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Optimum Ratio of Lignite Bottom Ash and Rock Dust

in Asphalt Concrete
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ABSTRACT

This rescarch focused on asphalt concrete using lignite bottom ash and rock dust as mineral dust in

the mixture. Bottom ash is the coalesced waste residue from lignite burning in power generation. In this study

the material was obtained from Mae Moh Thermal Plant, Lampang Province. Two types of aggregate were

used, limestone and basalt. The proportions of bottom ash and rock dust were determined from hot bin 1 by

trial and error. Asphalt content, by weight of aggregate, varied from 4.5-7.5% for limestone and 5.5-8.5%

for basalt, determine the optimum asphalt content. The results indicated that for limestone, the optimum ratio

of bottom ash to rock dust was 0.043. Optimum percentage of bottom ash and asphalt were found to be 2%

and 6.2% by weight of aggregate respectively. For basalt, The results indicated that the optimum ratio of bottom

ash to rock dust was 0.042. Optimum percentage of bottom ash and asphalt were found to be 2% and 7.2%

by weight of aggregate respectively. It was noted that using bottom ash resulted in increasing demand for

asphalt for both aggregates. This cost increase must be considered in accooding with the benefit of waste

utilization.

Key words : lignite bottom ash, asphalt concrete
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Table 1 Characteristics and standard test method. (American Society for Testing and Material, 1986)

Bottom ash and fine aggregate as mineral dust of limestone and basalt

Characteristics Standard test

Test method designation

method AASHTO ASTM
Gradation DH-T 205/2516 T 27-77 C 117-76
Specific Gravity DH-T 209/2517 T 84-77 C 128-73
Soundness DH-T 213/2531 T 104-77 C 88-76
Sand Equivalent DH-T 203/2515 T 176-73 D 2419-71

Coarse Aggregate

Characteristics Standard test

Test method designation

method AASHTO ASTM
- Gradation DH—T 20472516 T 27-74 C 136-76
- Abrasion DH-T 202/2515 T 96-77 C 131
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Table 1 (continued).

Coarse Aggregate

Characteristics

Standard test

Test method designation

method AASHTO ASTM

- Flakiness index DH-T 210/2518 BS 812-1967 BS 812-1967

- Elongation DH-T 211/2518 BS 812-1967 BS 812-1967

- Specific gravity DH-T 207/2517 T 85-77 C 128-73

- Soundness DH-T 213/2531 T 104-77 C 88-76

Asphalt cement grade 60-70

Characteristics Standard test Test method designation
method AASHTO ASTM

- Penetration DH-T 403/2518 T 49 D 5-83

- Flash point DH-T 406/2519 T 48 D 92-78

- Ductility DH-T 405/2519 T 51 D [13-85

- Solubility in trichloroethylene DH-T 409/2520 T 44 D 2042-81

- Loss on heating thin film oven DH-T 404/2518 T 47 D 6-80

- Loss on heating DH-T 404/2518 T 47 D 6-80

- Penetration of residue DH-T 403/2518 T 49 D 5-83

- Ductility of residue DH-T 405/2519 T 51 D 113-85
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Table 2 Asphalt cement and gradation for wearing course thickness 40-70 mm.

Sieve size Passing

mm in. percent by weight
19 3/4 100

12.5 1/2 80-100

4.75 #4 44-74

2.36 #8 25-58

0.3 # 50 5-21

0.075 #200 2-10

Asphalt cement content
by total weight of aggregate 3.0-7.0

Table 3 Marshall design criteria.

Characteristics Wearing course
Blows 75
Stability (N) 8006

(Ib) 1800
Flow 0.25 mm (0.01 in) 8-16
Percent air voids Min. (%) 3-5

Voids in mineral aggregate

(VMA) : Min. (%) 14
(Stability/flow) : Min.
(N/0.25 mm) 712
(1b/0.01 in.) 160
Strength index : Min. (%) 75
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Table 4 Result of material testing.

