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DISCUSSION ON ANEW RULE TO FIND LARGEST LYAPUNOV
EXPONENT BY SATURATED EMBEDDED DIMENSION

LIU Chuan-xiao
(College of Water Conservancy and Civil Engineering, Shandong Agricultural University, Tai'an 271018, China)

Abstract: Based on the analysis of nonlinear dynamics to time series of strain and stress which are tested by MTS
to lots of joint systems of sandstone specimens, a new rule to find the largest Lyapunov exponent is established by
introducing LE;-m mathematical model and unit-step function. The new rule involves step feature that confirms
theoretic condition of finding the largest Lyapunov exponent even more. Value of the largest Lyapunov exponent
erected by the new rule is very different to that of the old rule, which will lead to a very different valuing
conclusion of chaos to stability of a system. Meanwhile, different sign of the largest Lyapunov exponent will
produce different conclusions of system state of which the characteristic has been changed completely.
Conclusions of the paper improve robustness to erect LE; by old rule and are useful to basic theoretic research of
chaotic dynamics.
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Fig.2 Curves of strain-stress of some sandstone specimens
tested on MTS
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Fig.3 Chaotic features of sandstone joint system
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Table 1 Chaotic features of sandstone joint system in different evolutional stages of strength

WHREHS o/MPa dm(my) W LE; me LE; LE,>W LE; LE;<W LE; mc—¥me |(LE;—F LE)/WV LE1|/%
1* 45.494 470 1 0.022153 15 0.017 450 J 4 21.23
2* 69.683 880 8 0.011097 11 0.003 179 J 3 71.35
3* 87.525 470 6 —0.016455 17 —0.023 235 v 1 41.20
4 49.273 060 8 —0.006400 12 0.006 543 v 4 202.23
5* 85.509 380 4 —0.005421 10 0.006 162 J 6 213.67
6" 41.081 490 5 —0.008564 14 —0.016 195 v 9 89.11
7* 26.338 890 1 —0.002150 14 —0.006 288 v 3 192.47
8" 36.181 980 9 0.002935 16 —0.008 266 v 7 381.64
9o* 26.324 570 10 —0.006 027 17 0.003 319 v 7 155.07
10* 19.797 880 7 —0.008297 18 —0.015 373 J 1 85.28
11* 167.290 400 8 0.008959 16 —0.003 284 J 8 136.66
12* 151.226 990 5 0.003014 11 0.001 455 J 6 51.73
13* 77.883 580 7 —0.006863 14 —0.026 817 J 7 290.75
14* 109.186 950 6 —0.005074 13 0.007 564 J 7 249.07
15* 34.940 040 7 —0.037196 10 —0.042 956 v 3 15.49
16" 73.210 430 8 —0.037075 15 —0.011 247 v 7 69.66
17* 82.403 690 6 0.003475 15 —0.002 730 J 9 178.56
18* 154.826 030 4 —0.005933 11 0.004 290 v 7 172.31
19* 83.293 236 4 0.043233 11 0.006 262 J 7 85.52
20* 35.593 857 9 —0.045875 13 —0.047 821 v 4 4.24
21 76.888 756 3 —0.007753 13 —0.026 041 J 10 235.88
22" 79.504 326 7 —0.053952 13 —0.050 640 N 6 6.14
23* 105.359 030 3 0.002220 16 —0.012 851 v 13 678.87
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