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Introduction

In the past few years, the numbers of underground coal mines
this country using longwall mining method have been dramatically
increased. |In the latest count there are approximately 90 longwal
faces amounting roughly 8% of the total underground production.
Meanwhile, shortwall mining adapting longwall powered supports to
‘coal mining and handling systems in room and pillar mining is alsc
gaining importance in the Appalachian coal field. Although there

are only /7 operating shortwall faces so far, indications are that

it will be increasing steadily,

Modern longwall faces are highly mechanized and productive.
One of these key elements that contribute to the success of moderr
longwall mining is self-advanced powered supports. There are seve
types of powered supports. Frame type is two sets of one to four
hydraulic legs supporting beam-type roof canopy and floor base.
However, chock type is more pooular and connected to broad roof ar

oA

base structure. Shield supports were introduced recently“bQQHProv

to be highly successful (1). A shield support consists of two
hydraul ic jacks mounted between a base plate and a gob shield. Th
base plate is hinged to gob shield which is in turn hinged to roof
canopy.

In the selection of powered supports, there are several formu
(2,3). Wilson (3) for example recommended a setting load density
1 ton per square foot (1 tsf) for British coal fields which requir
a yield load density of 1.25 tsf if the yield-to-setting load rati
is 1.25 as recommended by Ashwin, et. al. (4). However, the capac

of powered supports used in this country is such that it provides
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eld load density ranging from 6 to 12 tpf (5). There is no doubt
1at different geological conditions require different support density,

it the large discrepancy between European and American practices prompted

Ag- Ung, e

¢ question: whathftand to gain from setting larger-than-required 5 |
|

vad density? One aspect of the answer is to evaluate the roof damage Wl Ly |

" any caused by higher-than-required load density. This can be achieved °L0*;‘t) y
(L > B

r investigating the stress fields Induced in the immediate roof when
powered support is set against the roof.

Stress distribution and rock fracture zones in the immediate roof

" a longwall face has been investigated for a conventional hydraulic &

ck supports (6). Although their results revealed some correlation RO 2

:tween field observation and analytical model, no consideration was =-".,.

-

ven as to the effects of varying setting load density on the immediate
of. This paper presents structural behavior analyses of a coal mine w‘M

ring different mining stages. Longwall faces supported by both chock w

d shield type supports are analyzed, while only chock-supported M
wortwall faces are investigated. ’€ W,_o {3

finition of the Problems

Chock supported faces

Wt <X
Consider a longwall face supported by chocks, the stress fields in TP' 1.5 13
e immediate roof undergo three sequential stages; before, during and Cu@..,(,._g,{

ter setting (fig. 1). Whenever a new cut of coal is made and before

ocks are advanced to support, roof tends to converge (fig, 1A). When

ocks are set against the roof, vertical pressures are vertically

plied through the legs onto the roof creating a stress field (fig. 1B)

perimposed on the previous one. After the setting, if the setting

‘essure is not enough or when main roof starts caving, it generates
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not only a vertical resistance force on the chocks but also horizontal
frictional force, because as roof converges it also moves in blocks
toward the gob simultaneously. However, it is believed that the stress
condition during setting is temporary and moves into ''after setting"
condition shortly after setting,

During "after setting'' period, the resultant force is not vertical,
instead it inclines some angles to the vertical which can be divided
into the vertical and horizontal components. The vertical component
is composed of two sections (fig, 2), i.e., front and rear canopy. The
free body diagram of front canopy is shown in fig. 3A, The resultant
P, on the front canopy can be determined by the principle that total

moments must be zero in order to maintain equilibrium,

F 1] = Py 1, (1)

p. o= N

l ¥ (2)
12

where F is capsule pressure, l; and 12 are the distance between hinge
point and capsule pressure F and between hinge point and resultant
force Py respectively. |f the canopy is rigid and maintains full
contact between canopy surface and roofline, the resultant P‘ is
linearly distributed across the front canopy with larger stress near
the hinge point. Depending on the location of Py, the linear stress
distribution can be triangular or trapezoidal. However, roof is
frequently cut into steps, the geometry of contact between canopy and
roofline varies. This will result in different stress distribution

on the canopy (fig. 3B).

Once force in front canopy is known, force distribution in rear

canopy can be found as shown in fig. 3C.
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1
P T ee—— -
2 3 T+ 1) =P (0, + 1) (4)

where P, is resultant force on rear canopy, T is setting load for each
leg, P is shear force applied at the front end and equals to the total
force in front canopy. Again linear force distribution occurs if canopy
is rigid. Trapezoidal force distribution is more likely due to the
application of shear force, P at the front end, and larger roof sag at
the rear. However, in reality roof canopies are not perfectly rigid

and subject to infinitesimal deformation. Force distribution for

deformable body differs from rigid one. The most probable force

distribution is shtown in fig. 3D where larger load occurs immediately L{»va\_ S'Qﬂ‘j

above each chock leg.

Depending on the rigidity of leg mounting to canopy and base, C"’““"Q-VL&

horizontal force causes legs to tilt toward the gob (fig. 4A) or bended

as shown in fig. 4B. Excessive tilt induces rotation of chock toward

gob area while excessive bending prevents legs from free vertical travel.

