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Numerical simulation study on the effect of electric heating on temperature
and damage in high-altitude cold tunnels
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Abstract: [ Objective ] Tunnel projects in high-altitude cold areas are increasing year by year under the national development
environment. Tunnel opening frost damage is widespread, and at this stage, the frost protection technology is mainly passive
thermal insulation and frost protection technology. [ Methods | Based on this, a numerical model of electric heating active

protection for high-altitude cold tunnels is established. The tensile damage of the lining under different ambient temperatures, the
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inhibition effect of electric heating technology on the freezing of the surrounding rock, and the low-temperature deterioration of the
lining are analyzed. And the influence of different electric heating power, burial depth, working time, and thickness of insulation
board on the protection effect are explored. [ Results] The result of the study show that: (1) The damage of tunnel lining
becomes more and more serious with the decrease of temperature. Composite electric heating technology can effectively solve the
problem of low-temperature damage deterioration; (2) With the lowering of the ambient temperature, the thermal power of the
electric heating system of the alpine tunnel increases; (3) Electric heating tape should be laid on the surface of the alpine tunnel
lining, and supporting the use of a thickness of about 5 cm of the thermal insulation layer is more effective; (4) The tunnel lining
temperature with the change in the ambient temperature with hysteresis. It is recommended to switch on the electric heating
system about 15 days before the start of the cold season, and switch off the system 7 days in advance. [ Conclusion ] Electric
heating technology in tunnel insulation and frost protection can greatly improve the effect of insulation and frost protection.
Different ambient temperatures require different power of the electric heating system. Through the parametric analysis of electric
heating, reasonable construction recommendations are made to guide the application of electric heating technology in tunnel
engineering.

Keywords : tunneling; high altitude cold region; numerical calculation; electric heating technology; low-temperature damage
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Table 1  Typical high-altitude cold tunnel
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Fig. 1 Numerical modeling of electric heating in alpine tunnels
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Fig.2 Thermal loads and boundary conditions
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Fig. 4  Distribution of tunnel lining temperature field and damage field
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