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Physical and Mechanical Properties and Damage Constitutive Model of

Limestone under Dry-wet Cycle in Acidic Environment

ZHOU Wen-qgiang, ZHANG Xiang* , FAN Xiang
(School of Architecture and Planning, Yunnan University, Kunming 650504, China)

[ Abstract |

limestone, and to evaluate the long-term stability of limestone rock mass in this environment, the limestone of the Jinfo Mountain of the

In order to explore the effect of dry-wet cycles in acidic environment on the physical and mechanical properties of

Nanchuan District in Chongqing was selected as research subject. The limestone specimens were exposed to dry-wet cycles under
neutral and acidic environments. The specimens were treated through mass loss test, hygroscopic property test, uniaxial compression
test and tensile test. The results show that under the condition of the same pH of the soaking solution, with the increase of the times of
dry-wet cycles, the mass loss rate and saturation water absorption rate of specimens increase; the tensile strength, uniaxial compressive
strength and elastic modulus gradually decrease; with the same times of dry-wet cycles, the lower the pH of the soaking solution leads
to the more serious the loss of physical and mechanical properties. Based on the experimental results, the damage theory, Weibull
distribution, Lemaitre strain equivalence hypothesis and Mohr-Coulomb ( M-C) strength criterion, the damage constitutive model of
limestone by using a quadratic function to characterize the nonlinear features of the compaction stage of stress-strain curve was
established and validated.

[ Keywords| limestone; acidic environment; dry-wet cycle; physical and mechanical properties; damage constitutive model
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Limestone specimens
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Table 1 Some basic physical and mechanical

properties of limestone
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Table 3 Related uniaxial compression data of limestone under
different numbers of wet and dry cycles of

soaking solution pH =5

n o, /MPa £, o, /MPa £,

0 151.74 0.010 98 53.10 0. 005 45
1 130.28 0.010 77 55.53 0. 006 07
5 117.56 0.011 78 46.31 0. 006 56
10 107. 18 0.011 10 41.20 0.006 19
20 92.87 0.012 80 44.52 0.008 14
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WGBSR T A K 0 A DG B A AR A A opr I
B —EAT SR A, B AT DL AS 3 4% 00 A 56 2 BO8E
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AR SR, M A R AU SR i A5 2 0 B T D 2
R AR A0 A0 A AR A TR 1) IO - AR B 2R )
IF ARAS T 1 K25 58405 A A8 5 R 1) 7 - A8 B it
LRI, T ELR BRI I R RN PR A R 46 K 56 AR 15 0 A IR
N 77 -1 AR G R R AT L, DA S A B e AR A
B5E, W 8 FioR,

BMAE pH =5 HARFEBRRBEET

BRESERIELSE

Table 4 Parameters related to the constitutive model of

x4

limestone at different number of wet and dry cycles of

the soaking solution pH =5
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HA—2 s,

Np—
ﬁ{”}aﬂ E, /GPa A B m F,
WHL n
0 18.60  1625711.40 893.55  23.31 117.85
1 16.73 1249 575.65 1565.43  19.99  91.29
5 13.77 1023 091.51 337.46 116.72  74.86
10 12. 14 885351.52 1169.69  15.36  84.13
20 10. 39 604 640.06  549.95  616.53  48.93
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Fig. 8 Comparison of theoretical and experimental plots at pH =5 of the immersion solution
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