B. Shield supported faces

Basically a shield support is a determinate stable structure because l

hinge joints provide relative rotation of canopy about base plate which
is fixed on the floor (fig. 5). The analysis of force distribution on
shield supports follows the same sequential stéges as indicated in chock
faces.

When shield is set against the roof, external forces should be in

equilibrium, i.e. (assuming no frictional force) vertical force on canopy

= reaction on base plate + support weight j)

FAN Caury go

- AL

taelinng
Kol P
Mgt A~

raAo oK

DR T e R ol e = —
& r, - -
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support weight can be neglected if force on canopy is much larger than
support weight. Because canopy is hinge-connected to gob shield (CD)

at hinge point C, there must be no resistant moment at this point. This
means that resultant of force on canopy passes through hinge C (fig. 6A)
and that total force on both sides of the resultant force equals to each
other, The load distribution on each side is then a function of I, and
'2' To satisfy equilibrium conditions, resultant reaction force R must

be colinear with resultant force P3 assuming force on gob shield exerted
by broken rocks in the gob is negligible. The location and magnitude

of R is used to derive stress distribution on the base plate.

However, during setting, the setting force T which is applied through
hydraulic cylinders undergoes small rotation € with respect to hinge
point D (fig. 6B) and a horizontal translation A of canopy (fig. 6C)
such that

A= 1,6 Sin® (5)
This translation produces horizontal frictional force as shown in fig.
6B. The actual value of frictional force depends on the coefficient
of friction between canopy and roof rocks which ranges from zero for no
friction to a maximum of 0.3. As a result, the resultant force on top
canOpy.dfps toward the face (fig. 7A).

Again after setting immediate roof starts to converge while in the
meantime moves toward the gob. Because of the hinged structure, this
causes roof canopy to move forward and results in force distribution as
shown in fig. 7B. The reaction force exerted by roof canopy on the roof

is such that it tends to close fractures and prevents fractures from

opening up or propagating further. However, if the seam suddenly becomes
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thinner, the large reduction in height may move point C to just above or
very near point E and cause complete turn over. Furthermore when R is / F‘j Q
close to point E, higher stress occurs near E and may cause base plate
dig into the floor. On the other hand, a sudden increase in seam height

will require roof canopy to move away from face during setting and leave

larger unsupported roof between face and tip of rcof canopy.

The Model and Boundary Conditions

From simple structural analyses mentioned earlier, there are three
sequential stages of loading conditions for a powered support supported
face i.e. before, during and after setting. Each loading stage will
induce different stress fields in the immediate roof and results in
different ground movements. This paper concerns only with those before
and during support setting.1?:?;er settin§ condition is excluded for the
time being due to uncertainty in roof fracture criteria.

In the analyses, an 8 ft. Pittsburgh coal seam lying at an average
of 600 ft. below surface is mined with three different supports. They
are (1) Iongw;ll chocks, (2) longwall shields, and (3) shortwall chocks.
For each type of support, two support loads were investigated for cases

oKX

before and after a web cutting. Table | shows tbhe-—comptete cases studied.
D b LoaA
Notice that before cutting '\(chocks) represents both shortwall (SW) and N ok

longwall (LW) faces and that shield supported face was investigated for
n v

condition before cutting because most shield supports are equipped with

L

immediate forward support system which lessens the "after cutting' period

to the minimum. id F-‘-\/)M

t %M,
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TABLE 1
Support Loading Conditions
Mining Stages
0 35 tons/lea| 12F tons/leg

Before cutting (chocks) c
After cutting (LW chocks) e
After cutting (SW chocks) g

Before cutting (shield) i

As in any other elastic problems, solution is good only for boundary
conditions defined. Therefore, in order to be more representative of
field conditions, the boundary conditions for a longwall or shortwall
face should be accurately defined. However, some portions especially
gob area is unaccessible for observation. Some other portions like face

>< area although observable is M instrument for quantitative dat:
Nevertheless, constant underground field observations coupled with field
instrumentation contributes to the determination of boundary conditions
consistent with the longwall or shortwall face presented in this paper.

th&T-Loathﬁ, ‘Qﬂ“i“HJG?hJ:;ﬂ

CarshrXms ————==m Fig. 8 shows boundary configurations simplified for this paper. A

KX o~ «straight vertical break of roof rock occur.Sne.ar the edge of rear canopy
M o~ (CD). This is because the immediate roof is weak (drawslate, rider coal
6! ) and shale) and caves as soon as powered support is advanced (fig. 9).

