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ABSTRACT

The main intent of this research was to determine the feasibility of utilizing recycling bottom ash as CLSM
(controlled low-strength material). CLSM is a cementitious material, commonly a blend of portland cement, fly ash,
sand, and water, that is usually flowable and self-leveling at the time of placement. The durability characteristics of
mixtures made bottom ash are compared with those of fly ash CLSM in order to evaluate the effectiveness and
suitability of bottom ash as material in CLSM. A comprehensive evaluation of the bottom ash in CLSM and mix
proportions indicated that the bottom ash are capable of performing as CLSM mixtures. The durability characteristic
of CLSM incorporating the bottom ash under various physical and chemical causes of deterioration were investigated.
Test results indicated that CLSM using bottom ash has acceptable durability performance. CLSM incorporating with

bottom ash were also found to be environmentally safe.
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Table 3 Physical and chemical properties of fly ash

2.1.4 Bottom Ash Specific Fineness Absorption .
bottom ashi= EjQtstE LA Lo)A wistES ©]&3t0] gravity (cit/g) (%) LOI 6)
soeTE 2.14 3400 0.13 3.28
) . Chemical compositions(%)
Table 1 Physical properties of cement Si0; |ALOs| FexOs | CaO | MgO | NaxO | K0 | TiOs
- e | Seabit Compressive 5812 | 2356 769 |[259 | 1.12 | 031 | 1.42 | 1.05
1(2:@’7;)% Sgli:\czlltl; t?"/(]))lty strength(lef/c) * L.OI: Loss on ignition
3 days | 7 days | 28 days
3488 3.15 0.08 224 308 404 Table 4 Physical and chemical properties of bottom
Initial setting time(min.) 231 ash
Final setting time(min.) 407 Specific Fineness Absorption .
gravity (crt/g) (%) LOL %)
Table 2 Properties of fine aggregate 1.98 _ _ 134
— ; - Chemical compositions(%)
Specific gravity Fineness . B -
Bulk Bulk(SSD) | Apparent modulus SiQ; |ALOs| FexOs | CaO | MgO | Na0 | KO | TiO2
259 261 263 209 50.29 12408 381 | 305 | 1.29 | 1.37 | 0.64 | 0.84
Table 5 Suggested mix proportions of CLSM
Item Unit weight (kg/m®) Flow | Compressive Unit Air
(mm) strength Welght (%)
Excavation Cement | Fly ash |Bottom ash| Water Sand (kgf/cm®) (kgf/m”) °
Hand 50 280 - 330 1366 263 5.25 2107 1
Fly ash Machine 30 250 - 330 1378 272 10.98 2147 1.57
Non 120 210 - 330 1293 259 26.18 2133 15
Hand 30 280 70 340 1264 256 6.23 2026.7 34
Bottom ash | Machine 60 230 140 3713 1065 245 10.39 1933.4 32
Non 120 280 280 451.4 622 247 4155 1740.7 3.7
224 = ae|Ests] =2E M143 25(2002)
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Fig. 2 Procedure of batch leaching test!®
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Table 6 Permeability of materials
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Fig. 3 Permeability of CLSM
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Fig. 4 Relative weight after repeated freezing and
thawing of fly ash CLSM
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Fig. 5 Relative weight after repeated freezing and
thawing of bottom ash CLSM

Fly ash Bottom ash
Ttem Lype Hand Machine Non Hand Machine Non
Q“a“tigzrrfg water 851.28 43356 110 540.98 73 897.42
Samp(l:r;)ength 5 5 5 5 5 5
Sample, area 9055 9055 9055 9055 9055 9055
e 4005 4005 4005 3005 1005 6005
(Ts‘e"gf 1250 5400 3600 660 600 36540
Fermeability 9.39x10° 1.11x10°® 421x10” 151x10°° 6.68x10° 2.25x10”
226 s=2ae|Ess =R M4 25(002)
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Fig. 6 Relative compressive strength after repeated
freezing and thawing of fly ash CLSM
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Fig. 7 Relative compressive strength after repeated
freezing and thawing of bottom ash CLSM
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Fig. 9 Comprssive strength after repeated wetting
and drying of bottom ash CLSM
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Table 7 The concentration of trace elements in fly ash and bottom ash (ppm)

