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LOW PROFILE MINE SHAFT LINER PLATE SYSTEM AND METHOD

CROSS-REFERENCES
[0001] This application claims the benefit of U.S. provisional application Serial No.
61/704,067, filed September 21, 2012, which is incorporated herein by reference.
TECHNICAL FIELD
[0002] This application relates generally to liner systems for vertical mine shafts
and underground tunnels and, more particularly, to a low profile liner plate system and
method for providing a waterproof shaft or tunnel.
BACKGROUND
[0003] Vertical mine shafts often encounter issues with water penetration,
particularly when one or more vertical sections of the mine shaft pass through porous
ground water containing layers. Prior attempts to address this issue include cast iron
tubbing, welded steel panels, composite bolted systems and others. However, such
technologies have proven expensive and timely to install.
[0004] PCT Publication No. WO 2011/097201 discloses a mine shaft liner plate
system with a sealing arrangement, where the plates include a primary plate portion
surrounded by flanges, and the primary plate portion includes a structural member at its
radial outer side for added strength. The described plate system is particularly useful for
installations in new mine shafts.
[0005] Many existing, older mine shafts have a concrete based shaft seal system,
which was typically poured-in-place. Over tens of years the concrete system begins to
degrade. The current method for upkeep is to periodically shut down the mine (e.g., once a
year for several weeks), chip out the aged/worn concrete and replace it with new concrete
or, in some cases, install a welded steel liner in the chipped out region and the back grout
along the radially outer side of the line . However, this process is very time consuming
and, therefore, costly.
[0006] Accordingly, it would be desirable and advantageous to provide a more
economical system and method of sealing vertical mine shafts, and particularly
rehabilitating vertical mine shafts and other types of tunnels.
SUMMARY
[0007] In one aspect, a method of rehabilitating a vertical mine shaft bounded by a

concrete wall structure is provided. The method involves: removing an interior portion of
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the concrete wall structure; and installing a liner plate system adjacent the concrete wall
structure including: utilizing a plurality of arcuate liner plate units, each arcuate liner plate
unit including a radially outer side and a radially inner side, the radially inner side
including a peripherally extending seal recess having a seal material thereon, the seal
material having an uncompressed radial thickness greater than a radial depth of the seal
recess so as to protrude beyond a primary inner surface of the radially inner side; utilizing a
plurality of liner lock plates, each lock plate having an inner side and an outer side, the
outer side including a seal recess formed therein, the seal recess having a seal material
thereon, the seal material having an uncompressed thickness greater than a depth of the seal
recess so as to protrude beyond a primary outer surface of the outer side; arranging the
arcuate liner plate units and the liner lock plates to form a cylindrical wall structure, with a
first set of arcuate liner plate units forming a first ring and a second set of arcuate liner
plate units forming a second ring, the first ring having a top edge, bottom edge and
multiple vertical edge joints, the second ring having a top edge, bottom edge and multiple
vertical edge joints, the top edge of the first ring abutting a bottom edge of the second ring
to form a lateral edge joint, the vertical edge joints of the first ring circumferentially offset
from the vertical edge joints of the second ring, the liner lock plates positioned along an
inner side of the cylindrical wall structure with the seal material of the liner lock plates in
contact with the seal material of the arcuate liner plate units; and utilizing threaded
members to hold the liner lock plates adjacent the arcuate liner plate units such that the
cylindrical wall structure formed by the combination of the liner lock plates and the arcuate
liner plate units is a rigid, unitary structure.

[0008] In one implementation, each lock plate includes a plurality of openings
therein, the threaded members are either mount studs welded to the radially inner side of
the arcuate liner plate unit or bolts threadedly inserted into threaded openings at the radially
inner side of the arcuate liner plate unit, in either case each threaded member passes
through a respective one of the lock plate openings.

[0009] In one implementation, the liner lock plates include multiple T-shaped lock
plates, where the ends of the T-shape are spaced apart from each other when the T-shaped
lock plates are joined to the arcuate liner plate units.

[0010] In one implementation, the liner lock plates include multiple splice plates
interconnecting the T-shaped lock plates, the splice plates including vertically oriented

splice plates and laterally oriented splice plates.
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[0011] In one implementation, each end of each T-shaped lock plate includes a
recessed mating region at its radially inner side, each end of each splice plate includes a
recessed mating region at its radially outer side, and the recessed mating regions of the T-
shaped lock plates overlap the recessed mating regions of the splice plates.