This vertical break stops at point D where the first strong |imestone
layer occurs. From there on up an arch-shaped opening forms such that €

ranges from 45° to 55°. The 8 angle was measured through visual

‘.FJ T Q 7
J observation in tail- and head-entries and by surface boreholes from

[ ]
YA~ - = . .
! 2 which the levels of strata separation can be monitored as a function of
o aganeay !

face distance.
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B

The finite element model simulating the above-mentioned problem is

shown in Fig. 10. Zone A represents region where strata are essentially

el A™ ‘
‘reack. Zone B is gob region where fragmented rock blocks are compacted b4

while Zone C is solid coal. Young's modulus and Poisson's ratio for
Lo-..l-b-cl-r\

strata in Zone A and C age obtained from lab tests. Young's modulus

for Zone C is assumed to be equal to 1/10 of that of Zone A. The whole

el

model is 1.75 ft. thick which is half the full width of Gullick-Dobson <— .. L

chocks. Horizontal displacements are assumed to be zero along vertical N“f"ﬁ;‘v? -
e

boundaries while vertical displacement is zero along bottom horizontal

A
bounda rk:,‘s‘

Results and Discussions

rercsnnr ) , . )
Figs. 11 to 19 show certoer-mepée—ef stress distributions for various ﬁ}bvth#;:JQ

conditions investigated in this research. Although there are differences
in absolute magnitudes, some generalization can be made for chock=- and
shield- supported faces.
A. Chock=supported faces

In chock-supported face, maximum principal stress (compression is
considered negative while tension is positive) is approximately horizontal
(figs. 11 to 17). Maximum value occurs at some distance ahead of the
face and immediate roof direcg}; over chock supports. Higher stress
gradient occurs near but in front of the face whereas stress is rather

unifrom in area above chock supports. However, tensile stress zone

occurs in area above chock supports the size of which depends on chock

capacity. | Kol c‘_,..,,.‘(:’ P c-%-& N )

?

Minimum principal stress is approximately vertical, the average of '4k“\'4

which is the overburden weight. Maximum occurs at the corner of roof

line and face. |t reduces counterclockwise to minimum at the contact
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batween roofline 2= z=c« canopy. High stress gradient occurs in area
immediately above zhcces =nd along contact betwean rock fragments and
maln roof in the SCh zr2=.

Minimum shear str=ss 15 also maximum at the corner of roofline and
face. Its pattern is r=t5er similar to that of minimum principal stress

except smaller in magnizuze.

B. Shield~supporzad f=c=s
Maximum princizai szress (figs. 18 to 19) is tensile immediately
above shield supperis =< extends some distance upward in the gob.
Maximum also occurs zome distance ahead of the face at the rcofline level
S‘i’milarlyf_ maxi=um 2F minimum principal stress is located at the

— —l-"-‘_-_
corner of roofline ard fzce. It decreases clockwise to minimum at the

contact between rocfline and shield canopy. Another maximum occurs at
the rear edge of shi2iz canopy near the gob side where high stress
gradient also ex’'s=s.

Again maximum s~==r stress distribution is similar to that of
minimum principa’ sz-=ss. Two maxima exist; one at the corner of
roofline and fac=, === other at the rear edge of shield canopy. Maximum

shear stress dec-=a2s2>s from these maxima on both sides., Minimum occurs

immediately abova s.‘:?z'id:;-:opy- o .
k Comparison =oF —wse=—owrmepswof stress distributiorﬁAFigs. 11 to lﬁ\,
under similar conditions indicates:
1. With t=e ex-=ntion of shield supported faces, increasing support
capacity f-om 35 to 125 tons per leg reduces the size of maximum
principal ==ns:i=z stress distribution zone from nearly covering the

whole imme=iz-= roof to a few spots. Tensile maximum principal

stress ram=i~s =+ the corner of immediate roof and face. This might

account “-- =--= Frequent encounter of premature roof caving at this
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area, especially when waak immediate roof is pressert. Minimum
principal stress and maximum shear stress increase slightly every-
where when chock capacity increases from 35 to 125 tons per leg.
Therefore, it appears that the key advantage of increasing chock
capacity is to reduce the size of zone or maximum tensile principal
stress in the immediate roof. To completely eliminate this tensile
zone requires more than 125 ton per leg of capacity.
2. The stress distribution for shield supported faces does not
vary with shield capacity from 35 to 125 tons per leg.

» o
3.htHigher stress distribution for after cutting is seen in shortwall

than in longwall face. But the difference is much smallerAihan what NMU
'hﬁ-k.hauLh‘ Cornpead o~
was—genacally expected for a 9-t. cut in shortwall than 2 to 2 1/2

ft. cut in longwall.
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Fig. 2 Schematic View of Gullick-Dobson Chock
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Fig. 11 Contour Maps of Stress Distribution for Faces Without Support.
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15 Contour Maps of Stress Distribution for Faces wigh Lonawa;l_Ch?ck
Supports of 500 Tons Immediately after Coal Cutting. llumbers in

KSF.
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Fig. 16 Contour Maps of Stress Distribution for Faces with Shortwall Chock

Supports of 125 Tons Immediately after Coal Cutting. HNumbers in
KSFI
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17 Contour Maps of Stress Distribution for Faces with Shortw?ll Chock
Supports of 500 Tons Immediataly after Cutting. MNumbers in XS5F.
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Fig. 18 Contour Maps of Stress Distribution for Faces with Shield Supports
of 70 Tons. Numbers in KSF.
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Fig. 19 Contour Maps of Stress Distribution for
of 250 Tons. Numbers in KSF.

Faces with Shield Supports






