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ABSTRACT

The bolt design criteria, since it was first published
by Dr. John Stankus (Stankus, 1997), has been recognized as
an important tool in ground control design. This concept is
based on the Optimum Beam Building Effect (OBE), which
is defined as the roof beam that has no separation above or
within the bolted range and having the shortest bolt possible.
This paper will present an application of this concept at the
American Coal Company, Galatia mine.  This mine
previously used a 6’ and 7’ length bolt. However, since
seam thickness has gotten smaller in the Southern area of the
mine, a two-piece bolt is required. A two-piece bolt
increases ground control costs and delays production.
Therefore, a one-piece, shorter bolt, if feasible, can reduce
costs and expedite development. In this analysis, computer
modeling is first conducted to determine bolt length and
installed load. Second, a special bolt is developed, that can
achieve the proper installed load as determined by the
computer modeling. Third, underground bolt pull and load
cell tests were conducted to evaluate bolt performance.
Finally, an underground “bench” test was conducted. The
test results have shown that entry convergence in the short
bolt (5°) test area is less than the 6° bolt area. Overall roof
condition in the test area was as good as the 6” bolt area.
Based on this analysis, the mine has converted to a shorter
bolt in the low seam area and it is working well.

INTRODUCTION

Galatia mine is mining the #5 seam with longwall
panels in the North and South areas. In the North area,
mining height is 8’. The primary bolt is a 6’ one-piece
INST4L system. In the North area, mining height ranges
from 5’ to 7°. Due to the low mining height, a two piece, 6'
x 7/8" (3' x 3' sections) bolt is required. = Underground
observation indicated current ground control methods have
been effective. The roof is generally in a good condition.

None of the 7/8" primary bolts exhibited excessive loading
or bearing plate deformation. No bolts have been reported to
have failed under load (either vertical or shear). However,
the two piece 6’ bolt is more expensive and time consuming
to install. The question is raised: Can a shorter, one piece
bolt be used in the low mining area. Based on the referenced
bolt design criteria and roof strata composition in Galatia
mine, if a proper installed load is applied with the primary
system, it is feasible.

FINITE ELEMENT ANALYSIS

Methodology

Drill hole logs indicate the immediate roof consists of
thick laminated shale. For this type of roof, beam building
theory is the primary support mechanism. To design a proper
primary support system, finite element analysis is conducted.
The methodology is to apply appropriate pre-tension to the
immediate roof to achieve the Optimum Beaming Effect
(OBE). The OBE is defined as the roof beam that has no
separation above or within the bolt range and having the
shortest bolt possible. To determine the proper installed load,
finite element analysis was conducted. Based on the
information provided, the following configurations were
analyzed:

e 57 bolt, 4 bolts per row,
s 6’ bolt. 4 bolts per row.

The analysis consists of initially constructing a coarse
model utilizing the actual mine site parameters. From coarse
model output data, a much finer mesh is utilized in the sub-
model with boundary conditions automatically applied from
the coarse model at the cut-out boundary. The lamination
planes are modeled using gap elements. The bolt system is
modeled as a one dimensional truss element with an installed
load. The magnitude of the installed load required is
determined by running additional sub-models with different
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installed loads and bolt length until no bed separation and
tensile stress occurs.

5’ Vertical bolt

Shown in Fig. | is the finite element sub-model for a
4’ x 5 vertical bolt configuration. To determine the installed
load, a number of sub-models were run by automatically
changing the installed loads. Following are the typical
results:
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Fig. 1 Finite element model for 5° vertical bolt
configuration

1,000 Ibs. Installed Load

Shown in Fig. 2 is the immediate roof displacement
and separation for 1,000 Ibs. installed. It can be seen that
separations occur at the 2.5° 3°, 3.5°, 4.5°, and 7" horizons.
Shown in Fig. 3 is the vertical tensile stress distribution. It
can be seen that a large tensile stress zone exists in the
immediate roof arca. Therefore, 1000 Ibs. installed load is
not sufficient to built a strong beam. A higher bolt installed
load is required.
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Fig. 2 Roof displacement and separation for
1,000 1bs. installed load

Tensile stress

Fig. 3 Tensile stress distribution for 1,000 Ibs.
installed load

15,000 Ibs. Installed Load

Shown in Fig. 4 is the immediate roof displacement
and separation for 15,000 Ibs. installed load. It can be seen
that separations occur at the 5.5’ and 6’ horizons. Shown in
Fig. 5 is the vertical tensile stress distribution. It can be seen
that the tensile stress zone is significantly reduced.
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Fig. 4 Roof displacement and separation for
15,000 Ibs. installed load
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Fig. 8 Roof displacement and separation for 6’
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Roof displacement and separations for

18,000 Ibs. installed load
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Fig. 6

bolt (installed load 18,000 Ibs.)




