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Numerical Study on the Behavior of Fully Grouted
Rock Bolts with Different Boundary Conditions

Youn-Kyou Lee, Won-Kyong Song, Chulwhan Park, Byung-Hee Choi

Abstract In modern rock engineering practice, fully grouted rock bolting is actively employed as a major supporting
system, so that understanding the behavior of fully grouted rock bolts is essential for the precise design of rock
bolting. Despite its importance, the supporting mechanism of rock bolts has not been fully understood yet. Since
most of existing analytical models for rock bolts were developed by drastically simplifying their boundary conditions,
they are not suitable for the bolts of in-situ condition. In this study, 3-D elastic FE analysis of fully grouted rock
bolts has been conducted to provide insight into the supporting mechanism of the bolt. The distribution of shear
and axial stresses along the bolt are investigated with the consideration of different boundary conditions including
three different displacement boundary conditions at the bolt head, the presence of intersecting rock joints, and the
variation of elastic modulus of adjacent rock. The numerical result reveals that installation of the faceplate at the
bolt head plays an important role in mobilizing the supporting action and enhancing the supporting capabilities
of the fully grouted rock bolts.

Key words Fully grouted rock bolt, Finite element method, Rock joint, Axial stress of rock bolt, Shear stress of rock
bolt
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Fig. 1. Distribution of axial stress along a rock bolt (a) in
a pullout test, (b) in a in-situ condition and (c) in
the presence of a rock joint
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Fig. 2. Models for the numerical experiments of fully grouted rock bolt installed (a) in a homogeneous medium, (b) in
a medium intersected by one joint, and (c) in a medium intersected by two joints
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Table 1. Mechanical properties of fully grouted rock bolt

Constituent Elastic modulus Poisson’s ratio
(GPa)
Bolt 210 0.3
Grout 7.5 0.1
rock 25 0.25
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