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Abstract: In order to analyze the calculation error of the equivalent thickness calculation method
for thermal insulation layer in tunnel in cold areas, the transient heat transfer characteristics of

tunnel along the radial depth under annual cycles was considered. A calculation method for the
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error of the equivalent thickness calculation method of thermal insulation layer based on numerical
simulation was proposed. Meanwhile, the control variable method was adopted to calculate and
analyze the influence of the five factors, including of annual average air temperature, annual air
temperature amplitude, initial temperature, thermal conductivity and thermal diffusion coefficient
of rock mass, on the calculation error of the equivalent thickness method. The results show that
after the thermal insulation layer is laid on the tunnel lining surface, the influence depth of
surrounding rock temperature is decreased, and the maximum freezing depth of lining and
surrounding rock occurs nearly 20 d earlier compared to when there is no thermal insulation layer.
It indicates that there are differences in the internal heat transfer state of tunnel lining and
surrounding rock before and after the thermal insulation layer laid. Additionally, the transient
heat transfer occurs within the tunnel lining and surrounding rock, Therefore, the calculation
principle and assumed condition of the equivalent thickness calculation method do not conform to
the actual situation, resulting in an error in the calculation results. The calculation results of the
equivalent thickness method are generally smaller. However, there are cases where the
calculation results are larger when the annual temperature amplitude is low or the initial
temperature of the surrounding rock is high. The calculation error is larger when the annual
average air temperature and the initial temperature and thermal conductivity of the surrounding
rock are lower. Conversely, the calculation error is larger, when the annual air temperature
amplitude and thermal diffusivity of the surrounding rock are higher. The thermal conductivity
and the initial temperature of the surrounding rock have a significant impact on the calculation
error. When the thermal conductivity of the surrounding rock is 2 W « (m » K) ' and the initial
temperature of the surrounding rock is 5 °C, the calculation errors can reach 1.6 cm and 1. 4 cm,
respectively. The calculation errors resulting from variations in other parameters are all less than
1 cm.

Key words: tunnel engineering; cold area; thermal insulation layer; equivalent thickness method;
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Fig. 2 Numerical calculation model with thermal

insulation layer laid on lining surface
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Fig.3 Numerical calculation model without thermal

insulation layer laid
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Table 1 Calculation parameters of model materials
1k B o/ (kg e m™) A /[T - (kg KD 1] FHREHA/[W - (m - K) 1] FRFRE o/ (m? « s71)
ZWRAT IR EE L 2 500 920 1.74 7.57X10°7
I S IR 2 300 1000 2.23 9.70X10°7
[ T VR 2 300 920 1.51 7.14X10°7
Bl 2 800 950 3.50 1.32X10°6
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Fig. 4 Variation of freezing depth of tunnel lining and
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Table 2  Calculation parameters under different

working conditions

T Tar/C | Tam/C| T/ C MASRAR | M FRAR
[W e (me+K) ][I0 5 m?«s D)

1] 3 17 7 3.5 1.32

2| 5 17 7 3.5 1.32

3| 4 17 7 3.5 1.32

4] 2 17 7 3.5 1.32

50 1 17 7 3.5 1.32

6 15 7 3.5 1.32

7] 3 13 7 3.5 1.32

8| 3 11 7 3.5 1.32

9] 3 9 7 3.5 1.32

0] 3 17 5 3.5 1.32

1| 3 17 9 3.5 1.32

12 3 17 11 3.5 1.32

13 3 17 13 3.5 1.32

14 3 17 7 3.0 1.32

15| 3 17 7 2.5 1.32

16| 3 17 7 2.0 1.32

17| 3 17 7 1.5 1.32

18| 3 17 7 3.5 1.50

19 3 17 7 3.5 1.10

20 3 17 7 3.5 0.90

21 3 17 7 3.5 0.70
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