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A stalrway system kit and method for assembling the kit are provided the system including pre-fabricated components such as
steps stringers decorative mouldings and panels or boards etc on site. The kit comprises a step module and an adjacent step
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(57) Abrege(suite)/Abstract(continued):

module the step module comprising a riser and a tread the riser being adapted to abut the tread on a first side thereof and being
adapted to define a fastener-mating portion on a second side thereof. The tread Is adapted to be secured atop the riser on one side
thereof. The adjacent step module comprises a riser and a tread the adjacent step module being adapted to be assembled with the
step module by engaging a fastener with the fastener-mating portion of the step module and securing the fastener to the tread of
the adjacent step module to secure the two step modules together.
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(57) Abstract: A stairway system kit and method for assembling the kit are provided the system including pre-fabricated compo-
nents such as steps stringers decorative mouldings and panels or boards etc on site. The kit comprises a step module and an adjacent
step module the step module comprising a riser and a tread the riser being adapted to abut the tread on a first side thereof and being
adapted to define a fastener-mating portion on a second side thereof. The tread is adapted to be secured atop the riser on one side
thereof. The adjacent step module comprises a riser and a tread the adjacent step module being adapted to be assembled with the
step module by engaging a fastener with the fastener-mating portion of the step module and securing the fastener to the tread of the
adjacent step module to secure the two step modules together.
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MODULAR STAIRWAY SYSTEM AND KIT THEREFOR

" CROSS REFERENCE TO RELATED APPLICATIONS

This Application claims priority on U.S. Provisional Applications No. 60/935,418
and No. 61/064,575 filed respectively on August 10, 2007 and March 13, 2008,

which are herein incorporated by reference.

FIELD OF THE INVENTION

The present invention relates to stairways and, more particularly, to modular
stairways made of pre-fabricated components such as steps. stringers, elc..

typically in the form of a kit for assembly on site.

BACKGROUND OF THE INVENTION

Typically, staircases are completely produced on site with the various wood

components being cut to size as the staircase is progressively erected on site.

Also. it has been proposed to completely assemble a staircase in the factory

such that a pre-assembled staircase is delivered to the construction site for

direct and easy installation thereat. Such a modular staircase is disclosed Is

Canadian Patent Application No.2 149981 naming Raymond Couture as

inventor and laid-open for public inspection on November 24, 1590,

Furthermore, in Canadian Patent Application No. 2,276,888, also naming
Raymond Couture as inventor, and laid-open for public inspection on December
30. 1999 a modular staircase is proposed, which includes a permanent framing
made of metallic stringers and vertically extending step supports that are
secured along the stringers. Each step support includes upper and front flanges
adapted to be secured respectively to a tread and to a riser of each step of the
staircase. If the staircase has a partly exposed side, various decorative oOr
finishing wooden components, including treads, risers, false or decorative

stringers, mouldings, etc., are provided to cover any exposed structural metallic
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framework and particularly the stringers.

Moreover. in United States Patent No. 4,422.270 naming Leopeld Lapointe and
Donat Pelietier as inventors and issued on December 27, 1983, a modular, self
supporting flight of stairs is proposed. The flight of stairs described therein
comprises at least one pair of stringer units for supporting at least one tread
thereon and bolted thereto. The stringer units each comprise a side plate and a

fixation plate extending outwardly therefrom and parailel thereto for fixing a
fixation of a first unit to a side plate of an adjacent unit by riveting or boiting A

two-part stringer unit comprising intersecting oblong slots allows for step height

adjustments.

In United States Patent No. 2,593,683, naming GW. Lyons as inventor., and

issued on April 22, 1953, a vertically adjustable staircase is proposed. The flight
of stairs described therein comprises sectional stringers formed of prefabricated
sheet metal tread-supperting plates, each plate comprising a vertical DOdy
portion, two vertical and parailel longitudinal flanges perpendicular thereto and a
horizontal rectangular top flange for supporting a tread thereon and polted
thereto. One of the longitudinal flanges of a given plate comprises a plurality of
sets of perforated holes for combining with a set of corresponding perforated

holes in an adjacent longitudinal flange of an adjacent plate thereby providing

adjustable fastening means therefor.

Furthermore. PCT Patent Publication No. WO 2005/090705-A1 published on
September 29, 2005 in the name of Raymond Couture, discloses staircases
that are constructed of modular stringers for the on-site installation of the
staircases in a residential, commercial or industrial setting. Kits for erecting the
staircases include matingly or cooperatively coupling step support units defining
the staircase stringers, a setf of steps adapted to be mounted thereon, as well
as various finishing elements and modules to provide a finished look to the

completed staircases. The staircases include self-supporting staircases. linear

staircases, curling or spiralling staircases and adjustable variations thereof.

Therefore, it is desirable to provide a modular stairway system, typically In the

PCT/CA2008/001438
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form of a kit, which can be assembied to erect a stairway on site.

SUMMARY OF THE INVENTION

it is therefore an aim of the present invention to provide a novel stairway

system, in the form of a kit.

One aspect of the present invention provides a kit having a step module

adapted to be assembled adjacent to other step modules.

Another aspect of the present invention provides a step module Inclugding a
tread and a riser wherein the riser is adapted to be connected with the tread of
another adjacent step module. The connection between the riser of one module

and the step of the other module provides a riser-height adjustment mechanism

One other aspect of the present invention provides a step meduie including a
tread and a riser that can be assembled dry (e.g. without giue) with an adjacent
step and riser module. The dry-assembly aliows relative adjustments between

the adjacent modules.

Another aspect of the present invention provides a step module including a
tread and a riser that can be dry-assembled with an adjacent step module. The
dry-assembly is adapted to be glued once the adjacent step modules are

correctly assembled and in appropriate positions.

A further aspect of the present invention provides, for a step module having a
step and a riser, a series of bolts fastened to the tread in a position {0 Interact
with the riser such that the riser can be selectively adjusted and fastened to the
tread. The bolis is provided in a recess adapted to receive glue to substantially
permanently secure the tread to the riser once the riser Is properly secured to

ts associated tread with the series of bolts.

One aspect of the present invention provides a method of assembhng step
modules without glue, adjusting the position of the riser of one step module in
respect with the tread of another adjacent step module and, when the position

of the riser in respect with the adjacent tread 18 properly positioned. applying

3
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giue between the riser and the adjacent tread to substantially permanently

secure the riser to the treaq.

