RI 9141

Bureau of Mines Report of Investigations/1987

Critical-Load Studies of a Shield Support

By Thomas M. Barczak and David E. Schwemmer

U.S. Bureau of Mines
Spokane Research Center
E. 315 Montgomery Ave,
Spokane, WA 99207

LIBRARY

UNITED STATES DEPARTMENT OF THE INTERIOR




e

Report of Investigations 9141
Critical-Load Studies of a Shield Support

By Thomas M. Barczak and David E. Schwemmer

UNITED STATES DEPARTMENT OF THE INTERIOR
Donald Paul Hodel, Secretary

BUREAU OF MINES
David S. Brown, Acting Director



Library of Congress Cataloging in Publication Data:

Barczak, Thomas M,
Critical-load studies of a shield support.

(Bureau of Mines report of investigations ; 9141)
Bibliography.
Supt. of Docs. no.: I 28.23:9141.

1. Longwall mining. 2. Mine roof control. 1. Schwemmer, David E. II. Title. IIL. Series:
Report of investigations (United States. Bureau of Mines) ; 9141,

TN23.U43 [TN275] 622 5[622°.334] 87-600280




CONTENTS

AbstracttQo.aooooon.ooooooaoo;oooclnaocoﬁo.o.vooooon.l...ooocoooo.cooo-ooooooo.

INtroducCtioNeeessasesresssssanesssssssrasesscsassnsncsssssassnsncssessnsossonsos
Support configuration and load transferissceorvessssosvesvocrssssonossessesoons
Critical-contact configurationSeeeseesveseeeccescrsvrsrersssosesonssancnssnsnsesas
Support instrumentation and simulator teStSssecssscsvencssrsacoonenssvssssansons
Results of critical~1oad testSieestcvsortssvsocrescsnssscrescoressontsasnnsesnes

Effect
Effect
Effect
Effect
Effect

of
of
of
of
of

contact configurationS.escasseescessscesonsassanscorssssssassnssssess
shield helghleeeeeeosssesnsctsssossssonscssnssrssoscssnessansessossoanss
rate Of CONVEIgeNCEssstsssesstssstosscosssvecssossssocossosessvsssse
contact StiffnesSececscesosessnsossesesssccsoscorosassososnnssosnsnnss
horizontal CONSEraAinNtesceesossscessesesasssesnscessscssscssnsessnnosns

conclusions‘..'.l.0'5............00.....00'O..I.0'....I..O..Q......C.O..'l’....
Appendix A.—-Support Instrumentationsseeeeveecscsssosscssessssrescassassssvasnsna
Appendix B-'“Summary Of Critical_load test reSUlts.-...........................

ILLUSTRATIONS

1. Analysis of mine roof BUDPPOIL SYSLEMeesstevssvooccncsossvososesscssasncons
2. Components of longwall shieldsesseseeonsessonsessosssssosscsnsonccasnasss
3. Mine roof simulatoreeeeeeosecesnacsoosusnasssscassnsassssssenecnnsosonnsaans
4, Most efficient support—contact configuration.seecesessnsveossessoscssonnns
5. Impact of resultant force acting at locations other than leg reaction....
6. Example of critical-load contact configurationeessescssscscsscscenssrssens
7. Critical~load canopy CONLACES.seserosserssosesonssscnossosossonccrsnsssnses
8. Critical—load base CONLACES.cssvscsssessssesssnssssssonsasnssnsssssnsassons
9. Canopy-base critical-load contact configurationSecuiavecsceensesvevasosnnsns
10. One-point base-contact critical-load configurationiecesssecvescsncssesess
1i. Effect of contact-material stiffness on shield strainS..sceceescecesossas
A-1l. Locations of strain-gauge instrumentatioNesccesssserssesscroscssrsonscenes

TABLES

1. Comparison of strain distribution for various contact configurations.....
2, Effect of shield height on strain profileS.ceceecascsscsverssccesccssonses
B—IC Summary Of Critical—load test results'l.’.‘.'.....l"...0.&009'0000'0.‘0'

Page

W W00 U=

il
11
11
12
12
14
15

o "B U= W« R, BR U, R o g WL Y

[T

11
15



UNIT OF MEASURE ABBREVIATIONS USED IN THIS REPORT

in inch 8 second
in/min inch per minute st short ton
pct percent




CRITICAL-LOAD STUDIES OF A SHIELD SUPPORT

By Thomas M. Barczak and David E. Schwemmer?

