Journal of The Korea Institute of Building Construction pISSN 1598-2033
Vol. 22, No. 4, pp. 337-345 / August, 2022 elSSN 2233-5706
https://doi.org/10.5345/]JKIBC.2022.22.4.337 www.jkibc.org

Research Paper
Ads MUE XIS 232 EQ| =X HigtaA

Optimal Mix Design of High-Performance, Low-Heat Self-Compacting
Concrete

Y2 o|zal - gEH
Kim, Young-Bong' - Lee, Jun-Hae” - Park, Dong-Cheon*

!Senior Researcher, Business Operation Division, Korea Conformity Laboratories, Seocho-Gu, Seoul, 06711, Korea
2Building Engineer, KYERYONG Construction Industrial Co., Ltd., Munjeong-Ro, Daejeon, 35262, Korea
3Professor, Department of Architecture and Ocean Space, Korea Maritime and Ocean University, Youngdo-Gu, Busan, 49112, Korea

*Corresponding author ABSTRACT
Park, Dong-Cheon
Tel : 82-51-410-4587

The foundation of high-rise concrete building in coastal areas generally must be installed in an
integrated manner, not separately, in order to prevent defects caused by stress on the upper and lower
E-mail : decpark@kmou.ackr  parts of the mounting surface and to manage the process smoothly. However, when performing
integrated punching, there is a concern that temperature stress cracks may occur due to hydration
heat. Due to the large member size, it is difficult to make a sufficient commitment, so it is necessary to

Received : July 7, 2022 mix concrete with high self-charging properties to ensure workability. In this research, the amount of
Revised :]July 26,2022 high-performance spray and admixture used was adjusted as experimental variables to satisfy this
Accepted : July 26,2022 required performance. Through the analysis of the results for each blending variable, it was found that

the unit quantity was 155kg/m?® and the cement ratio in the binder was 18%, and the target values of
the pre-concrete properties and compressive strength were satisfied. A four-component binder(18%
cement, 50% slag fine powder, 27% fly ash, 5% silica fume) was used.

Keywords : high performance concrete, self-compacting, hydration heat, optimal concrete mixing
design, RC foundation
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Table 1. Quality control criteria for mat foundation concrete

Sortation Quality control of standard Specification standard
Standard 20-45-650 Self-compacting concrete
Design reference strength 45MPa(day 56) Cylindrical specimen
Air volume 3.5£1.5%(2.0~5.0%) -
Slump flow when arriving at the site 650+£50mm 600~700mm
Flow 500mm reach time 4.0~10.0sec 3.0~20.0sec
Concrete temperature at the time of placing Less than 30°C Less than 35°C
Chloride content Less than 0.30kg/m’ KS F 4009

v A= 7 ek W2 Heloll A A -84 (Vp)S 275, fa 33 T3S WEoh= A 2 W) =
A-&(S/ayS Aok T 0 &2 JPotQl). Wit s Z3 2 E BoATA of whet A (1)1} Zo] 7|& A5 Al
57} 143] njgte] sfgolE = AA7]E AS7 e 45MPas BIRt 55MPa= Aot al 7|2 H-2 s EY | 9] AU IS
Aerste] s6d = okt 1At e FA B EQ] EAN A |34, A EAd 2 BT THEolE = vt A Y-S AAISHS
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Table 2. Cement properties

Specific Fimeness Setting time(min) Ignition loss Stability(%) Compressive strength(kg/cm’)
. 0
gravity (em’/g) Initial set End set (%) Day 3 Day 7 Day 28
3.15 3.264 200 370 1.60 0.09 227 285 389
338 SR UEASEX|
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Table 3. Physical and chemical properties of admixtures

Activity index(%) Chemical composition(%o)

Specific  Fineness

. -
gravity (cm’/g) Day3 Day7 Day28 SO,  ALO;  Fe,0;  CaO0  MgO  SO; g;zz‘s""
Blast
294 4174 96 11 116 2814 1587  1.06 4595 498 212 035
furnace slag
Fly ash 211 3.990 - 89 97 5072 2076 637 361 1.08 054  3.04
Silica fume 220 200,000 94.8 066  1.06 019 06l 212 28
3.1.2 =X

= -
« B E A& ST SPANE AHESHTE XHE 2.6~2.9 H9let BEY TS THEoHE AlE-S AFgeRlth
Au )

2 ol ARG S B J2=A9] =212 592 Table 49 ATt

T AR FH A47F20mmo] 1, HF-2 2.6~2.79] SAIE AR R 74 0] 739 HiTt R S A2 g Al 2Aret £
o o

Table 4. Physical properties of aggregates

Coarse aggregates Fine aggregate
Maximum size Spec1f1¢ M. Absorption O.QSmm Sortation F.M. Density Absorption Clay O.QSmm
(mm) Gravity rate passing rate rate content  passing rate
Water-washing 2.81 2.63 1.20% 0.4% 4.5%
2000 271 694 092% 03% .......................................................
Crushed 2.90 2.68 1.27% 0.9% 3.3%

EE ZM 2157} 20mme] 1L, W12 2.6-2.70] BAE AHG AT BRI A9 o mAE ARG A AR
= TUT EAAE ST £HE 2629 WSO BEYERAL VHFE ARS
=

uigtell ARG FEA) U F2 B BelA 5L Table 59 2.