Another aspect of the present invention provides a moulding disposed between
stringers and the wall to provide a substantially gap-iess finish that follows the
contour of the wall. The moulding rests on one side thereof in a groove defined
in the stringer, with the mouiding being adapted on an opposite side thereof to
contact the wall. The moulding is shaped and/or made of a material chosen
such as to provide flexibility for the moulding such that it can follow the contour

of the wall.

One other aspect of the present invention provides a Kit for erecting a stairway
comprising a step module and an adjacent step module, the step module
comprising a riser and a tread, the niser being adapted to abut the tread on a
first side thereof and being adapted {o define a fastener-mating portion on a
second side thereof, the tread being adapted to be secured atop the riser on
one side thereof, the adiacent step module comprising a riser and a tread, the
adjacent step module being adapted to be assembled with the step module by
engaging a fastener with the fastener-mating portion of the step module and
securing the fastener 1o the tread of the adjacent step moduie to secure the two

step modules {ogether.

Another aspect of the present invention provides a method for bulding a
stairway comprising providing a step module, the step module comprising a
riser and a tread. the rniser being adapted {o abut the tread on a first side thereof
and being adapted to define a fastener-mating portion on a second side thereof
the tread being adapted t0 be secured atop the riser on one side thereof,
providing an adjacent step module, the adjacent step module comprising a nser
and a tread, and assembling the adjacent step module with the step modute by
engaging a fastener with the fastener-mating portion of the step module and
securing the fastener to the tread of the adjacent step module toc secure the two

step modules together.
One aspect of the present invention provides a kit for erecting a self-supporting

4
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stringerless stairway comprising: a first step module and a second step module,
the first step module comprising a riser and a tread. the riser being adapted 10
abut the tread on a first side thereof and being adapted to define a tastener-
mating portion on a second side thereof, the tread being adapted to be secured
atop the riser on one side thereof, the second step module comprising a riser
and a tread. the tread being adapted to receive a fastener on a first side thereof
and to be secured atop the riser on a second side thereof, the second siep
module being adapted to be assembled with the first step module by engaging
the fastener with the fastener-mating portion of the first step module and with

the tread of the second step module,

An additional aspect of the present invention provides a step module for
erecting a stairway. the step module comprising a tread comprising a foot
contacting surface, a proximal side surface, a distal side surface and lateral side
surfaces. the tread comprising a fastener-receiving portion disposed on the
distal side surface for substantially orthogonally securing a fastener thereto, and
a riser comprising a proximal surface, an upper side surface and a lower sige
surface. the riser comprising a fastener-mating portion substantially
orthogonally disposed on the proximal surface in a vicinity of the lower side
surface the fastener-mating portion and the fastener-receiving portion being
adapted to cooperate with the fastener to secure two step modules together and

to adjust a distance between the treads ot the two step modules.

An aspect of the present invention provides a riser for use in a step for erecting
a stairway, the riser comprising a proximal surface, opposed side surfaces and
opposed upber and lower surfaces, the proximal surface being provided with an
elongated opening adapted to receive a fastener to secure a tread thereto. the
elongated opening being adapted to provide a distance adjustment between

treads of adjacent steps.

Another aspect of the present invention provides a riser for use In a step for

erecting a stairway, the riser comprising opposed upper and lower ends, the

lower end being provided with an elongated opening adapted to receive a

PCT/CA2008/001438
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fastener to secure a tread therete, the elongated opening being adapted to

provide a distance adjustment between treads of adjacent steps.

Another aspect of the present invention provides a tread for use in a step for
erecting a stairway, the tread comprising a foot supporting surface. opposed
side surfaces and opposed distal and proximal surfaces, the distal surtace
being provided with a securing material receiving portion adapted to receive a
securing material therein when at ieast a portion . of the stairway. is. dry-.
assembled to substantially permanently secure the fread to a corresponding

adjacent riser.

Another aspect of the present invention provides a tread for use in a step for
erecting a stairway. the tread comprising a foot supporting surface. opposed
front nose and rear ends. the rear end being provided with a securing maternal
receiving portion adapted to receive a securing material therein wnen at least a
portion of the stairway is dry-assembled to substantially permanently secure the

tread to a corresponding adjacent riser.

Other aspects, objects, advantages and features of the present invention will
become more appare'nt upon reading of the following non-restrictive description
of embodiments thereof, given by way of example only with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWING

In the appended drawings:

Figure 1 is a perspective view of a stairway, shown in an assembled state

thereof. constructed from a kit in accordance with an Hustrative embodiment of

the present invention, wall and floor portions bemng also heremn shown:

Figure 2 is a perspective view of the stairway of Figure 1, Hustratively showing

various details of components thereof;

Figure 3 is an enlarged perspective view of the portion of the stairway defined
by bubble 3-3 in Figure Z;

PCT/CA2008/001438
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Figure 4 is a bottom rear perspective view of part of the stairway of the

illustrative embodiment of the present invention shown in Figures 1 and 2
Figure 5 is a vertical cross-sectional view taken along line 5-5 of Figure 2Z;
Figure 6 is an angled cross-sectional view taken along line 6-6 of Figure 2
Figure 7 is a vertical cross-sectional view taken along line 7-7 of Figure 2

Figure 8 is a vertical cross-sectional view taken along line 8-8 of Figure 2;

Figure 9A is a perspective view from underneath of an assembled tread and

rser;
Figure 9B is a cross-section taken along line 9B-9B of Figure YA

Figure 10 is a perspective view from underneath of a series of assembled siep

modules;

Figure 11 is a left side elevational sectional view of an assembled tread and

riser as depicted on Figure QA

Figure 12 is a perspective view depicting a step module with an exploded

stringer,

Figure 13 is a left side elevational view showing inter alia an uppermost rnser of

" a series of assembled step moduies:

Figure 14 is a sectional view of a moulding disposed between a stringer and a

wall:
Figure 15 is a perspective view of the stringer of Figure 14
Figure 16 is a perspective view of a variant stringer;

Figure 17 is a perspective view of the uppermost riser of a staircase:

Figure 18 is a left elevational sectional view of a tread and riser,
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Figure 19 is a front elevational sectional view of a stringer;

Figure 20 is a schematic of a stairway with a table of rises and steps; and

Figure 21 (on two sheets) is a table of rises and steps In accordance with the

schematic of Figure 20

DESCRIPTION OF ILLUSTRATIVE EMBODIMENT(S) OF THE INVENTION

With reference to the appended drawings, -a stairway S constructed from a
Stringer and step support kit in accordance with an illustrative empbodiment ot
the present invention will now be presented. The stairway S iIs adapted to be
erected on site, using compoenents of the kit to be described hereinafter. and for
instance on a flocring F and, on one side thereof, against a wall W in the case

of a stairway S that has an exposed side, as herein illustrated.