Element pH Cr Mn Cu Zn As Cd Hg Pb
Fly ash 10.17 0.0427 <0.0001 <0.0001 0.0117 0.0002 0.00065 <0.0001 <0.0001
Bottom ash 8.02 0.0107 0.00678 0.00217 0.0261 0.00741 <0.0001 <0.0001 | <0.0001
Table 8 Classify standard of normal/special waste (ppm)
Element CN Cu cd Hg Organic As Ph o
Limit 1 3 0.3 0.005 1 15 3 15
Bottom AshE Xj&8st M2z T1Rs M=2e| Ui+ X sagsr Eot 227
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Table 9 The concentration of trace elements in Dry CLSM of bottom ash(ppm)

E3plo) 48 S ARE 3
At S g AoR BRAD,

Element pH Cr Mn Cu Zn As Cd Hg Pb
Hand 731 0.037 <0.0001 | 0.00025 | 0.00389 | 0.0349 | 0.00015 | <0.0001 | <0.0001
da7ys Macine 7.62 0.004 0.00018 | <0.0001 | 0.0028 | 0.00276 | <0.0001 | <0.0001 | <0.0001
Non 8.78 0.082 0.00017 | <0.0001 | 0.00285 | 0.00276 | <0.0001 | <0.0001 | <0.0001
Hand 810 0.024 0.00185 | <0.0001 | 0.00776 | 0.0355 | <0.0001 | <0.0001 | <0.0001
dggs Macine 861 0.041 0.00117 | <0.0001 | 0.00575 | 0.0302 | 000024 | <0.0001 | <0.0001
Non 10.47 0.085 0.00032 | 0.00035 0.013 0.00971 | 0.00040 | <0.0001 | <0.0001
Table 10 The concentration of trace elements in Wet CLSM of bottom ash(ppm)
Element pH Cr Mn Cu Zn As Cd Hg Pb
Hand 7.39 0.0217 | <0.0001 | 0.00015 | 0.00359 | 0.0415 | <0.0001 | <0.0001 | <0.0001
da7ys Macine 7.83 00243 | <0.0001 | 0.00024 | 000532 | 0.00591 | 0.00012 | <0.0001 | <0.0001
Non 819 0.0246 | <0.0001 | 0.00031 | 0.00649 | 0.00105 | 0.00012 | <0.0001 | <0.0001
Hand 9.08 0.0135 | 000033 | <0.0001 | 000452 [ 0.0388 | <0.0001 | <0.0001 | <0.0001
dggs Macine 10.62 00223 | 0.00023 | <0.0001 | 0.0101 0.0181 | <0.0001 | <0.0001 | <0.0001
Non 11.44 0.0156 | <0.0001 | <0.0001 | 0008l | 000073 | <0.0001 | <0.0001 | <0.0001
Table 11 Waste leachate quality criteria (ppm)
Element Organic b+
Case pH CN Cu Cd Hg P As Pb | Cr Cr Fe Zn Mn
Clean 58~86| 02 05 | 002 | ND° 0.2 0.1 0.2 0.1 05 2 1 2
A 58~861 1 3 01 | 0.005 1 05 1 05 2 10 5 10
B 58~86| 1 3 01 | 0.005 1 0.5 1 05 2 10 5 10
Special 58~86] 1 3 01 10005 1 05 1 05 2 10 5 10

* ND © not detectable

Clean area | A preservation for the quality of water(environmental standard 1)
A area : A preservation for the quality of water(environmental standard II)

B area : A preservation for the quality of water(environmental standard I, IV, V)
Special area . A waste water disposal area and industrial area

S=Ed2|ESE| =58 Ml143 22(2002)
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