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ABSTRACT

Thedecade of the 90's brought an unprecedented increasein the
development of innovative technologies to provide more effective
and easier toinstall roof supportin underground mines. Tofacilitate
the application of these technologies to improve mine safety,
National Institute for Occupational Safety and Health (NIOSH)
devel oped the Support Technology Optimization Program (STOP).
STOP is a window’s based software program that provides mine
operators with a simple and practical tool to make engineering
decisions regarding the selection and placement strategy of these
various standing roof support technologies. This program includes
a complete data base of the support characteristics and loading
profiles obtained through safety performance testing of these
supports at the NIOSH Safety Structures Testing Laboratory.
Support design criteria in the form of the required support load
density at a specified convergence can be established from four
options: (1) a data base of measured ground reaction data from
various mines or ground behavior information inputted by the user,
(2) determination of |oading regquirements based on a detached roof
block or rock failure height, or (3) criteriabased on the current roof
support system, and (4) arbitrary criteriaset theby user. Using these
design criteria, the program will determine the installation
requirementsfor aparticular support technol ogy that will providethe
necessary support load density and convergence control.
Optimization routines are also available to determine the most
efficient support design for a user specified support installation. In
addition to these performance measures, STOP can be used to
compare material handling requirements and installation costs.
Comparisons among the various support technologies are easily
made including graphical analysis of relevant support parameters.
This paper describes the STOP and its application to optimize
standing secondary roof support systems.
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INTRODUCTION

Secondary support providesadditional roof supportintheevent
of failure of the primary support system. When properly designed,
secondary support will also assist the primary support in controlling
theintegrity of theimmediateroof beam. Hence, roof support should
be thought of as a three-part system: (1) the remaining coal pillars
which provide control of the overburden weighting; (2) the primary
support system consisting of theroof boltswhich helpto formamore
competent roof beam and in the case of mechanical bolts attach the
immediate roof beam in suspension to the more stable main roof
rock, and (3) the secondary roof support system which consists of
standing roof support and intrinsic support elements that are
designedto control the deformation of theimmediateroof and handle
the additional abutment loading in retreat mining, such as longwall
mining where the tailgate is frequently supported with various
secondary roof support systems. It should be noted that the STOPin
itspresent formislimited to the evaluation of standing roof support
systems.

Engineering design is applied primarily to size the pillars to
account for load variations due to depth of cover, active mining
zones, and the quality of the roof rock. Computer programs such
ALPSand ARMPSarevaluabletoolsin designing pillarsfor various
mining scenarios (1, 2). There is no universally accepted design
criteriafor primary support (roof bolts), although recent research by
National Institute for Occupational Safety and Health (NIOSH)
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indicates that there may be some fundamental criteria to define
conditions where current primary support densities are inadequate.
The Wood Crib Performance Model (3) was developed in 1994 to
provideengineering design for conventional wood cribs, which were
the dominant form of secondary support at thetime. The Wood Crib
Performance Model determined the supporting capability of various
conventional wood crib configurations and matched this capability
to user-defined load and convergence criteria. More recently, a
design methodol ogy for standing secondary roof support inlongwall
tailgate applications was developed, which incorporates measured
ground reaction data into the formulation of the load and
convergence design criteriafor standing roof support systems (4, 5).