The kit is comprised, for example, of six basic components, that is (1) a set of
steps 10. each comprising a tread 12 and a riser 14 that are pre-assembled
together, the tread 12 atop the riser 14, with an elongated triangular support 15
(Figures 4 and 7) being mounted on a hidden side of the junction of the tread 12
with the riser 14; (2) finishing triangutar members 16 for the exposed side of the
stairway S; (3) a structural and finish stringer 18 (e.g. in the form of a board)
adapted to be mounted on the wall side (on the left-hand side in Figure 1) of the
stairway S. the stringer 18 being, for instance. 8 inches wide and supplied In
lengths of 8 feet; (4) a finishing board 20 adapted to be mounted on the
exposed side (on the rightwhénd side in Figure 1) of the stairway S, the finishing
coard 20 being, for instance, 6 inches wide and supplied in lengths of 8 feet: (O)
an anchoring unit 22 (see Figures 4 and 7) for joining an upper end of the
stairway S to an upper floor structure 24, the anchoring unit 22 inctuding a finish

riser 24 and a pair steel angle brackets 26; and (6) a moulding 28 adapted to be
nositioned atop the stringer 18 and to lean against and to follow the contour of

the wall W for hiding imperfections in the wall W,

The steps 10, the finishing trianguiar members 16, the structural and finish

stringer 18, the finishing board 20, the anchoring unit 22 and the moulding 28

8
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are typically made of wood products, except for instance for the steel angle
brackets 26 of the anchoring unit 22. The present kit thus allows for various

decorative finishes.

Three (3) vertical "grooves” 30 are defined at the base of the risers 14 of the
steps 10, as well seen in Figures 2, 3, 4, 7, 8, 9, 10 and 11. These grooves 30
can be slots or oblong holes made in the niser material to aliow for a height
adjustment between the steps 10 to be done from behind the stairway S. using
one bolt 32 per groove 30. £ach belt 32 is driven, from behind the stairway S,
through the bottom part of the riser 14 of one step 10 and into a rear end of the
tread 12 of an adjacent step 10, thereby allowing for an easy minimum vertical
adjustment, from Q to 34" per step 10. The groove 30 also provides an access
through the riser 14 to apply glue 74 to permanently secure the tread 12 with

the riser 14.

The kit of the present invention provides the user with the possibility of erecting
a stairway in various heights and shapes, using the same components. Some of
these components require a few simple cuts, namely to the ends of the

structural and finish stringer 18 and to the finishing board 20.

Before ordering the kit, precautions must be taken. For instance, the orientation
of the stairway (right or ieft) i1s first determined and established from the bottom
of the stairway to be erected. Second, the total height of the stairway opening

shouid be measured from floor finish to floor finish (F.F. to F.F.), herein from F
to U '

Before starting to assemble and erect the stairway S, the user should check and
correct, if necessary, the squaring and‘ leveling of the walls W to which the
stairway S will be installed as well as the ficoring +. The user must substantially
orecisely measure the height of finished floor to finished flcor (F.F to F F))
between which the starway S will be erected. If the finish of one or the other
floors I1s missing, the user has to simulate the finish by using, for instance, a

small sirip of wood {of a same thickness as that of the floor finish to come}.

PCT/CA2008/001438
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To establish the height of the risers 14, a chart such as that enclosed above
and on Figures 20 and 21 can be used. These charts show how o establish the
height of the risers 14 from the floor-to-floor height measurements. Riser height
means therein height top-to-top of the steps 10 or treads 12. The present pre-

fabricated stairways are typically available in two standard width sizes. namety

36 inches and 42 inches.

After having established the height of the nsers 14 (eg. with the

aforementioned chart), the user then places the step modules or sieps 10

upside down on a table and attaches them together in a staircase-form using

the bolts 32 although the bolts 32 are not tightened firmly. The user then begins
assembly of the stairway S, starting with its attachments at the base of the riser

14 of a first step 10 and the back of the tread 12 of a second step 10 located
adjacent under the first step. The relative position of the steps 10 is thus

10
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adjusted by sliding the steps 10 along each other, guided by the boits 32

engaged in the grooves 30 defined in the risers 14 Once the steps 10 are
precisely positioned, a small bead of for instance P.L. 400 adhesive Is pilaced
and the three (3) bolts 32 for each assembly of a pair of adjacent steps 10 are

tightened to retain the steps 10 in their exact relative position.

As best seen on Figures SA, 9B, 10 and 11, a cavity 76 is disposed on the ena
portion of the tread 12 at the base of the bolis 32 to receive glue 74. The cavity
76 extends transversally beyond the width of the groove 30 to ensure that glue
74 will contact both the tread 12 and its associated riser 14. Alternatively. the
cavity 76 can have the shape of a groove 80 (see Figures 9A and 9B) along the

side of the tread 12, or being a round recess 82 (see Figure 9A). to facilitate the

manufacturing of the cavily 76. The cavity 76 also provides a space to glue the
bolt 32 and its nut therein to the tread 12 and riser 14 to provide an even more
rigid assembly. The inside wall of the slot 30 toward the proximai side of the
riser 14 is provided with an angle, or a radius 31 (see Figures 3, 7. & anag SA),
cpening toward the rear side of the riser 14. The angle or the radius 31 provides
room to insert the tip of a glue 74 container behind the nut and washer
assembled to the bolt 32. Therefore, once the steps 10 have been adjusted
relative to one another so as to provide the desired height for the stairway S,
the risers 14 are "locked" to the treads 12 of respective adjacent lower steps 10,
via the bolts 32. Once the adjustment step modules 10 are “locked” together

glue is applied to permanently secure the assembly.

The precise adjustment (both exactly the same measurement) of the two (2)
riser positioning clamps (not herein shown, but used temporarily to attach the
steps 10 together until the bolts 32 are tightened) 1s important because it is one
of the main operations to assure the self alignment of the whole stairway 5. This
type of alignment made without glue is called dry alignment. A dry alignment is
a stairway erection that can be adjusted if needed before the erection Is

permanently secured in place.