Bottom ash and fine aggregate as mineral dust of limestone and basalt

Characteristics Bottom ash Mineral dust Mineral Specification
of limestone of basalt
Gradation - - -
Specific gradation 2.536 2.738 2.719 -
Soudness 25 32 1.8 9 Max.
Sand equivalent 74 76 73 50 Min.
Coarse aggregate
Characteristics Mineral dust Mineral dust Specification
of limestone of basalt
Gradation - - -
Abrasion 28 18.4 40 Max.
Flakiness index 15 30 -
Elongation index 15 25 -
Specific gravity 2.765 2.741 -
Soundness 0.5 0.4 9 Max.
Asphalt cement grade 60-70
Characteristics Results of meterial testing Specification
Penetration 66 60-70
Flash point 323 232 Min.
Ductility 100 Min. 100 Min.
Solubility in trichloroethylene 99.90 99.00 Min
Loss on heating thin film oven 0.048 0.8 Max.
- Loss on heating 0.089 0.8 Max.
- Penetration of residue 63.8 54 Min.
- Ductility of residue 50 Min. 50 Min.
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Table 5§ Comparison of mixing ratio between bottom ash, lime stone and basalt for asphalt concrete
mixing containing asphalt cement content 5.2 and 6.1 percent.

Properties Density  Air voids Flow Stability VFB VMA
Mix proportion (g/ml) (%) (1/100 in.) (Ib) (%) (%)
Limestone
0:47):28 :11: 14 2.468 38 10.4 2,320 75.0 15.2
(134 :33.6) : 28 ¢ 11 : 14! 2.140 159 74 1,600 38.0 25.6
(8:39):28:11:14 2.260 11.5 12.4 1,980 48.0 21.8
(5:42):28:11: 14 2.339 8.4 124 2,240 57.0 19.2
(2:45) :28 : 11 : 14 2.394 4.0 124 1,810 64.0 17.3
47 :0): 28 : 11 : 14 - - - - - -
(8:38):29:11: 14 2.251 11.7 12.4 1,750 47.0 22.0
(5:41):29:11: 14 2.306 9.7 12.4 1,820 50.3 20.3
(2:44) :29 :11:14 2.374 7.2 12.4 2,075 60.1 18.1
Basalt

(0:48):17:15:20 2.433 38 11.2 2,430 77.0 16.4
(13.7 : 34.3) : 17 : 15 : 202 2.102 16.3 15.2 1,300 39.8 27.0
(8:40):17:15:20 2.203 12.4 15.2 1,720 45.5 23.7
(5:43):17:15:20 2.291 9.0 14.2 1,910 57.0 19.3
(2:46): 17 :15:20 2.344 6.9 14.2 1,740 64.0 17.5
48 :0): 17 :15:20 - - - - - -
8:39 :18:15:20 2.198 12.6 12.2 1,370 47.0 23.8
(5:42) : 18 :15:20 2.236 11.2 15.2 1,251 51.0 204
(2:45) : 18 115 :20 2.341 7.1 2.2 1.640 20.4 19.3

Department of Highway
Standard - 3-5 8-16 21800 - =15

Note : 1, 2 from soundness with using the ratio for bottom ash mineral dust ratio of limestone and basalt 1 : 2.5. soundness

7.9, 6.3 percent respectively with maximum 9 percent
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Table 6 Results of the most suitable asphalt concrete mixing bottom ash between limestone and basalt
with asphalt cement content 6.2 and 7.2 percent.

Properties Density  Air voids Flow Stability VFB VMA
Mix proportion (g/ml) (%) (1/100 in.) (Ib) (%) (%)
Limestone
(2:45:28:11:14 2.426 4.0 14.4 2,050 77.0 17.3
Basalt
(2:46): 17 :15:20 2.382 4.5 16.4 2,030 77.0 17.4
Department of Highway
Standard - 3-5 8-16 > 1800 - =15

Table 7 Results of strength index for the most suitable asphalt concrete mixing bottom ash between
limestone and basalt at asphalt cement content 6.2 and 7.2 percent.

Properties Strength index
Mix propotion (%)
Limestone
(2:45):28:11: 14 81
Basalt
(2 :46) : 17 :15: 20 85
Department of Highway Standard =75
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