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Effect of Thermophysical Parameters on Lining Temperature
and Damage in Alpine Tunnels

WEI Yong-ke'?, CHEN Guang-you’, WU Yue’, YAN Qi-xiang’* , HE Ting-quan®’, CHEN Ren-hao
(1. Department of Underground Construction and Engineering, Tongji University, Shanghai 200092, China;
2. Guangxi New Development Transportation Group Co. , Ltd. , Nanning 530029, China;
3. Key Laboratory of Traffic Tunnel Engineering, Ministry of Education, Southwest Jiaotong University,
Chengdu 610031, China; 4. Guangxi Traffic Design Group, Nanning 530029, China)

[ Abstract] Frost damage is a key problem in the construction of alpine tunnels. A numerical model was established to consider heat
conduction and convection for designing effective thermal insulation measures. Orthogonal test conditions were designed to analyze the
significance of different thermophysical parameters on lining temperature and their influence on lining damage. The results show that the
convection coefficient, the thermal conductivity of the insulation layer, and the thermal conductivity of the surrounding rock have
significant influences. The thermal conductivity of the insulation layer has the most significant impact. As its thermal conductivity
increases, the lowest lining temperature decreases, and the damage level increases. An increase in the convection coefficient decreases
the minimum lining temperature and increases damage. Higher thermal conductivity of surrounding rock raises the minimum lining
temperature, spreading damage from the vault to the sides. Reducing the thermal conductivity and convection coefficient of the
insulation layer, while increasing the thermal conductivity of the surrounding rock, improves overall damage distribution.

[ Keywords ] high-altitude cold area tunnel; thermophysical parameter; temperature field; lining damage; significance analysis
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Fig. 1  Frost damage in alpine tunnels
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Fig. 2 Schematic of alpine tunnel-stratum heat transfer modelling

R PRI BT 5 R 254 0 e B R RO
LERTE] (AN SIS R R 5 AR
JEAE) A BE B Z5AG 5 R [ A7 A5 S i AL
S5 PO AL A S (R A B T e T R T - R AR A
BL

ST AR T PP AR S VR T B9 IROC T
BRI 3 Bz SR HESHI R B 2 2
K1 PR, BEER B EIR 5 AR BE AL 5
RO IR PR SRR B 1 ME R A R B A 28
N2 P, e BT X0 A i 505 T T
TP & g 9 1) 3 B 249 SRR ¥ D 11 E 249 R X
TR 57, € CRPA IR TIRE D 5 °C BRIE N
PRI - 20 °C i Bl J Oy [ 5 i B 4
[OE: &

3 #RNRESH

XA S S8 T 2 W T 2 )2
WINEEA SN, B e R IE 22 56 F B, X v 98 B
TE R i AT BB 3 AT IR A S I P S 8
Xof Ao R 19 5 el A s R OHG o Wl 2 5 e A
W 25 A ST R I A8 A B
3.1 BENSW

T i FE R AL T 5 IHRAE L R, B
H SR ZE SRR I K R IR
5 BT TRITR B b 52 0 25 =5 FE % G 4o 1) 36 R
Ak, WO B AT D) B e AR T, i B 4
R, FEGERBGT I R IREA, SRR B R
HEFIEREN, PRRZ I ¢, BlASIMEAEE A,
IR A A e 3t 6 MM R, BN HE TS
£ 5 IR, Nk 3 R,

K3 A BROTHRF- i 7R

Fig. 3 Schematic representation of the finite element model
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Table 1 Thermodynamic parameters of model materials
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Table 2 Concrete plastic damage constitutive parameters
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Table 3 Orthogonal test influencing factors and corresponding level values of each factor

L LY i X & A PRLZ AR = ey FiE=R SR HilE ey
[We(m-C) "] [kI+(m®+h-C) '] [We(m-C) '] [J:(kg-C)] [W:(m-C)] [J-(kg-C) ']
1. 800 1.430 0. 005 1 900 1.900 500
2.000 2.930 0.010 2 100 2. 100 700
2.200 4.430 0.015 2300 2.300 900
2. 400 5.930 0.020 2 500 2.500 1 100
2. 600 7.430 0.025 2 700 2.700 1 300

T4 SERBEMHRREBEEZXERMUER ®5 BEREHNUSRREEZMERRESTE

Table 4 Simulation results of orthogonal test on minimum

temperature of alpine tunnel lining

Table 5 Extreme difference analysis table of factors affecting
minimum temperature of alpine tunnel lining

PCIRES P
B s i RRES R BaS BE IRERE

W OMRBM AK ARK WA REK WHR T7,./T

Ay B Ay ) A & Toin

1 1.8 1.4292 0.005 1 900 1.9 500 -3.932
2 1.8 2.9292 0.010 2 100 2.1 700 -17.661
3 1.8 4.4292 0.015 2 300 2.3 900 -9.685
4 1.8 5.9292 0.020 2 500 2.5 1100 -10.956
5 1.8 7.4292 0.025 2700 2.7 1300 -11.827
6 2.0 1.4292 0.010 2300 2.5 1300 -5.388
7 2.0 2.9292 0.015 2 500 2.7 500 -8.083
8 2.0 4.4292 0.020 2 700 1.9 700 —12.085
9 2.0 5.9292 0.025 1900 2.1 900 -12.862
10 2.0 7.4292 0.005 2 100 2.3 1100 -3.877
11 2.2 1.4292 0.015 2 700 2.1 1100 -8.004
12 2.2 2.9292 0.020 1 900 2.3 1300 -10.287
13 2.2 4.4292 0.025 2100 2.5 500 —-11.489
14 2.2 5.9292 0.005 2 300 2.7 700 -2.922
15 2.2 7.4292 0.010 2 500 1.9 900 -9.037
16 2.4 1.4292 0.020 2100 2.7 900 -7.419
17 2.4 2.9292 0.025 2 300 1.9 1100 -12.192
18 2.4 4.4292 0.005 2 500 2.1 1300 -4.165
19 2.4 5.9292 0.010 2 700 2.3 500 -17.704
20 2.4 7.4292 0.015 1900 2.5 700 -9.630
21 2.6 1.4292 0.025 2 500 2.3 700 -9.049
22 2.6 2.9292 0.005 2 700 2.5 900 -2.975
23 2.6 4.4292 0.010 1 900 2.7 1100 -6.472
24 2.6 5.9292 0.015 2 100 1.9 1300 -11.036
25 2.6 7.4292 0.020 2 300 2.1 500 —12.080
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kI -8.812 -6.758 -3.574 -8.637 -9.656 -8.658
k2 -8.459 -8.240 -7.252 -8.296 -8.954 -8.269
k3 -8.348 -8.779 -9.288 -8.453 -8.120 -8.396
k4 -8.222 -9.096 -10.565 -8.258 -8.088  -8.300
k5 -8.322 -9.290 -11.484 -8.519 -7.345 -8.541

R 2.951 12.659 39.548 1.893 11.559 1. 941

6 SEREWHPRREEZMERAESTR
Table 6 Analysis of variance (ANOVA) table for factors
affecting minimum temperature of alpine tunnel lining

AL SS df MS F e
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Variation of the minimum value of lining temperature in

alpine tunnels with each significant influencing factor
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Fig.5 Tensile damage cloud of lining with different thermal conductivity of insulation layer
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Fig. 10  Variation of tensile damage distribution of alpine tunnel

lining with thermal conductivity of surrounding rock
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Fig. 9 Cloud diagram of tensile damage of vault lining under

different thermal conductivity of surrounding rock
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