In the past 5 years, there have been 16 new standing roof
support systems devel oped for use as secondary roof support. These
new support systems not only provide superior roof support, but
many provide material handling advantages as well. The Support
Technology Optimization Program (STOP) was developed by
NIOSH to alow mine operators to compare these various support
systems and to optimize the application of both new standing roof
support technologiesaswell as conventional wood and concretecrib
support systems. Although STOP can be considered as an upgrade
of the origina Wood Crib Performance Model, it is built on a
windows-based architecture and has several enhanced features that
were not available in the previous Wood Crib Performance Model.
These include: (1) selection from a data base of currently available
standing roof support systems for evaluation, (2) synopsis of
pertinent design and install ation criteriafor each support system, (3)
description of the performance characteristicsincluding photographs
of the support loading profile showing the condition of the support
as it deforms, (4) name and phone numbers for the support
manufacturers, (5) ground reaction curve support design criteria
wherethelaboratory support performance can be matched to acurve
corresponding to the ground behavior as opposed to a single (load
and convergence) data point aswas donein thewood crib model, (6)
enhanced optimization algorithmsthat determinethe support design
which is most efficient for the user-specified support installation
requirements, or the installation requirements for user-defined
support load density and convergence requirements, (7) material
handling and cost information for each support, and (8) graphical
displays of the support system capability.

Itisimportant to understand that although there are now awide
variety of support choices, each of these support systems have a
unique performance profile. Simply replacing one support system
with another will not provide equivalent ground control. Most of the
new support technologies provide superior supporting capability,
which may allow wider spacings of the support to be used if the goal
isto provide equivalent support capability to that of aconventional
wood crib support system. STOP will determine the spacing
requirements that will provide equivalent support capacity. Thisis
one way that STOP can optimize the use of a particular support
system. STOP can also provideimportant information regarding the
benefits of increasing the support load density. Using measured
ground reaction data, STOP will determine: either the convergence
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that can be expected from a certain support design installed on a
user-selected spacing, or the support spacing required to limit the
convergenceto acertain level.

This information can be very useful when petitioning Mine
Safety and Health Administration (MSHA) for approval to use an
alternative support technology. Without this information, MSHA
will typically require a trial section where the alternative support
system can be observed before full approval isgranted. Inlongwall
mining, this means that one might have to wait for a full panel of
mining before implementing a new support technology. Likewise,
variations in the placement strategy or implementing a change in
support design can be delayed until a trial section is observed
without an engineering basisto justify such achange. Hence, STOP
can be included as another part of the overall process that MSHA
may utilizein approving aroof support plan. Whileit may not bethe
soledeciding factor, it can provide critical engineering datathat will
facilitate a decision regarding the implementation of these new
support technologies.

Thispaper will introducethe STOP, describethe architecture of
the program, and provide several examples of how it can be used to
optimizethe design and use of secondary roof support technologies.
STOP can provide an engineering foundation to ensure that
inadequate support designs as well as ultra conservative support
applications are avoided. Safety will be improved by proper
matching of the support performance to the mine conditions which
will reduce the likelihood of roof falls and blocked escapeways.
Material handling injuries associated with support construction are
known to account for about 5,000 lost work days per year in
underground coal mines (6). STOP can help to define the material
handling advantages of alternative support technologies that use
lighter weight materials or systemsthat can beinstalled with theaid
of mechanical assist. The use of these support technologies can
significantly reduce material handling injuries.

PROGRAM ARCHITECTURE

Theprogramisawindows-based architecture. TheMain M enu
allows the user to control the flow through the program if desired.
Thiswindow is always shown, and can be accessed through each of
the primary program segments. The main menu contains these six
modul es:

File — The File window contains file management subroutines that
allowsthe user to create new files, open and close existing files, and
exit fromthe program. The File Menu also allowsthe user to set the
path for storage of several photographsthat areincorporated into the
program for visual display of the support performance.

Information — The Information window can be thought of as a
general information center. The various support technologies are
categorizedinsix groups: (1) conventional wood (crib) supports, (2)
engineered timber supports, (3) conventional concrete crib supports,
(4) yieldable concrete supports, (5) steel supports, and (6) additional
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supports. From thislist and the embedded sub menus, the user can
select a specific support and learn more about the support through
several other program buttons. Keypoints provides a description of
the support, design and installation considerations, performance
characteristics of the support, and manufacturer or supplier contact
information. Performancedisplaystheloading profile of the support
with photographsthat depict the deformation and associated support
loading. NIOSH Testing Laboratory describes the Mine Roof
Simulator and makes reference to the safety performance testing
protocols through which the performance characteristics of the
support weredetermined. Reference/Bibliography containsrel evant
reference material pertaining to the selected support system.

