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The present invention relates to a compound support-
ing structure for underground roads in mines.

The proposed supporting structure represents a de-
parture from the traditional principle of constructing
single arches from a plurality of strong, relatively long,
profiled sections clamped together so that they can slid-
ably yield when the pressure exceeds a predeterminable
limit.

The fundamental drawbacks of these known and con-
ventional supporting structures are the great weight and
bulk of the individual constituent sections, their resultant
high cost, and their relative lack of adaptability to vary-
ing tunnel cross sections. The low stability of the sin-
gle arch necessitates the provision of connections by
bolted tension and compression members between con-
secutive arches along the length of the road. The pres-
ence of these connections entails the additional draw-
back that displacements lengthwise of the road, for in-
stance as a result of movements in the overlying strata,
do not have a merely local effect but are transmitted to
neighbouring arches along the road.

The basic principle which underlies a roof supporting
structure according to the present invention consists in
distributing over a wider area the loads to which the
supporting structures are subjected, that is to say in
reducing local stresses in the supporting elements so that
the supporting structure can be built up of correspond-
ingly weaker component parts, such as relatively short
individual elements in the form of sheet metal sections.

According to the invention, each of the built-up struc-
tures which is intended to replace a conventional single
frame comprises a compound. structure for supporting
the inner surfaces of mine galléries consisting of a plu-
rality of compound elements, each of the elements com-
posed of a pair of relatively closely spaced elongate sec-
tions, transverse members interconnecting opposed sec-
tions of each of the elements to form an open lattice
construction, the transverse members having portions ex-
tending outwardly of the sections, the end of the sec-
tions of each of the compound elements being nestably
interconnected with adjacent ends of the sections of
at least one adjacent compound element and forming
an arched support, and means clamping the ends in
vieldable relation to one another to form a support over
a transverse area of the inner surface of a mine gallery.

The relatively short sections which build up an indi-
vidual component arch may be slidably insertable or
nestably interconnected the one into the other, prefer-
ably in the form of sheet metal U-sections of from 1.20
to 2 metres in length, the joints between the sections
being established in the regions of overlap of adjacent
sections. Such sheet metal seciions can be easily pro-
duced by cold or hot pressing. The yieldable clamp
connections which join the profiled sections together and
yield when a given load is exceeded, and which are lo-
cated at corresponding peripheral points of the two
arches forming the compound supporting structure, may
be of substantially lighter and simpler construction than
the clamping straps required in conventional supporting
systems.

In a first embodiment of the invention the yielding
joinis are secured by stirrup members which embrace
flanges of the interposed sections, one shank of said stir-
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rup-shaped member being fixedly located on the outer
section, and the two interposed sections being clamped
together between the locating means of said shank and
the shank which bears against the corresponding inside
face of the inner section.

In another embodiment which commends itself from
the point of view of simplicity and convenience as well
as on account of its adaptability to local conditions and
the ready adjustability of its load-yield characteristics,
each slidably yielding friction joint is established by a
sleeve which embraces the point of overlap betwene ad-
jacent sheet metal U-sections, the interposed U-sections
being pressed against the inside wall of the sleeve by a
wedge driven into the space between the opposite inside
sleeve wall and the floor of the inner sheet metal U-section.
This sleeve is simply pushed over adjacent sections when
the structure is in course of assembly and may then rest on
one of the cross members which connect the juxtaposed
component arches together.

In a2 modified form of construction of a friction joint
based on the afore-mentioned principle, which permits
an even better distribution of the frictional forces, a spe-
cial wedge member, for instance of H-section and se-
cured to the sleeve, may be inserted into the space be-
tween the inside wall of the sleeve and the inner arch
section, said wedge member being engageable with satis-
factorily controllable wedging effect by two cooperat-
ing wedge members of opposite taper driven into the
recesses formed on either side of the H-section.

The alternately outer and inner interposed sections
which are therefore of two different sizes have the same
static properties and like weight per unit length. This
result can be achieved by appropriately designing the
gauges of their respective flanges and webs.

In view of their short length and their lightness, dislo-
cation of the sections is less likely to occur, and it is
therefore unnecessary to provide two adjacent friction
locks for each joint as is the case in the construction of
conventional arches.

The principle which underlies the constructions which
have been described above in general terms permits of
slight modification inasmuch as the “lattice-like” com-
pound supporting structure may naturally be built up
of sheet metal sections other than U-sections. These
may be either open sections, such as Z- and H-sections,
or more particularly closed tubular round or box sec-
tions, and the component arches may be built up of like
or of different types of section.

