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Properties of the high strength and self-compacting concrete
according to the replacement ratio of fly ash
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ABSTRACT

This study describes the optimum mix proportion of the high strength and self-compacting
concrete placed in main structures of LNG above tank. This concrete requires high strength level
about 60~80MPa, low hydration heat, balance between workability and consistency without
vibrating in the actual work. For this purpose, low heat portland cement and fly ash are selected
and design factors including water-binder ratio, replacement ratio of fly ash are tested.

As experimental results, low heat portland cement shows lower the confined water ratio than
another cement type and the optimum replacement ratio of fly ash in order to improve properties
of the binder-paste shows 10% by cement weight considering test results of the confined water
ratio(Bp). Also, flowability of the high strength and self-compacting concrete by using fly ash
about 10~20% is improved. The replacement ratio of fly ash 10% and water-binder ratio 25~
27% are suitable to the design strength 80MPa and cost, In case of the design strength 60MPa,
the replacement ratio of fly ash and water-binder ratio show 20% and 25~30% separately. Based
on the results of this study, the optimum mix proportions of the high strength and self-
compacting concrete will be applied to the construction of LNG above tank as a new type.
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Table 1 Materials used in the high strength and self-compacting concrete

Cement Fly ash Chemical admixture | Coarse aggregate | Fine aggregate
-Belite cement(C2S 48%) |~Loss ignition : 3.5% |-Poly-carbone base |-F.M : 6.67 -FM : 262
-Blaine : 3,5000m/g -Blaine : 3,735cm/g -Glenium SP-8L ~Gravity : 2.62 ~Gravity @ 2.60
-Gravity : 3.22 -Gravity : 2.19(F Class)|-Gravity : 1.04+0.02 |-Gmac19mm(Crashed) |-River sand
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Table 2 The fundamental mix design condition and the required performances of the fresh concrete

W/B | S/a Unit_weight (kg/m*) Ad | Slump {50¢m reaching|V-type flow| U-box [Air content
(%) | (%) | W | C [Flyash] S | G |(Bx%)|flow (cm})| time (sec) | time (sec) |height (wm) (%)
27 | 505 165 | 611 0 818 | 811 11 655 7+3 155 min. 300 411
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Table 3 Variation ltems and ranges of the fresh and hardened concrete
Variations | Water-binder ratio (%) |Unit water (ke&/m)| Replacement ratio of fly ash {%) Remark
Range 25, 27, 30, 33 (4 Cases)| 165 (1 Case) 5, 10, 15, 20, 30 (5 Cases) Confined water ratio

Aggae Baolode] A@gol B dolxee F&5u Frish 24 e 2AHEY #F
B-234 2 A GEFEE GPo SPom, o8 Bal HAVEFE 60MPa L 80MPa
@ ool Jwe Hm, Wi nA vk PELU(E)E Figld 2 APl w 23
zadee 4540 718N R AdEY FEEFE Brbse Ao, Beold

of }E £54 BANE FEY RO ARITGY

HOo|AEe| E2F AlE ot ERF HHd|el E-AHE EXy| AMHE(ZE)e| &%
E-MUE EXul(1.1~14, 45F)0ll | 7| Ath 222 HEy| - S-AHE gxbjo | T | A 222 B2t 09
st HojAEe E22 AE et AEZD BiRES E/AHE EXH|

A7), Ho|2ES] B2 AP KS R 52019 2§54, E2$ Bol Fe425 meta %1
229 22 AAD F, dMol2Ee] Wil T3 ARA 28 =

86 If%



4. A%

gk

23 %

4_-1

Ho

41 Bajoloj4el x(&Eol mE Ly B}
Fig2 @ Fig3e NHESY FRs Sgfolofdls N@go] Be 74509 2g2HE 22 vehd
Aolh,

16 16
- o ° %oen’em —0— Beite cement [ ° o FA= 0% ® FA= S%A FA-10%I
215 A (Smeker) 0 ORC(Treken)f =15 0 FA= 15%0 FA=20%
§ 14 6 75y "" — D § 14 <o
913 Z 513
v 12 A D 12 A
el - © pAy
£ Py c
S "W/ 814 /
& 5
] T 10
2 2
08 N . . . N . 09 N N N . A
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6
Relative fiowing ratio Retative fiowing ratio('m)
Fig.2 Confined water ratio for cement type Fig.3 Confined water ratio for replacement ratio(FA)
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Fig.6 Compressive strength for replacement ratio(FA)
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Fig.7 Compressive strength for test age(FA 10%)
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