Design Criteria—TheDesign Criteriawindow iswheretheload and
convergence design criteria for the support system are formul ated.
The requirement is to define the required support load density in
terms of tons of support capacity per linear ft of entry advance and
at what convergencethis support capability isto be provided. There
are4 different waysto establish these design criteriain the program:
(1) ground reaction curve, (2) detached block, (3) current support
system, and (4) arbitrary

criteria.

1. TheGround Reaction Curve (figure 1) allowsthe user to define
the support load density and convergence criteriafromin mine
measurements of the ground behavior (convergence) associated
with various support systems (4, 5). Essentialy, the ground
reaction concept impliesthat the convergencein the mine entry
is controlled by the magnitude of the support resistance.
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~ Ground Reaction Design P: - Ground Reaction Curve |
Defined curves D 1
Max allowabls convergence oo -
[Emerald =] Edt
Min acceptable suppart laad density 250 tons/ft

Design convergence 200 i
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Poas | tonst 000

Load density at design convergence

GRC Safety Factar 1
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Figure 1. Window for establishing design criteriabased on a
ground reaction curve

Generally, the convergence decreases with increasing support
load density. Hence, if measurements of convergence are made
with two or more support systems of varying stiffness, then a
ground reaction curve can be established for that particular
mine. The user can define a ground reaction curve or use one
from the data base established from various mine siteswhichis
maintained in the program. Once a ground reaction curve is
defined, the program will determine the required spacing for a
particular support system that will provide the support load
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density consistent with the ground reaction curve at aparticular
convergence.

The Detached Block window is shown in figure 2. The support
load density requirements are established by calculating the
weight of a detached block of roof rock above the mine entry.
Thefailure height can beinput by the user or estimated fromthe
quality of the roof rock (Coal Mine Roof Rating) using an
approximation devel oped by Unal (7). Thevolumeof the block
is also influenced by the shape of the failure. Optionsinclude
either an arch or avertical shear failureat the pillar boundaries.
Two options are available for determining the convergence
criteria.  If ground reaction information is available, this
information can be used to help definethe convergencecriteria
In terms of the ground reaction curve, there is a critical
convergence where failure of the roof occurs. This could be
used to define the convergence criteria for the detached block,
the idea being that the support should put the roof rock mass
into equilibrium before the critical convergence is reached. If
this option is selected, the convergence is defaulted to the
maximum convergence on the ground reaction curve, but the
user can change thisinput if desired. In the absence of ground
reaction information, the user can simply input a convergence
criteria(allowabl edisplacement beforeroof weight issupported
in equilibrium).
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Figure 2. Window to establish design criteriabased on
detached roof block

TheCurrent Support Systemallowsthe user to definethedesign
reguirements based on the performance of the current support
system (figure 3). There are two options available. One, if a
ground reaction curve is available, then the program will
determine where the current support system falls on the ground
reaction curve, and set the support load density and
convergence requirementsto that point. For the second option,
the user must define an all owabl e convergence which should be
based on some in mine measurements. The support capacity
and resulting load density for the support spacing will be
calculated from theload-displacement profilefor the support as
determined from tests in the Mine Roof Simulator or other
laboratory data.
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- Current Support System Design Parameters ~Ground Reaction Curve
Defined curves b1
Select current suppott Select ?
Enmerald % i‘
Current suppart ngd cribs I J
Suppart type: Wood ciibs Load Density, tons/ft~ [20.18
Mude! 6.0 6.0 % 360 3000
C-C support spacing. in [a4.00
MNo.iows aciossently— [2
Load density, tans/ft 1772
Design convergence, in -+ [274 ’ i 5
Conwergence, in IW
 Design Citeria Summary Left click sets design convergence
Suppart load density, tons/t 17.72
Conwergence control, in 21
Ok | Cancel | Help |

Figure 3. Window to establish design criteria based on current
roof support system.