[0012] In one implementation, the seal recess of each T-shaped lock plate extends
to each end thereof; the seal recess of each splice plate extends from one recessed mating
region of the splice plate to the other recessed mating region of the splice plate, and the
ends of the T-shaped lock plate seal recesses are adjacent the ends of the splice plate seal
recesses.

[0013] In one implementation, the liner lock plates include multiple intermediate
plates connected between spaced apart T-shaped lock plates, the intermediate plates
including vertically oriented intermediate plates and laterally oriented intermediate plates,
each end of each T-shaped lock plate is positioned proximate to or in abutment with an end
of an adjacent intermediate plate without any overlap between the T-shaped lock plates and
the intermediate plates.

[0014] In one implementation, each T-shaped lock plate covers a portion of one of
the vertical edge joints and a portion of the lateral edge joint.

[0015] One implementation includes the further step of applying a chemical weld
activator coating to seal members of the arcuate liner plate units and/or seal members of the
locking plates so that when two seal members engage each other they become welded
together.

[0016] One implementation includes the further step of performing a backgrouting
operation at the radially outer side of the liner plate system to provide continuity between
the liner plate system and the concrete wall structure.

[0017] In another aspect, a liner plate system for lining shafts or tunnels is
provided. The system includes a plurality of curved liner plate units and a plurality of line
lock plates. Each curved liner plate unit includes a radially outer side and a radially inner
side, the radially inner side including a peripherally extending seal recess having a seal
material thereon. Each liner lock plate has an inner side and an outer side, the outer side
including a seal recess formed therein, the seal recess having a seal material thereon. The
curved liner plate units and the liner lock plates arranged to form a curved wall structure.
The curved liner plates form multiple rings, each ring having a first end edge, a second end

edge and multiple interior edge joints. The rings are arranged end to end such that abutting
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end edges form multiple end edge joints. The interior edge joints of each ring are
circumferentially offset from the interior edge joints of each adjacent ring. The liner lock
plates are secured along an inner side of the curved wall structure with the seal material of
the liner lock plates pressed into contact with the seal material of the curved liner plate
units in order to seal both the end edge joints between adjacent rings and the interior edge
joints of each ring.

[0018] In one implementation, a plurality of threaded members secure the liner lock
plates to the curved liner plate units, wherein each liner lock plate includes a plurality of
openings therein and through which a respective one of the threaded members extends.
[0019] In one implementation, the threaded members are formed by threaded
mount studs extending inwardly from the radially inner sides of the curved liner plate units
and nuts on the mount studs hold the liner lock plates adjacent the curved liner plate units
and compress the seal material therebetween.

[0020] In one implementation, each of the curved liner plate units includes a
plurality of threaded holes and the threaded members are formed by bolts, each bold
extending through a respective one of the liner lock plate openings and into a respective
one of the threaded holes to hold the liner lock plates adjacent the curved liner plate units
and compress the seal material therebetween.

[0021] In one implementation, the seal material of the curved liner plate units is
chemically welded to the seal material of the liner lock plates.

[0022] In one implementation, the seal recess of each liner lock plate aligns with
side by side seal recesses of the curved liner plate units such that the seal material of the
seal recess of each liner lock plate is pressed into contact with seal material of at least two
curved liner plate units.

[0023] In one implementation, the liner lock plates include multiple T-shaped lock
plates, where ends of the T-shape are spaced apart from each other when the T-shaped lock
plates are joined to the curved liner plate units.

[0024] In one implementation, the liner lock plates include multiple splice plates
interconnecting the T-shaped lock plates, each end of each T-shaped lock plate includes a
recessed mating region at its radially inner side, each end of each splice plate includes a
recessed mating region at its radially outer side, and the recessed mating regions of the T-
shaped lock plates overlap the recessed mating regions of the splice plates.

[0025] In one implementation, the liner lock plates include multiple intermediate
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plates connected between spaced apart T-shaped lock plates, and each end of each T-
shaped lock plate is positioned proximate to or in abutment with an end of an adjacent
intermediate plate without any overlap between the T-shaped lock plates and the
intermediate plates.
[0026] In one implementation, multiple seal joints are formed between ends of the
T-shaped lock plates and adjacent ends of the intermediate plates, at each seal joint seal
material of the T-shaped lock plate and seal material of the intermediate plate is
compressed to create an abutting and sealing contact therebetween.
[0027] In one implementation, each T-shaped lock plate covers a portion of one of
the interior edge joints and a portion of one of the end edge joints.

