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Properties and Mock-up Test of Lightweight Foamed Concrete Based on Blast
Furnace Slag by Crack Reducing Admixture
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Abstract

This study is to develop a high quality lightweight foamed concrete that can be applied in the field using EXFG by
cracking reducing agent combined with FGD and ALS. First, to increase the volume of foam, the flow and density of the
mixture was increased and decreased, respectively. At this time, the effect of substitution ratio of EXFG on fluidity was
negligible. The fraction of foam was the highest at EXFG 19, and the settlement was found to be prevented by the
expansion reaction at EXFG 1%. At this time, the ratio of foam was 65%. In the compressive strength, the strengths were
similar or decreased when the substitution ratio of EXFG was more than 1%. The apparent density satisfied the KS 0.5
type at the bubble contents was 65%. In case of EXFG substitution, dry shrinkage was decreased by about 10%. As the
substitution ratio of EXFG increased, the thermal conductivity increased proportionally.

Keywords : lightweight foamed concrete, blast furnace slag powder, aluminum slag, flue gas desulfurization
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Properties and Mock-up Test of Lightweight Foamed Concrete Based on Blast Furnace Slag by Crack Reducing Admixture

n2&Ha nlE(olel BS)E 7|HEe R ©¥PMai(o]s Table 3. Experimental plan
FGD), E”LH% 1—0; ,% :@E]—_g_é]-oq 701‘5 %‘ﬁ E‘g ‘/1\’—7}1‘ & Z:lbﬂ Factors Levels
tigh BkE SIS vl Ql=tl, o] & Al =3t Al W/B(%) 55
S Axt AHE ARgeF Ao ofgt 54 9 fefEd At Flow(mm) 225425
Y avE gRE = QS Ao=Z 7|gHTi5,6]. Mixture Binder(%) OPC : BS =35 : 65

webd & Aol A ERae s JuAN, & EXFG() 0.1,23 4
Ak W HEPAS BHOR ARIFAER WAISH: BS Bubpies %, 6,70, 75

1] ol= )i =] =2 z5ks) lx - Flow
9’]- FGD ‘;l< %‘I‘U]'ﬂ—éﬂ:l(olol' ALS)E ——‘Z——-?:l]-x_].- %%LXH(O] Eresh concrete - Slurry density
o} EXFG)Z Bgalo] Ze7|maazee] At 351 & ~ Bubbe fracion
- Settlement

Aé'% “x%l‘é_]‘ﬂ, MOCk—Up test Jg—% %‘8H /\E]Xﬂ ?é_;g)]- @_g_o] Experi - Compressive strength
Rset mEA Ap|RaeES Austst g, et (7days, 28days)

- Apparent Density(28days)
- Thermal conductivity(28days)
- Drying shrinkage

Hardened concrete
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B A Aalazae)se) 4w A U PR
HHOE g ESUSARE(]er OFC) ofl iz BSel Table 4. Mixing proportions
= AAAs)LTT Z50]9 ul o] z|3}e 5 )
N1 AVekL, 7|2 EUT % EXFGH kg wek] Bub EX g Unit weight(kg/m’)
ME v1% B4 W B S4S dudd w49 e pe o WE T T T a6
= _ - - o) 7o rmy ble FG
28-S Floto] A Fad AFolx dukHoR ALgst
T (= — Sluri - - 55 615 727 391 - - -
I = 0.5 Mg 7|EFA8E KS F 4039)9] v
EAL WES 4 ) AT HYE 3 (Table 1, 2) ° . o
SHH, 57|22 42| ELS] W/B, EXFG Type ¥ A|%h& 60 2 713 383 306 594 204
52 AP el e B3l A4l om, Mock—up test s 706379 336
- - - - 4 699 375 448
RRHIES 71E B AR s OPO WAk 5 o _
AZEL v Ao skt 1 720 387 12
65 2 713 383 346 644 224
. ) 3 706 379 33.6
Table 1. Quality standard of concrete at fresh state Light
Type  Slurry density(g/em®  Flow(mm) Settlement(mm) ggﬁg:g% 0 727 391 -
1 720 387 11.2
04 0 15 under 70 2 713 383 207 693 224
0.5 0.52 180 more 10 under 3 706 379 336
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 4 699 375 448
0.6 0.72 6 under T 0 797 391 Z
1 720 387 1.2
. 7B 2 713 383 247 743 224
Table 2. Quality standard of concrete at hardened state 3 706 379 136
Apparent s?r%?glﬁs,ws}';’; Thermal Drying 4 69 375 44.8
Type Density conductivity shrinkage
(g/om’) 7days  28days W/m-k) (%)
2. A3A3 9 4y
0.30 more 0.5 0.8 0.130
04 0.40 under  more more under 0.50" under
05 0.40 more 0.9 1.4 0.160 0.40 under 21 AE|§71|§_!
’ 0.50 under more  more under | 5 o L0] AlS A S Table 331],@.;,_, HISIARRS Table
0.50 more 15 2.0 0.190 pdy
06 0.70 under  more more under 0.30 under 42} Er/]—'
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WA, W/B 55% 150 iolo] B Z2A @Y A
A& 1Este] 225+ 25mm, A= 35(0PC) : 65(BS)
PARA v O ABSIHOR], HekAE 918 EXFGE
HYATE o) SEE 10% Type A5l E,
EXFG X825 2l that 232 0, 1, 2, 3
1% % 55%S AT Ao 2O A