Figures 9A through 11 also teach a gluing pattern 72 where glue 74 is applied

to secure the trianguiar element 16 to the rniser 14 and to the tread 12. it s

17
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understood that the friangular element 16 is preferably disposed in the vicinity of
the sides of the step and that vicinity, within the scope of the present disclosure.
encompass to dispose the triangular element 16 on the side edge of a step.
Additional cavities 70 are provided on the underside lateral edge of the tread
12. These cavities 70 are disposed to be contiguous with one side of the
triangular element 16 to facilitate application of the glue 74 and increase the
glued surface area between the tread 12 and the triangular element 16 The
number and the shape of the cawvities 70 can differ from What 15 actually

depicted on the Figures without departing from the scope of the present

invention.

The user then installs the upper part of the stairway S, which is the anchoring
unit 22 The finish riser 24 is glued (with. for instance, a bead of white carpenter
clue) and fastened with, for example, four (4) to five (5} #8 x 174" wood screws
40 (see Figure 7) to the back of the tread 12 of the uppermost step 10. It s
noted that the finish riser 24 should be cut at the same height as the height of
other assembled risers 14. This operation shall be undergone prior to assembly

of the last step.

To assemble the siringer 18 to the now assembled steps 10, it is preferable to
nosition the stairway S on its side, i.e. with a wall side thereof facing upwardly.
Then. for instance. a fine bead of white carpenter glue is apphed to the ends of
the treads 12 and risers 14. Thereafter, the stringer 18 1s fastened into place
along the steps 10 using screws 34 (see Figures 2 and 4), ensuring that the
upper grooved side of the stringer 18 is flush with the step necsing. As to the
screws 34, there are used, for instance, three (3) screws #8 x 1% for each
tread 12 and riser 14. For example. the user can start by placing one screw 34

at %" from the edge of the stringer 18 at each step nosing. Afterwards, the user

can install the remaining required screws 34. It is noted that a small template

(not shown) is provided to mark the screw positioning. As the stringer 13 1s now

assembled to the steps 10, any stringer surplus can be cut at both ends of the

stairway S

12
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The stairway S can now be mounted in place. The two steel angle brackets 26
are first fastened with screws 42 to the upper floor structure U, approximately S
inches lower than a finished surface 44 of the upper floor structure U (i.e. 772 +
17"}, The top of the stairway S is then simply dropped onto these two steel
angle brackets 26. Once the stairway S is adjusted, leaving an equal space 07 £
v.," from stair to wall surface (using wood shingle shims 46, +igure 6), the
stairway S can be fastened firmly to the upper floor structure U, using for
instance five {5) #8 x 2" wood screws 48 (Figure 7), and to the wall studs. using

for instance two (2) #8 x 2" wood screws per wall stud, not snown.

One or more appropriate spacers 50 can be used, as seen in Figure 7. Then. a
last niser 52 which completes the stairWay S under the nose of the upper floor
structure U is simply slipped into place. The back side of the riser 52 must be
pre-giued and firm pressure applied. One can apply two (2) heavy beads of
adhesive P.L. 400, Iaid horizontally. '

The finishing moulding 18, wall side, can now be installed on the stringer 18 1o
do so, the upper end of the stringer 18 defines a longitudinai groove 36.
whereas a lower end of the moulding 28 is provided with a longitudinal cut-out
28 as best seen in Figure 6. The cut-out 38 engages partly the groove 36 and
also sits atop the stringer 18 with the moulding 28 being angied upwardly
towards the wall W and leaning thereagainst. As it can be appreciated from
Figure 5, the narrow thickness of the moulding 28 in conjunction with Its angle
toward the wall W provides sufficient fiexibility to the moulding 28 to foliow the

contour of the wall W and prevent apparent gaps between the moulding 28 and

the wall W

Small beads of, for instance, P.L. 400 adhesive are laid in the groove 36 of the
stringer 18 and at the upper back of the moulding 28. Smalil screws and plastic
washers are provided to keep the mouiding 28 in place during the setting of the
adhesive. The moulding 28, with this inclination, thus hides surface variations In
the wall W {(and gaps produced thereby between the wall VW and the stringer 18

of the moulding 28) for ensuring an easy and almost perfect adjustment.

13
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Figures 14 to 16 show variant stringers 18’ and 18" provided respectively with

grooves 36 and 36"

Now turning to the exposed side of the stairway S, it is noted that the exposed
side of a stairway is usually closed (underneath) by a small support wall Y (see
Figures 1 and 2) onto which the stairway S rests. In the case where the
underside of a stairway is open, e.g. If there is another stairway going to a lower
floor, the smail support wall Y is then replaced by a small beam, which

dimensions will vary according to the length of the staircase.

For example, if such a sfainway has a length of 6 to 8 steps, two (2) pieces of 27
x 6" studs will be sufficient to provide an adeguate support for the stairway. in
both cases, 5/8" thick small plywood brackets are furnished to join the support
wall Y or the beam to the back step corner and riser, which are simply screwed
under the interior face; once the adhesive is set, this will prevent vibrations and
squeaking of the stairway S. It is noted that this operation should be done after
the stairway S has been put in place and before the instaliation of the triangular

elements 16 and of the finishing board 20.

At this stage, the small finishing triangular elements 16 are instalied to close the
angles (triangular openings) between the back ends of the risers 14 and the
exposed ends of the treads 12. Each trianguiar element 16 defines a lower
tongue 54 (Figure 8). A fine bead of P.L. 400 adhesive can be applied to the
angled side and to the top side of the triangular element 16, this top side being
orovided with small dowels 56 which are adapted to register with pre-drilled
holes defined under the end of the tread 12 so as to assembtle the triangular
element 16 to the tread 12. A light pressure will suffice to secure It In place. This
same operation will apply to all other triangular elements 16. Adhesive can aiso
be provided on the front vertical sides of the triangular elements 16 so as to
also glue them to the back of the risers 14. The tnangular element 16
substantially increases the rigidity of the assembled step by further securing the
tread and the riser together. Each step has its pair of associated triangular
elements 16 disposed on each lateral side of the step thus increasing the

overall rigidity of the whole stairway.