Table 5. Physical and chemical properties of high performance water reducing agent

Main ingredient Type Color Solid content Density
Polycarboxylicaid-based Liquid Light brown 20% 1.02

rlo
r

A5 7KE 9100 SR AFSKS F 2402 ZAE SUZ AH), F713L KS F2421(SF2 el €13 24
e 0] 713 AIEH, 2006)] el F5to] A5},

322 0|HE #3518 =
7 100mm 2B 22 FARAYE 0|85 0.5m=0.5m=0.5m A S 1L SHHE o]-85to] AI7HE o] b

FU5 2w 248
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Table 6. Mixing design with binder composition as a variable
Unit material amount(kg/m’) Admixture
Binder Fine aggregate
Sortation W/B  Sa C ition(% = C
(%) (%) Water Amount of OmPOSItlon( D) Water- oarse Binder x %
. Blast Silica . Crushed aggregate
binder  Cement Fly ash washing
furnace slag fume
1 36.7 526 165 450 35 35 25 5 622 272 822 1.30
2 36.7 525 165 450 30 40 25 5 619 271 822 1.30
3 36.7 524 165 450 30 35 30 5 616 269 821 1.20
4 36.7 523 165 450 25 40 30 5 614 268 822 1.00
5 36.7 526 165 450 35 35 25 5 622 272 822 1.07
6 36.7 525 165 450 30 40 25 5 619 271 822 1.00
7 36.7 524 165 450 30 35 30 5 616 269 821 0.98
8 36.7 523 165 450 25 40 30 5 614 268 822 1.00
801 ] Ry [ Air contents(%) |

Slump Flow (mm)
»
8
S
Time to 500mm Flow (sec)
>
Air Content (%)

T T T T =
No.1  No2 No3 No4 No5 No6& No7 Nos No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8

Mixing Number Mixing Number Mixing Number

Figure 1. Slump flow of mixing by com- Figure 2. Time for flow to reach 500mm Figure 3. Air volume of the mixture ac-
position of binders by composition of binders cording to the composition of the binder

QIZ7IE 279713} Figure 49} 0] A1 5624014 I E S5MPa BT 2 60MPa o]410] Q&7 LEPI A 23 4
52 F55M 210 2 ekt 7ol 4518 248} Figure 591 0] 45 A2 AT F #1228 st o, wig




Optimal Mix Design of High-Performance, Low-Heat Self-Compacting Concrete

| 59] H-$-35.8°C, HiEHA| 62] 74-9-33.4°C, i A 79] 74 36.4°C, B AR ] H-$-35.6°CE Ldoto] AT
(e}

804 E3d__]7d
[ 14 I 28 d

704 I 56 ¢
T
o
= ~
£ o
2 e
g E
@ g
4 I
8 [
I
£
[s}
[&]

O T T T T T T T T T
No.5 No.6 No.7 No.8 0 20 40 60 80 100 120 140 160
Mixing Number Time(h)

Figure 4. Compressive strength of mixing by composition of Figure 5. Hydration heat of compositions 5 to 8 satisfying con-
binders crete performance before hardening in composition of binder
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Table 7. Design of a combination using cement ratio as a variable

Unit material amount(kg/m’) Admixture
Binder Fine aggregate
Sortation WiB S C ition(% = C
(%) (%) Water A mount OmpOSItIOIl( 0) Water- oarse Binder x %
. Blast Silica . Crushed aggregate
of binder Cement Fly ash washing
furnace slag fume

1 36.7 54.0 165 450 20 40 35 5 543 369 798 1.40

2 36.7 54.0 165 450 20 45 30 5 543 369 798 1.35

3 36.7 54.0 165 450 20 50 25 5 543 369 798 1.55

4 36.7 54.0 165 450 20 40 35 5 453 462 798 1.30

5 36.7 54.0 165 450 20 45 30 5 453 462 798 1.40

6 36.7 54.0 165 450 20 50 25 5 453 462 798 1.55
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Figure 6. Slump flow of mixture by cement scale adjustment Figure 7. Time for flow of the mixture to reach 500mm according
to cement magnification adjustment
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Figure 8. Air volume of the mixture according to cement mag- Figure 9. Compressive strength of the mixture according the
nification adjustment adjustment of cement magnification
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Table 8. Mixed design with unit quantity adjustment as a variable

Unit material amount(kg/m?) Admixture
Binder Fine aggregate
Sortation WiB Sja Composition(%) = Coarse .
(%) (%) Water A mount Water- Binder(%)
of binder Cement Blast Fly ash Silica washing Crushed - aggregate
furnace slag fume
1 322 540 145 450 15 50 30 5 467 476 823 2.10
2 322 540 145 450 18 50 27 5 467 476 823 1.95
3 344 540 155 450 15 50 30 5 460 469 810 1.40
4 34.4 54.0 155 450 18 50 27 5 460 469 810 1.40
5 36.7 54.0 165 450 15 50 30 5 453 462 798 1.35
6 36.7 54.0 165 450 18 50 27 5 453 462 798 1.30
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Figure 10. Slump flow of mixing by adjustment of unit quantity Figurell. Time for flow of the mixture to reach 500mm accor-
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Figure 13. Compressive strength of mixing by adjustment of
unit quantity
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