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Fig. 1 Ice-steel pipe interface shear creep test device:

controlled temperature material testing machine (a),
stress model of steel tube-ice frozen structure (b),

steel tube-ice frozen structure (c)
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Fig. 2 The production process of ice-steel tube structure and the layered frozen ice sample in the steel bucket :

vertical correction of steel tube (a), steel tube center correction (b), layered frozen ice (c)
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Fig. 3 Loading and unloading creep test loading method
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loading and unloading at -3 C
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Fig. 5 Generalized strain and its rate time history curve of

steel tube-ice structure under graded loading and unloading

at -3 °C: generalized strain time history curve (a),

generalized strain rate time history curve (b)
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Table 1 The deformation and rate values of each stage under the action of graded loading and unloading at -3 C

E DI IE Y1 1 /kPa 5, /mm 5,/mm s, /mm 5,,/mm (s,/s )% S/(mm-h™")
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4 250 0. 609 0.012 0.035 0. 093 27 0.032
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Fig. 6 The graded shear stress at —3 C corresponds to the deformation value and viscous deformation rate of each stage :

the instantaneous plastic deformation value under each graded shear stress (a), viscoplastic deformation value

under each graded shear stress (b), viscoelastic deformation value under each graded shear stress (c),

the average creep rate under each graded shear stress (d)
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Study on viscoelastic-plastic shear creep decoupling analysis of frozen
interface under graded loading and unloading
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ZHOU Zhiwei’, MA Wei’, WANG Dayan’

(1. Key Laboratory of Disaster Prevention and Mitigation in Civil Engineering of Gansu Province , Lanzhou University of Technology ,
Lanzhou 730050, China; 2. Xinjiang Chiyu Electric Power Engineering Consulting Co., Ltd, Urumgi 830002, China;
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Abstract: The ad-freezing force and shear mechanical behavior at the interface between piles and soil under load
is pivotal in determining the bearing performance of pile foundations and the transfer of loads in frozen soil re-
gions. Due to the significant rheological properties of ice and the widespread distribution of thick underground
ice near the upper limit in ice rich permafrost areas, the shear creep characteristics of the ice-pile interface pres-
ent in the upper part of pile foundations significantly affect their bearing capacity. To investigate the shear defor-
mation characteristics of the pile-ice interface and its underlying mechanisms, a series of multi-level loads load-
ing-unloading shear creep tests were conducted on ice-steel pipe structures at temperatures of =3 C and -5 C.
By independently decoupling the deformation curves into segments, the viscoelastic-plastic shear deformation be-
havior of the frozen interface was analyzed. The results reveal that the interface shear deformation can be decom-
posed into instantaneous elasticity (S,) , instantaneous plasticity (S, ), viscous plasticity (S,,) , and viscoelastic
deformation (S,,). The generalized elastic shear modulus gradually increases with increasing load level, suggest-
ing a notable strengthening effect at the interface before accelerated structural failure during loading and unload-
ing cycles. The shear creep characteristics of the interface transition from attenuation to non-attenuation with in-
creasing in shear stress levels. Specifically, viscoelastic deformation and viscoplastic deformation at low shear
stress levels both exhibit attenuation behavior, with greater loads leading to increased viscoelastic deformation.
At high stress levels, viscoplastic deformation shows non-attenuation behavior, and the deformation rate signifi-
cantly increases with higher shear stress levels. Overall, the proportion of plastic deformation at the frozen inter-
face to the total cumulative deformation initially decreases and then increases, in view of instantaneous plastic
deformation primarily occurring during the loading stages with the initial stress levels. The strengthening effect
of the frozen interface during creep may be attributed to the densification of the interface contact zone under
shear stress and the refreezing of the interface in minus-temperature environment.

Key words: frozen interface; loading-unloading shear creep; viscoelastic-plastic deformation; deformation

decoupling analysis
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