14
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Now there remains the finishing board 20 to be installed. The finishing boarg 20
defines an upper deep groove 58 (Figure 8) which is adapted to receive and
conceal the tongues 54 of the triangular elements 16, once assembled. As well

as solidifying the whole unit, the finishing board 20 will hide any disparities |

1

2

3

4

5  caused by the height of the risers 14 that has been chosen for the stairway S.
6 Before being put into place, a lower end of the finishing board 20 needs (o te
7 cut at the surface level of the flooring F. Once it has been verified that that the
8 finishing board 20 can slide in and fit in well and that the upper part of the
9 finishing board 20 touches all back inferior corners of the steps 10, the finisning
10 board 20 is removed and a bead of adhesive is applied into the groove 58
11 before the finishing board 20 is put back firmly into place, in its position shown
12 in Figures 1 and 2. The finishing board 20 is then held in place untii the, ror
13 instance. P.L. 400 adhesive is cured (a few minutes). The user should ensure,

14  while pressing the finishing board 20 in place. that it is vertically level.

15  Finally, excess white carpenter glue can be simply cleaned with a wet cloth.
16  whereas excess P.L. 400 adhesive coming out of joints can be simply cut with a

17  blade, after initial curing. The user should let the adhesive cure for a day before

18  subjecting it to heavy use.

19 It is to be understood that the invention is not limited in its application to the
20  details of construction and parts illustrated in the accompanying drawings and
21  described hereinabove. The invention is capable of other embodiments and of
22  being practiced in various ways. It is also to be understood that the phraseology
23 or terminology used herein is for the purpose of descripfion and not imitation.
24  Hence, although the present invention has been described hereinabove by way
25  of illustrative embodiments thereof. it can be modified, without departing from
26 the spirit, scope and nature of the subject invention. mdéed, various
27  modifications therecf will be apparent to those skilled in the art without

28  departing from the spirit and scope of the iInvention.

15
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VWhat iIs claimed is:

1 A kit for erecting a stairway comprising: a step module and an adjacent
step module, the step module comprising a riser and a tread, the riser being

adapted to abut the tread on a first side thereof and being adapted to define a

fastener-mating portion on a second side thereof, the tread being adapted to pbe
secured atop the riser on one side thereof, the adjacent step module comprising
a riser and a tread, the adjacent step module being adapted to be assembled
with the step module by engaging a fastener with the fastener-mating portion of
the step module and securing the fastener to the tread of the adjacent step

module to secure the two step modules together.

2. The kit for building a stairway of claim 1. wherein the tread of the
adjacent step-module is adapted to receive the fastener on a first side thereof

and adapted to be secured atop the riser on a second side thereof.

3. The kit for building a stairway of claim 1, wherein the fastener-mating

oortion is adapted to provide a riser height adjustment between the step

moduies.

4. The kit for building a stairway of claim 3, wherein the rnser height

adjustment is about between 0 millimeter and 25 milkmeters long.

5. The kit for building a stairway of claim 1. wherein the fastener-mating

portion is a slot.

6. The kit for building a stairway of claim 5. wherein the slot is a plurality of

siots and the fastener is a plurality of fasteners.

7. The kit for building a stairway of claim 1, wherein at least one of the step
modules further comprises a support member disposed on a hidden side of the

step. between the tread and the riser, to further secure the tread with the riser.

8. The kit for building a stairway of claim 1, wherein at least one c¢f the step

modules further comprises a substantially trianguiar junction element adapted to

16
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be disposed between the tread and the riser to further secure the step with the

rISer.

9. The kit for building a stairway of claim 8, wherein the step modutes
defines lateral sides, the substantially triangular junction element being adapted

to be disposed in a vicinity of a lateral side.

10.  The kit for building a stairway of claim 8, wherein an interface between
the substantially triangular junction element and at least one of the tread and

the riser is adapted to receive a securing material.

11.  The kit for building a stairway of claim 10, wherein the interface further

defines a securing material receiving portion.

12.  The kit for building a stairway of claim 10, wherein the securing matenal

1S glue.

13, The kit for building a stairway of claim 1, wherein the two step modules

are adapted to be dry-assembled before being permanently secured.

14.  The kit for building a stairway of claim 1. wherein an interface between

the two step modules is adapted to be further secured with a securing matenal

15.  The kit for building a stairway of claim 14, wherein the securing material

s glue.

16.  The kit for building a stairway of claim 14, wherein the interface further

defines a securing material receiving portion.

17.  The kit for building a stairway of claim 16, wherein the securing materiai

receiving portion at least partially surrounds the fastener mating portion.

18  The kit for building a stairway of claim 16, wherein the securing materiat

s adapted to be introduced through the fastener-mating portion.

19 The kit for building a stairway of claim 1, further comprising a stringer

adapted to be disposed on a wall where the step module is adjacent to the wall

1/
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20.  The kit for building a stairway of claim 1, further compnsing a finishing

hoard adapted to be disposed on a iaterat side of the step module.
21, A method for building a stairway comprising:

providing a step module, the step modute comprising a riser and a tread,
the riser being adapted to abut the tread on a first side thereof and being

adapted to define a fastener-mating portion on a second side thereof, the tread

being adapted to be secured atop the riser on one side thereof:

providing an adjacent step module, the adjacent step module comprising

a riser and a tread: and

assembling the adjacent step module with the step modute by engaging
a fastener with the fastener-mating portion of the step module and securing the

fastener to the tread of the adjacent step module to secure the two step

modules together.

22. The method for building a stairway of claim 21, wherein the tread of the

adjacent step-module is adapted to receive the fastener on a first side thereof

and adapted to be secured atop the riser on a second side thereof.

23. The method for building a stairway of claim 21, wherein the fastener-
mating portion is adapted to provide a riser height adjustment between the step

modules.

24 The method for building a stairway of claim 23, wherein the riser height

adjustment is about between 0 millimeter and 25 milimeters iong.

25 The method for building a stairway of claim 21, wherein the fastener-

mating portion I1s a slot.

26. The method for building a stairway of claim 25, wherein the slot I1s a

plurality of slots and the fastener is a plurality of fasteners.

18
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27. The method for building a stairway of claim 21. wherein at least one of
the step modules further comprises a support member disposed on a hidden
side of the step, between the tread and the riser. to further secure the tread with

the riser.

28.  The method for building a stairway of claim 21, wherein at least one of

the step modules further comprises a substantially trianguiar junction element

adapted to be disposed between the tread and the riser {o further secure the

step with the riser.

29.  The method for building a stairway of claim 28, wherein the step moduies

defines lateral sides, the substantially triangular junction element being adapted

to be disposed in a vicinity of a lateral side.

30. The method for building a stairway of claim 28, wherein an interface
between the substantially trianguiar junction element and at least one of the

tread and the riser is adapted {o receive a securing material.

