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DAVID McCRINDLE AND JAMES B. MEDILL, CF LA SALLE, ILLINOIS, ASSIGNORS TO
MATTHEIESSEN & HEEGELER ZINC CO., OF LA SALLE, ILLINOIS, A CORPORATION OF

ILLINOIS

METHOD OF MINING

Application filed July 21, 1920, Serial No. 489,556.

This invention relates to improvements in
methods of mining and its purpose is to pro-
vide a method of mining coal or other min-
erals which makes possible the maximum
extraction of the coal or the like while at
the same time substantially eliminating the
danger of caveins in addition to possessing
other advantages, .

In the mining of coal, for example, it is
usually found that the seam of coal extends
over a considerable area of irregular extent
located between upper and lower layers of
¢late or other rock and it is common practice
to sink a shaft through the coal seam at a
more or less central point and excavate out-
wardly from this shaft. If the face along
which the mining of the coal progresses is ex-

tended outwardly in the usual fashion from

the central shaft, there is great danger of
caveins along the working face and before an
opportunity is provided for building an arti-
ficial support for the overlying roof of the
excavated area and it is often impossible to
effect an entire extraction of all of the coal in
the seam because of the necessity of leaving
pillars of coal of considerable area to main-
tain natural supports for the roof structure
and because of the difficulty of extending the
excavations into all parts of the coal seam.
The principal object of the present inven-
tion is to provide a step-face method of min-
ing which substantially eliminates the haz-
ards arising from caveins because of the main-
tenance of a natural support for the roof
along the irregular working face where the
mining operations are taking place, A fur-
ther object is to provide an improved method
of mining which gives reasonab’e assurance
of roof control not only along the working
face but in the previously excavated areas so
hat there is greater freedom of operations in
removing the excavated coal and in providing
safety outlets for the escape of workmen in
case of unexpected caveins. A further object
of the invention is to provide an improved
method of mining according to which the
operations are extended outwardly from a
central shaft area in a progressive step by
wtep fashion. according to which the coal or
other mineral is extracted by excavating pre-

determined units of the seam leaving the
boundary of the seam protected by two nat-
ural walls. In this step-face method of the
present invention, the working face ordinarily
has a zigzag formation so that a natural sup-
port is provided for the roof along the entire
working face and the extension of the work-
ing face is carried on in step by step fashion
over frontages of relatively limited extent.
According to this method, the roof over the
excavated area is supported by walls which
are built up from slate or other rock as the
excavation proceeds and these walls are ar-
ranged in regular parallel relation leaving
intervening communications, arranged in
predetermined fashion, with the central shaft
area so that abundant facilities are provided
for removing the coal or other mineral by
any form of excavating or conveying mecha-
nism as well as providing additional haulage
roads in case the exeavation is carried on by
hand and furnishing air channels through
which fresh air may be readily supplied to
the working face where operations are being
carried on. An important feature of this
invention is that the regular plan of excava-
tion thereby provided permits a definite daily
output of coal or the like to be maintained
regardless of the particular arvea of the seam
being worked. Qther objects relate to various
features and advantages of the invention
which will appear more fully hereinafter.

The nature of the invention will be under-

stood from the fo'lowing specification taken
with the accompanying drawings, in which
one example of the improved method is illus-
trated. In the drawings,
" Fig. 1is 2 horizontal section through a coal
seam of a mine showing a considerable area
of the seam as having been excavated along
four stepped faces which, taken together, form
an enclosure of substantially rectangular
form; ’

Fig. 2 is a horizontal sectional view, on an
enlarged scale, of a portion of the structure
i‘lustrated in Fig. 1,1n the early stages of the
mining operations from a central shaft illus-
trating the plan of extending the working

faces in step by step fashion together with.

the walls which are provided for supporting
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purposes in the excavated areas and the haul-
age roads which are provided between and
through the supporting walls;

Fig. 8 is a vertical section on an enlarged
scale, taken on the line 3—3 of Fig. 2, show-
ing the method of building the supporting
walls in parallel relation in the excavated
area; and

Fig. 4 is a horizontal section illustrating a
portion of an excavation adjacent the central
shaft wherein the method is modified by leav-
ing a more extensive coal pillar adjacent the
shaft and behind the extensions which are
carried out in step by step fashion away from
the shaft. -

