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Fig.3 Temperature changes outside the tunnel
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Fig. 5 Structural drawing of Guigala Tunnel lining
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Table 1 Thermal and mechanical parameters of various media in solid regions

R AJ(W-m™-C) c/(Jkg™'-C™) A/(Wem™-C™) c/(J-kg'-C) pl(kg-m™)
e 1. 600 1266. 1 1. 980 977.2 1 800
55 WAL 1. 470 1350.6 1. 820 1025.5 2 150
T WITRBRE 1 1. 560 927.0 1. 560 927.0 2300
REBR LRI AR 0.030 1852.0 0.030 1852.0 56
KBRS 0.018 502.3 0.018 502.3 180

TE: THARAES 1L w0538 AL TURES . RIS
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Table 2 Thermal and mechanical parameters of air

2 BUE
A o/ (T kg™ -C ) 1.004%10*
FHAEHN(W-m™-T) 2.0x107
1 pl(kg-m™) 0. 641
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Fig. 12 The variation of the temperature of each monitored section along the radial line at the unfavorable time
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Research on optimum design of insulation structure of alpine tunnel :
taking Guigala Tunnel in Tibet as an example

LI Gen'?, LI Shuangyang', DONG Changsong’, YANG Jiale*', JIANG Qi'’

(1. State Key Laboratory of Frozen Soil Engineering , Northwest Institute of Eco-Environment and Resources, Chinese Academy of
Sciences, Lanzhou 730000, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. State Key
Laboratory of Road Engineering Safety and Health in Cold and High-Altitude Regions, CCCC First Highway Survey and
Design Institute Co., Ltd., Xi’ an 710065, China; 4. School of Civil Engineering,

Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract: To improve the anti-freeze and heat preservation performance of tunnels in the seasonally frozen re-
gions, the freezing range of surrounding rock is often reduced by laying organic insulation layer such as polyure-
thane at present. However, due to the rapid aging speed of organic materials during the process of freeze-thaw
cycles and the lack of scientific basis for insulation design, some tunnels repeatedly appear freezing-thawing
damage during long-term operation. For example, the problems of lining water seepage, hanging ice, tunnel
bottle water gushing, pavement freezing, lining cracking, crumbling, spalling, etc. This paper analyzes the ef-
fect of current insulating measures by establishing the heat-fluid-solid coupling calculation model, in which the
Guigala Tunnel in Tibet is taken as subject investigated, and the result showed that surrounding rock within a cer-
tain length of the entrance will still undergo freeze-thaw cycles during the operation period. The boundary tem-
perature of the surrounding rock at the section vault at a distance of 5 m from the entrance was only —-0.91 C,
and the frozen length of the key point was more than 500 m from the entrance on February 15th of the 20th year
after the tunnel operation, which seriously affected the safety and stability of the tunnel structure. For the sake of
meeting the requirements of antifreeze insulation, a new type of inorganic material—aerogel felt was proposed to
reinforce the insulation structure of the tunnel. The material had excellent thermal insulation, flame retardant
and durability, at the same time the paving was simple and easy to operate. In order to determine the length and
thickness of the aerogel felt to be laid during the Guigala Tunnel operation, the radial and longitudinal tempera-
ture of surrounding rock as well as the air temperature in the tunnel were compared in detail under different thick-
ness of aerogel felt. The evolution law of the surrounding rock and the air in the tunnel under different conditions
was summarized, and the aerogel felt at the most unfavorable time was determined by data fitting. The relation-
ship between the thickness and the vertical freezing length of the key positions of the surrounding rock was
changed exponentially. According to the fitting formula, the relationship between the length and thickness of the
aerogel felt should be laid out from the depth of the portal to the depth, which was the best reinforcement and
maintenance method for the tunnel insulation structure. This work can provide technical support for the pre-rein-
forcement design of anti-freezing and insulating in Guigala Tunnel, which not only ensure the safety and econo-
my of the tunnel structure, but also provide a reference for the insulation structure design, construction and main-
tenance of tunnel in seasonally frozen regions.

Key words: seasonally frozen soil; tunnel; freezing-thawing damage; aerogel felt; numerical simulation; tem-

perature field
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