ABSTRACT

One of the primary goals of Bureau of Mines research is to reduce the
cost of coal mining by improving the efficiency of longwall supports.
One method of achleving this goal is the optimization of stress distri-
bution within the support structure, resulting in a lower overall
welght, more fully stressed shield. However, before stress optimization
can be inltiated, load conditions must be defined that cause maximum
stress 1In the various support components. A finite-element model of a
longwall shield was used to identify these c¢ritical load conditions.
These load conditions were then evaluated in the Bureau's mine roof sim—
ulator (MRS) by instrumentation of a longwall shield and measurement of
strains in each of the shield components. The critical (canopy-base
contact) load conditions were identified that can cause structural fail-
ure at less than rated shield (hydraulic yield) capacity. Comparisons
were made between full-contact and partial~-contact load conditions.
Other parameters investigated included the stiffness of the contact ma-
terial, changes in shield geometry, rate of load application, and ef-
fects of horizontal comstraint. Conclusions were drawn regarding the
structural integrity of the major shield components and potential for
stress optimization.

1Physicist, Pittsburgh Research Center, Bureau of Mines, Pittsburgh, PA.
25tructural engineer, Boeing Services International, Pittsburgh, PA.



INTRODUCTION

One of the primary goals of the Bureau
is to reduce the cost of coal mining by
improving the efficiency of longwall roof
supports. This can be achieved in one of
two ways: (1) better selection of roof
supports to minimize the utilization of
higher-than-needed support capacity, or
(2) improved designs providing more ef-
ficient load transfer by optimization of
stress distributions within the support
structure. An overview of the Bureau of
Mine's technical approach for the long—
wall roof support research program is
shown in figure 1.

Improvments in selection criteria re-
quire a better understanding of the geo—
mechanics of strata control and the
interaction of the support with the
strata. The capacity and structural
integrity of a longwall support must be

Support

i mechanics §

g i oA

Behaﬁortof Behavior
suppor of strata
structure

Engineer supports
to geological
conditions

~ Optimize

| support design

Improve energy
absorption
capability

Goals:

Better design, selection, and utilization of
mine roof support systems
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FIGURE 1.—Analysis of mine roof support system.

compatible with the maximum loading it is
expected to sustain underground. Stress
optimization can be considered only after
the 1load conditions have been defined
that subject each of the support compo-
nents to maximum loading. This task re-—
quires consideration of all possible con-
tact configurations and magnitudes, since
accurate load (contact) conditions cannot
be predicted from state-of-~the-art strata
mechanics.

Longwall shields are subjected to nu-
merous contact configurations (load con-
ditions) during their service life; those
inducing critical stresses are poten—
tially dangerous to the safety of the
miner. Thus a prerequisite to improving
support designs dis a definition of
critical-load conditions. Identification
of these critical-load conditions and
their impact on support capacity and the
structural dintegrity of the support is
the subject of this study.

Most roof support manufacturers conduct
physical acceptance tests of longwall
supports to verlfy performance to their
design specifications. Most of these
tests, however, are intended to verify
the hydraulic yield capacity of the sup~-
port under various load conditions. In
general, 1little emphasis d1s given to
analysis of the structural behavior of
the support. The performance tests may
include cyclie loading of the structure
to determine the expected 1life of the
support, but a study of controlled fail-
ure mechanics is not attempted.

Most state-of-the-art longwall supports
are designed quite robustly with very
high factors of safety to minimize the
financial risk assoclated with inadequate
roof support 1n longwall mining. These
structures, while effective, are crude
and may be significantly overdesigned or
underutilized. There appears to be lit-
tle effort by the mining industry to
optimize these structures since, for the
most part, they are an effective means of
strata control. However, as indicated in
this research, there are contact configu-
rations that cause yielding of shield
components at loads much less than rated
shield capacity. Conversely, there 1is



some evidence to suggest that other com-
ponents will never experience yield.
Thus the motivation for optimization is
to provide a more uniformly stressed
design and, in the process, reduce
the cost and improve the efficiency of
the support.

SUPPORT CONFIGURATION

The basic structural components of a
typical longwall shield (fig. 2) include
(1) canopy, (2) caving shield, (3) lem~
niscate 1links, and (4) base. The com-
ponents are interconnected by hinge pins
and hydraulic cylinders. Each component
is subjected to bending, axial, shear,
and torsional 1loading to some degree
owing to the activity of the strata and
mechanics of load transfer within the
shield. Analysis of the various canopy-
base support configurations suggests pos=—
sible mechanics for load transfer and
conditions for maximum loading of the
various components, which are described
as follows:

Canopy
The canopy can be thought to act as a
cantilevered beam supported at the leg

reaction and canopy hinge pin and is sub-
ject to bending from resultant forces
acting at locations between the leg re-
action and the canopy tip. Stiffness
properties and configurations of the
strata {contact conditions) affect the
actual moment distribution on the canopy.