According to the method of the present in-
vention, a vertical shaft 10 is sunk in a more
or less. central location in the property where
mining operations are permitted and under
which the coal seam, for example, is located.
Around the shaft 10 there is left a coal pillar
11 of irregular outline which maintains a
natural support around the shaft except for
such haulage-ways and roads as are provided
therethrough. "Two other sections or pillars
of coal 12 are allowed to remain on opposite
sides of the central pillar 11 until the excava-
tion of the entire mining area is substantially
completed or until it. becomes desirable to
take coal from these areas in ordey to main-
tain the daily production.. The mining of
the coal is carried out at the beginning of the
operations along two pairs of extensions 13
and 14 which are directed outwardly from
the central pillar 11 at right angles to the
sections 12. This excavation is carried out
in straight lines with the excavations along
the front of one extension 13 proceeding
ahead of the excavations along the front of
the other adjacent parailel extension 14.
The extension should preferably be about two
hundred feet wide so that the excavations are
carried on over a front of two hundred feet
along one extension 13 at the same time that
excavations are being carried on along a
front of equal width in the extension 14 at a
point some distance reavwardly. Preferably,
the operations on the face of the extension 14
may be carried on at a point two hundred feet
in the rear of the working face of the exten-
sion 13 so that the area at the outer end of
each extension 13 in which excavations are

taking place is supported by a natural wall

along the working face 13* and also by a side
wall 13" which forms a part of the future
development of the extension 14. As these
extensions 13 and 14 are carried outwardly
from the central shaft pillar 11, paraliel sup-
porting walls 15, known as gob walls, are
built up in the excavated area fo extend in
straight lines outwardly from the ceniral
pillar 11.  Between the gob walls 15 and at
the cuter sides thereof, there are thus pro-
vided a plurality. of parallel passages or
haulage-ways 16, some or all of which may

1,892,159

be employed for the haulage or conveyance
of the excavated coal. Inorderthatthe haul-
age of the excavated coal may be directed

inwardly toward the central haulage-way 17
from the lateral boundaries of the extensions |

18 and 14, during the subsequent development
of extensions which are projected laterally
from the sides of the extensions 18 and 14,
the gob walls in the extensions 18 and 14 are
preferably intersected by a number of diago-
nal haulage-ways 18 which are formed as the
gob walls are built during the progressive
development of the extensions 18 and 14 out-
wardly from the central pillar 11.

After the extensions 13 and 14 have been
carried outwardly from the central pillar 11
to a distance of two hundred feet or more, for
example, operations ave begun along longi-
tudinal extensions 20 extending parallel to
the pillars. 12. The longitudinal extensions
20 ave preferably of uniform width, for ex-
ample, two hundred feet, and the extensions
20 which are the nearest to the pillars 12 are
developed in advance of the more remote ex-
tensions.
developed so that its working face is in ad-
vance of the working face of the next adja-
cent extension a distance equal to the width
of each extension so that the new develop-

ment is carried on in an area of square forma- **

tion having a natural wall along the working
face and also along one side face. As illus-
trated in Fig. 1, the development of the ex-
tensions 20 has been carried on for some dis-

tance from the lateral extensions 18 and 14 °

and the working faces 20* of these extensions
20, being arranged progressively in advance
of each other, form a substantially zigzag

or stepped working face designated generally

at 21. As each extension 20 is developed
away from one of the lateral extensions 13 or
14, the roof in the excavated area is supported
by parallel gob walls 23 leaving intervening
roads or passageways 24, as in the formation
of the extensions 13 and 14 The coal ex-

‘cavated from the working faces 20* may thus

be moved along these roadways 24 to the
lateral extensions 13 and 14 where it may be
directed inwardly through the diagonal
haulage-ways 18 to the central haulage-way

17 which may have communication with the

shaft 10 through one or more passages 25 ex-
tending through the central pillar 11. As
illustrated in Fig. 1, the development of the
longitudinal extensions 20 and the corre-
sponding development of the lateral exten-
sions 13 and 14 has been carried on to the
point where four zigzag working faces 21
have been formed extending diagonally to
the extensions 13 and 14 and forming 1n a
general way a rectangular outer boundary
for the excavated area into which the coal
pillars 12 project from opposite ends of the
mine. . The unexcavated coal 26 which lies

‘beyond the zigzag working faces 21 may be

Each extension 20 is preferably &
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extracted by a further development of the
plan outlined above according to which the
extensions 20 nearest to the pillars 12 ave first
extended outwardly to the boundaries 27
which form the allowable limits of the mine.
This further development of the extensions
20 takes place progressively in rectangular
unit areas 28, as indicated by dotted lines in
the lower left-hand part of Fig. 1, so that on
the active working face of the mine a zigzag
or stepped face is maintained until the entire
allowable excavation is completed.