BRIEF DESCRIPTION OF THE DRAWINGS
[0028] Fig. 1 is a perspective view a cylindrical liner plate arrangement;
[0029] Fig. 2 is a partial perspective view of the liner plate arrangement of Fig. 1
with a portion of the cylindrical wall cut away;
[0030] Fig. 3 is a partial perspective view of an arcuate liner plate;
[0031] Fig. 4 shows a plan view of a flat plate that is used to form the arcuate liner

plate of Fig. 3;

[0032] Fig. 5 is a side clevation view of the plate of Fig. 4;

[0033] Fig. 6 is a partial view of an edge portion of the plate of Fig. 3;

[0034] Fig. 7 is a plan view of a T-shaped locking plate laid flat (e.g., prior to
curving);

[0035] Fig. 8 is a side clevation view of the plate of Fig. 7;

[0036] Fig. 9 is a bottom elevation view of the plate of Fig. 7;

[0037] Fig. 10 is a plan view of one locking splice plate laid flat (e.g., prior to
curving);

[0038] Fig. 11 is a side elevation view of the plate of Fig. 10;

[0039] Fig. 12 is a bottom elevation view of the plate of Fig. 10;

[0040] Fig. 13 is a plan view of another locking splice plate laid flat (e.g., prior to
curving);

[0041] Fig. 14 is a side elevation view of the plate of Fig. 13;

[0042] Fig. 15 is a bottom elevation view of the plate of Fig. 13;

[0043] Fig. 16 is a partial side elevation view of an edge portion of the plate of Fig.

4 showing a threaded stud extending from the plate;
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[0044] Fig. 17 is a partial side elevation view of a pair of adjacent plates according
to Fig. 3 secured together with a locking plate according to any of Figs. 7, 10 or 13;

[0045] Fig. 18 is a plan view of a liner plate system (with line plates shown flat
rather than curved);

[0046] Fig. 19 is a partial side elevation of an embodiment demonstrating bolted

interconnection of plates;

[0047] Fig. 20 is a plan view of another embodiment of T-shaped locking plate laid
flat (e.g., prior to curving);

[0048] Fig. 21 is a side elevation view of the plate of Fig. 20;

[0049] Fig. 22 is a plan view of one locking intermediate plate laid flat (e.g., prior
to curving);

[0050] Fig. 23 is a side elevation view of the plate of Fig. 22;

[0051] Fig. 24 is a plan view of another locking intermediate plate laid flat (e.g.,

prior to curving);
[0052] Fig. 25 is a side elevation view of the plate of Fig. 24;
[0053] Fig. 26 shows a partially constructued liner plate system (shown flat rather
than curved); and
[0054] Fig. 27 shows an enlarged view of a seal joint.

DETAILED DESCRIPTION
[0055] Referring to Figs. 1 and 2, an exemplary liner plate system 10 is shown and
includes a plurality of arcuate liner plate units 12 and a plurality of liner lock plates 14
including multiple T-shaped lock plates 14A, multiple intermediate plates 14B arranged
laterally and multiple intermediate plates 14C arranged vertically. The T-shaped lock
plates 14A are spaced apart from each other and located locations where three arcuate liner
plates come together. The intermediate plates 14B and 14C overlap with and interconnect
the T-shaped lock plates, thereby functioning as splice plates, and the plates 14A, 14B and
14C are secured to the arcuate liner plate units such that the cylindrical wall structure 100
formed by the combination of the liner lock plates 14A, 14B and 14C and the arcuate line
plate units 12 is a rigid, unitary structure. A portion of a pre-existing concrete wall
structure 200 (e.g., forming a vertical mine shaft) is shown. The liner plate system 10 may
be used to rehabilitate such a concrete wall structure 200 as described in more detail below.
[0056] As shown in Figs. 3-6, each arcuate liner plate unit 12 includes a radially

