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The Thermal conductivity analysis and performance evaluation on the
pavement applying geothermal snow melting system
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Abstract

A sliding accident on the road have a high percentage by road freezing, especially, it is
often appeared at bridges and turmel of freezing areas. Thus, the stability of road operations
is enhanced by preventing a partial freezing phenomenon. According to the geothermal
snow melting system analysis, a pattern of thermal conductivity is found out about
pavement materials of concrete and asphalt when it is buried. For the feasibility study on
geothermal snow melting system, analysis of the ground melting point when operating
system, life evaluation of pavements and safety evaluation of pipes are performed.
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Table 1. Thermal properties of materials

Subject Asphalt Concrete Melting Pipe
Thermal
conductivity 131 1.46 346.00
(kcal/m * hr - C)
Specific heat
(keal/k - C) 0.400 0.214 0.092
Weight (kN/m®) 235 24.0 785
Modulus elasticity
(MPa) 7,000 24,900 120,000
Poisson ratio 0.30 0.17 0.34
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Table 2. Analysis case of thermal conductivity

Subject Pipe depth Pipe pitch
Asphalt,

Concrete pavement

5, 7Tcm 20, 30, 35cm

Fig. 1 Numerical analysis model for thermal conductivity
analysis (Pipe depth 7cm, Pipe pitch 20cm)
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Table 3. Analysis case of performance evaluation

Subject
Asphalt, Concrete pavement

Pipe depth
5, 6, 7cm
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Table 4. Designated lane traffic foad

Converted Traffic load per
Year Dp Do cumulative de51gnat éi lane
traffic (x10%
2024 05 10 0.122 0.294
2029 05 1.0 0.131 0613
2034 05 1.0 0.139 0.953
2039 05 1.0 0.147 1311
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Table 5. Fatigue criterion (Concrete)

Fatigue :
criterion Equation
For 05 (=L a
or B0 YR
Portland 7,
Concrete logN =11.78 - 12.11(+—=")
Association MR
(PCA) -
For ﬁf@ <05  logN= infinite
MR
Vesic N¢ --225,000(7)“
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Table 6. Fatigue criterion (Asphalt)

Equation
log(N ) = 15.947— 3.291log(e, > 10°)

Fatigue criterion

Finn
—0.854log(E x1073%)
UK
(United log(N;) =—9.78 — 4.32log(e,)
Kingdom)
Al log(N,) = 16.086 — 3.291log(e,”)
(Asphalt
Institute) —0.854log(E x107%)
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Fig. 4 Numerical analysis model for performance
evaluation
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Fig. 5 Analysis result - Depth 7cm, Pipe pitch 30cm
(Asphalt - after 2 hours)
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Fig. 6 Time-temperature curve of pavement types -
Asphalt pavement (depth 7cm)
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Table 7. Thermal analysis result

Subject Depth Pich O Armival time on
surface layer

Nem 49 min Fig. 8 Analysis result qf performance evaluation
{Analysis case 1)
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Table 8. Performance evaluation of asphalt pavement 6
4
Nf Designated 2
DPRTENN UK A1 traffic T (LI B
7 353 6153 489 OK Designated Finn UK A
0108 X100 x108 ~ trafic
3284 558 4523 {a) Performance evaluation of asphalt pavement
6cm X108 x109 X108 1.311x106  OK
14
209 309 285
XM 08 x100 <108 OK g
=10
Sg
Table 9. Performance evaluation of concrete pavement 6
Depth Nf Designate resul ;
’ PCA VESIC d traffic t
0 i :
Tem infinite 7927x10 OK Designated PCA Vesic
i 11 i
bem infinite 7'485X1011 131110 OK (b) Performance evaluation of oncrete pavement
ocm infinite 7.468<10 OK Fig. 9 Result of performance evaluation
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Fig. 10 Maximum deformation contour(case 1)

Table 10. Performance evaluation of snow melting pipe

] Analysis Maximum
Subject Depth case deformation
5cm CASE 1 0.007mm
Asphalt CASE 2 0.007mm
pavement
Tem CASE 3 0.007mm
5cm CASE 4 0.002mm
Concrete CASE 5 0.002mm
pavement
7cm CASE 6 0.002mm
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