The development of the present method of
mining is illustrated more in detail in Tigs.
2 and 3, where the road-way 25 from the
shaft 10 is shown carrying a narrow gauge
railway track 30 which extends out along the
central haulage-way 17 located between the
two lateral extensions 13 and 14. Along each
of the working faces 13* and 142, there extends
a laterally moving conveyor illustrated dia-
grammatically at 81 for moving laterally
along each working face the coal which is
excavated by the digging apparatus indicated
generally at 382. From the end of each con-
veyor 31, the coal is discharged into cars 33

by which it is conveyed along the track 30 to.

the shaft 10. The diagonal haulage-ways 18
are provided with similar tracks 34 which
communicate with the track 30 so that ceal
can be carried onto the track 30 from
the longituclinal extensions 20 which are
developed from the sides of the exten-
sions 13 and 14. The gob walls 15 are

5 preferably formed so that each wall is made

up of two parallel walls 15 united at their
ends and also at suitable intermediate inter-
vals by transverse walls 15°. These walls are
huilt up from slate or other rock which may
be derived from the roof above the coal seam,
in the manner illustrated in Fig. 3, so that
their tops are located closely adjacent to the
ceiling of the seam which is located generally
at 35. Tt is erdinarily unnevessary to bring
the tops of these gob walls initially into con-
tact with the roof 35 because the roof is adapt-
ed to settle as the excavation proceeds until it
rests on the tops of the previcusly built gob
walls. As the gob walls 15 are built in the
excavation incident to the development of
the extensions 13 and 14, the diagonal haul-
age-ways 18 are formed between sections of
the gob wallg according to a predetermined
plan in order that these diagonal passage-
ways will be provided for subsequent devel-
opment of the longitudinal extensions 20.
Having developed the extensions 13 and 14
for a suitable distance away from the central
pillar 11, the excavation of the longitudinal
extensions 20 is begun with the development
first of an area two hundred feet square form-
ing the first unit of the extension 20 which
is next adjacent to one of the pillars 12. This
same extension 20 is then developed to-a fur-
ther distance of two hundred feet along a

3

front of two hundred feet, for example, at
the same time that the first unit of the next
adjacent extension 20 is excavated over an
area two hundred feet square, as illustrated
at the left-hand side of Fig. 2. As this de-
velopment of the extension 20 proceeds, the
gob-walls 28 are built, preferably with each
wall made up of parallel longitudinal wall
sections 232 united by transverse wall sections
23P. The walls 23 are separated by the inter-
vening spaces or roadways 24, and although
all of these roadways may be utilized, it de-
sired, the removal of the coal from the work-
ing face 207 of each extension 20 is preferably
carried on over one or both of the roadways
242 which are located at the sides of each ex-
tension 20 and which are provided with
tracks 36 adapted to convey the mine cars 33
thereover to the diagonal tracks 34 and the
central tracks 30. Along each working face
207, there is located a conveyor 81 which con-
veys laterally across the working face the
coal which is excavated by the digging appa-
ratus 32. The coal is discharged by a con-
veyor onto mine cars 33 located on one of
the tracks 86.. This plan contemplates the
use of digging and conveying apparatus
along the working face of the mine with a
separate unit of digging and conveying ap-
paratus on each unit 20 of the working face.
However, the plan may be utilized where the
excavation isicarried on by hand and in that
case some or all of the haulage-ways 24 may
be employed for conveying toward the cen-
tral shaft the coal which is excavated from
each unit of the working face. Some or all
of the passageways 24 -may be utilized for
conveying air to the working face or as safety
passages for the escape of workmen in the
case of accident or cavein.

In Fig. 4 of the drawings, there is illus-
trated a modified plan of development ac-
cording to the method of the present inven-
tion, wherein, instead of forming the lateral
extensions 13 and 14 outwardly from the cen-
tral shaft, coal columns are provided longi-
tudinally from the central shaft and other

“coal columns 438 are provided laterally there-

from. Haulage-ways 44 are then excavated
through these coal columns to the point of
commencement of a longitudinal extension
45 which corresponds to one of the extensions
20 illustrated in Figs. 1 and 2. The exten-
sion 45 is then developed along a face 45> ex-
tending at right angles to the pillar 42 and
as this excavation proceeds, gob walls are
built up in parallel relation behind the work-
ing face leaving an area which is occupied
by the digging apparatus 47 and the conveyor
48 by which the coal is transferred laterally
through one of the haulage-ways 49* located
at the sides of the extension 45 and having
communication with thie haulage-ways 44.
In this case, the passages 49 between the
gob walls constitute blind roadways which
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may be extended through to the haulage-ways
44 1n the event that the excavation is carried
on manually.