4. Arbitrary Criteriasimply allowsthe user to set the support load
density and convergence criteriato any arbitrary set of values.

Support Evaluation -- The Support Evaluation module isthe heart
of the support design process. Any of avariety of support systems
contained in the program data base can be selected for design and
analysis (figure 4). Selecting the Design feature calls a subroutine
which allows the user to control relevant design parameters and/or
pick from the avail able design (models) for a particular support type
(figure 5). The user must also input the number of rows to be used
in the support placement. The program will then calculate the
required spacing of the supports to achieve the desired support load
density at the designated convergence, or the user can select a
support spacing and the achieved convergence will then be
calculated for the user-defined support installation. An optimization
algorithm is also included in which the program will determine the
support design or model which most closely matches the design
criteria (support load density at designated convergence). Also
included in the Support Evaluation module are analyses of the
installed support costsand thematerial handling requirementsfor the
support.
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Figure 4. Window for selecting support
types for design and analysis.
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Figure 5. Window for designing the support system and
determining the installation requirements to achieve
the design criteria objectives

Comparison — The Comparison modul e provides comparison of the
selected and designed supported systems. There are three windows
in the Comparison module: (1) Comparison, (2) Summary, and (3)
Plot. The Comparisonwindow describesthe support layout (number
of rows and support spacing) and has a tabular listing of various
design parameters for each support system. The parameters are
grouped into categories: (1) ground control, (2) costs, and (3)
material handling. The user can pick any one of the sel ected support
systems to use a baseline system for comparison purposes. The
Summary window summarizes the support design parameters for
each support system. The Plot window allows the user to plot the
support performance (unit support load or support load density) as
a function of convergence and graphically compare the various
support systems as shown in the example in figure 6. Ground
reaction data can also be displayed on the plots to show the
convergencecontrol provided by thevarioussupport systemsrelative
to the ground reaction curve.
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Figure 6. Graphical analysis of selected support systems showing
support load density as afunction of convergence

Help — A context-sensitive help file is available to facilitate the
operation of the program and interpretation of theresults. TheHelp
file can be called from each window or from the main menu.

Using the Program

Generally, the program control guidesthe user through alogical
sequence of operationsto facilitatethe design and i mplementation of
aroof support system. Figure 7 isadiagram of this program flow.

The Information Center is shown on start up. Here, the user
can explore the various support technologies that are available,
examinerelevant design and install ation considerations, and observe

Disclaimer File Open
File Save
Main Window About

the failure stages of the various support structures. The Next button
transfers control to the Design Criteria module to awindow where
the user must select the basis for establishing the design criteria,
choosing one of the following options: (1) detached block, (2)
ground reaction curve, (3) current support system, or (4) arbitrary
criteria. Control isthentransferredtotheappropriatewindow for the
chosen design criteria and the user then defines the support load
density and convergence design criteriain that window. Once the
design criteria are established, control is transferred to the Select
Supports window. It is here where the user picks the supports to
evaluate. Thereareseveral optionsavailable: (1) Add allowstheuser
to select a new support, (2) Delete to delete a support from
consideration, (3) Duplicate to duplicate a support, which can be
helpful when you want to reevaluate a support design with a few
minor changes, and (4) Rename to simply rename the support.

