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conditions, uniaxial compression creep and nuclear magnetic resonance tests were conducted on marble

under acidic, alkaline, neutral solutions and different freeze-thaw cycle conditions. T, spectrum
distribution and creep test results were analyzed, and coupled damage evolution was carried out. Finally,
a new creep damage constitutive model considering the coupling of hydration freeze-thaw and stress was
obtained. The results show that: 1) The T, spectrum of marble exhibits three peaks, and pore in the
rock is mainly composed of large size pores. 2) The freeze-thaw cycle promotes the development of pores
in marble, and the influence degree of different solution environments on pore development from high to
lower is acidic, alkaline, and neutral. 3) The hydration freeze-thaw and load damage variables were
constructed to establish a new creep damage constitutive model of marble under the coupling conditions
of hydration freeze-thaw. 4) The average R’ of 50 freeze-thaw cycles of three different solutions of
marble simulated by a new model is 0.985 4, while the average R* of the basic model is only 0.919 4.
Key words: hydration freezing-thaw; marble; nuclear magnetic resonance;

creep; Injurys;
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Fig.1 Creep test results of acidic solution of marble
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Fig.2 T, spectrum distribution of marble
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Fig.3 D, evolution curves of marble
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Fig.4 Isochronous stress-strain curves of marble
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Fig. 5 Schematic diagram for selection of marble creep

foundation model
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Table 1 Basic model parameters

W A3/ E./ E;/ 72/ 73/ N4/ op/ R?
78 MPa GPa GPa (GPa « h) (GPa -+ h) (GPa « h) MPa
20.37 6.268 14.026 42.404 3.174 38.34 0.965 0
30.56 18.763 18.997 44.534 3.572 38.34 0.955 9
738
40.75 22.479 25.516 46.705 5.386 81.160 38.34 0.953 0
50.94 27.505 30.382 41.996 3.080 197.258 38.34 0.790 9
20.37 6.462 15.676 42.821 3.328 38.87 0.953 9
30.56 19.930 20.595 45.624 3.971 38.87 0.961 7
40.75 23.057 26.691 48.153 5.752 97.653 38.87 0.964 8
50.94 28.344 34.616 42.655 3.250 258.127 38.87 0.783 2
20.37 7.601 17.412 43.643 3.956 40.72 0.938 6
30.56 21.363 23.349 46.273 4.529 40.72 0.965 9
b 40.75 24.876 29.565 47.557 6.035 40.72 0.965 4
50.94 30.219 35.640 49.878 6.633 133.559 40.72 0.968 3
61.13 35.832 41.058 42.515 3.641 387.293 40.72 0.785 1
R2 FAXHEEESY
Table 2 Model parameters corresponding in this paper
B NEFT/ E./ Es/ 72/ 73/ 5 . N i/ o,/ R
W MPa GPa GPa (GPa+h) (GPa-+h) (GPa « h) MPa
20.37 6.268 17.549 50.265 3.763 0.26 49.62 4.61 38.34 0.992 4
R 30.56 18.763 22.186 53.976 4.353 0.26 49.62 4.61 38.34 0.991 5
ik 40.75 22.479 29.753 55.364 6.384 0.26 49.62 4.61 120.367 38.34 0.989 4
50.94 27.505 35.482 49.782 3.651 0.26 49.62 4.61 389.462 38.34 0.985 7
20.37 6.462 18.308 50.760 3.945 0.29 51.78 4.83 38.87 0.990 4
\ 30.56 19.930 24.052 54,082 4.707 0.29 51.78 4.83 38.87 0.991 3
i 40.75 23.057 31.172 55.895 6.818 0.29 51.78 4.83 143.601 38.87 0.988 1
50.94 28.344 40.427 50.563 3.852 0.29 51.78 4.83 405.974 38.87 0.989 6
20.37 7.601 20.335 51.734 4.689 0.37 57.13 5.59 40.72 0.933 5
30.56 21.363 27.269 54.852 5.369 0.37 57.13 5.59 40.72 0.989 3
e 40.75 24.876 34.528 56.374 7.154 0.37 57.13 5.59 40.72 0.989 7
A 50.94 30.219 41.623 59.125 7.863 0.37 57.13 5.59 235.753 40.72 0.990 3
61.13 35.832 47.951 50.397 4.316 0.37 57.13 5.59 654.289 40.72 0.988 9
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cycles and different damage parameters of marble
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