outer side 16 and a radially inner side 18. The radially inner side 18 includes a peripherally
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extending seal recess 20 (shown in shadow in Fig. 4) extending along all four edges and
having a seal material 22 thereon. Prior to interconnection of the various plates to form the
liner system, the seal material has a radial thickness Rt greater than a radial depth Rp of the
seal recess so as to protrude beyond (e.g., between 60 and 80 thousandths beyond) a
primary inner surface of the radially inner side as shown in Fig. 6. Each arcuate liner plate
unit 12 also includes a plurality of threaded mount studs 24 extending inwardly from the
radially inner side. The studs 24 are spaced apart and located alongside the perimeter seal
recess 20. By way of example, the arcuate plate 12 may be formed from a steel plate (e.g.,
1/4 to 17 thick) that is worked/rolled into the arcuate form. The studs 24 may be welded
to the plate or, alternatively, may be threaded into threaded holes that are placed in the
plate. The peripheral seal recess 20 may be a mitered recess (e.g., 1/16” to 5/16” depth).

In one example, each arcuate plate may span between 45 and 120 circumferential degrees
(e.g., 60 to 90 degrees).

[0057] As shown in Figs. 7-9, each T-shaped lock plate 14A (shown in a flat
configuration in these views) includes ends 30A, 30B and 30C, with end 30A located on
the central leg of the T and with ends 30B and 30C at opposite ends of the cross-leg of the
T. The plate has a radially inner side 32 and a radially outer side 34. The radially outer
side 34 includes a seal recess 36 formed therein. The seal recess has a seal material thereon
(e.g., similar to Fig. 6), the seal material having a thickness greater than a depth of the seal
recess. Each T-shaped lock plate also includes a plurality of openings 38 on the central leg
and slotted openings 40 on the cross-leg. Each end of each T-shaped lock plates includes a
respective recessed mating region 42, 44, 46 at its radially inner side. The T-shaped plate
may also be formed of steel plate (e.g., 1/8” to 12/16” thick) curved into necessary shape to
abut with the liner plates.

[0058] As shown in Figs. 10-12, lateral/circumferential intermediate plates 14B
(shown flat in these views) include opposite ends 50 and 52, a radially inner side 54 and a
radially outer side 56. The radially outer side 56 includes a seal recess 58 formed therein.
The seal recess has a seal material thereon (e.g., similar to Fig. 6), the seal material having
a thickness greater than a depth of the seal recess. Each circumferential splice plate 14B
also includes a plurality of slotted openings 60. The ends of the plate 14B include recessed
mating regions 62 and 64 at the radially outer side. The seal recess and seal material
therein runs from the edge of mating recess 62 to the edge of mating recess 64. The plate

14B is curved into an arc (in a direction to bring ends 50 and 52 closer together) to suitably
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abut the inner side of the arcuate liner plate units.

[0059] Referring to Figs. 13-15, vertical intermediate plates 14C (shown flat in
these views) include opposite ends 70 and 72, a radially inner side 74 and a radially outer
side 76. The radially outer side 76 includes a seal recess 78 formed therein. The seal
recess has a seal material thereon (e.g., similar to Fig. 6), the seal material having a
thickness greater than a depth of the seal recess. Each circumferential splice plate also
includes a plurality of openings 80. The ends of the plate include recessed mating regions
82 and 84 at the radially outer side. The seal recess and seal material therein runs from the
edge of mating recess 82 to the edge of mating recess 84. The plate 14C is curved into an
arc (that runs consistent with the arc-shape 77 shown in dashed line form in fig. 14) to
suitably abut the inner side of the liner plates.

[0060] Fig. 16 shows an exemplary bolt stud 24 connection to the radially inner
side of liner plates, where the bolt is welded to the plate. However, as noted above,
threaded holes could be placed on the inner side of the line plate and a threaded end of the
bolt stud threaded therein as an alternative connection. Fig. 17 shows an exemplary
connection of the plates, with a liner lock plate (e.g, any of 14A, 14B or 14C) bridging an
edge joint 90 between two arcuate liner plates 12 and 12°°, where it is seen that the
peripheral seal recesses at the radially inner sides of the two liner plates abut each other and
the seal recess at the radially outer side of the lock plate aligns with and overlays the liner
plate seal recesses. The bolt studs 24 align with and extend through the openings in the
lock plates and nuts 94 (with or without washers) are used to secure the lock plate to the
liner plates 12° and 12” in the bridging manner so that a fixed, rigid connection of the liner
plates 12 is made and the seal material in the aligned recesses is compressed together for
sealing purposes.