31. The method for building a stairway of claim 30, wherein the interface

further defines a securing material receiving portion.

32. The method for building a stairway of claim 30. wherein the securing

malenal Is glue.

33. The method for building a stairway of claim 21, wherein the two step

modules are adapted to be dry-assembled before being permanently secured

34 The method for building a stawrway of claim 21. wherein an interface

between the two step modules is adapted to be further secured with a securing

materiai

35. The method for building a stairway of claim 34, wherein the securing

material is glue.

36. The method for building a stawway of claim 34. wherein the interface

further defines a securing material receiving portion.

19
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37. The method for building a stairway of claim 36, wherein the securing
material receiving portion at least partially surrounds the fastener mating

portion

38. The method for building a stairway of claim 36, wherein the secunng

material is adapted to be introduced through the fastener-mating portion.

39,  The method for building a stairway of claim 21, further comprising a
stringer adapted to be disposed on a wall where the step moduie is adjacent to

the wall.

40. The method for building a stairway of claim 21, further comprising a

finishing board adapted to be disposed on a lateral side of the step moduie.

41. A Kit for erecting a self-supporting stringerless stairway comprising: a first

step module and a second step module, the first step module comprising a riser
and a tread. the riser being adapted to abut the tread on a first side thereof ana
being adapted to define a fastener-mating portion on a second side thereof. the
tread being adapted to be secured atop the riser on one side thereof, the
second step module comprising a riser and a tread, the tread being adapted to
raceive a fastener on a first side thereof and to be secured atop the nser on a
second side thereof the second step module being adapied to be assembled
with the first step module by engaging the fastener with the fastener-mating

portion of the first step module and with the tread of the second step module
42 A step module for erecting a stairway, the step module comprising:

a tread comprising a foot contacting surface, a proximal side
surface, a distal side surface and lateral side surfaces, the tread comprising a
fastener-receiving portion disposed on the distal side surface for substantially

orthogonally securing a fastener thereto; and

a riser comprising a proxima! surface, an upper side surtace and a
ower side surface, the riser comprising a fastener-mating portion substantially

orthogonally disposed on the proximal surface in a vicinity of the lower side

20
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surface, the fastener-mating portion and the fastener-receiving portion being

adapted to cooperate with the fastener to secure two step modules together and

to adjust a distance between the treads of the two step modules.

43, A riser for use in a step for erecting a stairway, the riser comprising a
proximal surface, opposed side surfaces and opposed upper and lower
surfaces. the proximal surface being provided with an elongated opening
adapted to receive a fastener to secure a tread thereto, the elongated opening

being adapted to provide a distance adjustment between treads of adjacent

sieps.

44 A riser for use in a step for erecting a stairway, the riser comprising
opposed upper and lower ends, the lower end being provided with an elongated
opening adapted to receive a fastener to secure a tread thereto. the elongated
opening being adapted to provide a distance adjustment between treads of

adjacent steps.

45. A tread for use in a step for erecting a stairway, the tread comprising a
foot supporting surface, opposed side surfaces and opposed distal and proximal
surfaces. the distal surface being provided with a securing material receiving
oortion adapted to receive a securing material therein when at ieast a porticn of
the stairway is dry-assembled to substantially permanently secure the tread to a

corresponding adjacent rnser.

46. A tread for use in a step for erecting a stairway, the tread compnising a
foot supporting surface, opposed front nose and rear ends, the rear end being
orovided with a securing material receiving portion adapted to receive a
securing material therein when at least a portion of the starway is dry-
assembled-to substantially permanently secure the tread to a corresponding

adiacent riser.

21

PCT/CA2008/001438



CA 02696124 2010-02-10
WO 2009/021321 PCT/CA2008/001438

1/16

14 F

10
Bk T——



CA 02696124 2010-02-10

PCT/CA2008/001438

WO 2009/021321

2/16

o e P P e T g AR




WO 2009/021321

'4
/
/
/
r
!
!
!
{
!
i
f
i
i
[
! ;
* ;
{ s
i }
\ !
\ :
1 :
\ : ‘
'!.\ T i
/ Ve
\ / /j’; WA
N et
S AP
/ "“}5..7 .3\\
/ gx r s O
\ /./ '::Jf.’ /f ,
N\ it \ p, .
ZH < ” ,
‘\9\\\ _/ !r 30
o

CA 02696124 2010-02-10

3/16

PCT/CA2008/001438



CA 02696124 2010-02-10

PCT/CA2008/001438

WO 2009/021321

4 /16

0&

TR YY hd o




CA 02696124 2010-02-10

PCT/CA2008/001438

WO 2009/021321

5/16

44

— e wphly gl M AN AEE N GENS NN BEN WEEE N WEP VUV Sege Sge s ey ey sy g s segey e s Sl digh, SN AER  SED QU SUN SED N G e S

———

4

&

Wy e w———

S 4

L

3 4

4 +L+8 41+
y

a
Wl W bekh. S winh M M A A P PR TP TP TS TR ARF A AR A

r
___ﬁu.a_.-.. P B B

\ \.nLl
\.. L ...

-
e . Pa—
L ad v ﬁ
TYrrwTTewr Y w &
Y- rad - T cad v v
+ Y —— T —— T T Y d _a. .+...!.)...J
—— , i || 3
o
AS
-y
= Ty P —————— mninipininfeiiy [ 1
e e rT—r—— po— ]
— ol
- = " 1L |
I.II|r|0|ollarlol.r14|v.l.p.lf"l|!'l"]!jllllllllrllllllllll‘.ﬂltriltrtt‘tf(: L il - - -— -
h L. h
- —— - e mer e e e—— — — —t — ) o A AN S AR e A ASL A A AR S am e A —_—mwm e D T N Y T LT - e ram - FALE ] e g fmey A G- Wy . 4ER. =N p— - == - -_—
e LA D . 4 - 0 N -

/

50 -
38

{

)

1

i

]

i

!

!

{

{

_

,

{

.

| §

| M/r w_“

IR _

{1 P 5 St

T 1 1M .« '}

RE 4} S RIDI(S)

)

il

|

1.

_

_

_

_

_

_

_

_

_

_

!

.

