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Mix Design Procedure of Structural Concrete Using Artificial Lightweight
Aggregates Produced from Bottom Ash and Dredged Soils
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Abstract

The objective of this study is to propose a reliable mixing design procedure of concrete using artificial lightweight
aggregate produced from expanded bottom ash and dredged soil. Based on test results obtained from 25 mixes, empirical
equations to determine water-to—cement ratio, unit cement content, and replacement level of lightweight fine aggregates
were formulated with regard to the targeted performance (compressive strength, dry density, initial slump, and air content)
of lightweight aggregate concrete. From the proposed equations and absolute volume mixing concept, unit weight of each
ingredient was calculated. The proposed mix design procedure limits the fine aggregate-to-total aggregate ratio by
considering the replacement level of lightweight fine aggregates, different to previous approach for expanded fly ash and
clay-based lightweight aggregate concrete. Thus, it is expected that the proposed procedure is effectively applied for
determining the first trial mixing proportions for the designed requirements of concrete.
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Figure 1. Frequency distribution of test parameters in the FC-LWAC
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Table 1. Summary of test results of BD-LWAC

) Unit content (kg/m”) Test results
Group Ry (%) V(Io/{, )C we vy v, (%) s, (mm) 28(&%/61{4. o (kgm?)
I 0, 25, 50, 75, 100 52~58 319~356 185 3.6~6.2 230~250 17.1~20.8 1502~ 1758
I 0, 25, 50, 75, 100 47~53 330~394 175~185 43~49 210~245 23~26.7 1455~ 1753
1l 0, 25, 50, 75, 100 35~41 415~486 170 48~5.1 165~225 35.1~38.9 1657~ 1860
1\ 100 30~50 400 120~200 40~5.0 15~220 21.8~28.9 1484~ 1584
V 50 30~50 400 120~200 45~50 40~250 28.5~43.1 1684~1775
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Table 2. Properties of lightweight aggregates

Oven-dried  Bulk Water Fineness
Type Source materials density density  absorption modulus
kg/m®)  (kg/m?) (%)
Bottom ash and 1,410 1,080 _ N
dredged soil  ~1500  ~1100 067140 3854
Fine
aggregate FI h and 942 800
y ash an N _
clay 1782 ~1030 80~28.0 24~27
Bottom ash and 1,430 980 N N
dredged soil  ~1450 ~1000 87123 62~68
Coarse
aoregate FI h and 1,000 800
y ash an , . -
dlay ~1700  ~1p00 407300 50~73
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| Input(Target performance) =

.

| Determine w,, Using equation (2) |

.

| Determine R, . using equation (4) |

.

| Determine W/ C using equation (6) |

.

| Calculate wy, using W/ C and w,, |

.

| Calculate w,,; using S/a and 7., |

@

| Calculate wyg and wy, using S/a, R, p, Yps and v, |

@

Calculate unit weight of composition of concrete
using equation (7)

Figure 8. Mixing design procedure of LWAC using bottom ash
and dredged soil
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