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Study on ice melting performance of asphalt pavement under composite
magnetic induction heating

ZHOU Hongyun'?, ZHANG Derun’, ZENG Wei’, LIU Zheng’
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2. Hubei Chang Jiang Road & Bridge CO., LTD., Wuhan 430077, China;
3. School of Civil and Hydraulic Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: [Purposes] This paper aims to address the issues of uneven heating and low energy
utilization of traditional single-layer conductive asphalt concrete when employing magnetic
induction for ice melting. [ Methods] Marshall specimens were prepared by adding two materials ,
iron filings and steel grits, into stone mastic asphalt (SMA) , and they were then sliced and

combined into double-layer composite specimens. Through the magnetic induction heating effect
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test and ice melting effect test, combined with orthogonal analysis, the relationship between
magnetic induction heating effect and ice melting effect was determined, and the influence of the
content and layer distribution of conductive materials on magnetic induction heating effect was
analyzed. [Findings] The results indicate a positive correlation between the magnetic induction
heating effect and the ice melting effect. This positive correlation is also observed with the iron
filing content in the induction heating layer. When the steel grit content in the magnetic reflector
exceeds 4%, there is a positive correlation with the magnetic induction heating effect. However,
when it is less than 4%, a negative correlation appears. When the thickness of the magnetic
reflector is more than 2 cm, the magnetic induction heating effect is positively correlated with it,
and when the thickness of the magnetic reflector is less than 2 ¢m, the magnetic induction heating
effect is negatively correlated with it. The influence of the iron filing content in the induction
heating layer on the magnetic induction heating effect is the strongest, followed by that of the steel
grit content in the magnetic reflector and thickness distribution between the two layers to the same
degree. The combination of the induction heating layer with iron filings of 8% and thickness of
1 c¢m and the magnetic reflector with steel grit content of 2% and thickness of 3 c¢m contributes to
the best induction heating effect and ice melting effect, and the average ice melting per second can
reach 0.250 g. [ Conclusions] The composite magnetic induction heating-based asphalt concrete
has a good heating effect and ice melting effect under the induced magnetic field. The research
results can provide some reference for the research on ice melting on asphalt concrete pavement
based on composite magnetic induction heating.

Key words: conductive asphalt concrete; double-layer composite; magnetic induction heating;
iron filing; steel grit; ice melting
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Table 1 Physical properties of SBS-modified asphalt

W TERE R A FALER | SefE
FFAJE (25°C, 100 g, 55) /(0.1 mm) 40~60 51
FEFE (5 °C, 5 em/min)/ em =20 33
BAksic >60 79.0
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Table 2 Physical properties of diabase aggregate

T H ALK S
JEWRAE/ % <26 6.4
FEAEAE /% <28 10.1

JBE A >42 49.7
X U 7 28k B =5 5

3 SMA-13 A 7 iAo 4R e
Table 3 Mineral grading of SMA-13 asphalt mixture

LG mm | B R/% | BT /mm | d# R %
16.000 100.0 1.180 18.4
13.200 94.8 0.600 16.2

9.500 63.6 0.300 13.9
4.750 26.3 0.150 12.5
2.360 21.4 0.075 9.8

x4 BFhE LK

Table 4 Physical parameters of iron filings

I/ MR | RIS | IR | R
(grem™) (S'm™) mm mm mm
7.85 4.0x10° 3.60~5.90 4.30 0.26~0.65

RS BRFMTHIEEK
Table 5 Physical parameters of waste steel grits
MAXTRESRES | B | R | SRR Hey
(H-m™) | #/(Q-m) [W-mK)™"] | [J(kg-K)™]

(g'cm_s)

2200.00 7.0 4.86 5.00 600.00

K FH v AR I fin R 1  C DL TR 1) 34647 G S g
T o FH VR B LN WD AE 7 B HM-TPH11-3AXF
R F AR 2L AMIRAY , A8l 1 2= m PR &1, IR
HIKMICRO Analyzer {4 ( UL &1 2) I £ 28 i J%
IR R A 2R v TR AR A L

TS A

ZLAMIIRAX

PIE2 ]

M ulft

E1 m#FErEHE
Fig.1 Heating platform

:=|||II|"I|._

B2 HIKMICRO Analyzer #4F 5 &
Fig.2 HIKMICRO Analyzer operation interface
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Table 6 Factors and levels in orthogonal test of magnetic

induction heating

FZEKF- | REB % | WP BE% JE 43 i
1 2 2 3 em+1 em
2 4 4 2 em+2 em
3 6 6 1 em+3 em
4 8 8
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Table 7 Orthogonal test results of induction heating effect

and ice melting effect

- BEE | M | 2R e 51(g-s)
B | HKE | EOKE
TEST1 1 1 1 18.4 0.075
TEST2 1 2 2 17.5 0.069
TEST3 1 3 3 20.8 0.087
TEST4 1 4 3 21.4 0.059
TESTS 2 1 1 42.3 0.133
TEST6 2 2 2 24.8 0.076
TEST7 2 3 3 34.1 0.087
TEST8 2 4 3 37.2 0.094
TEST9 3 1 1 60.6 0.181
TEST10 3 2 2 441 0.108
TEST11 3 3 3 42.5 0.095
TEST12 3 4 3 49.0 0.130
TEST13 4 1 1 63.1 0.236
TEST14 4 2 2 63.2 0.103
TEST15 4 3 3 53.7 0.167
TEST16 4 4 3 559 0.216
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Table 8 Orthogonal test results of induction heating effect

and ice melting effect (screened)

Hs | . A r°c 8/(ges™)
K | HAKF | EKF
TESTI 1 1 1 18.4 0.075
TESTS 2 1 1 423 0.133
TEST9 3 1 1 60.6 0.181
TEST13 4 1 1 63.1 0.236
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Fig.4 Effect of average surface temperature rise on ice

melting rate before specimen screening
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Fig. 5 Effect of average surface temperature rise on ice

melting rate after specimen screening
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Table 11 Comparison of ice-melting effect verification test

results
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