{]

t

J6

" k
fl n

" sdndrasdrorermvereres wrervef-reververrrrerer——
¢ 1 i — -
“ L ” |m - ™ r—— ~ — rrwrreev el T
{ _T|rr ¢ - bttt ettt WP e |
PR ==t s :
i — - - -
ﬂ i A]l .IM TYYW v v i]l SR
1*1 b!-i — AT TY Y v r—— —— L
; =& — —
1 t i
“ g ? A el M .
: : ) f e 1
" 4} by —
2
) m _w v
Hl I | 0
i _ s
H | 4
e A
. pa— — . - — AV M Wi e S
) ¢ |
!
|
J

NN o .ii‘ll'lll'llll"?'ll'

)

T4~
46

74

~

7



PCT/CA2008/001438

6/16

CA 02696124 2010-02-10

f dnnstps 4
mm N o .
— —— ekt issa et |
A —— 1~ = cl

0 .

0/
24 - 57

44444

»
111
111

-

Ll
;
:
3
>
k
k
3
3
;
s
4
.-"

1]
!
s
;
E
E
t
7
rd

Sl B LB e e B B ol e AL

WO 2009/021321

A AR,
(ST NTE Y
. . o P
.y - -
— Addd
| ———. -
PR
e
- w
>
P —— e/l S WY W YTV YT YTy Y +
o R R R Sa pa— 1 W AN\ETYTY YT YT YT YTy ¢ v
P N L aa Tl Sreei-y v
" N A N vl % —
b - - -
ol .H 1 b P S ALMER
ot e ﬂ - F B BEE NN W W Y PN LS VNN N W
AP e T L Esss s e an s s e e o ™
-
NI ——
- —
proguy .
- v
A e o 1 ML
2 A A I . vy e AT IME N
o _ oy bbb, W Y
- -
A ———— d—
a4 4 Aaa. -
el el - Mol aln i
. . PPy P
el Sbeghir -
a Al i, iy
Sy w v
- HR-E




PCT/CA2008/001438

14
12

vy VA ——— T WYY TN e R il

7/16

CA 02696124 2010-02-10

A B AMASA b

PN

WO 2009/021321

ﬂ' 80
.0
|

AA
A d A

AR ASR - Ad A ARSI N

Ad

—
gt oS A S S S WY WS ey ——

/

j

_ g

v
.
a A 1 ! 2
-
SO A P yesov i oioonpitopininii - e itsansintalons ahinesmatasnan Sessaming
-~ Y re P wws e Z o I AL A A A A AL ARMAARALALALALAL o 4 AL DA AL DAL MDA A adb bl
r
d & a A A KA Ak ety
& a— ‘IJIIIJID[lT;[*r.JI-
. oA 1 M
F i . 3 3
YT e . 2 T YT Y Y YWwW YT TYY OYTYYYTY Y . LA vwww v v Vg vw 4’44 !I-Mi
vr +v T WYY WYYV YV YT Y v +ytT T - 1«4“11«4 Yvvrerrvveyvrrrriowl b L
L IDIL.’.I.(*I‘L 3
-
)| 1 L * 4
} 1.
Ll ] 4
b
4
! . i
[ i . i
Y 1
~
] ! : 4
3 u 1
~
f I 1 ;
2
| |} ; |
l 1| ! ]
9 1- L - J
. 1§t i
[ 1
4
4
h
- b
4
3
2 - vL
1114
1114
b “ b
3 # - 3
——v—v—y w Frvrrver [ — s pr—
d1; \‘4.1 M 4 . -
L
4 s “
> - <
EAMA__ A . 4 N - 4 .“ 4
P AL PUOT PP Prarpap " s A iy A B 0D A MMM - w
- a - 3 1 AN A YR T OIR N TP A A Fowes o b Adaddadddinin
- N 9 m a T —— o N P AAAALA - P aa 2 o Aadddd Aamma
d <
3
sy — 3 < .“ L
b
S aamnat 3 3 -
TV YTV T TR T v T P vor 1 _
i — g o o & e b b A P el B B “ e v b b v - e & e e e SENSNIVE S v—v W ————— YTy land L EamaaaRa Ll Ll s s ol L 4 4
arnnnmmissel Lol ol L L - i . o Y Y Y Y T T T T T T T T YT T T YN T TR T Y YYY v ALl T Y Y T T I I T ETTYYTY YT Y T TR YT — ‘ Ry 14 .
3 E—— - k
camam. o 1) 4
Dy phebyly ol e oo i § vt Bt APV TYeS P shAAAALLLE - b L )L rrera = AR SR — .u
b AT b ATV A, e ! b s . - P PPV EE T W WO Peres - el “ w P e it Pl S A n s |
a a Al oo o e a an e BABAA AANL ALAMLL BE AAA A A BRAES AN b 4 4B A . SRR LA I B ALl BARAA A BAL BB AMBIMDAABRAADDDD A IIA D ik bk
A BB A D B r
4 T w PN a B mddndds 4 SAL o Ba S AL A DA sl mas s o a o o PP AN I | I
oY
m . - A AL B N ey b p—. P a A A a a2 oo PP "
- .
Prrwww—— A @ "
f—
w - ~ ——y v w v T WVt et ol 2 1 R R e e ettt Adhd ad o Ad aaasan o m i aaaanal " A A A A 4 LN A a4
oYY T T T T T T E T T T T T TR - i ryvevre b v
i~ e, -y BB sl s B sl Aadndran o0 4 4 T YV SV | BTV YT ey T Y
b
p——— . =
e wh el | AR ML B i Bl i Bl Bl P S w1 AAIBA ALE S _ALSd i e o Al ol Bl i B Sl e Sl M A s 5T ol s AP PR g v
oo an a4 M alns 24 MM AA A X A & aa . B aBa B oo b andd 4 A S A DR R A PR WP VU - - g A A — — M M Sl A S MY A ST . B T P P Pl A bttt il ¢ Bt e
L AdAAAAd AA A ASE A M A - An Ao AA 4
—
| S e it . =
b p
1 L P —
v e vy L -
I - R
v T T vy 3
4 el i VAT R TR eTTT ™Y vy v b e olh SN A SEED Ab J 4
Y TR B
“w "A LA MM .