[0061] Fig. 18 shows an arrangement of liner plates 12 and lock plates 14A, 14B
and 14C with the lock plates securing liner plates together along both vertical edge joints
and horizontal, circumferential edge joints. Notably, in the illustrated embodiment the
recessed mating regions of the lock plates are overlapped so that the lock plates form a
continuous rigid framework of connection. Also, the openings 40 and 60 (Figs. 7 and Fig.
12) are slotted to provide suitable clearance for bolt stud passage given the circumferential
configuration of the liner plates and the radial direction of the bolt studs.

[0062] In one example, the seal material may be formed by a polymeric seal that is

applied via a plural component material processing technique. As used herein, the term
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plural component processing technique means blending two or more chemicals together in
a specific or varying ratio with either direct impingement equipment, equipment utilizing a
static mixer assembly to mix/bled the chemicals or by mixing in an open container by hand
or by other mechanical mixing method to produce material that cures to some degree. Prior
to applying the seal material, the seal recesses may be prepared by use of an abrasive blast
process that forms a 3 mil minimum surface profile on the bottom and sides of the recess,
which assures good bonding or adhesion of the seal member within the recess. Where the
seal material is applied so as to protrude from the top of the recess, a planing type device
may be used to trim the seal member down to a specified, desired height. However, other
techniques could also be used to achieve the final height of the seal member. Moreover,
other seal materials could be used as well. A chemical weld activator coating may be
applied to surfaces of abutting seal members so that when the two seal members engage
cach other they become welded together, further enhancing the seal effect. By way of
example, the polymeric seal material may be a plural component impingement mix
polyurea product and the chemical weld activator may be a single component, brush
applied material that will chemically bond thermoset polyurethane/polyurea material
systems.

[0063] In one embodiment, a bonded monolithic polymer seal (BMPS) material
may be used, made up of a plural component system consisting of an “isocyanate” (also
known as a diisocyanate with other variations that may include: isophorone diisocyanate,
methylene diphenyl diisocyanate, toluene diisocyanate or hexamethylene diisocyanate) and
mixed with one or more of the following: an alcohol, an hydroxyl, a polyol, or an amine,
creating a “polyurethane or polyurea” compound. An example of this material is Custom
Linings 911 pure polyurea, available from Custom Linings, Inc. of Beuna Vista, Colorado,
but there are products that may be used.

[0064] Thus, the described system provides a low profile liner system (e.g., full
radial depth from radially inner end of the bolt studs 24 to the radially outer side of the
liner plates being less than 4 inches, such as between two and three inches). The liner
system enables a method of rehabilitating a vertical mine shaft bounded by a concrete wall
structure. The method involves (1) removing an interior portion of the concrete wall
structure; (2) installing a liner plate system including: (a) utilizing a plurality of arcuate
liner plate units, each arcuate liner plate unit including a radially outer side and a radially

inner side, the radially inner side including a peripherally extending seal recess having a
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seal material thereon, the seal material having a radial thickness greater than a radial depth
of the seal recess, each arcuate liner plate unit further including a plurality of threaded
mount studs extending inwardly from the radially inner side; (b) utilizing a plurality of
liner lock plates, each lock plate having an inner side and an outer side, the outer side
including a seal recess formed therein, the seal recess having a seal material thereon, the
seal material having a thickness greater than a depth of the seal recess, each lock plate
further including a plurality of openings therein; and (3) arranging the arcuate liner plates
and the liner lock plates to form a cylindrical wall structure, with a first set of arcuate liner
plates forming a first ring and a second set of arcuate liner plates forming a second ring, the
first ring having a top edge, bottom edge and multiple vertical edge joints, the second ring
having a top edge, bottom edge and multiple vertical edge joints, the top edge of the first
ring abutting a bottom edge of the second ring, the vertical edge joints of the first ring
circumferentially offset from the vertical edge joints of the second ring, multiple liner lock
plates positioned along the inner side of the first and second ring with the seal material of
the liner lock plates in contact with the seal material of the arcuate liner plates, the threaded
mount studs of the arcuate liner plates extending through openings of the liner lock plates,
nuts on the mount studs holding the liner lock plates adjacent the arcuate liner plates.
[0065] As previously indicated, the threaded mount studs may either welded to the
radially inner side of the liner plate or threadedly inserted into threaded openings at the
radially inner side of the liner plate, with nuts used for securing the plates together. In
another embodiment, represented by Fig. 19, the arcuate liner plates 12 include drilled and
tapped holes 102 that receive bolts 104 (with or without associated washers) to secure the
plates together and compress the abutting seals.

