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Diagnostic model of crack for tunnel lining based on

gray and catastrophe theories
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(1. School of Civil Engineering, Zhengzhou University, Zhengzhou 450001, Henan, China; 2. Key Laboratory for
Highway Bridge and Tunnel of Shaanxi Province, Chang’an University, Xi’an 710064, Shaanxi, China;
3. Department of Civil and Environmental Engineering, Virginia Polytechnic Institute and

State University, Blacksburg 24061, Virginia, USA)

Abstract: In order to evaluate the stability of crack for tunnel lining by using finite monitoring
data, wavelet transform was applied to analyze the monitoring data of cracks for tunnel lining,
the high frequency part caused by environmental change and test error was eliminated, and the
low frequency part caused by surrounding rock pressure variation was kept, thus, the time-
dependent deformation of lining crack was decomposed. The GM (1,1) gray prediction model of
time-dependent deformation of lining crack was built based on gray theory to predict the later
development of lining crack by using early monitoring data. The stability criterion of lining crack
was established based on the equilibrium conditions of cusp catastrophe model. The diagnostic
model of lining crack was established based on gray and catastrophe theories, and two typical
lining cracks were analyzed based on the model. Analysis result indicates that the stability criterion

values of two cracks are larger than 0, so, they do not meet the instability condition. The measured

Y H#9:2014-12-20

BESTE: HEERRY AT H (51408554) ; v 2 4 FL AR IR L 45 %% & W% 4 W1 H (2013G1502027) 5 0] B 44 20 T B2 5 R 5% &
5 H (14B560026)

PEE BN IR R 5 (1983, B, L AR NG M A K 2 U 2% 1 o DA B 3 feke B 12 T 5%



% 3

REE.F ATRERTA R EEAT AP LS B ARA 35

variations of crack widths are less than 0. 2 mm, the variation rates are less than 0.002 mm « d ',

which shows that two cracks are basically stable. Obviously, this diagnostic model can predict

the development tendency of lining cracks correctly. 6 figs, 19 refs.

Key words: tunnel engineering; lining crack; wavelet transform; gray theory; catastrophe

theory; diagnostic model
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