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Long—Termed Behavior and Durability of Foam—-Mixed Concrete
Containing Porous Aggregates

2 A E o M Ef?
Kim, Sang Chel Yi, Seong Tae

Abstract

The technology developed for the decrease of applying loads and self—weight of a structure is to improve conventional
Foam Cement Banking Method (FCB) by applying mixed slurry of bottom ash, cement and foams. Since the foam—mixed
concrete, which is a major material of the Bottom ash—mixed Light weight concrete Banking method (BLB) developed,
contains mineral admixture such as cement, the behavior shows time—dependent deformation and deterioration of
durability due to environmental exposure. Thus, this study is subject to figure out the characteristics of long—termed
behavior and durability of the developed method by carrying out experiments for schemed parameters, which are
considered to be factors affecting mainly on concrete's characteristics from mechanical analysis.

As results of tests, it was found that the developed concrete offers higher resistance than conventional foamed
concrete in terms of long—termed behaviors associated with drying shrinkage and creep, and durability problems of
freeze—thaw and carbonation processes, especially with addition of bottom ash.
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Table 3 Characteristics of foaming agent

Table 1 Characteristics of cement used Color | Viscosity | pH | Sulfate | Freezing | Solid Z?jiiil\f Others
Specific | Autoclave Blaine Grain size (¢#m) Black |27~50cps 001~ Non—inﬂamble
gravity |expansion (%) (sz/g) Max. 80% passing Average brown | (20C) 7.1 0.1% —-18C |37.8%| 1.18 |Non—combustible
’ Stench and Gas
3.15 0.08 3,488 100 40 21
Setting Compressive strength (MPa)
Initial | Final 1d 3d 7d 28 d Viing
(ITllIl) (mm) water
231 407 9.7 22.4 30.8 40.4
[ Bcoi:;:‘ta:h ]—‘[ Mortar slurry H Slurry+Foam ]—‘[ Foam Concrete}
Table 2 Physical and chemical characteristics of bottom ash
Diluted
s ] . foaming ]Q[Compressor
i Specific Blaine (cm®/g) Absofpt1on Soundness (%) [ agent
Physical gravity (%)
2.22 - 4.76 76
airr
. SiOs | AlbOs | FesO3 | CaO | MgO | NaO | KoO TiOs
Chemical
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Fig. 3 Unit volume weights vs. compressive strengths at 28 days

Table 4 Mix design proportions for creep test
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Cement (kg/m®) S/C wiC - Foaming grou%)(kAg) Unit wgight Void Flow Compressive strength at 28 days (MPa)
(%) Foaming agent Diluting water (t/m”) (%) (mm)
380 0.1 54 0.669 18.300 0.69 67.0 195 3.60
0.6 62 0.593 15.223 0.99 53.5 201 4,57
1.1 69 0.562 15.412 1.20 42.5 206 5.49
1.6 75 0.477 13.072 1.39 32.0 190 6.93
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Table 5 Mix design proportions for drying shrinkage test

Cement (kg/m®) | S/C |W/C(%) - Foaming grou%)(k‘g) Unit ngght Void Flow Compressive strength at 28 days (MPa)
Foaming agent Diluting water (t/m”) (%) (mm)
320 0.4 61 0.563 15.411 0.80 64.0 203 3.27
0.9 69 0.499 13.670 1.05 54.0 210 3.91
1.6 77 0.481 13.184 1.21 42.0 188 3.76
2.2 90 0.432 11.962 1.41 29.5 201 6.21
380 0.2 55 0.638 17.480 0.76 63.0 192 3.42
0.6 62 0.593 15.223 0.99 53.5 201 4.57
1.1 69 0.562 15.412 1.20 42.5 206 5.49
1.6 75 0.477 13.072 1.39 32.0 190 6.93
460 0.1 53 0.662 18.421 0.85 59.0 201 5.17
0.3 57 0.626 17.149 1.00 53.0 220 6.42
0.8 63 0.589 16.118 1.21 40.0 209 7.13
1.1 64 0.486 13.321 1.37 33.0 198 9.52
520 0.2 55 0.665 18.220 1.00 50.5 219 6.03
0.5 58 0.607 16.640 1.21 42.5 232 9.32
0.8 60 0.541 14.810 1.38 33.0 211 9.64