[0066] The liner lock plates may include multiple T-shaped lock plates 14A, where
the ends of each T-shaped lock plate are spaced apart from the ends of other T-shaped lock
plates when the T-shaped lock plates are joined to the arcuate liner plates. The liner lock
plates further include multiple intermediate splice plates interconnecting the T-shaped lock
plates, the splice plates including vertically oriented splice plates 14C and laterally oriented
splice plates 14B.

[0067] In the above-described illustrated embodiment, each end of each T-shaped
lock plates may include a recessed mating region at its radially inner side, and each end of
each intermediate plate may include a recessed mating region at its radially outer side. The

recessed mating regions of the T-shaped lock plates overlap the recessed mating regions of
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the intermediate plates. In an alternative embodiment, the recessed mating regions, and
resulting overlap of the lock plates, may be absent.

[0068] In this regard, Figs. 20-21 illustrate (in flat layout) a T-shaped locking plate
114A without recessed regions. The plate has a radially inner side 132 and a radially outer
side 134. The radially outer side 134 includes a seal recess 136 formed therein. The seal
recess has a seal material thereon (e.g., similar to Fig. 6), the seal material having a
thickness greater than a depth of the seal recess. Each T-shaped lock plate also includes a
plurality of openings 138 on the central leg and slotted openings 140 on the cross-leg.
Figs. 22-23 illustrate (in flat layout) an intermediate locking plate 114B without recessed
regions. The plate 114B includes opposite ends 150 and 152, a radially inner side 154 and
a radially outer side 156. The radially outer side 156 includes a seal recess 158 formed
therein. The seal recess has a seal material thereon (e.g., similar to Fig. 6), the seal
material having a thickness greater than a depth of the seal recess. Each plate 114B also
includes a plurality of slotted openings 160. Figs. 24-25 illustrate (in flat layout) an
intermediate locking plate 114C without recessed regions. Each plate 114C includes
opposite ends 170 and 172, a radially inner side 174 and a radially outer side 176. The
radially outer side 176 includes a seal recess 178 formed therein. The seal recess has a seal
material thereon (e.g., similar to Fig. 6), the seal material having a thickness greater than a
depth of the seal recess. Each plate 114C also includes a plurality of openings 180. The
plates 114A, 114B and 114C are curved in a manner similar to plates 14A, 14B and 14C as
described above.

[0069] In both embodiments, the seal recess of each T-shaped lock plate extends to
each end thereof. In the embodiment of Figs. 7-15, the seal recess of each intermediate
plate (14B or 14C) extends from one recessed mating region of the intermediate plate to the
other recessed mating region of the intermediate plate. In the embodiment of Figs. 20-25,
the seal recess of each intermediate plate (114B or 114C) extends from end to end of the
intermediate plate. In either case, upon assembly, the ends of the T-shaped lock plate seal
recesses are positioned proximate to or in abutment with the ends of the intermediate plate
seal recesses.

[0070] Referring to Fig. 26, partial build of a liner system is shown using liner lock
plates 114A, 114B and 114C. The liner lock plates are secured to curved liner plate units
12A, 12B, 12C, 12D and 12E. The curved liner plate units and the liner lock plates are

arranged to form a curved wall structure. The curved liner plates forming multiple rings

11



WO 2014/047041 PCT/US2013/060106

(e.g., 210A and 210B), each ring having opposite end edges 212 and 214, and multiple
interior edge joints 216. The rings are arranged end to end such that abutting end edges
form multiple end edge joints (e.g., 218). As shown, the interior edge joints 216 of each
ring are circumferentially offset from the interior edge joints of each adjacent ring. The
liner lock plates 114A, 114B and 114 C are secured along an inner side of the wall
structure with the seal material of the liner lock plates pressed into contact with the seal
material of the curved liner plate units in order to seal both the end edge joints 218 between
adjacent rings and the interior edge joints 216 of each ring. Each T-shaped lock plate 114A
covers a portion of one of the interior edge joints 216 and a portion of one of the end edge
joints 219. Multiple seal joints 230 are formed between ends of the T-shaped lock plates
114A and adjacent ends of the intermediate plates 114B or 114C, and at each seal joint seal
material of the T-shaped lock plate and seal material of the intermediate plate is
compressed to create an abutting and sealing contact therebetween that is sufficient to fill
and close off any gap 231 between the ends of the plates 114A and 114B or 114C, as best
seen in Fig. 27, where abutting seal material, which may become welded if a weld activator
is used, is shown at 232.

