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Correlation between Compressive Strength and Unit Weight of Lightweight
Foamed Controlled Low Strength Material (CLSM) Using Coal Ash
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Abstract

With the increase in the application of CLSM using coal ash, we performed a basic research on CLSM material,
laying focus on the correlation between compressive strength and unit weight of lightweight foamed CLSM. The
unconfined compression strength is a criterion for the judgment of the possibility of re-excavation and an important
factor determining the economy, efficiency, and excavation character. However, to know the quantitative compression
strength value takes a certain amount of time, because the applicability of unconfined compression strength of CLSM
is judged by the standard of 28days. Therefore, in this study the relation between compressive strength and unit weight
(foam slurry unit weight, apparent unit weight) is analyzed focusing on lightweight foamed CLSM. We also suggested
a formula which can easily predict the 28-day compressive strength only using unit weight value without the need to

cure the slurry for 28 days.
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Table 1. The characteristics according to foaming agents mixing method (Ministry of Construction & Transportation, 1997)

Type

Contents

pre—foaming type

e Foaming agents are made by foaming machine in advance, and which are mixed with other materials. The

strong point of this type is that the control of foaming is easier and using for placement.

after—foaming type

e For chemical reaction, powders such as aluminum and zinc are mixed with cement slurry before stirring. Gases

which are results from these reactions are formed and foaming according to time. Called as ALC(Autoclaved
Lightweight Concrete) in Korea. They are usually used as building materials(panels and blocks).

mix—foaming type

e Using admixture like AE into cement slurry, and foaming. This type reveals in—between features above 2 types.
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Table 2. Physical and chemical properties of pond ash and fly ash
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Fig. 1. Particle-size distribution of pond ash and fly ash
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Physical Properties

Spectific gravity L.O.1 (%)
Pond ash Fly ash Pond ash Fly ash
1.84 2.23 6.78 3.12
Chemical components(%)

Components Pond ash Fly ash Components Pond ash Fly ash
SiO 50.6 52.8 Al20O3 24.7 22.7
Fe20s3 1.5 9.28 Cal 5.91 7.43
K20 1.75 2.33 TiO2 1.72 1.55
MgO 0.85 1.17 Na20 0.37 0.57

Table 3. Properties of cement
Fin%ness Specific gravity Stability UCS (kPa)
(m/kg) (%) 3—day 7—day 28—day
348.8 3.15 0.08 21,966 30,204 39,618
Initial setting time (min.) 231
Final setting time (min.) 407
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Table 4. A high polymer foaming agent

Color Viscosity (CPS) pH Surphate (%) Freezing point (C) Specific gravity
Dark brown 500~1,000 7 - -5 1.12~1.20
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Table 5. UCS test results at 28-day unit : kPa
Contents Foaming agents 2%
PA:EA Water contents 26.5% Water contents 28% Water contents 29.5%
A Cement 5% | Cement 7% | Cement 9% | Cement 5% | Cement 7% | Cement 9% | Cement 5% | Cement 7% | Cement 9%
70:30 1483.07 1600.46 1963.45 825.61 1623.38 1723.38 380.38 883.94 1402.05
50:50 630.89 1009.25 1704.15 543.35 903.13 1600.96 430.18 760.17 1176.55
30:70 730.52 1344.75 1800.36 689.46 1001.83 1618.12 636.72 821.24 1381.46
Contents Foaming agents 3%
PA:EA Water contents 26.5% Water contents 28% Water contents 29.5%
A Cement 5% | Cement 7% | Cement 9% | Cement 5% | Cement 7% | Cement 9% | Cement 5% | Cement 7% | Cement 9%
70:30 463.65 880.23 1564.81 434.46 860.94 1525.17 426.53 579.51 1367.41
50:50 624.76 998.9 1690.86 473.01 876.25 1580.72 427.44 703.67 1144.59
30:70 681.13 1273.24 1697.76 678.64 927.98 1592.21 546.91 808.61 1320.35
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Fig. 2. UCS results according to PA:FA
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Table 6. The results of foam slurry unit weight test unit : kN/m®

Contents Foaming agents 2%
PAEA Water contents 26.5% Water contents 28% Water contents 29.5%
Cement 5% | Cement 7% | Cement 9% | Cement 5% | Cement 7% | Cement 9% | Cement 5% | Cement 7% | Cement 9%
70:30 14.2 14.4 14.5 14.3 14.4 14.6 14.4 14.4 14.9
50:50 13.4 141 14.6 12.8 13.1 14.7 13.0 13.1 14.6
30:70 13.7 14.6 14.9 13.4 14.5 14.9 13.7 13.5 14.6
Contents Foaming agents 3%
PAEA Water contents 26.5% Water contents 28% Water contents 29.5%
Cement 5% | Cement 7% | Cement 9% | Cement 5% | Cement 7% | Cement 9% | Cement 5% | Cement 7% | Cement 9%
70:30 12.2 141 13.6 12.1 12.5 12.7 12.1 12.6 14.3
50:50 12.4 13.5 13.9 12.7 13.8 14.7 12.3 12.9 14.3
30:70 12.7 14.4 14.9 13.1 14.2 14.8 13.1 13.3 14.9
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Fig. 3. Foam slurry unit weight according to PA:FA
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Table 7. The results of apparent unit weight test
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Contents Foaming agents 2%

PA:EA Water contents 26.5% Water contents 28% Water contents 29.5%
R Cement 5% | Cement 7% | Cement 9% | Cement 5% | Cement 7% | Cement 9% | Cement 5% | Cement 7% | Cement 9%
70:30 1.7 12.4 12.7 1.2 12.0 12.1 11.2 12.0 12.1
50:50 11.8 12.6 12.8 1.7 12.2 13.4 11.3 12.0 13.2
30:70 12.5 13.0 13.5 12.3 13.0 13.5 12.7 12.9 13.3

Contents Foaming agents 3%

PAEA Water contents 26.5% Water contents 28% Water contents 29.5%
. Cement 5% | Cement 7% | Cement 9% | Cement 5% | Cement 7% | Cement 9% | Cement 5% | Cement 7% | Cement 9%
70:30 10.5 12.5 12.5 10.7 11.3 1.5 10.5 11.3 12.9
50:50 11.3 12.3 12.6 11.5 12.2 13.3 1.2 12.0 13.1
30:70 12.2 12.8 13.9 11.9 12.7 13.6 12.1 12.0 13.8
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Fig. 4. The results of apparent unit weight according to PA:FA
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