A particular type of slidable joint according to the
invention permits this to be done. This consists in that
peripherally adjacent straight sections of a compartment
arch are yieldably connected together by intermediate
elements of corresponding profile which bridge the gaps
between peripherally adjacent arch sections, said inter-
mediate elements embodying the angle required to hold
adjacent arch sections in appropriate relative positions
for forming the component arch. In a manner which is
in principle already known these intermediate elements
are elbow-shaped. The angle formed by the two shanks
on each side of the elbow may be the same in all the
intermediate elements which connect adjacent arch sec-
tions together but intermediate elements with different
elbow angles may likewise be used. Generally speak-
ing, the angle at the apex of the component arch is re-
quired to be more acute than the preferably similar el-
bow angles of the intermediate elements which form the
joints down the sides.

If in the last-mentioned and preferred form of con-
struction of the invention the component arch sections
are tubular, then the intermediate elements may be in
the form of sleeve-like elbow-shaped socket members
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for the reception and yieldably frictional engagement of
the interconnected arch sections.

According to yet another advantageous alternative em-
bodiment, in which the profile of the intermediate ele-
ments is not so positively conirclled by the profile of the
interconnected arch sections, the intermediate elements
are of divided two-part construction and consist of shell-
like components of suitable shape which are pressed to-
gether so as to form a tapering gap of controllable width
for the reception of the ends of the arch sections which
are to be connected thereby.

This latter embodiment of the joint between adjacent
arch forming sections also permits a more convenient ar-
rangement for interconnecting the two component arches
to form a compound structure consisting of individual
elements of the utmost simplicity and like shape, and
especially of sheet metal sections of equal length, inter-
connected by intermediate elements forming bridge mem-
bers between adjacent ends of the arch sections, in a
manner that is readily adaptable to tunnel cross sections
of any size.

Various embodiments of compound supporting struc-
ture according to the invention will now be described,
by way of example, with reference to the accompanying
drawings, in which

FIG. 1 is a side view of a first embodiment of a com-
plete built-up compound supporting structure,

FIG. 2 is a plan of two consecutive compound struc-
tures according to FIG. 1 in the uaderground road,

FIG. 3 shows, on an enlarged scale, a joined section
of the structure of FIG. 1 as this would appear when
seen in the direction of arrow P in FIG. 1,

FIG. 4 is a section, on an enlarged scale, taken on the
line TII—III of FIG. 3, and illustrating the formation of
joints between cooperating sheet metal sections in the two
component arches, this figure showing iwo embodiments
of clamping means employed for forming the joint,

FIG. 5 is a section, on an enlarged scale, taken on the
line IV—IV of FIG. 3, illustrating the manner in which
the component arches are cross-connected to form a
structural assembly,

FIG. 6 is a view of a compound supporting struc-
ture, similar to that shown in FIG. 1, in which sleeve-
like clamping means are used to establish the joints,

FIG. 7 shows, on an enlarged scale, part of the struc-
ture according to FIG. 6, viewed in the direction towards
the side face of the road,

FIG. 8 is a section, on an enlarged scale, taken on
the line VII—-VII of FIG. 7,

FIG. 9 is a detail, on an enlarged scale, of the com-
pound supporting structure according to FIG. 7,

FIGS. 10 and 11 are sections, similar to FIGS. 8 and
9, of an alternative embodiment of the joint between
arch sections,

FIG. 12 is a side view of a second embodiment of a
compound supporting struciure employing intermediate
elements for joining together the component arch sec-
tions,

FIG. 13 is an end view corresponding to FIG. 12 show-
ing the lattice-type cross bracing between the two com-
ponent arches of the structure,

FIGS. 14, 15, 16 and 17 show, on an enlarged scale,
various embodiments of elbow-shaped intermediate ele-
ments for use in the supporting structure of FIG. 12 to
provide the yieldable comnection with one of the two
component arch sections which are joined together
thereby.

FIGS. 18 and 19 are a cross section and side view,
respectively, of a simple yieldable connection between two
relatively staggered overlapping H-sections, and

FIGS. 20 and 21 are a side view and cross section,
respectively, of an embodiment of an intermediate con-
necting member comprising two shell-section halves bolted
together for clamping the ends of the component arch
sections between them.
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Referring to FIGS. 1 and 2, the compound supporting

structure shown comprises two component arches A and
B, each comprising alternate outer and inner sheet metal
sections 16 and 11. Fach component arch in the ex-
ample shown comprises a total of nine such sections, con-
siderably more sections than are used in conventional un-
derground road roof-supporting arches. Corresponding
ections of the two component arches are arranged so
that their open sides face each other. The sheet metal
sections 18, 11 in the illustrated embodiment are pressed
U-sections clamped together in a manner described herein-
after so that their lapped joints can slidably yield.