The uniaxial strength of the canopy is
generally good for the type of loading
experienced.
Canopy -
%5 Fr ____.’..-—-——-——'—:r"“
Caving - ip
ghield .
<SGty /
97 Canopy
capsule Z
Forward
lempiscats / Leg
link
Rear
lernniscate ~9n

FIGURE 2.—Components of longwall shield,

It is the dintent of this research to
provide additional insight into the cri-
tical Jloading of 1longwall supports in
preparation for further studies to opti-
mize state-of-the-art longwall support
designs.

AND LOAD TRANSFER

Caving Shield

The caving shield is
ily to bending stresses due

subjected primar-
to reactions

at the canopy hinge pin and lemniscate
links and c¢an also be viewed as a beanm
under certain contact configurations.

occurs in re-
the canopy hinge

Some axial
sponse to
pin.

loading also
reaction at

Lemniscate Links

The lemniscate links are primarily sub-
jected to axial loads, with some bending
stresses due to pin friction.

Base

The base, like the canopy, is subjected
to bending stresses, acting much 1ike a
simply supported beam with load trans-—

ferred from the canopy primarily through
the leg cylinder.

The distribution of stresses in the
support structure is significantly depen-—
dent upon the contact configurations that
result from the support and strata inter-
action. The external work provided by
convergence of the strata induces
stresses in the various shield components
as the shield reacts to strata activity
in accordance with the laws of conserva-
tion of energy. The primary response of
the support is to the displacement (con-
vergence) loading of the roof-and-floor
strata. This displacement can be in the
roof~to~floor and the face~to-waste di-
rection. While it 1s recognized that gob
loading 1n the caving shield is not un-
common, contact was restricted to the
canopy and base in this study. It is un-
likely that gob loading would have any
slgnificant impact on sgtresses in any
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FIGURE 3.—Mine roof simulator.

component other than the caving shield,
but further studies are required to quan-
tify the impact of gob loading in the
support structure. Since gob loading
could not be readily simulated (fig. 3),
it was considered beyond the scope of
this research. As a percentage of the
total external work, gob loading is
thought to be less than the displacement
loading of the roof and floor strata.

The least stressful shield response, in
terms of load transfer and support resis-
tance to roof-to-floor strata conver—
gence, occurs when the actual contact
force acts at the location of the leg
cylinder on the canopy. One such contact
configuration with the base fully sup-
ported is illustrated in figure 4. In
this configuration, the canopy and base
are subjected to very little bending be~
cause the load is concentrated at the leg
reaction. Since nearly all the roof load
is transferred through the leg cylinder
to the ©base, the «caving shield and
lemniscate 1links do not wundergo much
loading, resulting din relatively low
stresses in these components. The full-
contact base configuration provides an
effective distribution of stresses in the

FIGURE 4.-—Most efficient support-contact configuration.

base. Measurement taken from strain
gauge instrumentation during loading of a
shield support in the mine roof simulator
with this contact configuration reveals
that none of the support components were
stressed beyond 39 pct of the material
yield, as shown in table 1. Obviously,
this 1s dependent upon instrumentation
location, which was placed throughout the
shield at nonstress concentrating re~
gions. The dinstrumentation location was
chosen to provide a useful set of nominal
strains for analysis. The values in the
table represent the maximum strain read-
ings (expressed as a percentage of ma-
terial yield) for each component. The
shield was 1loaded to its rated capacity
(hydraulic leg yield) during this test.
The impact of contact configuration on
support capacity can be seen 1if the re-
sultant roof force 1s moved from the leg

TABLE 1. - Comparison of strain
distribution for varlous contact
configurations, percent

Canopy-contact Material yield
location At leg At ends
cylinder! | of canopy?
Canopyesesessnnse 33 100
Caving shield.«... 39 39
Tension linke.... 1 9
Compression link. 1 13
BaSCessssacnsneae 21 29

'At rated shield capacity (800 kips
vertical load).

ZAt 50-pct rated shield capacity (400
kips vertical load).
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FIGURE 5.—Impact of resultant force acting at locations other
than leg reaction. A4, Location of resultant force; B, force
required to produce leg yield.

reaction toward the canopy tip. Figure 5
shows the roof force required to produce
hydraulic vyielding of the leg cylinders
as a function of the distance of the
resultant force from the leg reaction,
ignoring canopy stiffness (rigid-body
analysis). The change in contact config—
uration produced by moving the resultant
force from the leg reaction also produces
a change in the stress distribution with-
in the shield structure.