[0071] Regardless of the embodiment of the liner system, once the liner system is
assembled/installed, a backgrouting operation at the radially outer side of the liner system
(e.g., into the space 190 (see Fig. 1) between the concrete wall structure 200 and the liner
system) may be performed to provide continuity between the liner system and the existing
wall structure. In one example, the backgrouting operation may be performed from the top
or bottom edge of a set of rings. In another example, the liner plates may include openings
through which the grout may be delivered, with the openings later sealed by plugs.

[0072] While particular embodiments have been illustrated and described, it is to be
clearly understood that the above description is intended by way of illustration and
example only and is not intended to be taken by way of limitation, and that changes and
modifications are possible.

[0073] What is claimed is:

12
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Claims

L. A method of rehabilitating a vertical mine shaft bounded by a concrete wall
structure, the method comprising:
removing an interior portion of the concrete wall structure;
installing a liner plate system adjacent the concrete wall structure including:

utilizing a plurality of arcuate liner plate units, each arcuate liner plate unit
including a radially outer side and a radially inner side, the radially inner side including a
peripherally extending seal recess having a seal material thereon, the seal material having
an uncompressed radial thickness greater than a radial depth of the seal recess so as to
protrude beyond a primary inner surface of the radially inner side;

utilizing a plurality of liner lock plates, each lock plate having an inner side
and an outer side, the outer side including a seal recess formed therein, the seal recess
having a seal material thereon, the seal material having an uncompressed thickness greater
than a depth of the seal recess so as to protrude beyond a primary outer surface of the outer
side;

arranging the arcuate liner plate units and the liner lock plates to form a
cylindrical wall structure, with a first set of arcuate liner plate units forming a first ring and
a second set of arcuate liner plate units forming a second ring, the first ring having a top
edge, bottom edge and multiple vertical edge joints, the second ring having a top edge,
bottom edge and multiple vertical edge joints, the top edge of the first ring abutting a
bottom edge of the second ring to form a lateral edge joint, the vertical edge joints of the
first ring circumferentially offset from the vertical edge joints of the second ring, the liner
lock plates positioned along an inner side of the cylindrical wall structure with the seal
material of the liner lock plates in contact with the seal material of the arcuate liner plate
units; and

utilizing threaded members to hold the liner lock plates adjacent the arcuate
liner plate units such that the cylindrical wall structure formed by the combination of the

liner lock plates and the arcuate liner plate units is a rigid, unitary structure.

2. The method of claim 1 wherein each lock plate includes a plurality of openings
therein, the threaded members are either mount studs welded to the radially inner side of

the arcuate liner plate unit or bolts threadedly inserted into threaded openings at the radially
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inner side of the arcuate liner plate unit, in either case each threaded member passes

through a respective one of the lock plate openings.

3. The method of claim 1 wherein the liner lock plates include multiple T-shaped lock
plates, where the ends of the T-shape are spaced apart from each other when the T-shaped

lock plates are joined to the arcuate liner plate units.

4. The method of claim 3 wherein the liner lock plates include multiple splice plates
interconnecting the T-shaped lock plates, the splice plates including vertically oriented

splice plates and laterally oriented splice plates.

5. The method of claim 4 wherein:

each end of each T-shaped lock plate includes a recessed mating region at its
radially inner side,

each end of each splice plate includes a recessed mating region at its radially outer
side,

and the recessed mating regions of the T-shaped lock plates overlap the recessed

mating regions of the splice plates.

6. The method of claim 5 wherein:

the seal recess of each T-shaped lock plate extends to each end thereof;

the seal recess of each splice plate extends from one recessed mating region of the
splice plate to the other recessed mating region of the splice plate,

the ends of the T-shaped lock plate seal recesses are adjacent the ends of the splice

plate seal recesses.