4
<




CA 02696124 2010-02-10
WO 2009/021321 PCT/CA2008/001438

8/16

50
- HA

1

0y
-

ZALLERRNLNG %

40

"V
RS

T AN



CA 02696124 2010-02-10

PCT/CA2008/001438

WO 2009/021321

9/16

O =—zL

: |
T A T e S T - i

U




PCT/CA2008/001438

10/16

CA 02696124 2010-02-10

WO 2009/021321

_

o -7 RN,
?%m%/

e 1 T
1.:..'[-.; -
N ' ‘e

- a [ )

.
L]

- n
.. 0"

...........

e .. §Nﬂx w},]\,.,mr IR S ”..{_....m_“.......," ,m_%imv////af//////
a“,.f;__._______\__,____.@\\\\ \\ /
9

04 c/




CA 02696124 2010-02-10

PCT/CA2008/001438

WO 2009/021321

¥

Pubvigh &

L————-—----—m--_—-—— — by sibide bbb b —

N—

|




CA 02696124 2010-02-10
WO 2009/021321 PCT/CA2008/001438

12/16

N %

N
’-\'

""lln\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ -
:, ?\9 H

T W FEPY A W e SR GfAg aqphs spen gy e cwm—" S— mbury derer wwiver .'

\\\\\

~§IIII\-'&\\\\\\\\\\\\\'

T _ 10

3
W

ey

N
™~

]



CA 02696124 2010-02-10

WO 2009/021321 PCT/CA2008/001438
13/16
S
NI
A W A A NN NN

ﬂl!ﬂllllﬂlllm

S \\‘%\I/// 2 n

D
LN

1

B o = e s i e 4 LALLM SRS B LAk A S
—— N . -
—r -

AahiAssr aitoniedle | JARLE SRS SRANEE SALANE SRR R A

1c 14




CA 02696124 2010-02-10

PCT/CA2008/001438

WO 2009/021321

¢

LE . ===l

A ol I ————— R —— pron s e S o B i ———— T p— .

Sa|npolL
1818 J0 4

14 /16

011 8 8¢ 9IR oL 6 9111 8 8 AUB.L v 0E
SSNUBJOOAH UMY e0]  aSy  Sleslljo# mm_%os aSNUBIOOAH  Unyjelo]  asiy  siesujog  Jubieufeio)
315 0
Sd0]Q 1SoMO & 951 JSOUOYS
al/g L OSIY 98 L 8SiY
\A | _ —
|
0t
........ ! WbieH
_ oL .
IlIL 8y W | /L 8Y
asnua)odAX N : m 9SNU8j0dAH
T g umpeoL o 8¢ U0l
S0d9]S 1S9M8- 9S11 1S80US

‘96ed U} Jo 8|ppiLu 8Y) Ul X0q uaaub 8y ul Jybiay 100y PaUSIUY 0} J00y PausIul je10} au) adA}



CA 02696124 2010-02-10

PCT/CA2008/001438

15/16

Ch
Ch
Gl
Ch

Ch
el
ol
¢l

31/5 ¢Sl
91104 251

tSl
91/5 €5}
9L/0} €51

21
/G vl
abich 19}
gi/¢c (9l
L Bl

45
vll

143
7l
7i
43
Vil
9l/8 ECl
91/8 €CI
9118 ¢l

Olich L
9liel L
vl L
9yl £
/5l .
ksl L
8
LiLL

9l/8 .
3lie L

§oul 9177 ©} dn Sppe Jolis 7¢/| X sdajs £, ¢ ynoua pajielsp Siu) S| “yaul U Jo 9}/ 0} papunol si butun)
'S3UOUI § O} WNWIXBLY PUB SUDUI / O} UnJ WRUWIUILL B} U XOQ O} Waas 8A0GE SejniL0-

el
tl
e
el
2!
el
el
7l
4
Pl

el
v
cl
ol
¢l
tl
cl

o
ol

7l

o= ——F =

3116 651
Giiy) 651
9i/¢ 09}
9118 091
gi/el 001

9H¢ 191
LIz 191
aLich 191
3lic 91
al/icl 691

318 £Cl
3l/8 £cl
/8 el
31/8 EC1
818 eel
L8 £dl
9118 €1
9118 £cl
9l/8 &C

ctl

lie .
v L
/G .
1S .
3119 L
9119 L
L.
il !/
98 L
L .

) 0}
vl 91/310}
) 201
vl 91820
) ¢0l
vl 918 €0l
7t 70
vl SLg YOl
i GOl
GL 9L/850
318} 9jdwes e Saisl

WO 2009/021321

FET R os. ¢ b ¢ 9 :ﬁ@;_,‘-..i-‘.mmw 4 oL v | 9HLEE
SONDOW  9SNUSJOdAH  umMjelo]  asly  SieSujO# Sonpol  SSnuglodAH  uny[elo] oSy SIssujo#  JuDIay [ejo]
dajs 0 # (8)S 10 4 LOIjoRIS

_ | Selhiell]

 88UJSAH0YS

_ sda)g Jsome

.




CA 02696124 2010-02-10

PCT/CA2008/001438

16/ 16

(onuuod) T2 - EE

WO 2009/021321

L 9W9LpL  9LBYOL  QMSLL T cb 98 6hl vl oMSL gl 9118 66

PRV % T 170 (A 1V B /| b 996l v 9USL €l G6

L oUelbL OLBYOL  9LS) ) 2L 9L 8yl 0B 17 D R 91/8 66

W Oy 9B YOI g T 2l 9l 6Yl b 9M9L €l 96

2L 9196y vl 9MLL g 2l 9L96YL v ULl gl 91/8 96

L 9Ll 6yl v 9MLL € AN 1 AR ! b OULL gl 16

4 0} v 9BL €l 4 0} b 9U8L €l 0118 16

b 91508 P 9L €l el SIS 9LBETl [l 85

¢b 941 0S) vl 9lBL €l el 66  9iBEZL MLl 9113 86

) |Gl v 9oLL € L 9LSes  9l8EZL 9L ¥ 66

b 91516l vl 9lobL €l L 9LoLeS  9uBezZL 9Tl L 91/ 66

¢l 9oL 28! Pl QML €l L 9lGLest  ouBeZk  9MeL 1l 00}

4 i AN 1A o L 9Upesk  9ugezk  9WEZ v 9L/ 00!

cb 940} 06} vl 96l g el OWSLZGL  ougezk AL v | OL//86
SOINDOLL~ 8SNUBJOAAH UM jelo]  8SIN SIS0 Sanpowl  asnugjodAy  uny(elo]  eSIyY  SIeSUjo#  Jubisy jeio)
(815 J0 # 1918 0 #

. _ LoljoR.4

SaUoU}



70

70 o
; 5
2

R L A N N TN VI T e S S e - S

- -,
) n

(]

.
. ra By r N

NS

\
/4 /




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - abstract drawing