The change in stress distribution for
two contact configurations is seen in

77T T 77 ]

FIGURE 6.—Example of critical-load contact configuration.

table 1, which compares maximum
strain readings for the actual contact
force coincident with the Jleg reaction
(fig. 4), with the contact configuration
illustrated in figure 6. When the load
was applied at opposite ends of the can—
opy, higher stresses occurred in each of
the shield components, as 1illustrated in
table 1, at 50 pct of the total load when
the load was applied at the leg reaction.
The largest increase in stress occurred
in the canopy due to additional bending
as the load was applied away from the
leg reaction. Data show that the strain
in the canopy (location A~1, appendix A)
approached the yield strength of the
steel at less than 50 pct rated shield
capacity (hydraulic yield load) for this
contact configuration. Therefore, the
contact configuration illustrated in
figure 6, where the load is applied at
opposite ends of the canopy, 1is con-
sidered a critical-load condition since
the strength of the support structure
material was exceeded prior to the yield
load of the leg cylinders. In other
words, the hydraulic yield capability of
the support would not have prevented
structural damage to the support in this
load configuration.

CRITICAL-CONTACT CONFIGURATIONS

The previous section demonstrated the
significance of contact configurations on
stress distribution within the support
structure and provided one example of
a critical-load condition where the
strength of the support structure

(canopy) was exceeded. The purpose of
this study 1is to i1dentify other such
critical load cases.

A finite-element model was used to se-
lect contact configurations for subse~
quent physical evaluation in the mine
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roof simulator. A simple, two-dimen-—
sional beam—element model was constructed
consisting of 23 nodes with 3 degrees of
freedom per node and 25 elements. Appro-
priate geometric properties were computed
at each nodal location. Use of the beam
element, with an insignificant moment of
inertia, was extended to represent the
hydraulic leg and canopy capsule; only
one element type was required for this
model. The tapered unsymmetric beam ele—
ment allowed for a variation in area and
moment of inertia between nodes and per-
mitted offsetting the center of gravity
of the section from the nodal location.

CANOPY CONTACTS
‘

¥/

!

¥

6

-

@‘_

FIGURE 7.—Critical-load canopy contacts.

Linear axial and cubic bending displace-
ments, inherent in the shape functions of
this element, are felt to represent the
behavior of the shield under typical
contact configurations.

Utilizing the finite—element model as a
guide, with maximum strain as the govern-
ing fallure criteria, four base and seven
contact configurations were selected for
subsequent critical-load evaluations in
the mine roof simulator. Figure 7 de-
picts the seven canopy contacts, and four
base contacts are dillustrated in fig-
ure 8. The combinations of these base
and canopy contacts are deplcted i1in ma-
trix format in figure 9. Future refer-
ences to specific contact configurations
will be made from figure 9 wusing conven-
tional matrix nomenclature, where columns
are numbered horizontally and rows verti-
cally. For example, the contact configu-
ration depicted in figure 5 is referenced
as (3,2) in figure 9.

The finite~element model wutilized to
select these contact (load) conditions
was relatively simple. Its intent was
only to provide general trends concerning
load transfer among shield components.
It was of insufficient detail to provide
an accurate representation of strain pro-
files in specific shield components. As
such, no attempt was made to verify the

BASE CONTACTS

& &L

Pt !

FIGURE 8.—Critical-load base contacts.
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the model with test results; however, the
general behavior of ‘the shield as

observed during the tests was consistent
with the model predictions.

SUPPORT INSTRUMENTATION AND SIMULATOR TESTS

A two-legged shield support of 400-st
capacity was instrumented with 72 strain
gauges to measure the strain in each of
the shield components. Placement of the
strain gauges coincided approximately
with nodal locations of the finite-
element model. The specific locations of
the strain gauges on each shield compo-
nent are identified in appendix A.

The instrumented support was tested in
the Bureau's mine roof simulator (MRS)
under the contact configurations illus~-
trated in figure 9. These test config-
urations required the application of
vertical load to the support specimen as
well as horizontal restraint of the sup-
port structure to generate a horizontal
load reaction. The simulator generated
shield 1load by controlled vertical
displacement of the support structure at
a 0.1 in per min rate. Convergence was
halted just prior to the hydraulic yield
of the leg cylinders (850 to 900 kips
vertical load), or when 85 pct of mate-
rial yield (approximately 1,200 micro-
strains) was recorded on one or more of
the strain gauges. Tests were also ter-
minated if the horizontal support reac-—
tions generated exceeded the 300- to
350-kip capacity of the horizontal sup-
port fixture. Strain gauge instrumenta-
tion, MRS vertical and horizontal load,
and vertical displacement were monitored
during each test. Data from the specimen
strain gauges and the MRS were recorded
every 2 s. Strain profiles were devel-
oped for each shield component. Maximum
strain readings were recorded and com-
puted as a percentage of material yield
to evaluate the structural dintegrity of
the support.

The parameters that were  thought
to 1influence strain profiles or stress
distribution were incorporated in the
testing program; these included the
following:

l. Shield height. - The geometry of
the support structure changes as a

function of height, which changes the
load transfer in the shield structure.
To evaluate the effect of change in sup-
port geometry on the stress distribution,
two shield heights, 87.5 in and 65.0 in,
were selected for testing. Both test
heights are considered to be within the
operating range of the support and are
common in longwall mining.

