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Abstract

Ternary blended concrete(TBC), which contains both fly ash and granulated blast furnace slag, has an initial cost effective and
is environment friendly. Furthermore, it has a lot of technical advantages such as the improvement of long term compressive
strength, high workability, and the reduction of hydration heat. However, as the use and study on the performance of ternary
blended concrete is limited, it is low short term compressive strength. This study was performed to evaluate the characteristics
which are a long and short term compressive strengths, permeability and chemical attacks resistance of hardened high early con-
crete containing slag powder and fly-ash using high early strength cement(HE-TBC). Replacement rate of FA is fixed on 10%
and replacement rate of slag powder are 0%, 10%, 20% and 30%. The test results showed that compressive and flexural strength
of HE-TBC increased as the slag contents increased from 0% to 30% at the short term of curing. The permeability resistance
of HE-TBC(fly ash 10%, blast 30%) was extremely good at the short and long terms. However, high early strength ternary
blended concrete had weak on carbonation of chemical attack.
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early strength cement”

Item Chemical Composition {%) Mineral Composition (%)
Type Si0, | ALO; | Fe,O5 | CaO | MgO | K,0 SO; | Na,O |IgLoss| C38 CS CiA | C4AF
Type 19.7 59 3.0 62.1 3.0 0.75 42 0.1 1.1 42 21 11 9
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Table 2. Chemical properties of blast-furnace slag and fly ash

Ttem Chemical Composition (%) Blaine
Types 5i0, ALO, Fe,0, Ca0 MgO S0, (cm/g)
Fly ash 5333 30.17 5.21 321 0.98 0.29 3804
Slag 33.25 15.68 0.32 42.59 6.81 2.02 4387
Table 3. Mixture proportions of concrete
— — —
e };Sli 1—3:: wic " LnltBWexght(kg,m ) o AE'
e | e | P w - S S G | CBY%) | (<B%)
HFOBO 0 0 45 45 180 400 0 0 746 944 36 | 0028
HF10B0 10 0 45 45 180 360 40 0 740 937 3.6 0.029
HFI0BIG| 10 10 45 45 180 320 40 40 739 936 36 | 0.030
HF10B26| 10 20 45 45 180 280 40 80 738 934 34 | 0031
HF10B30 10 30 45 45 180 240 40 120 737 933 32 0.031
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Table 4. Comparison of compressive and flexural strength of HE-TBC
i Fly-ash BS W/B Alr Compressive strength (MPa) Flexural strength (MPa)
Spec. (%) ) (%) corttents 1 da 3 days |28 days| 56 days| 90days | 7 days |28 days |90 days
(%) y y ay y y y y y
HFOBO 4] 0 45 3.6 19.8 218 40.7 43.7 452 104 1.2 12.5
HF10BO 10 0 45 4.1 18.8 210 423 44.8 46.9 102 10.9 13.0
HF10B10 10 10 45 43 17.5 222 413 42.1 453 9.1 10.7 12.3
HF10B20 10 20 45 4.5 16.4 20.3 40.2 43.1 46.3 8.9 104 133
HF10B30| 10 30 45 3.9 152 | 183 | 393 | 419 | 450 | 76 9.9 13.2
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Table 5. Results of permeability
Permeability(Coulombs)
Spec. Rating
28days Sédays 90days
HF0BO 7950.0 66294 4099.1 High

HF10BO 6530.0

4626.5 2069.1 Moderate

HF10B10 §  4200.0

28917 15813 Low

HF10B20 | 2950.0

2020.5 1101.6 Low

HF10B30 | 22500

1596.6 980.6 Very low

7000 -

Colombs
g

HFB0 HF10B0

128 days I 90 days

HF10B10 HF10B20 HF10B30

Fig. 1. Passed coulombs of HE-TBC.
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Table 6. Compressive strength ration by chemical immersion
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Water 28day + Chemical immersion of 28day
Spec. str;c;rtnhpr:fj s;\(lsjay 3% 1,504 3% HA
{(MPa) Compressive strength Deterioration Compressive strength Deterioration
after immersion coefficient affer immersion coefficient
HFO0BO 437 18.4 17.55 17.2 18.63
HF10BO 448 210 15.77 17.0 1520
HF10B1O 42.1 232 12.88 18.9 16.50
HF10B20 43.1 25.2 11.77 20.1 15.85
HF10B30 41.9 27.1 9.79 21.3 1435
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Table 7. Result of air voids analysis of HE-TBC

HFO0BO HF10B0 HF10B10 HF10B20 HF10B30
Void size (pm) 1,000< | L000> | 1,000< | 1,000>= | 1,000< | 1,000> 1,000< | 1,000> | 1,000< | 1,000>
Number of void 173 8 192 12 341 2 217 18 247 6
Air contents (%) 1.04 0.55 1.56 0.77 2.28 0.13 1.57 1.13 1.85 0.29
Total air contents(%) 1.59 2.33 2.41 2.7 2.14
Spacing factor (um) 442 487 2699 459 379
Durability Index 87 91 93 93 89
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Fig. 2. Weight change ratio by sulfuric acid.
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Fig. 3. Weight change ratio by chloric acid.

%

A 2
AR F s EUI‘%E.% E2TE 7}737414: cg_
ﬁg}“’q *5"*43}%@ 3170}}\1111]\53_ o]

°HH 4 ﬁ%ﬂﬂ:ﬁ u]%f—%} @7}?1 ?lo}cﬂ 1,000 pme
ate] AgFIo] HAAH R tha Fvlehs AL

Fig. 4. Deterioration coefficient(H,SOy).

w
1=

a9 —— 28days

<

W25

<

@®

2

Eop -

= "

£ \

2 .-

£ 15 - T

Q

kx>

£l

s

s

8 °r

3

8 1 k3 A i L
HFOBO HF 1080 HF10B16  HF10B20  HF10B30

Fig. 5. Deterioration coefficient(HCI).

BTk 22y 3EA 2R WRexe] A=
g 7 el FERE Wshke fidlen widxgs
EXHOE Arlel= ARADY] %] O 2 Aow
Yttt Ws24S #52 5 e 1445 249
M Lﬂ%@”% grspr] s FAEE 250 umE B
€ ZAM "elskert WEEd FgMe A
3-r 80°] ‘94 5 WE24E Uehigin. ole%
Az, W e BAGENZ il WF FaE
o] AdstA T J wo] FAE WFRY SEHF7T

AdeolZg Al 1948 A 535, 2010



56 e - R

Relative dynamic modulus of elasticity(%)
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Fig. 6. Relative dynamic modulus of elasticity during freeze-
thaw test.
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Fig. 7. Freeze-thaw durability index.
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