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ABSTRACT : This paper deals with the result of thermal resistance test with backfill materials as bottom ash by using backfill material.
Bottom ash, one of coal ashes, can be reused to replace sand because of its similar engineering properties. But without considering
the thermal property, the abuse of bottom ash resulted in damage for existing structures. To investigate the thermal conductivity of
bottom ash, laboratory tests for thermal resistance of that were carried out in this study. Thermal properties of bottom ash was
compared with those of in-situ soil, sand, backfill material which can be applied as filling material. The tests were classified by water
contents defined as the major influence factor. The beneficial use method of bottom ash was suggested as backfilling material.
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Table 1. The thermal resistivity by soil materials (IEEE Std, 442,

1981)
Soil material Thermal resistance (m+K/W)
Quartz grains 0.11
Granite grains 0.26
Limestone grains 0.45
Sandstone grains 0.58
Mica grains 1.70
Water 1.65
Organic 4.0 (Wet)~7.0 (Dry)
Air 40
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Fig. 1. Thermal resistance measurements method

Table 2, Correction factors for cables in buried direct in the ground or in buried ducts for soil thermal resistivities other than 2.5 m-K/W

Thermal resistance (m-K/W) 0.5 0.7 1.0 1.5 2 2.5 3.0
Correction factor of buried cables in the duct 1.28 1.20 1.18 1.1 1.05 1 0.96
Correction factor of buried cables 1.88 1.62 1.5 1.28 1.12 1 0.90
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Table 3. Representative conditions for various countries (IEC, 1999)

Thermal resistance Burial depth
(m-K/W) (m)
Canada 1.2 0.9
France 1.2 -
Germany 1.0 0.7
Japan 1.0 1.2
United Kingdom 1.2 0.5
United states of America 0.9 0.9
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(a) Thermal resistance test

(b) Thermal resistance measuring equipment

Fig. 2. Thermal resistance test and measuring equipment
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Table 4. Result of sieve analysis test
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Fig. 3. Result of sieve analysis test
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Effective size (mm) Uniformity coefficient Coefficient of curvature USCS

Recycling in-situ soil 0.76 6.18 3.18 SwW
Backfill material 0.50 4.40 0.74 SP
Sand 0.25 1.56 0.92 SP

Bottom ash 0.20 2.40 1.07 SP
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Fig. 4. Compaction test result for four materials
Table 5. Thermal resistance value of various backfill materials
Recycling in-situ soil Backfill material Sand Bottom ash
D.U.W.* T.R. D.U.W. T.R. D.U.W. T.R. D.U.W. T.R.
(g/em’) (m-K/W) (g/fem’) (m-K/W) (g/fem’) (m-K/W) (g/em’) (m-K/W)
Min. 1.52 0.43 1.73 0.54 1.38 0.60 0.89 2.22
Max. 1.81 1.17 1.91 1.22 1.54 1.32 1.00 5.81
Avg. 1.67 0.74 1.80 0.78 1.45 0.89 0.91 3.52
*D.U.W. : Dry Unit Weight
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Fig. 5. Thermal resistance test results with water content

Table 6. Thermal resistance test results with water content
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Thermal resistance (m-K/W)
Water content (%)
Recycling in-situ soil Backfill material Sand Bottom ash

0.0 1.17 1.22 1.32 5.81

3.0 1.02 1.16 1.11 5.20

6.0 0.99 1.06 1.04 432

9.0 0.83 0.63 0.88 2.97

12.0 0.53 0.54 0.75 2.70

15.0 0.43 0.54 0.71 2.55

18.0 0.47 0.54 0.69 242

21.0 0.49 0.54 0.60 222

Table 7. Thermal resistance test results with dry unit weight

Recycling in-situ soil Backfill material Sand Bottom ash

D.U.W. TR. D.U.W. TR. D.U.W. T.R. D.U.W. TR.
(g/fem’) (m-K/W) (g/fem’) (m-K/W) (g/em’) (m-K/W) (g/em’) (m-K/W)

1.52 1.17 1.74 1.22 1.38 1.32 1.00 5.81
1.54 1.02 1.77 1.16 1.41 1.11 0.91 5.20
1.60 0.99 1.78 1.06 1.45 1.04 0.89 432
1.71 0.83 1.88 0.63 1.48 0.88 0.89 297
1.78 0.53 1.91 0.54 1.54 0.75 0.90 2.70
1.81 0.43 1.84 0.54 1.49 0.71 0.90 2.55
1.73 0.47 1.77 0.54 1.47 0.69 0.91 2.42
1.66 0.49 1.73 0.54 1.40 0.60 0.91 222
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