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ABSTRACT

This paper will present the roof bolting finite element
model developed at Jennmar Corporation used to study the
control mechanism of the tensioned bolt system in the
laminated roof with a large horizontal stress. In addition, it
will discuss general support concepts pertaining to the
tensioned bolt system which are derived from a series of
studies in conjunction with the authors’ working experience
and extensive research efforts over the years.

INTRODUCTION

The tensioned bolt system has been widely used in
underground coal mines to effectively control thinly-
laminated roof strata such as shale, sandy shale, and/or
sandstone. This bolt system is an active type support in
contrast to the passive bolt system such as non-tensioned,
fully grouted rebar. It not only provides a high installed load,
but also a high stiffness, and a quick interaction with the mine
roof once it has a tendency to separate within the bolting
range.

Over the last few years, extensive field research projects
with instrumentation studying the mechanics of this bolt
system have been conducted. Also, in conjunction with the
field testing, a computer model has been developed using the
finite element method permitting further investigation of the
control mechanism of this bolt system.

Horizontal Stress

roof/rib comner. Normally, these types of failure are
associated with noticeable roof sagging and separation.
Within a certain limit, the larger the horizontal stress, the
stronger the strength of the bolted roof will be in terms of
reducing tensile stress (tensile failure) in the center of the
entry and shear stress (vertical shearing failure) at the entry
corner.

2. High Horizontal Stress

High horizontal stress can cause two major types of roof
failure. The first type is cutter roof either at the entry corner
or shear fracture in the middle portion of the entry.

Finite element analyses always indicate that the maximum
horizontal stress concentration occurs at the entry corner in
the roof surface, specifically, 1'-2' from the ribline when the
high horizontal stress is oriented perpendicular to the entry
direction in 2-dimensional modeling, and perpendicular to (or
close to perpendicuiar) in 3-dimensional modeling. It is
believed that if this concentrated horizontal stress exceeds the
lateral compressive strength of the roof, cutter roof
(horizontal shearing failure) will occur. The study of post-
failure process of cutter roof is beyond the scope of this
paper.

The second type of roof failure is the delamination or bed
separation of the roof strata and lateral shift due to low
installed load or delay in installation of the bolt. The roof
sags in the entry center, inducing tensile failure.

Roof Separation