After a support type is selected, control is transferred to a
window where the user can define the appropriate support design
parameters. Once the user defines the support design, the program
calculates two outputs: (1) Achieved Ground Control where the
convergence control provided by the support system and the support
load density are displayed and (2) Installation Requirements where
the number of rows and required support spacing are provided. For
most supports, under the Support Specifications, there is a'so an
Optimization button. Clicking on the Optimization button causesthe
program to transfer to an optimization window where the user can
select a support spacing and number of rows and the program will
calculate the support model or design that most closely matches the
required convergence and support load density previously
established in the design criteria.  The optimization agorithm
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Figure7. Flow diagran71 8showi ng program control.
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depends on which spacing option was selected in the support
specifications window. [If “Calculate the required spacing” option
was selected, the optimization routine will select a support design
that will meet the design criteria at |ess than the specified maximum
spacing. If the “User-defined spacing” option is selected, then the
program will determine a support design that will meet the load
density requirement at a convergence less than the design
convergence.

Once the support system is defined and the installation
requirements (number of rows and spacing) are determined, then
control is transferred to the materials handling window where the
support costsand material handling requirementscan bedefined and
examined. A set of default values are included in the program that
are considered to be representative of the various support
technologies at the present time, however, the program alows the
user to modify any of these parameters. In particular the cost
parameters may be mine specific and time dependent to some degree.
These default values will be updated periodically on the web site
version, but the user should contact the support manufacturers to
receivethelatest costinformation. Finally, the Next button transfers
control to the Comparison module where the various support
systems can be compared to one another.

= Propsetter: 10-in diameter M= E
=
[
I I
a0
Load, tons
| 48
a
] Convergence, in |T 14
Frevious | Ok |

Figure 8. An example of the loading profile display
availablein the Information Center

EXAMPLE APPLICATIONS OF STOP

Examining the L oading Profile of a Support System

In the Information Center of STOP, photographs of each
support during its loading phases are shown when the Performance
button is clicked. The load-displacement curve for the support is
shown with aline to designate the displacement that correspondsto
the photo in the window. Photos are typically shown at 2-in
incrementsin support displacement. An example for the Propsetter
support is shown below (figure 8).

Optimizing the Use of Conventional Wood Cribs

Historically, conventional wood cribs have been used
extensively for secondary roof support. A common support system
is a double row of 4-point cribs constructed from 5x6 in (cross-
sectional dimensions), 30-in-long, mixed hardwood timbers. STOP
can be used to evaluate alternative designs and show that 9-point
cribbing can be more cost-effective. The procedure to conduct such
an analysis would be as follows:

1. Review the design information on conventional wood cribsin
the Information Center.

2. Choose Current Support Systems for the basis for selecting the
design criteria.  Enter the entry width and height. Since no
supports have been defined yet, the program will transfer
control to the Select Supports window. Clicking on the Add
option will transfer control to the support menu where wood
cribs can be selected.

3. Control will be transferred to the Wood Crib Specifications
window where the wood crib parameters are defined. Enter the
wood crib specifications (timber width, timber thickness, timber
length) and select the mixed hardwood speciesto establish the
wood strength. Input the number of timbers per layer. After
confirming the support design, Ok transfers control to the Select
Supports window.

4. Hitting Ok here then transfers control to the Design Criteria
window, where the current wood crib design is featured. You
will now need to enter avalue for the spacing of the supports,
number of rows, and enter a convergence to establish the
support load density design criteria. Inthisexample, aspacing
of 81 inchesfor adoublerow of cribsand aconvergence of 4.0
inches was chosen.

5. Whencontrol istransferred back to the Select Supportswindow,
the user hasthe option to examinethe support material handling
and costs (by clicking on the Design and Costs button).

6. After reviewing thematerial handling and cost information, the
control will betransferred back to the Select Supports window,
wherethe alternative support designs are entered and eval uated
accordingly. One way to accomplish this is to duplicate the
current support and simply change the number of timbers per
layer from 2 to 3 and the number of rows from 2 to 1. The
program will then calculate the required spacing of single row
of 9-point cribs that will provide the same load density as that
of the double row of 4-point cribs.
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Figure 9 documents the result of one such analysis, comparing
theinstalled cost of adoublerow of 4-point cribson an 81-in center-
to-center spacing with that of single row of 9-point cribs on a92-in
spacing. Both support systems, with cribs constructed from 5x6x30
in mixed hardwood timbers, provide 10.5 tons per ft of support
capacity at 4 in of convergence. Also included in thisanalysisisa
double row of 4-point cribs constructed from all oak timbersinstead
of mixed hardwoods. Note that in this analysis, the narrow side of
the timber (5-in side) was placed down to establish the interlayer

contact.
E 4
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B
g
] 15
.
2
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=
Irows 2noe s
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At joapa| 4-pi [k 5.0l (poptar)

