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Theoretical closure model for rock joints considering interaction of
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Abstract: The closure behavior of rock joints remains a problem of interest with applications in many practical engineering
cases. Based on a comprehensive assessment of realistic closure behavior, a Hertz-based theoretical model is proposed to
predict the closure behavior of a rock joint under compressive loading. In the present study, special attention is focused on the
role of mechanical interaction of asperities during the closure process. The vertical positions (perpendicular to the least square
plane) of asperities are adjusted by using the discrete methodology based on the Hertz solution of substrate deformation
outside the contact region. The factors influencing the closure behavior of rock joints can be considered by the model, namely
(1) the surface morphology component, (2) the contact state between the upper and lower blocks (or the composite topography),
and (3) the deformation due to asperity itself, the substrate deformation due to the deformed asperity and the deformation
caused by the mechanical interaction due to the adjacent deformed asperities. The validity is demonstrated by comparing the
experimental results with the curves predicted by Xia model, Tang model and the proposed model. The results show that the
closure behavior predicted by the proposed model is in good agreement with experimental data, with small discrepancies
between the predicted and the measured values. A preliminary explanation for the discrepancies of contact stiffness predicted
by Xia model, Tang model and the proposed model associated with different underlying principles is also put forward.
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Fig. 1 Sketch of two rough surface profiles of a joint and

associated composite topography
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Fig. 3 Deformation characteristics of single asperity under normal

stress
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Fig. 4 Flow chart of position adjustment of asperities between a
flat surface and a rough surface
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Fig. 5 Contact between waviness and unevenness of composite

topography for a rock joint™
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Fig. 6 Flow chart for solving proposed model
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Table 1 Main features of model materials

KIE TP 1K (B FP A o./ MPa a/MPa  @,/(°) E/GPa % pl(kg'm’®)
i BE=25C
3:2:01 BE =90% 27.5 1.54 35.0 6.1 0.16 2200
R¥ =28d
*2 RASY
Table 2 Input parameters for validity of proposed model
T pARN 2 J1 J-II
#/mm y/mm > S/mm R € n/mm > S/mm R €
5 0.1666 6.3248 © 1.36 0.0970 5.1626 141.8 2.18
10 0.1727 6.2276 © 1.93 0.0950 5.4584 144.3 2.66
15 0.1738 6.4430 © 2.24 0.0955 5.3642 143.2 3.02
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Fig. 7 Curves of closure deformation tests
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Fig. 8 Comparison between experimental and theoretical closure

deformation curves for J-1
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