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ABSTRACT

The effectiveness of bottom ash on the mechanical and physical properties of Controlled Low-Strength
Material(CLSM) is investigated in this study. CLSM is defined by the ACI Committee 229 as a cementitious material
that is in a flowable state at the time of placement and having a specified compressive strength of 83 kgf/cmz or less
at the age of 28 days. This study was undertaken on the use of bottom ash as a fine aggregate in CLSM. Four
different levels of bottom ash with fly ash contents, 25 %, 50 %, 75 %, 100 %, are investigated. Laboratory test results
conclude that inclusion of bottom ash increases the demand for mixing water in obtaining the required flow.
However, the sand was reduced because it was adjusted to maintain a constant total volume. Mixture proportions
were developed for producing CLSM at three 28-day strength levels: removal with tools (less than 7kgf/cm2),
mechanical means (ess than 20kgf/cm®), and power equipment (less than 83 kgf/cm?). The physical and mechanical
properties supports the concept that by-product bottom ash can be successfully used in CLSM.
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Table 1 Physical properties of cement

Compressive
strength(kgf/cr)

3 days | 7 days | 28 days

3488 3.15 0.08 224 308 404
Initial setting time (min.) 231
Final setting time(min.) 407

Fineness | Specific | Stability
(ct/g) | gravity (%)
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Table 2 Properties of fine aggregate

Specific gravity Fineness
Bulk Bulk(SSD) | Apparent modulus
2.59 2.61 2.63 2.99

Table 3 Physical and chemical properties of fly ash

Specific Fineness Absorption
gravity (cnt/g) (%) LOI1 (%)
2.14 3,400 0.13 3.28

Chemical Compositions(%)
SiQ; | ALOs| FeOs | CaO | MgO | Na:O | K20 | TiOz
5812 [2356| 769 | 259 | 112 | 031 | 142 | 1.05

Table 4 Physical and chemical properties of bottom

ash
Specific Fineness Absorption
gravity (eit/g) (%) LOL (%)
1.98 - - 134

Chemical compositions(%5)
SiQ2 |AlLOs3| FesOz | CaO | MgO | NaO | K20 | TiO2
50.29 [24.08) 3.81 {305| 129 | 137 | 064 | 084
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Fig. 1 Scanning electric microscope photograph of
bottom ash
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Fig. 2 Particle size distribution of bottom ash
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Fig. 3 Flow test set-up
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Fig. 5 Penetration resistance of various replacement
ratio of bottom ash: hand excavation
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Table 5 Mix proportions of CLSM

. Unit weight(kg/m®) Flow Co;ﬂtrr;rnegsts}ilve Cosrgr%{]egstskilve
Cement | Fly ash | Bottom ash Water Sand (cm) (}_{;f(/ifr?) _(}{Zg?f?é%%)
1 30 280 70 340 1264 256 3.43 6.23
2 40 280 70 340 1256 24.2 461 8.25
3 50 280 70 340 1247 24.8 6.48 13.00
4 60 280 70 340 1239 252 843 16.45
5 70 280 70 340 1231 244 9.55 22.03
6 80 280 70 340 1223 23.0 12.49 26.27
7 90 280 70 340 1214 238 16.40 29.26
8 100 280 70 340 1206 240 17.83 35.20
9 110 280 70 340 1198 22.7 20.89 36.08
10 120 280 70 340 1189 24.0 2364 37.29
11 30 280 140 371 1090 225 3.49 4.45
12 40 280 140 371 1082 24.7 448 793
13 50 280 140 37 1073 26.3 561 10.63
14 60 280 140 371 1065 245 8.03 10.39
15 70 280 140 37 1057 254 9.04 19.17
16 80 280 140 371 1049 239 11.70 2552
17 90 280 140 371 1040 245 13.48 34.45
18 100 280 140 371 1032 236 16.72 36.68
19 110 280 140 371 1024 243 17.49 39.39
20 120 280 140 371 1015 225 18.3 3892
21 30 280 210 416 882 242 2.69 3.56
22 40 280 210 416 873 265 425 6.25
23 50 280 210 416 865 211 525 8.69
24 60 280 210 416 857 217 6.87 12.21
25 70 280 210 416 848 276 8.60 16.13
26 80 280 210 416 840 26.1 10.92 2367
27 90 280 210 416 832 253 13.49 2859
28 100 280 210 416 824 265 1535 33.28
29 110 280 210 416 815 215 16.12 39.26
30 120 280 210 416 807 25.0 18.87 3711
31 30 280 280 451 696 226 3.01 3.86
32 40 280 280 451 688 224 4.08 6.03
33 50 280 280 451 630 26.4 4.48 6.57
34 .60 280 280 451 672 266 6.35 10.29
35 70 280 280 451 663 25.0 743 14.85
36 0 280 280 451 655 24.3 9.81 19.86
37 90 280 280 451 647 257 10.15 24.93
38 100 280 280 451 638 251 13.89 31.36
39 110 280 280 451 630 253 13.20 3894
40 120 280 280 451 622 24.7 17.03 43.66
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Table 6 Suggested mix proportions of CLSM

Item Unit weight (kg/m® Flow Compressive Unit Air
(cm) strength welght (%)
Type Cement | Fly ash | Bottom ash | Water Sand (kgf/cm®) (kgf/m’)
30 280 70 340 1264 256 6.23 2026.7 34
Hand 30 280 140 371 1090 25 445 19200 42
excavation 30 280 210 416 882 242 356 1840.0 438
30 280 280 451 696 226 3.86 1746.7 4.0
60 280 70 340 1239 25.2 16.45 2053.4 31
Machine | 60 280 140 371 1065 245 1039 1933.4 32
excavation 60 280 210 416 &7 217 1221 18534 36
60 280 280 451 672 26.6 10.29 1746.7 5.0
80 280 70 340 1223 23.0 26.27 2026.7 2.2
Non 80 280 140 371 1049 239 2552 1960.0 2.7
excavation 80 280 210 416 840 26.1 2367 1880.0 2.1
80 280 280 451 655 24.3 19.86 1800.0 37
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