Figure 9. Comparing the installation costs of various
wood crib designs (5x6x30 in timbers with 5-in
side placed down)

Figure 10 illustrates the same comparison except that the cribs
are constructed with the wide-side-down (6-in side) instead of the
narrow side down (5-in side) as was done in the previous example.
The results clearly show the benefits of maximizing the support
capacity by increasing the contact area with the wide-side-down

construction.

2 rows

w
o

w
(=]

N
o

N
=]

o

[=)

INSTALLED COST, $/ft of entry
o

o

2 rows 1 row
116 in spacing

4-pt (poplar)

176 in spacing
4-pt (oak)

117 in spacing

9-pt (poplar)

Figure 10. Same analysis as shown in figure 9 except the wide
side of timber (6-in side) was placed down to establish the
interlayer contact among adjacent timbers
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Replacing Conventional Wood Cribbing with Engineered
Timber Supports

Inrecent years, numerousalternativetimber supportshave been
developed. These supports are engineered to provide improved
loading characteristics compared to conventional wood cribbing.
For this example, the goal is to replace a conventional wood crib
design with engineered timber supports and provide equivalent
support capability in terms of support load density at a specific
convergence. The procedure for designing these engineered timber
support applicationsisbasically the same asin the previous example
except the alternative supports are chosen for analysis instead of
conventional wood crib designs.

The baseline case for this example isthe same asthat chosenin
the previous example: doublerow of 4-point, mixed-hardwood cribs
on all6-in spacing providing 10.52 tons per ft of support capacity
at 4 in of convergence. The alternative supports chosen for this
example are: (1) 24-in Link-N-Lock, (2) 30-in Link-N-Lock, (3)
Hercules HM-9(308) crib, and (4) 30-in Tri-Log crib. Figure 11
shows the installed support cost per ft of entry for support systems
designed by the STOP to provide equivalent support loading to that
of the baseline conventional wood crib support system. The
installation requirements are also shown. As seen in figure 11, all
four of the engineered timber support systems are able to reduce the
installed support cost considerably without sacrificing support
capability.
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Figure 11. Evaluation of engineered timber support systems as a
replacement to conventional wood cribbing

Increasing the Support Load Density to Reduce
Entry Convergence

The objective of increasing the support load density is to
improve ground control by allowing less roof movement to occur.
If the ground reaction at a particular mine is known, then support
systems can be designed to provide any measure of convergence
desired. The following example (figure 12) is based on a ground
reaction curve selected from the program’s data base. Using this
curve, the convergenceisreduced from 4 in, achieved with two rows
of conventional 4-point, mixed-hardwood cribs on a 97-in spacing,
to 2 in with alternative support designs.
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Figure 12. Analysis of support system options when the
convergence requirement is reduced from 4 to 2 in.

1. Review the design information on the various support
technologiesin the Information Center.

2. Choose Ground Reaction Curve for the basis for selecting the
design criteria. In the Ground Reaction form, the Emerald
ground reaction curve is chosen. Input 4.0 in for the design
convergence and the program will determine the required
support load density that is consistent with the ground reaction
curve. Inthiscase, itis10.50 tons per ft.

3. Control will then be transferred to the Support Selection
window. Wood cribs are chosen for the support type.

4. Control will then betransferred to the Wood Crib Performance
window, where parametersfor a4-point wood crib are defined.
The program will then determine the installation requirements
for this crib design. The program proceeds to the Costs
window. The default settings for the wood crib are reviewed
and modified as needed. The program then computes an
installed cost per ft of entry for this support design.