Corresponding sections 16 and 11 in the two com-
ponent arches A and B are connected together by trans-
verse members 12 and/or 13 located outside the region
of overlap between adjacent sections, so as to form rigid
rectangular structures which are joined in the peripheral
direction of the compound arch by clamping elements
which connect adjacent sections 1¢ and 11 in such a way
that they can yield when the load exceeds a predeter-
mened maximum limit.

The transverse members 12, 13, which may also be U-
section elements, are bolted to the sections 10, 11 by boits
14 with countersunk heads (see FIGS. 1 and 5) so that
the bolts will not interfere with the sliding of an inner
section 11 in an outer section 10.

In a first illustrative example of clamping means shown
in the upper part of FIG. 4 for connecting adjacent U-
sections 10, 11 together, one shank 20 of a stirrup mem-
ber 15 which is bent through an angle of 180° is located
in the region of overlap on the outer flange of the outer
U-section 10, whereas the other shank 17 extends into
the interior of the inner U-section 11 and carries a fric-
tion pad 16 on that side which faces the flange of the
inner U-section.

In an alternative form of construction, shown in the
lower part of FIG. 4, the stirrup-member 152 of the
clamping means is located on the web of the outer U-
section 10 and embraces the flanges of the two over-
lapped sections 19 and 11 so as to extend into the interior
thereof, the inside face of the stirrup member being like-
wise provided with a friction pad 16 which bears against
the inside of the web of the inner U-section 11.

The location of the stirrup members 15, 15z on the
outer section 1¢ may be effected by screws 18 which en-
gage a threaded hole in the outer stirrup shank 29, 21,
respectively, and which have pointed ends which are
adapted to engage a depression in the outer section 16.
When the screws 18, which are formed for instance with
square ends 19, are tightened, the stirrup members are
thereby positively located on the outer section 16 and
at the same time the shank of the stirrup member which
carries the friction pad 16 is pulled into tight slidable
contact with the inner section 11.

The compound supporting structure shown in FIGS.
6 and 7 differs from that illustrated in FIGS. 1 and 3
merely in that use is made of a different type of clamp-
ing means which is shown in greater detail in FIGS. 8
and 9. In principle this form of clamping means con-
sists of a closed sleeve 112 which, in the region of over-
lap of two sections 19, 11, completely embraces the
two sections which are wedged between opposite walls
of the sleeve by the interposition of a wedge means 113
to form a yielding connection. As shown in FIGS. 8
and 9 the wedge means 113 may be a generally H-sec-
tion key element which is pushed from above into the
interior of the overlapping U-sections 10, 11.

The sleeve 112 is held on the outer section and sup-
ported by a transverse member in the form of a U-
section strut 114 which connects together the two com-
ponent arches of the compound supporting structure. It
will be readily understood that the wedge means 113 is
sufficiently long to project from each end of the sleeve
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112, so that it can be easily knocked into place or knocked
out when the assembly is to be dismantled.

The embodiment of clamping means shown in FIGS.
10 and 11 differs from that shown in FIGS. 8 and 9 mere-
ly by the insertion into the interior of the inner sec-
tion 10 of the frame of a wedge-shaped filler 113’ of
H-section which is held in the sleeve 112 by locating
pins 115 or other oppropriate means, the two sections
19 and 11 being clamped together by driving wedges
116’, 116" of opposite taper to that of the filler mem-
ber 113* into the recesses formed by the latter. The sur-
faces of the wedges 116’, 116" will therefore bear along
their entire length on the cooperating surfaces of sleeve
112, inner U-section 16 and filler member 113’ upon
which the wedges act.

FIGS. 12 to 21 illustrate an embodiment of a com-
pound supporting structure built up from straight sec-
tions of arbitrary profile and equal length, which sec-
tions are yieldably connected together by intermediate
elements which bridge gaps between the ends of adjacent
sections, and which have cross sections that appropriately
correspond with the profiles of the joined sections, each
intermediate member being formed with an elbow to
produce the required overall shape of the compound struc-
ture.

With reference to FIGS. 12 and 13, the structure illus-
trated consists of six sections 1 interconnected in yieldable
manner by intermediate elbow-shaped shoe clements 2.
The numeral 3 designates cross members and struts which
connect and brace the two component arches of the
compound supporting structure.

Generally speaking, the assembly of a structure of the
type illustrated in FIGS. 12 and 13 will call for the pro-
vision of only two different kinds of intermediate elements
2 which differ in the angle formed by the elbow. One of
these, as indicated at 2, will ‘then be suitable for forming
the corners against the side walls of the road, whereas
the other, indicated at 2’, has a somewhat more acute
elbow angle and may be used to join the sections of the
structure at the apex.