Although one example of the impr oved
method, with a modification thereof, has been
set forth herein by way of illustration, it will
be undersctood that the improved method
may be practiced in various ways within the
scope of the appended claims.

We claim:

1. The method of mining coal
which consists in excavating a pair of adja-
cent parallel a:l.bld’ extensions outwar F‘
from the region of a veriical Snmt, maintais
ing the working face of one of said laters

L

and the I'ke

jorld
:.)

Pt by fened 1

xtensions in advance of the v.ozkuw fac
the other cne, b\! 1(3 ing a piurality of par al
supporting walls along the excavated ax rer
each extension to support the voct and fo
haunlage-w 8ys thbw’)etwmn forming t uh‘()u.’.l
said supporting walls a plurality of diageo
haulage-ways “divected  toward ¥
and communicating with the haulage-wa
formed between said s sUppoT tmo walls along
the junction of szid lateral extensons, exca-
vating extensions in close sp‘lce‘l relation ¢
tending longitudinally from the oppos
sides of said lateral exiensions, maintaining
the working face of each lon mqu ‘nal exten-
sion in advance of the work ng face of the

ext longitudinal extension Wh}ch is further
1emoved “from the reglon of said shaft, and
building supporting walls In the e"cwa»ov
areas of said longitud'nal extensions to for
roadways along the junction: lines of ac
cent extensions to communicate with :
diagonal haulage-ways of saild latera 1 ex-
tensions.

2. The method of mining coal and the like
which consists in excavating a pa‘r of adja-
cent parallel lateral extensions cutwardly
from the region of a vertical shatt, ma vintain-
ing the working face of one of said lateral
extensions in advance of the W orking face of
the other one, building a plurality of parallel
Suppmt ng walls along the ated area of
each extension to C;upjpoﬂ the roof and form
a plurality of haulagé-ways therchetween,
forming through said supporting walls a
plarality of diagonal haulage-ways directed
toward said shaft and communicating \ntp
the haulage-ways formed between o&ld sup-
porting walls along the junction of said
lateral e: tms‘ons, excavating parallel long -
tudinal extensions in cloce spaced relation
from the opposite sides of :‘11(1 Iateral exten-
siong, ma 1711‘1111111,0 the working face of éach
of said kmgiiudm 1 extensions ab right
angles to its direction of development and in
advance of the w orking face of the next adia-
cent longitudinal extension which is further
removed from the region of said shaft, the

nounu oi said advance ] being suus*csm ally
equal the width of that ezte%m&, and
building }arc,hel supporting walls length-
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wise of the excavated area of each Iongitudi-
nal extension to support the roof thereof
and to form roadways extending along the
junction lines of adjacent lononudl“al ex-
tensions and communicating wit ‘b said diago-
nal haulage-ways.

3. The method of mining ccal and the like
which consists in excavating a pair of adja-
cent parallel lateral extensions ocutwardly
from the region of a vertical shaft, main-
taining the working face of one of said Iater ‘11
extensons in advance of the working fac
of the other one, building a plurality of p’u—
allel supportmo walls fllono the excavated
area’ of each extension to support the roof
and form haulage-ways therebetween, form-
ing through said su pporting walls a plurality
of chaoovml haulage-ways dire cted toward
eaid shaft and communica? ting with the haul-

age-ways formed beteen said supporting
“‘LUS along the ]u*lu ion of said lateral ¢
tensions, excavating parallel longitudinal ex-
tensions in close spaced relation from the
opposite sides of said lateral exte nsions,
maintaining the working face of each of said
longitud'nal extensions at right angles to its
divection of development and in advance of
the working
tudinal ez’fenslon whlch is further removed
from the region of sald shaft, the amount of
said advance being suoqtantm?ly equal to the
width of that extensmm and build’ ng a plu-
mhty of parallel suppos ung walls ]onv th-
wise of the excavated area of each Lonouudh
nal extension to Foun a pluorality of pfvmllel
passageways and forming roadivays between
the supporting walls of said longitudinal ex-
tensions which communicate with said diag-
onal hanlage-ways of said lateral extensions,
. The method of mining coal and the like
which consists in sinking a vertical shaft
through the coal seam in the central portion
of the area to be mined, excavating a pair of
adjacent parallel lateral extensions through
the coal seam from opposite sides of the re-
gion of said shaft, building supporting walls
in the excavated areas of said lateral exten-
sions to form longitudinal parallel haulage-
ways having diagonal haulage-ways inter-
secting them and communicating with the
central haulage-way which is formed between
adjacent lateral extensions, and then progres-
sively excavating ad acent parall [ongitudi-
nal extensions (nl'ed tef 10*1glt11dunhv from
opposite sides of said lateral extensions, said
longitudinal extensions being of limited
width, and mai mﬁninﬂ the werking -face of
each lon gitudinal extension at right fmwles to
its direction of dﬂ‘-mop.nmt and in advance
of the working face of the next adjacent lon-
gitudinal extension which is further removed
from the region of said shaft by an amount
which is substantially the same as the width
of that extension, thuss forming a composite
stepped working face along the outer portions

e

face of the next adjacent longi-
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of said longitudinal extensions at each side
of each pair of lateral extensions.