Table 6 Mix design proportions for freeze—thaw test

Cement (kg/m’) S/IC |W/C(%) - Hoaming grou.p(k.g) Unit Wiight Void Flow Compressive strength at 28 days (MPa)
Foaming agent Diluting water (t/m”) (%) (mm)
320 0.4 61 0.563 15.411 0.80 64.0 203 3.27
0.9 69 0.499 13.670 1.05 54.0 210 391
2.2 90 0.432 11.962 1.41 29.5 201 6.21
380 0.2 55 0.638 17.480 0.76 63.0 192 3.42
0.6 62 0.593 15.223 0.99 53.5 201 4.57
1.1 69 0.562 15.412 1.20 42.5 206 5.49
1.6 75 0.477 13.072 1.39 32.0 190 6.93
460 0.1 53 0.662 18.421 0.85 59.0 201 5.17
0.3 57 0.626 17.149 1.00 53.0 220 6.42
0.8 63 0.589 16.118 1.21 40.0 209 7.13
520 0.2 55 0.665 18.220 1.00 50.5 219 6.03
0.5 58 0.607 16.640 1.21 42.5 232 9.32
0.8 60 0.541 14.810 1.38 33.0 211 9.64

o= 73l ¥ e
nx)A| X Ao J*D}Emr O] | T delME LR
vk} o] vt 2555 sAgdA o] =5 A

7IE= 2 (Lightweight Concrete Committee, 2006;

D. I. Jang et al., 1998) A|WES] A&} I s Hp

& sto] AAS Brketaat siolek kA AtellA gt

759 G THY = AR AATAV Qe Ao®

116 s=rzsroexmz|Zsts =27 M162 XM6=(2012. 11)

o, webs Table 62 Higol sl Ags 3st

T ZoE AFsict

(2) 'l £ A1

Ak 02 Bksh= AIES] F5, F7]1Es A 3t
oA O] ARROlR9l T, E-AIMIER] BAEA)
Th, FE 25 A3 g T ofe k=l 9
3l Yok W= Ao A vk (KATS, 2007). vt
A B Aol AHIE ] ARERRI) bottom ash®] 2%1%F
FrZAm), S-AHERS Fo AgHSE 519 Table



Table 7 Mix design proportions for accelerated carbonation test

. Foaming group (kg) i i i
Cement (kg/m") S/C |W/C(%) Foaming agent Diluting water Uru(tt /\I:gght \(/%d 2;1):1; Compressive strength at 28 days (MPa)
320 0.2 55 0.589 16.128 0.66 69.0 182 2.25
380 0.1 54 0.669 18.300 0.69 67.0 195 3.60
0.2 55 0.638 17.480 0.76 63.0 192 3.42
0.5 59 0.584 15.990 0.90 57.0 194 3.95
1.0 68 0.547 14.987 1.15 44.0 228 5.04
1.2 69 0.547 14.987 1.21 41.5 191 5.23
460 0.3 57 0.626 17.149 1.00 53.0 220 6.42
520 0.2 55 0.665 18.220 1.00 50.5 219 6.03
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Table 8 Testing conditions for accelerated carbonation test

Photo 5 Accelerated carbonation test

Curing conditions Environmental conditions
Size Curin Drvin ; ; Testing periods
(mm) uring ymg ;I‘ RH COs intensity (weeks)
Days Condition Days Condition (0 (%) (%)
oz 20+ 2T
100X100 X400 (2)+26 20+ 2T % 28 60+ 5% 20+ 2 60t 5 50% 0.2 0.5,1,2,4
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Table 9 Material characteristics and applied loads (C=380kg/m”)

Fine Compressive . Applied Ratio of
. Elastic modulus
aggregate | strength at 28 ) MPa stress () | stress to
ratio (S/C) | days (f2s), MPa MPa strength
0.1 3.60 2.78% 10 1.08 0.3
0.6 4.57 3.48x 10° 1.37 0.3
11 5.49 414x 10° 2.20 0.4
1.6 6.93 5.15x% 10 2.77 0.4
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50 1
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Fig. 7 Total strains corresponding to loading days (C=380kg/m?®,
Concrete curing ages=28 days)
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Table 10 Testing results of freeze—thaw

Unit amount Fine Relative dynamic Durability n
Number of modulus of
of cement aggregate evles elasticity factor
Ckg/m’) | ratio (50 | @ (DF) °
0.4 48 61.25 9.8 °
320 0.9 48 76.88 12.3 = 7
£
2.2 90 72.67 21.8 E s
=
0.2 48 70.01 11.2 :g 5
0.6 90 52.67 15.8 5 4
380 - - E
11 90 65.10 195 g, oo
m
1.6 90 74.68 22.4 © . -B-S/C=0.5
0.1 90 38.34 11.5 —&-5/C=1.0
1
460 0.3 90 79.35 23.8 —=-5/=12
0.8 114 66.84 25.4 8 : 0 Be 20 25 20
0.2 90 69.0 20.7 Testing period {days)
520 05 114 73.42 21.9 Fig. 10 Carbonation depth corresponding to fine aggregate ratio
0.8 114 74.74 28.4 (C=380kg/m")
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