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Fatigue and Damage Evolution Characteristics of Rubber Cement Mortar
under Graded Constant Load Cyclic Compression

YANG Rongzhou, XU Ying, ZHENG Qiangqgian, CHEN Peiyuan, WANG Jia

(School of Civil Engineering and Architecture, Anhui University of Science and Technology, Huainan 232001, China)

Abstract: To explore the fatigue and damage evolution characteristics of rubber cement-based materials, 10
(low/finite cycles) equal load cyclic loading-unloading cycle tests were carried out on rubber cement mortar un-
der 10, 20, 30 kN load grades respectively. The loading strain, the loading strain difference, the cumulative re-
sidual strain, the cumulative residual strain difference, the degree of non-closure, the cumulative residual strain
damage (plastic damage) , and the modulus of deformation under loading and unloading were analyzed. The re-
sults show that both the loading strain and the cumulative residual strain increase with the increase of the cyclic
load grade, and the loading strain difference and the cumulative residual strain difference gradually decrease to
about 0 with the increase of the number of cycles. With the increase of the number of cycles, the degree of
non-closure decreases, and the plastic damage increases, and both the degree of non-closure and plastic damage
increase with the increase of the cyclic load grade. The deformation modulus of loading and unloading increases
in the form of piecewise linear fluctuation with the increase of the number of cycles, and also increases with the
increase of the cyclic load grade. Finally, both the plastic damage model and stiffness change model based on

critical plastic damage assumption were established to predict the fatigue plastic damage and stiffness evolution
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characteristics of specimens in the process of loading-unloading with high/unlimited cycles.

Key words: rubber cement mortar; cyclic loading-unloading; cyclic load grade; degree of non-closure; plastic

damage
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Table 1 Cyclic loading-unloading method

. Cyclic load grade Number of cycle/
Specimen No.

interval/kN times

F-0 — 0
F-10 0-10 10
F-20 0-20 10
F-30 0-30 10

Note: F-0—Uniaxial compression.
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Fig.2 Axial force-axial displacement curves and typical loading-unloading hysteresis curve
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Fig. 3 Schematic diagram of fatigue performance analysis under cyclic loading-unloading
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Table 2 Definition of main variables under cyclic loading-unloading

Variable Name Equation Definition
. . The strain caused by the process from the initial loading origin to the maximum
N Loading strain €as . . .
load value of the i-th cyclic loading
. L The loading strain difference between the maximum load values of the i-th
Ae Loading strain difference €a T EAG—1) .
and (i—1)-th cycles
. . . . The strain caused by the process from the initial loading origin to the minimum
g Cumulative residual strain e, . . .
unload value of the i-th cyclic unloading
A Cumulative residual strain The unloading strain difference between the minimum unload values of the
€ . E€p; — Ep(i— . .
b difference b Bl i-th and (i—1)-th cycles
Ae Unclosed degree ey — €o;  The strain caused by this process when the i-th cycle loading-unloading is completed
E Loading deformation Oai 00 The secant modulus between the start point and the end point when the i-th
- modulus Eai T Eoi cycle loading is completed
. . Oai T Ogi The secant modulus between the start point and the end point when the i-th cycle
Ey Unloading deformation modulus — L
Eni T Ep unloading is completed
. . . . €p . . . . .
D Cumulative residual strain damage - The ratio of cumulative residual strain to peak strain
b
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Fig.4 Relationship between cumulative residual strain and loading strain of specimens
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Fig.6 Relationship between degree of non-closure, cumulative residual strain damage and number of cycles of specimens
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Fig.7 Nonlinear fitting curves of cumulative residual strain damage and number of cycles of specimens
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Table 3 Fitting relation formula between cumulative residual strain damage and number of cycles

Equation type Specimen type Fitting relation formula R”
F-10 D=0.09562+ 0.0114572 — 0.00137n* 4 7.348 17 X 10 °»* 0.946
Cubic F-20 D =0.18548 + 0.014 47n — 0.00108x" + 3.214 61 X 10 °»’ 0. 990
F-30 D =0.24165-+ 0.030 987 — 0.003 361" + 1.54727 X 10 °»° 0.993
F-10 D =0.17362— 0.072 79exp(—n/10.958 71) 0.941
ExpDecl F-20 D =0.2661— 0.081 54exp(—n/5.234 2) 0.992
F-30 D=0.39122— 0.142 99exp(—n/5.714 94) 0.989

Note:n is number of cycle.
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