This form of the supporting srtucture is suitable not
only for use in roads driven through rocks but also for
gate roads driven into the seam, because it permits the
apex of the arch to be displaced according to the incidence
of the seam. The fact may thus be utilised with ad-
vantage that the resultant skew structure formed by the
component arches will be able largely to make good the
deficiency in strength of conventional profiles in the
Y-axis.

The elbow-shaped connecting elements 2 and 2’ which
themselves form the angle between consecutive sections
1 can be embodied in various ways, examples of which
are shown in FIGS. 14 to 17. In FIG. 14 an element 2 is
shown permanently fixed to one (1') of the sections 1,
preferably by being shrunk on to the same, and the
possibility may be envisaged of contriving the shrunk-on
joint so as to yield when a certain load is exceeded, this
naturally being a much higher load than that at which the
connection as such is calculated to yield. For instance,
the shrunk joint may be designed to support a load of
say 30 tons.

On the other hand, the connection with the adjacent
section 1" of the component arch is so contrived that
this section will slide into the socket-formed element 2
when the load exceeds a much lower given maximum
limit. The distance between the ends of adjacent sec-
tions 1’, 1" which is bridged by an element 2 is suitably
designed to take into account the desired maximum yield.
It will be readily understood that the arrangement may
be optionally such that either the lower section 1’ or
the upper section 1" will yield by sliding into the element
2 at the lower maximum load. The important feature
is that the joints between the component arch sections
and the elbow-shaped element 2 which bridges the inter-
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val between the ends of the sections will have different
load-yield points.

The length of the straight sections 1 which build up the
component arches is uniform and may be adapted to the
overall cross section of the supported road. For instance,
for a small road cross-section of say 5 sq. m. the sections
may be 1 metre long, whereas in a road cross-section of
20 sq. metres they may be up to 2 metres long. In other
words, even in the largest roads the sections will still be
conveniently portable, especially as their sheet metal
construction ensures a light weight.

FIGS. 15 to 17 illustrate possible alternative forms
of elbow-shaped socket-formed intermediate elements per-
mitting a yielding connection between one of the support-
ing structure sections and the element. :

In FIG. 15 the end face of section 1” which is to be
yieldably secured is provided with a binding 4 which is
entrained and pushed into the elbow-shaped socket-
formed element 2 when section 1 is inserted therein,
frictional resistance rising as the depth of insertion in-
creases, so that the load-carrying capacity is thereby con-
trolled.

In FIG. 16 the elbow-shaped element 2 is formed at
one end with a tapering slot which produces the desired
wedging effect.

FIG. 17 illustrates an embodiment in which section 1’
is. wedged in the elbow-shaped element 2 by the coopera-
tion of two oppositely acting wedges 6’ and 6" inserted
longitudinally of the section into a pocket-like enlarge-
ment of the element 2.

A similar clamping effect may be obtained by the pro-
vision of two oppositely acting transverse wedge mem-
bers.

A suitable wedge connection for directly joining two
H-profile sections is illustrated in FIGS. 18 and 19. The
two sections, placed together in such manner that one
flange of one section bears against the web of the other
in staggered juxtaposition are wedged inside a sleeve 7,
wedge-shaped keys §’, 8 and 9’, 9 being driven into
the inter-spaces between the webs of the sections and
the insides of the sleeve for tightly joining the sections
together.

Other forms of construction of elbow-shaped socket-
formed intermediate elements and clamping means which
can be used for profiled sections other than tubular sec-
tions (FIGS. 14 to 17) can be readily devised.

A particularly convenient arrangement for forming a
yielding joint for instance between I-sections is illus-
trated in FIGS. 20 and 21.

In this embodiment the connecting elements are in the
form of two shell-shaped members 106’ and 109" which
project into the corresponding profile of the component
arch sections and are bolted together with an appropriate
number of nuts and bolts 110. Moreover, in order to
produce, or adjust to, a desired load-yield characteristic
by tightening the gap between the two shell-shaped ele-
ments, a further bolt 120 is located about midway be-
tween the opposed ends 1’ and 1’ of the connected
sections and adapted to be more or less tightened to pull
the centres of the shell-shaped sections together.

The bolts 110, as well as bolt 12¢ which controls the
width of the gap between the cooperating shell-shaped
members, may, if desired, be replaced by bolts which
can be tightened by wedges.

If the bolts are tightened sufficiently, the described
connection can be made so rigid as to be practically
incapable of yielding under increasing loads.