| Eavise] g 7| EULS @Yol Qi
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3 BB AL PSR, AU B Lo Hste S
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2.2 AFRTE
oo ARR3F OPC U AXF AIES ARSI
BS= =] BAL 352 AREsilon, 1 5 - SRk A4

2 Table 5 4 637} At}
A, EXFGO] £ - 31314 442 Table 73} 224,

AR A E3l FGDO diet ALSS 23] 2|gheg Aol

===t

o] EXFGE A& a3t
7|ZA 9] 7B A AMBA 7IZAIE AR

71 =7 - 38HA AL Table 81} 2,

Table 5. Physical properties of OPC

Density Blaine  Setting time(min) Compressive strength(MPa)
(g/em®) (cm¥9)  Iniial  Final  3days 7days 28days
3.15 3 390 230 345 248 39.3 56.9

Table 6. Physical and chemical properties of BS

Moisture

Density Blaine L.O.l Chemical composition (%)
content

(glem®) (cm?lg) (%) ©y O SO MgO SIO; CaO FexOsAkOs

290 4254 191 023 0002 195 526 342 425 055 1579
Table 7. Physical and chemical properties of EXFG
Density 0. Moisture Chemical composition(%)
3 o content
(g/em”) (%) oy C30 SO S0 ALO; Fe:0s MgO
2.72 12.17  10.76 565 447 207 612 1984 144 334
Table 8. Physical properties of foaming agent
Component Type Color Density(g/cm®)
Vegetability Liquid White 1.04
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27|12 AFstet), 5al, @43 sUs 21 2]
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Figure 1. Mixing sequence

c) Put the bubble

d Mixing
Figure 2. Manufacture of lightweight foamed concrete



Properties and Mock-up Test of Lightweight Foamed Concrete Based on Blast Furnace Slag by Crack Reducing Admixture

2.4 Mock-up A& A&l

Table 9= 74971 ZZA2|ES] Mock—up Al¥o|aL, Hj
AR Table 102t At} HA, vigke] 3¢ 71 @ol
A ARSI Q= OPC 100%, AlFollA HoljE|a Q= AAL
AR} vR9f o R AL Fol AEE EXFGE AA| A%

Al 1% 2gkstoi (s} EXFG-1) & 3454 Bl HE

st ol 7| Z2EQE-2 AHS B3l AAH 65% 1572
=2 Zeysict,

b, Mock—up®]] AH-ER= A4 Abo] 2= Figure 37}
o] 1 000x 1 000x 150mm F7|9] FEJgH ARl #3E
ol AA| d=A7 5L 30mm FA19] SFAE A
dlo] EpslaL, AR EE 204205 SRS A3ls}
et

Table 9. Mock-up plan

Factors Levels
- EXFG-1
Mixture 3 - OPC 100
- Existing technique(A)
Bubble Contents 1 -65
- Flow
Fresh - Slurry density
concrete - Bubble fraction
Experiment - Settlement
- Compressive strength(3, 7, 28days)
Hardened - Apparent Density(28days)
concrete

- Surface crack

Table 10. Mixing proportions

Unit weight(kg/m®
Type CB()l;]?ger?S E(>§/F)G \?o///? > ( g/ B)Ubb*
A © ° W BS OPC Slurry le EXFG
EXFG-1 1 615 720 387 11
OPC 100 - 628 - 1142 -
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 65 55 366 624
Existing
technique - 615 - 1118 -
(A)
3
1000 mm

a) Mock-up size b) Mock-up equipment
Figure 3. Mock-up test equipment set up
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Figure 4. Flow with bubble and EXFG contents
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Figure 5. Slurry density with bubble and EXFG contents
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Figure 7. Settlement with bubble and EXFG contents
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Figure 8. Compressive strength with bubble and EXFG contents
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Figure 9. Drying shrinkage with bubble and EXFG contents
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Figure 13. Surface crack
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