2. Rate of convergence. — The rate of
convergence may also have an impact on
the distribution of stresses within the
support structure. Two points of concern
are discussed. First, from the princi-
ples of fracture mechanics, it 1is known
that the critical-stress intensity factor
decreases 1in metals for increasing load
rate. This means that the material will
fail at a smaller 1load, or higher
stresses will occur at points of high
stress concentration at the same load as
the rate of loading increases. Second,
there may also be some load rate effects
due to friction in the support structure
(pin points) or other mechanical con-
siderations that may alter the 1load
transfer. Two convergence rates,
0.1 in/min and 1.0 in/min, were evaluated
in these tests.

3. Contact material stiffness. - The
interaction of the support with the
strata may also be dependent upon the
physical properties of the strata. In
particular, the stiffness of the strata
may significantly affect the 1loading of
the support under partial contact con-
figurations. Five material contacts were
investigated:

Type 1l.--Stiff, rough, wuneven strata
were simulated by solid, 5-in-wide, steel
blocks.

Type 2.--Point contact 1loading of
stiff, uneven, frictionless strata was
simulated with a 4-in-diameter steel rod.



Type 3.—~-5tiff, rough, brittle, uneven
strata behavior was simulated with 7.5~
in—wide, fiber-reinforced concrete blocks
(with a compressive strength of approxi-
mately 5,000 psi) for shield contact.

Type 4.——Strata low in stiffness and
with large deformation capability were
simulated with 3.5-in wood blocks.

strata were
the support
steel platens

Type 5.--Competent, even
simulated by full contact of
canopy and base with the
of the MRS.

of horizontal constraint. -
a hori-

4., Effect
The shield support responds with
zontal load reaction to vertical
(roof~to~floor) convergence. If the can-
opy is unrestrained, the horizontal load
is limited by the friction at the canopy-
strata interface. If the canopy is re-
strained (e.g., by striking a step in the
roof ), additional horizontal loads can
be generated. The extent to which hori-
zontal constraint (horizontal load) im-
pacts the strain profiles in the support
was evaluated by selecting loadcases with
and without horizontal constraint.

RESULTS OF CRITICAL-LOAD TESTS

EFFECT OF CONTACT CONFIGURATIONS

The wmost critical-contact configura-
tions were those with two-point canopy
contacts occurring at the  opposite
ends of the canopy (canopy—-contact con-
figuration 3, illustrated in figure 7)
and single-point base contacts where the
contact occurred away from the leg
reaction (base-contact configuration 4,
illustrated in figure 8).

Loading the canopy at the tip and at
the caving shield joint produces bending
stresses in the canopy structure. Tests

show that strains in the canopy (at loca-
tion Al, appendix A) approached the yield

strength of the material at vertical
loads of 1less than 50 pet of the rated
shield capacity <(hydraulic 1leg yield).

The critical bending of the canopy under
these contact conditions is largely inde-
pendent of the base contact for a minimum
of two-point base contacts. The reason
that two-point base contacts do not
strongly influence the canopy strains is
that the base is a relatively stiff,
flexural section, when compared with the
canopy. Therefore, under wvarious two-—
point base-contact configurations, the
leg-bottom reaction is resisted with
minimal base strains developed. This
behavior translates to the canopy as a
stiff contact point {at the top of the
legl. Thus, when the actual load of the
canopy contact is not coincident with the

leg reaction, Dbending of the canopy
occurs, which dinduces c¢ritical stresses
due to the low flexural stiffness of this
structural section.

Single-point base contacts,
contact occurs away from the
tion, <causes a somewhat unique load
transfer in the shield support. Since
the caving shield-lemniscate assembly is
assumed to have little wvertical stiff-
ness, vertical loads acting on the can-
opy must still be transferred to the base
via the leg cylinders. Without a support
on the base at the leg reaction, stabil-
ity of the base must be provided by other
means. Stability 1is provided by the
lemniscate links in this single-point
contact condition. The mechanics of this
situation c¢an be seen by analysis of
figure 10.

where the
leg reac-

FIGURE 10.—One-point base-contact critical-load
configuration.



10

The load transferred by the 1leg cyl-
inders to the Dbase tries to rotate the
base about the signle-point rear contact.
Since the caving shield 1is restrained
(from displacement) by reactions devel-
oped at the canopy—-caving shield hinge
pin and the rear link-caving shield hinge
pin, the forward lemniscate link can be
used to resist this rotation. Consider-
ing the caving shield in this situation
to act as a beam supported at its ends,
the tension force developed in the for-
ward link as it tries to "hold up" the
front of the base, induces critical
stresses in the caving shield due to
bending.

