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A study on the design of tunnel lining insulation based on measurement
of temperature in tunnel

Dea-Young Kim, Hong-Sung Lee, Bo-Kyoung Sim

ABSTRACT In case of tunnels in cold regions, a freeze of groundwater around tunnel may act as a barrier of tunnel
drainage in winter, or may cause the inner extrusion of lining. In spite of that, a design of insulation for preventing
the frost damage of tunnel lining has not been introduced in Korea, while foreign countries such as Norway and
so on have a standard on insulation. In this study, a few freezing cases of road tunnels have been reviewed, and
the resvlts show that the freezing protection is necessary. In order to characterize the thermal distribution in the
tunnel, following measurements have been performed at Hwa-ak tunnel; the temperature distribution by longitudinal
lengths, the internal temperature of lining and the temperature distribution of the ground under pavement. From these
measurements, the characteristics of the tunnle’s internal temperature distribution due to temperature change in the
air has been analyzed. Based on the measurement results on the temperature distribution at Hwa-ak tunnel, thermal
flow tests on the rock specimen with and without insulation have been performed in the artificial climate chamber
to investigate the performance of the insulation. Also, a number of 3D numerical analyses have been performed to
propose appropriate insulation and insulation thicknesses for different conditions, which could prevent the frost
damage of tunnel lining. As a result of the numerical analysis, air freezing index of 291°C- Hr has been suggested
as the threshold value for freezing criteria of groundwater behind the tunnel lining.

Keywords: Frost damege of tunnel lining, thermal insulating material, thermal flow analysis, thermal flow test,
insulation design in tunnel, air freezing index
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WG-Tunnel fabric, not insulated O
Miljohvelv, insulated (metal sheet W&FPS) ® ® o
PE-foam w/60 mm sprayed concrete, steel
® e
fibres
Pl?—foam w/60 mm sprayed concrete, mesh ® P P P ®
reinforced
Concrete Elements @ L ] o ® ®
Cast concrete with membrane ® [ ® ® |

O'=may be used up to AADT 1000(Annual Average Daily Traffic) and below a given frost limit(F1or < 20000 h°C).
Ozzconcept is modified for tunnel class C.

@ =concrete wall elements must normally be used
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Aeg=(he+hy)-d )

o]7|Al, A, = equivalent thermal conductivity [W/(m.K)]

h. = convective heat transfer coefficient [W/(mz.K)]
h, = radiative heat transfer coefficient [W/(m2.K)]
d = characteristic depth of cavity [m]
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o]714, h. = convective heat transfer coefficient [W/(mz.K)]
d = characteristic depth of cavity [m]
Afs = temperature difference between the surface temperature in the air cavity [°C]

Ci, G, G5 = convective parameters defined by the user
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