]
b ZAYE FAIAS T sk S Uehdiglth

Fig. 3¢ 271203 A9H74< ek,

Lo R

2.2.5 sAg3 A
2B 453 A 54 3 AEHEKS F
2456) | oJ8) v)a 71k Fig, 45 & ATteA] 2

IxsFTsks|x| 153 M3s(eo11. 5 127



Algk ARA7E veRd Zlolok AlEHe] wlel, 30Ake]
Swlct AP A9 FEHIAI S SEsE SAskloH,
FHEFAORZ 300A127H4] AFsIATE T4 §3foll A
8 APAl= 100x100 X400mme] 745 FAIAe]H,
20C oA 149 548 $ Al

S|

3. AlS 7E=ij_l_|- ajl A

=<

HI

3.1.1 ¥ Aol & ?}% s

FBA R e FATES] 7= 545 Table 4l &
Z3lom, Fig. 5 o AlFel e Aedds Al
289 OPC Y¥574%= v Aupddos vepd Zlojrh
4% ST A AvEd, ek g e A
7MY rE AR 2a9E 271 ERE ol e
77 e] o] 27 7HA] )P A 0= T]ojehs Zlow dde
o} HEpREES EH AEEN AHE 3] <

A Ak (Ca(OH) o) 2 Agtsto] Bt Zw=7f
& TR AR o s fkdch 2 A3 A

T HElRERe) ARGl 7P aaARl AT &
vtk 3, B Ao 15%9 mEpkEES A
7397t 10% 7350l vlsl 5=t A STk ek
t}. 7]1EA7(Sabir, 2001) oM % HERFE9] 1%01
15%% 5ol 23Hee] 7ol whe /7|4 Aes
7k gaAo] Wolxivhs Zlg whagst vl Qlok B3k =
Y A0 5, 2005) & 9197kA| 9] jEhA 54
AdolA 10%01 X3S AT &

UeS B Bl vElRe=e] vl A lw}a} 7&5
%t‘sﬂ% 40] "J'E]—X]“ ;HO 71-‘1. 1-73 < ]
Aol AR HEFRE RS ¢ %"%5—‘1—
oAl ARgol 7H niAst Zlo R itk

o Hr 2
T
-r’m‘o

puil

rhlJ
.ﬁr

3.1.2 A A v =
Fig. 6 oA Aol e A7 Avzx, A
28Y OPC 4% tn] H&EE vepdct, Ayl u}

Table 4 Compressive and flexural strength results with curing age (Unit: MPa)
Ages OPC MKO05 MK10 MK15 SFO5 SF10 MS5
; Comp. 244 30.4 32.8 30.9 32.2 277 27.1
Flex. 4.18 5.22 5.60 5.86 5.04 5.36 4.00
28 Comp. 32.8 39.4 44.3 41.9 37.61 34.6 41.7
Flex. 4.56 6.14 6.40 6.59 6.21 5.75 5.88
o1 Comp. 38.0 44.0 48.6 48.5 37.6 41.1 44.5
Flex. 5.57 6.50 7.41 5.85 6.55 6.61 6.00
180 Comp. 39.1 45.6 50.0 494 42.4 42.9 46.2
Flex. 5.78 6.56 7.44 6.69 6.75 7.24 6.25
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Fig. 5 Relative compressive strength with curing age
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Fig. 6 Relative flexural strength with curing age
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Fig. 7 Measured and simulated results of drying shrinkage with
binder
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Fig. 8 RCPT results with curing ages and binder
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Fig. 9 Chloride immersion test results with curing ages and
binder
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Table 5 Chloride diffusion coefficient (RCPT & Immersion)

(Unit: X107 "2m?/s)

Ages Test method orPC MK5 MK10 MK15 SF5 SF10 MS5
7 RCPT 24.33 22.43 21.22 20.41 24.73 25.41 22.70
ays
Y Immersion 4.63 2.57 1.60 1.48 3.26 1.82 1.79
RCPT 16.65 9.04 6.14 5.50 15.21 10.68 8.72
28days
Immersion 3.68 1.87 1.54 1.43 1.47 1.25 1.46
RCPT 9.48 5.82 3.00 2.10 6.78 3.00 3.62
9ldays
Immersion 3.11 1.32 1.14 1.20 1.27 1.11 1.49
180days RCPT 9.15 5.31 2.46 1.80 5.92 2.70 2.76
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Fig. 10 Surface deterioration pictures due to scaling (91days
curing result)
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