Even if the component arches should be built up of a
lesser number of sections than herein described, for
instance of five sections only, the sections are nevertheless
all areanged to be of like length. In the case of an odd
number of sections, the section at the apex of the com-
ponent arch is of curved shape. The form of the elbow-
shaped intermediate elements will not be affected, all
said elements being of equal length, and incorporating the
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same elbow angle. Moreover, this angle remains un-
changed for roads of any cross-section.

In one embodiment of the supporting structure, using
straight sections of limited length yieldably connected
together by elbow-shaped intermediate elements which
bridge the gaps between the ends of said sections, an
especially advantageous arrangement consists in inter-
connscting the two component arches by means of cressed
tie-rods secured by thread and nut to the centre part of
the sections to form a rigid lattice-type structure.

It will be readily understood that the invention is not
confined in scope to the illustrative examples which have
been described by reference to the accompanying draw-
ings. Numerous other modifications can be devised so
as to embody the principles that underlie the invention.

For instance, clamped joints of the kind illustrated in
FIGS. 18 and 19 or 20 and 21 could be applied to con-
ventional roof supporting arches for forming the yielding
connections between the customary stilts and the adjacent
upwardly extending member of the arch. In such an
application the joints according to the invention permit the
yield and load resistance to be regulated and controlled
in a particularly useful manner and, if desired, the joints
could even be tightened until the resultant connection was
rigid.

Moreover, by embodying the stilts or a yielding support
in the form of two shell-like elements to establish a yield-
ing connection by suitably tightening an appropriate num-
ber of tie bolts and nuts 110 with the simultaneous
adjustment of the gap between the two members—which
would then naturally differ from FIG. 20 by being straight
instead of bent—any desired load-yield characteristic
could be obtained without the need of specially preparing
or machining the pair of shell-like elements or the arch
sections which the elements grip.

Iclaim:

1. A compound structure for supporting the inner sur-
faces of mine galleries comprising a plurality of com-
pound elements, each of said elements composed of a
pair of relatively closely spaced elongate sections, trans-
verse members interconnecting opposed sections of each
of said elements to form an open lattice construction, said
transverse members having portions extending outwardly
of said sections, the ends of said spaced sections of each
of said compound elements being nestably interconnected
with adjacent ends of the sections of at least one adjacent
compound element and forming an arched support, and
means clamping said ends in yieldable relation to one
another to form a support over a transverse area of the
inner surface of a mine gallery.

2. A compound structure as defined in claim 1 wherein
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said sections and said transverse members are formed of
sheet metal of substantially U-shaped cross-section.

3. A compound structure as defined in claim 2 wherein
the open sides of said sections face one another.

4. A compound structure as defined in claim 1 wherein
said clamping means comprises a stirrup-shaped member
embracing said sections in the zone of nestably inter-
connected ends, said stirrup-shaped member including at
least two shank portions, one of said shank portions
fixedly engaged on the outer surface of one of said sec-
tions and the other of said shank portions bearing against
the corresponding inside surface of the other of said
sections.

5. A compound structure as defined in claim 4 wherein
a friction pad is interposed between the other of said
shank poertions and the inside surface of the other of said
sections.

6. A compound structure as defined in claim 1 wherein
said clamping means comprises a sleeve embracing said
sections in the zone of the nestably interconnected ends,
and a wedge means interposed between the inner surface
of said sleeve and the inner surface of the innermost
of said sections.

7. A compound structure as defined in claim 6 wherein
said wedge means comprises an H-section wedge member
secured to the inside of said sleeve in the space between
the inside surface of the innermost of said sections, and
additional wedge members of an opposite taper disposed
within the recesses formed on either side of said H-section
and the inner surface of the innermost of said section and
said sleeve, respectively.

References Cited in the file of this patent
UNITED STATES PATENTS

973,654 Hansen ________________ Oct. 25, 1910
2,713,774 Heintzmann et al. ... __ July 26, 1955
FOREIGN PATENTS

517,996 Belgium —_____________ Aug. 26, 1953
802,413 | Franece _________________ June 6, 1936
1,042,997 France . ____________ June 10, 1953
1,171,854 France — oo Oct. 6, 1958
572,111 Germany — o _______ Mar. 10, 1933
636,450 Germany e Oct. 8, 1936
829,141 Germany e Jan. 24, 1952
955,672 Germany weec oo Jan. 10, 1957
273,399 Great Britain —..__ June 30, 1927
416,263 Great Britain ......____ Sept. 13, 1934
421,822 Great Britain - ______.. Dec. 27, 1934
515,009 Great Britain ____._...__ Nov. 23, 1939
55,732 Netherlands ... _____ Dec. 15, 1943