7. The method of claim 3 wherein:

the liner lock plates include multiple intermediate plates connected between spaced
apart T-shaped lock plates, the intermediate plates including vertically oriented
intermediate plates and laterally oriented intermediate plates, each end of each T-shaped
lock plate is positioned proximate to or in abutment with an end of an adjacent intermediate

plate without any overlap between the T-shaped lock plates and the intermediate plates.

14
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8. The method of claim 3 wherein each T-shaped lock plate covers a portion of one of

the vertical edge joints and a portion of the lateral edge joint.

9. The method of claim 1 including the further step of applying a chemical weld
activator coating to seal members of the arcuate liner plate units and/or seal members of the
locking plates so that when two seal members engage each other they become welded

together.

10. The method of claim 1, further including performing a backgrouting operation at
the radially outer side of the liner plate system to provide continuity between the liner plate

system and the concrete wall structure.

11. A liner plate system for lining shafts or tunnels, the system comprising:

a plurality of curved liner plate units, each curved liner plate unit including a
radially outer side and a radially inner side, the radially inner side including a peripherally
extending seal recess having a seal material thereon;

a plurality of liner lock plates, each liner lock plate having an inner side and
an outer side, the outer side including a seal recess formed therein, the seal recess having a
seal material thercon;

the curved liner plate units and the liner lock plates arranged to form a
curved wall structure, wherein with the curved liner plates forming multiple rings, each
ring having a first end edge, a second end edge and multiple interior edge joints, the rings
arranged end to end such that abutting end edges form multiple end edge joints, wherein
the interior edge joints of each ring are circumferentially offset from the interior edge joints
of each adjacent ring, wherein the liner lock plates are secured along an inner side of the
curved wall structure with the seal material of the liner lock plates pressed into contact with
the seal material of the curved liner plate units in order to seal both the end edge joints

between adjacent rings and the interior edge joints of each ring.
12. The system of claim 11, wherein a plurality of threaded members secure the liner

lock plates to the curved liner plate units, wherein each liner lock plate includes a plurality

of openings therein and through which a respective one of the threaded members extends.

15
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13.  The system of claim 12 wherein the threaded members are formed by threaded
mount studs extending inwardly from the radially inner sides of the curved liner plate units
and nuts on the mount studs hold the liner lock plates adjacent the curved liner plate units

and compress the seal material therebetween.

14. The system of claim 12 wherein each of the curved liner plate units includes a
plurality of threaded holes and the threaded members are formed by bolts, each bold
extending through a respective one of the liner lock plate openings and into a respective
one of the threaded holes to hold the liner lock plates adjacent the curved liner plate units

and compress the seal material therebetween.

15. The system of claim 12 wherein the seal material of the curved liner plate units is

chemically welded to the seal material of the liner lock plates.

16. The system of claim 11 wherein the seal recess of each liner lock plate aligns with
side by side seal recesses of the curved liner plate units such that the seal material of the
seal recess of each liner lock plate is pressed into contact with seal material of at least two

curved liner plate units.

17. The system of claim 11 wherein the liner lock plates include multiple T-shaped lock
plates, where ends of the T-shape are spaced apart from each other when the T-shaped lock

plates are joined to the curved liner plate units.

18.  The system of claim 17 wherein:

the liner lock plates include multiple splice plates interconnecting the T-shaped lock
plates,

each end of each T-shaped lock plate includes a recessed mating region at its
radially inner side,

each end of each splice plate includes a recessed mating region at its radially outer
side,

and the recessed mating regions of the T-shaped lock plates overlap the recessed

mating regions of the splice plates.

16



WO 2014/047041 PCT/US2013/060106

19.  The system of claim 17 wherein:

the liner lock plates include multiple intermediate plates connected between spaced
apart T-shaped lock plates,

each end of each T-shaped lock plate is positioned proximate to or in abutment with
an end of an adjacent intermediate plate without any overlap between the T-shaped lock

plates and the intermediate plates.

20.  The system of claim 19 wherein multiple seal joints are formed between ends of the
T-shaped lock plates and adjacent ends of the intermediate plates, at each seal joint seal
material of the T-shaped lock plate and seal material of the intermediate plate is

compressed to create an abutting and sealing contact therebetween.

21.  The system of claim 17 wherein each T-shaped lock plate covers a portion of one of

the interior edge joints and a portion of one of the end edge joints.
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