Test results indicate that strains in
the caving shield approached material
yield at less than 50 pct rated shield
capacity (vertical yield load) with hori-
zontal loads of 300 kips acting on the
canopy for the single-point base-contact
load condition illustrated in figure 9.

The occurrence of single-point base
contacts is probably 1less likely to oc-—
cur underground than the canopy tip load
condition discussed previously. While
the single—-point base contact is an un-
likely occurrence, it is not physically
impossible. One scenario for its occur-
rence would be if the canopy were re-
strained by striking a step in the roof,
and 1f the rear of the base were resting
on a floor step from the previous cut.
Under these conditions, the support could
be locked in place with the majority of
the base being unsupported. As dem-
onstrated in the MRS, this configuration
is physically stable i1f the support is
properly constrained.

Figure 9 depicts a total of seven con-
tact configurations from the 28 combina-
tions examined that produced critical
loading in one or more of the shield com-
ponents. Although seven contact configu
rations produced critical loading, only
two loading mechanisms were occurring:
(1) bending of the canopy, or (2) bending
of the caving shield. In essence, one
canopy-contact configuration and one
base-contact configuration produced cri-
tical loading. Therefore, only 2 of the
11  canopy- and base-contact configura-
tions resulted in critical stresses,
and the Dbase—contact configuration 1is

considered to be an unlikely occurrence.
A summary assessment of the loading of
each shield component follows. Summary
test results for all contact configura-
tions is provided in appendix B.

Canogz

The canopy is the weakest of all shield
components. Critical stresses are pro-
duced if the actual contact force acts
sufficiently away from the 1leg reaction
to produce bending stresses in the canti-
levered canopy.

Caving shield

Roof-to-floor strata convergence gener-
ally produces very little loading 1in the
caving shield because the majority of the
load is transferred from the canopy to
the base by the leg cylinders. If the
canopy 1s displaced relative to the base,
or load conditions occur that cause load
transfer through the caving shield rather
than the leg cylinders, the caving shield
can be significantly loaded. Under most
conditions, the caving shield receives
very little loading.

Lemniscate Links

Since the caving shield 1is generally
not heavily stressed, the lemniscate
links also are not heavily loaded. In
fact, it appears that even when the
caving shield is significantly stressed,
which occurs with some one-point base-
contact configurations, most of the
energy is absorbed by the caving shield,
and very 1little stress 1is developed in
the lemniscate links due to their robust
size. It appears that the lemniscate
links act primarily to provide guidance
to the canopy.

Base

The base was found to be the strongest
of all shield components, representing a
stiff structure more than capable of ab-
sorbing the reactions provided to it by
the leg cylinders. The worst-case base
loading occurred with contact configura-
tion (5,1) (fig. 9), which produced a



TABLE 2. ~ Effect of shield height on
strain profiles (maximum strain)

shield height..l‘..l...'.... LOWI Highz

Canopy....o.o.-...-.-.-..-oo "550 -650
Base.Qo.n'oocu.oolclalcl.o'o 79 90
Caving Shieldoccoooooocooo‘o 250 305

"Maximum vertical load acting on canopy
= 450 kips.

“Maximum vertical load acting on canopy
= 550 kips.
maximum strain of 830 microstrain, or
about 60 pct of material yield, at the
bottom of the base approximately under
the leg (location 3, appendix A).

EFFECT OF SHIELD HEIGHT

Lower shield heights produced mostly
lower strains (stresses) Iin each shield
component than did identical canopy-base
contacts at a higher shield height. The
primary reason for this 18 the reduced
stiffness of the shield with increasing
helights, which 1is largely due to the in-
creased flexibility of the leg cylinders
when they are extended at higher shield
heights. Since the shield stiffness 1s
less, the same loads will produce larger
displacements, resulting 1in more strain
developed at the higher shield heights.
The difference in strain readings for the
high and low shield heights for the can-
opy, base, and caving shield for contact
conditions (3,1) and (5,2) are shown in
table 20

EFFECT OF RATE OF CONVERGENCE

Limited test results regarding the ef-

fect of rate of convergence on strain
profiles of the shield structure remain
inconclusive. Similar contact configura-

shown to exhibit an apparent
rate effect In one contact configuration
but not the other. Canopy strains were
found to increase by nearly 25 pet for a
fast (1.0 in/min) displacement rate as
compared with a slow (0.1 in/min) dis-
placement rate for contact (3,1) in fig-

tions were

ure 9. These observations indicate a re-
duction in stiffness (by a factor of 2)
for the fast loading rate. However, con—

tact configurations (3,2) (fig. 9) with
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an identical canopy—contact configuration
did not indicate a loading~rate effect.
Although the base—contact configuration
was different, it 1is not ©believed that
this accounted for the difference, since
other tests indicated the change 1in base
contacts did not significantly alter
strain profiles 1in the canopy. Addi-
tional tests are required to determine if
there exists a rate effect in the loading
of a longwall shield. It should also be
recognized that the convergence rate of a
longwall face is more likely to be simi-

lar to the slow (0.1 in/min) than to the
fast (l.0 in/min) rate under normal
conditions.
EFFECT OF CONTACT STIFFNESS
As discussed in the section on Support
Instrumentation and Simulator Tests,

were conducted with five contact
each with different physical
different strata

tests
materials,
properties, to simulate
materials and conditions. The results of
these tests indicate that the stiffness
of the strata material significantly in-
fluences the strains developed in the
shield.