5. Control isthentransferred to the Comparison modulewherethe
performance parameters for this support system can be
reviewed.

6. The Comparison window isthen closed by transferring control
back to the Main Menu. Here the Design Criteriais activated
and the Ground Reaction Curve criteriais again selected. The
Emerald curveisagain chosen. Now the design convergenceis
changedto 2.0in.

7. Control will then be transferred back to the Support Selection
window. Now the various alterative support technologies can
be selected and designed in the respective Performance
windows.

8. When the support designs are completed, the Comparison
window will now show the baseline wood crib system at 4 in of
convergence and the alternative support design performance
measures at 2 in of convergence.

Replacing Timber Supportswith Other Alternatives

Thereareseveral alternativestotimber supports. The STOP can
be used to eval uate these various alternatives and make comparisons
based on equivalent support capability or show the advantages of
alternative placement strategies with superior roof support systems.
The following example will show how these alternative support
technologies can be designed relative to the current roof support
system using available ground reaction data. The process begins by
selecting the Current Support System for design basis. For this
exampl e, the current roof support system is adouble row of 4-point
wood cribs. Hence, the user selects wood cribs as the support type
and then entersthe appropriate datain the Wood Crib Specifications
form to define a 4-point crib constructed from 6x6x36 in oak
timbers. The center-to-center support spacing is entered (108 inin
this case) and the number of

Table 1. Comparison of aternative support technologies as replacements
for conventional wood cribbing.

Design Requirements: Support Load Density =15.25 tons/ft  Convergence = 3.4 in
. . Installation requirements | Achieved convergence | Achieved support
Support type Design specifics — = — ot i g Jooc ity fo'[;] .
Wood Cribs 4-pt (6x6x36 in oak timbers) 2 108 34 15.25
Pumpable Crib 30in 1 116 0.9 25.23
ACS Pizza Headplate 2 133 2.6 19.74
The Can 24in diameter 2 138 34 15.25
Stretch Prop timber ft/hd boards 3 61 3.4 15.25

ISince this particular support begins to shed load prior to the design convergence of 3.4 in, the peak support loading was used to
determine the support spacing and achieved support load density which occurs below the design convergence. Thisisthe preferred
application design for these supports since the support capacity at the peak loading would control the convergence prior to yielding.
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Table 2. Support systems determined by the optimization routine for user -define support installation parameters.
Design Requirements: Support Load Density = 16.67 tons/ft  Convergence=3.0in
User specified installation Achieved Achieved load densi
Support type Optimized design reirements_ ehieved convergence | Achieved support oad densty
No. rows Spacing
Wood Cribs 9-pt (5x5x30 in timbers) 2 96 2.8 17.6
Link-N-Lock 36in 1 96 2.6 18.5
Tri-Log Cribs 30-in standard 2 96 16 225
Propsetter 10-in diameter 2 96 2.6 184
The Can 24in 2 96 16 225

support rows (2 in this case). The design convergence and support
load density are determined by clicking on the Set using GR curve,
where it is shown that the current support system intersects the
chosen ground reaction curveat 3.34in of displacement and provides
asupport load density of 15.25 tons/foot. Table 1 compares several
alternative support systems that provide equivalent or improved
support capability.

Using the Optimization Routinesto Select the Best
Support Design

The previous examples have shown how STOP will determine
the required support spacing that is needed for a user-specified
support design. The optimization routines allow the user to specify
a support spacing and number of rows of support elements, and the
program will determine which support design best fits the load and
convergence design criteria. For the example shown in table 2, the
design criteria of 16.67 tons per ft of entry at 3 in of convergence
was established from a Ground Reaction Curve chosen from the
program data base. Then various support types are selected for
evaluation. When the Optimization button in the Performance form
isselected, theuser will definetheinstallation requirements (number
of rows and support spacing) and the program will determine the
support model which most closely matchesthe design criteria (16.67
tons/ft at 3 in of convergence in this case). Since the installation
spacing and number of rows are specified, the achieved convergence
will vary depending on the support type chosen. Table 2 documents
some examples of optimized supports as determined by the STOP.

