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Numerical Analysis of Surrounding Rock Deformation and Failure in Deep Roadway
under the Condition of Thermal-solid Coupling
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Abstract: To study the deformation and failure characteristics of surrounding rock in deep roadway under the condi-
tion of thermal-solid coupling, the analytical solution of stress field, displacement field and plastic circle radius in sur-
rounding rock under the condition of thermal-solid coupling was obtained and the influencing factors of deformation
and failure of surrounding rock under thermal stress was summarized based on the steady temperature field model of
surrounding rock mass in deep roadway. With the multi-physical-field-coupling simulation software of Comsol Mul-
tiphysics, the thermal-solid coupling numerical simulation of surrounding rock in deep roadway was carried out and
by introducing the relationship between rock mechanical parameters and temperature into the simulation calculation,
the influence law of thermal stress and support resistance on deformation and failure of surrounding rock was ana-
lyzed. The results show that the thermal stress field distribution in surrounding rock is of nonlinear variation with
large stress gradient in shallow surrounding rock but small stress gradient in deep surrounding rock. When the tem-

perature in the roadway is lower than that of the original rock, the thermal stress is compressive stress and when
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the temperature of the original rock increases,the pressure relief range in the radial direction and the stress concen-
tration range in the tangential direction expand, the width of plastic circle and radial displacement of surrounding
rock is increased. When the support resistance in the roadway increases,the width of plastic ring and the radial dis-
placement of surrounding rock decrease. The field test shows that the calculated results of roadway’s thermal stress
field, stress field and displacement field are in better agreement with the actual field measurements.

Key words: deep roadway; temperature field;stress field; thermal-solid coupling; surrounding rock;stability
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Fig. 1 Stress-strain curves of sandstone
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Tab.1 Sandstone characteristic parameters
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Fig. 6 Radial stress distribution of surrounding rock
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Fig. 7 Tangential stress distribution of surrounding rock
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Fig. 8 Plastic ring width distribution of surrounding rock

60
39+ —=—ERE 39 —— R ——RHEH 90
—e IR —HgE 55¢ \ —e HIE A 85
g 361 E36 g g
& & Es0 E80r
B33 33 ) B 75 [
&l = 45+ ol
=30+ =30 - = =
it | a0 - Z@ 65 r
27F 27+ 60
35+ [
24 I I I I I I 24 L L L L L L L L L L L L 55 L L L I I I
01 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
3 1PEA f1/MPa 1P f1/MPa Z1PEA f3/MPa AP BH 1/MPa
(a)E K7y 24 37/ F (OFEEY TEEIRE20C AT T EERE4C AT T EAERET

B9 BEENEELEDIH

Fig. 9 Radial displacement distribution of surrounding rock
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