For a mimimum of two—-point base-contact
configurations, strains in the base were
found to be independent of contact stiff-
ness [contact configurations (2,2) in
figure 8]. The canopy strains, however,
are significantly affected by some con-
tact materials. As 1llustrated in fig-
ure 11, which is a typical plot of canopy
microstrain variation when the vertical
displacement 1s applied and removed at
0.1 in/min, the round steel contact pro-

vides a concentrated "line" 1load across

U; 100 T KEY ¥ T T

=2 50 —=—Round bar N

<& —- = Concrete block

x'o Ok, —Steel block N 4

& )

®3g -50[Y ’
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TIME, s

FIGURE 11.—Effect of contact-material stiffness on shield
strains.
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the canopy width without inducing a
"line" bending moment at the point of
load application. [The results shown
in figure 10 are for gauge location 4,
appendix A, for contact configurations
(2,2) in figure 8.] The round steel con-
tact resulted in less strain in the can-
opy in comparison to contact materials
that develop a "line" moment, such as
those with similar characteristics to the
steel and concrete utilized in this
study.

One-point base contacts also exhibited
a dependency on contact stiffness; how-
ever, there did not seem to be a particu-
lar contact stiffness that produced con-
sistently larger strains than the others.

EFFECT OF HORIZONTAL CONSTRAINT

The general effect of a restrained
canopy tip is to reduce the strains in
the base and caving shield and to in-
crease the strain in the canopy. The in-
crease 1in strain in the canopy may be
attributed to the additional stressing of
the canopy in the region between the leg
reaction and the canopy tip. Previous
tests have shown the canopy to have weak
bending strength in this region due to
its tapered geometry. It was also shown
that bending of the canopy occurs for
most load conditions where 1loads are

applied between the leg reaction and
canopy tip. Once bending of the canopy
occurs, the effect of a horizontal reac-
tion at the canopy tip will be to in-
crease this bending, thus producing addi-
tional stresses 1in this section of the
canopy. This effect is enhanced at lower
shield heights because the horizontal re-
action at the canopy tip is increased in
response to larger horizontal components
of the leg force.

Horizontal loads due to constrained
canopy—tip conditions also reduce the
strains in the caving shield. The hori-
zontal component of the 1leg force pro-
duces a reaction at the caving-shield
hinge pin, which induces stresses 1in the
caving shield. When horizontal 1load is
applied to the canopy tip, the reaction
at the caving—-shield pin is reduced since
part of the Ieg force is consumed in
equilibrating the horizontal tip force.
Therefore, unconstrained canopy-tip con-
ditions 1increase stresses in the caving
shield while constrained canopy~tip con-
ditions generate horizontal loading,
which reduces caving-shield loading.

Likewise, base strains are slightly re-
duced under constrained canopy-tip condi-
tions since caving shield and, therefore,
link loads are less. However, since the
base has such high flexural stiffness,
the effect 1s small.

CONCLUSIONS

Loading conditions were found to have a
significant influence on the distribution
of stresses within a longwall shield. 1In
this study, a series of canopy—- and base-
contact configurations were evaluated to
identify those conditions that induced
yield strains in the shield at less than
rated support capacity. In addition,
several parameters, other than contact
configuration, which were thought to in-
fluence the strain loading of the struc-
ture were evaluated.

The results of this critical-load study
of shield supports is summarized as
follows:

l. Two critical—-contact configurations
were discovered that produced yield
strains at less than 50 pct of rated

shield capacity. These were (1) tip
loading of the canopy where the canopy
yield strength was exceeded, and
(2) single-point base contact at the rear
of the base, which approached yield of
the caving shield.

2. The base and lemniscate links are
very robust; the canopy and caving shield
represent the weaker components. Criti-
cal loads were never approached in the
base and lemniscate links. The canopy is
the most 1likely component to be struc-—
turally damaged in a longwall shield.

3. The canopy—contact configuration
determines the strain profiles in all
components except the base. Base strains
are generally independent of the canopy
contact owing to the large flexural
stiffness of the base component.



4. Higher shield  Theights generally
produce more strain in the support com—
ponents than do lower shield heights due
to reduction in shield stiffness at the
higher heights.