5. The method of mining coal and the like
which consists in sinking a vertical shaft
through the coal seam in the central portion
of the area to be mined, excavating a pair of
adjacent parallel lateral extensions through
the coal seam from opposite sides of the re-
gion of said shaft, building supporting walls
in the excavated areas of said lateral exten-
gions to form longitudinal parallel haulage-
ways having diagonal haulage-ways inter-
secting them and communicating with the
central haulage-way which is formed between
adjacent lateral extensions, then progressive-
ly excavating adjacent parallel longitudinal
extensions directed longitudinally from op-
posite sides of said lateral extensions, said
longitudinal extensions being of limited
width, and maintaining the working face of
each longitudinal extension at right angles
to its direction of development and in ad-
vance of the working face of the next ad-
jacent longitudinal extension which is fur-
ther removed from the region of said shaft by
an amount which is substantially the same as
the width of that extension, thus forming a
composite stepped working face along the
outer portions of said longitudinal extensions
at each side of each pair of lateral extensions,
and building a plurality of parallel support-
ing walls lengthwise of the excavated area of
each longitudinal extension to form a plural-
ity of parallel passageways and parallel road-
ways along the junction lines of adjacent
longitudinal extensions which communicate
with said diagonal haulage-ways of said lat-
eral extensions.

6. The method of mining coal and the like
which consists in sinking a vertical shaft
through the coal seam in the central portion
of the area to be mined, excavating a pair of
adjacent parallel lateral extensions through
the coal seam from opposite sides of the re-
gion of said shaft, building supporting walls
in the excavated areas of said lateral exten-
sions to form longitudinal parallel haulage-
ways having diagonal haulage-ways inter-
secting them and communicating with the
central haulage-way which is formed between
adjacent lateral extensions, then progressive-
ly excavating adjacent parallel longitudinal
extensions directed longitudinally from op-
posite sides of said lateral extensions, said
longitudinal . extensions being of limited
width, and maintaining the working face of
each longitudinal extension at right angles
to its direction of development and in ad-
vance of the working face of the next adja-
cent longitudinal extension which is further
removed from the region of said shaft by
an amount which is substantially the same
as the width of that extension, thus forming
a composite stepped working face along the
outer portions of said longitudinal extensions

5

at each side of each pair of lateral extensions,
and maintaining longitudinal coal pillars ex-
tending outwardly from the region of said
shaft between said longitudinal extensions
which are directed outwardly from the lat-
eral extensions on opposite sides of said
shaft.

7. The method of mining coal and the like

which consists in sinking a vertical shaft

through the coal seam in the central portion
of the area to be mined, excavating a pair of
adjacent parallel lateral extensions through
the coal seam from opposite sides of the re-

gion of said shaft, building supporting walls

in the excavated areas of said lateral exten-
sions to form longitudinal parallel haulage-
ways having diagonal haulage-ways inter-
secting them and communicating with the
central haulage-way which is formed between
adjacent lateral extensions, then progressive-
ly excavating adjacent parallel longitudinal
extensions directed longitudinally from op-
posite sides of said lateral extensions, said

-longitudinal extensions being - of limited

width, and maintaining the working face of
each longitudinal extension at right angles to
its direction of development and in advance
of the warking face of the next adjacent lon-

gitudinal extension which is further removedy

from the region of said shaft by an amount
which is shibstantially the same as the width
of that extension, thus forming a composite
stepped w¢rking face along the outer por-
tions of sai¥l longitudinal extensions at each
side of each|pair of lateral extensions, main-
taining longitudinal coal pillars extending
outwardly fllom the region of said shaft be-
tween said lohgitudinal extensions which are
directed outwardly from the lateral exten-
sions on opposite sides of said shaft, and
finally excavating said longitudinal coal pil-
lars after said longitudinal extensions have
been developed throughout.the area of the
mine.

In testimony whereof, we have subscribed

our names.
DAVID McCRINDLE.
JAMES B. MEDILL.
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