Evaluating M aterial Handling Aspects of Support Design

Surveillance data shows that material handling injuries are
commonin support construction, causing several thousand lost work
days each year. Hence, part of the support selection process should
be the material handling requirements. Figure 13 is an example of
data derived from STOP for four support systems: (1) Pumbable
Crib, (2) Alternative Crib Support or ACS, (3), Propsetter, and (4)
conventional 4-point crib. As seen from this analysis (figures 13a-
13c), there are significant material handling advantagesin using the
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aterative support technologies compared to conventional wood
cribbing.

Pumpable Crib
ACS
Propsetter
4 Point Wood Cab
0 20 40 60 80 100
SUPPORTS PER SUPPLY CAR
Figure 13a. Comparing the number of supports per
supply car for conventional wood cribbing
and three alternative support technologies
Pumpable Crib
ACS
Propsetter
4 Point Wood Crib
0 10 20 30 40 50

SUPPORTS CONSTRUCTED PER SHIFT

Figure 13b. Comparing the supports constructed per
shift for conventional wood cribbing and three
aternative support systems
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Figure 13c. Comparing the construction work for conventional
wood cribbing and three alternative support systems

CONCLUSIONS

Historically, wood cribs have been used as secondary roof
support in underground mines. The Wood Crib Performance M odel
was developed by the U.S. Bureau of Mines in 1994 to provide an
engineering foundation for the design and applications of these
supports. Inthepast few years, many new support technol ogieshave
been developed by various roof support manufacturers. These
innovative support technologies provide superior roof support and
reduced material handling requirements in many cases. However,
each has its own performance characteristic, hence they al need to
be employed differently in order to provide equivalent roof support.

STOP was devel oped to provide amore comprehensive support
design program than that provided by the old Wood Crib
Performance Model. Not only does STOP include all of the new
support technologies that have been developed, it aso alows for
application of a new design methodology based on a measured
ground reaction curve at a particular mine site. Also included in
STOP are a comprehensive material handling assessment and cost
evaluation for each support system. STOP is a window’ s-based
programthat isuser-friendly and very flexibleto provideengineering
solutions for various secondary support applications.

STOP can beused to determinetheinstall ation requirementsfor
an alternative support technology that will provide equivalent
support as compared to the mine's current support system or an
installation that will provide a specified support load density at a
designated roof convergence. The optimization routines in the
program will select the most efficient support design for the user-
specified criteria.

STOP utilizes performance data devel oped by NIOSH through
safety performance testing in the unique Mine Roof Simulator load
frame. Each of these support systems have been evaluated through
arigoroustesting protocol that simulatesin mine service conditions.
Photographs of the support condition at various stages of loading are
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also included in STOP. These photographs help to provide an
appreciation for the limitations of the support, and can be used to
assess the general loading conditions when these profiles are
observed underground.

STOP can provide some much needed engineering to secondary
roof support. This can be very helpful when petitioning MSHA for
approval to use an alternative support technol ogy or making changes
in application such as increasing the support spacing. By proper
engineering of the support relative to the ground reaction,
convergence can be controlled to a predetermined level. This will
allow an operator to optimize the support application and provide a
margin of safety in roof stability that will reduce the likelihood of
roof failure without the need for excessive roof support. Likewise,
thiswill removetheuncertainty in the support design and prevent the
application of inadequate support that can lead to roof falls. Finally,
STOP will alow mine operators to fully consider the material
handling aspects of support design in the selection process, and by
doing so reduce the incidence and severity of material handling
injuries.
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