5. The effects of rate of loading are
not conclusive, but suggestive of (1) a
mechanical consideration, or (2) some
alteration of the frictional forces in
the shield structure affecting the load
transfer, and thus the development of
stresses.

6. The effects of contact stiffness
were significant to the strains developed
in the shield, suggesting that the prop-
erties and type of strata commonly en-
countered in a longwall operation should
be given consideration in the design of
these structures.

7. Effects of horizontal restraint of
the canopy tip are significant, and sug-
gest that roof strata conditions, which
consigt of stiff protrusions, will induce
more straln in the canopy than will roof
strata with less capacity.

In conclusion, 1t appears that the ef-
ficieucy of the shield support can be
significantly improved by more efficient
distribution of  stresses within the
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support structure. Under normal load
conditions, the shield support 1s con-
siderably overdesigned. Only the canopy
component appears endangered from
critical-load conditions. (The critical
loading of the caving shield occurs only
in a rather wunusual load condition.)
Hence, it appears the potential exists to
reduce the cost and 1Improve the effi-
ciency of the state—of~the~art longwall
shield by structural optimization of the

components. Optimlzation could also pro-
vide a lighter welght support, which
would be beneficial in terms of trans-

portation of these structures 1In and-out
of the mine and from face to face.

This study is to be considered a pre-
cedent to further studies that refine the
distribution of loads in state—of~the—art
shield supports. This study was limited
to symmetrical load conditions. Uns ym—
metrical load conditions need to be eval—-

uated before concluslive evidence can be
provided regarding the optimization po-
tential of state—of~the—~art longwall

shields. Additonal shield designs must
also be evaluated to determine if the
trends observed in this study are uni-

versal to all shield designs.
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APPENDIA A.--SUPPORT INSTRUMENTATION

Figure A-1 illustrates the locations of strain-gauge instrumentation on the shield

supporte.
Canopy Caving shield
o4 0 J ; *— —e
o - o o] Ko
Side view -
4 1 Lide vi
. Side view
— T
1
j = B - B e T il
! = ! | Iil
=4 1 o : .2 !
i i ! h ”l i; ;
It i i i it
Ll il b e
Plan view ! i
HE
. ‘ Plan vie
Lemniscate links view
KEY
\ » Strain gauge location
Side view
% Fr} ? b 1] Side view
z | - Centerline
|
| 3
! 1 ‘ - N0 ]
: Plan view ,
i Plan view
FIGURE A-1.—-Locations of strain-gauge instrumentation.

.
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APPENDIX B.--SUMMARY OF CRITICAL-LOAD TEST RESULTS

TABLE B-1. - Maximum strains as percentage of material yield, percent

Test ! Canopy | Caving | Tension | Compression | Base Note
shield | 1link link

Iy leeeeens ~20 25 17 -14 -73 | Exceeded rated capacity of
shield (800 kips).

1, 2000000 32 29 15 -19 ~47 Do.

1, 30000000 63 26 9 -16 -15 Do.

2,1-0..... 32 7 8 -11 -62 Do.

2y 2000000 -33 8 1 1 -21 Do.

2,30 005000 -22 39 -8 -15 52 | Exceeded 300 kips horizontal
fixture capacity.

2,4.-0:.-. 17 "29 '17 ].6 40 DO.

K T PR -100 23 7 -13 -51 Strain exceeded 0.85 of
yield strain at a location.

3, 200 00nns -100 39 10 ~12 -29 Do.

3300000 -76 12 5 -10 4 | Configuration was not stable

bilevernns 53 2 1 -2 -54 | Exceeded rated capacity of
shield (800 kips).

4,200 0000 -27 9 6 -6 ~22 Do.

by3,0ennes -21 -2 2 -2 3 Do.

bid,oeenns -17 63 ~18 19 42 | Exceeded 300 kips horizontal
fixture capacity.

5, leeseces ~42 7 6 -7 58 | Exceeded rated capacity of
shield (800 kips).

5y 26 0cance ~53 9 6 -6 -20 Do.

5, 3000enes 53 5 6 -6 ~10 Do.

Sy hessrvns -25 58 -20 21 43 | Exceeded 300 kips horizontal
fixture capacity.

6,levo0ane -17 42 16 -21 ~70 | Exceeded rated capacity of
shield (800 kips).

By 2000vnne -26 39 10 -15 ~-31 |Configuration was not stable.

6y3ceeeees ~26 39 10 -15 -31 Do.

7y leaneasns ~-60 7 2 -3 -55 | Exceeded rated capacity of
shield (800 kips).

7y 2e000eno -83 9 3 -5 -21 Do.

7,30 cuessos -36 7 5 -9 5 Configuration was not stable.

Tybevsonns ~40 65 -16 20 32 | Exceeded 300 kips horizontal

fixture capacity.

IReference figure 9 of text.
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