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Coupling mechanical properties and interaction mechanism of
surrounding rock — supporting structure of a hydraulic tunnel
under thermal — mechanical action
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Abstract: The interaction between the surrounding rock and supporting structure is an important factor
affecting the stability of hydraulic tunnel structure in high altitude cold regions, it is of practical signifi-
cance to study the temporal and spatial evolution of the interaction between surrounding rock and support-
ing structure of hydraulic tunnels under thermal — mechanical actions. Based on the field monitoring data
of a hydraulic tunnel in a cold region of Xinjiang, the finite element simulation was used to calculate the
elastic — plastic solution of the interaction between the surrounding rock and tunnel lining under thermal
effect, so as to analyze the spatio-temporal variation characteristics of temperature field and stress field of
the tunnel coupling structure under thermal effect. The results show that the low temperature in the tunnel
has a great influence on the temperature field and stress field of the coupling structure. The implementa-
tion of insulation measures should be conducted to ensure that the temperature along the radial direction of

the structure (with in 2.7 m ) is not less than 0 °C under extreme weather conditions. In the early stage

s HER.2021-07-27; {&EIHER.2021-11-19

EEWAE :FHRARBREEIH (51769031) 5 I8 XEAH5 | 20 H (FAFERHCE T AARFR) (2021BB004)

EFEE N K EIE (1999 - ), &, W R I B BULATF R , RN K TE5 0T .

BWIRAEE 2 (1982 ), B IR VDA W, 08, W 2R R0, RRNR L2 R 51 T o B2 RS R
HEEWT .



192 KPR 5K TR

2022 4

of ventilation, the temperature stress plays a leading role in the stress change of the coupling structure.

After 21 days, the joint coupling effect of lining support reaction, surrounding rock passive support reac-

tion and surrounding rock boundary constraint should be considered. 48 days before the convection, the

inner side of the structure was strained, and the maximum tensile stress of 155 kPa occurred in the inner

side of the arch waist. After 48 days, the compressive stress of the structure increased rapidly, and the

coupling stress increased at the highest rate from 48 to 60 days. With the decrease of the temperature,

the tensile stress of arch roof and bottom increased sharply at —1.95 “C, and then started to decrease

slowly at —3.5 °C. This study reveals the whole dynamic process of surrounding rock — supporting struc-

ture interaction under thermal action, which can provide a technical support for the safe construction of

tunnels in cold regions.

Key words: hydraulic tunnel; surrounding rock — supporting structure coupling; thermal — mechanical

action; mechanical property; interaction mechanism; numerical simulation
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