EP 0 193 302 A2

Europaisches Patentamt
0 European Patent Office

Office européen des brevets

@ Publication number: o 1 93 302
A2

@) EUROPEAN PATENT APPLICATION

@ Application number: 86300919.7

@ Date of filing: 11.02.86

@ m.cx E 04 D 1/18

Priority: 28.02.85 CA 475362
Date of publication of application:
03.09.86 Bulletin 86/36

Designated Contracting States:
BE DE FR GB SE

@ Applicant: CREATIVE METAL DESIGNS LTD.
3535 Clark Drive
Vancouver British Columbia V5V 4T5(CA)

@ Inventor: Kane, Patrick John
3174, West 4th Avenue
Vancouver British Columbia, V6K 1R7(CA)

Representative: Waiter, Douglas Ernest et al,
HASELTINE LAKE & CO. Hazlitt House 28 Southamptan
Buildings Chancery Lane
London WC2A 1AT(GB)

(9 Rooftile.

@ A tile (10,120} is formed from a relatively thin sheet
adapted to cooperate with similar tiles to form a tiled surface.
When the tile is installed, the central axis (12,125) thereof
coincides with a line defining free water flow down the tile
between upper and lower tile portions (14,15). The tile has
first and second raised ribs (45,46; 131,132) extending
symmetrically as mirror images of each other on each side of
central axis. Each rib has upper (49,51) and lower rib (50,52)
portions which are interconnected so as to extend con-
tinuously between the upper and lower tile portions to
increase stiffness of the tile. The stiffened tile is better able 1o
resist weight of a person walking on the roof, and also resists
a tendency for the lower portion of the tile to Iift when wind
blows onto the roof. The upper rib portions (49,61} are
generally complementary to the lower rib portions (50,52) so
that the lower rib portions of an upper tile can fit over upper
rib portions of a lower tile. Thus rib axes (47,48) of upper and
lower rib portions are also mirror images of each other about
a lateral axis (27,127) disposed perpendicularly to the
longitudinal axis (12,125). When the tiles fitted, the ribs of the
tiles are interijocked and this increases accuracy of instalia-
tion of the tiles, as well as reducing a tendency of water
seepage past edges of the tiles. The tiles exhibit a high
degree of fitting tolerance, even when fitted on an uneven
roof, thus permitting use of relatively unskilled labour.

Croydon Printing Company Ltd.
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BACKGROUND OF THE INVENTION

Field of the Irivention

The invention relates to a tile particularly for installation on a sloping roof,
but the tile could have applications elsewhere, for example on a vertical

wall.
Prior Art

Conventional inteﬂecking ,reof tiles or shingles have been known for many
years, and are cOmmonly found as two main types, ‘namely relatively thick
clay tiles, or sheet txles, which are made from sheet metal or other similar
thin material. The clay tiles are heavy, mechanically relatively weak and
are limited in mechanical complexity due to manufacturing difficulties and

material limitations. ‘Metallic sheet tiles also have problems, for example

" a tendency to bend and be permanently deformed after a person has walked

over the roof, which is aggravated by insufficient backing support for the
tile. Also, if a relatiyely thin material is used, the tile might lack adequate
stiffness to resist bending under strong wind forces blowing up the roof and
bending the tile'upwardly, thus perr'nrittirng water to penetrate under the tile. |
While attempts have been made to stiffen relatively thin tiles using several
raised ribs extendihg between,edges of the tile, commonly the ribs increase
difficuity of installation of the tile because some designs of tile do not
permit much variation or tolerance to the "fit" between overlapping
portions of ad]acent tlles, partlcularly when installed on uneven roofs.
Commpnly, with prior axft ribbed metalhc tiles, fitting errors during

installation of a series of tiles can achmulate to such an extent that
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- unsightly gaps can exist between overlapping portions of adjacent tiles,
~ which can permit entry of water into the roof. In general the more complex

the ribbed structure of the overlapping portions, the greater the difficulty
and cost of manufacture and installation.

| Typical metallic tiles are shown in U.S. Patents 279,487 issued to Jones;
294,256 issued to Montross et al; 361,031 issued to Thorn; 397,298 issued to

" Lee, and 2,202,830 issued to Bussey. These patents disclose metallic

roofing tiles with ribs to cooperate with adjacent tiles, and partially to

; ét_:iffen the tile. However, some of the immediate edge fitting structure

includes the actual ribs themselves, and these are quite complex and would
likely present difficulties when installing the tiles. Ribs provided
immediately adjacent edges of the tiles without flat side margins extending

to the edges can present difficulties during the manufacture and installation.

In general, to produce a tile of a given size, tiles with several ribs or

‘corrugations requiré considerably more sheet stock or raw sheet material
‘than a flat, unribbed tile or a tile with fewer ribs. Also, some tiles require
‘a relatively wide overlap with adjacent tiles to obtain a water tight joint,

- and this affects the number of tiles required to cover a specific roof area

with tiles of a given size. Clearly the greater the overlap between tiles,

the more tiles are required to cover a given roof area. Some prior art tiles -

have many corrugations and also require a large overlap and thus the

. effectiveness of such tiles for covering area is low.

Some of the prior art tiles have interfitting edge portions which cooperate

'dcsely with complementary edge portions of adjacent tiles such that

relatively small gaps of short lengths exist between the tiles. There gaps
can be of such a size as to cause water to be drawn by capillarity effects
through the gaps, around the ribs and into the roof, giving the impression of
a leaking roof.
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SUMMARY OF THE INVENTION

The present invention reduces the difficulties and disédvantéges of the prior
art by providing a tile which is relatively simplé to manufacture by pressing
a thin sheet of metal. The present tile can be installed using relatively
unskilled labour due to relatively wide fitting tolerance resulting from the
simplicity of the ribbed structure ,which cboperates with adjacent tiles.
Portions of tiles which cooperate with adjacent tiles can be made to have a
wide tolerance to variations in spacing between adjacent tiles, and can
accommodate, to some extent, unevénness or irregularities in the roof.
Furthermore, the tiles of the 'invent'ion have réised_rib portions which
provide the stiffness which extends the full length of the tile i.e. between
upper and lower tile portions , which can resist the weight of a person
walking on the roof without permaneni deformation. The stiffness of the
tile is such that strong wind 'blowing upwards aldng the roof will have a
negligible tendency to lift the tile, when compared with some prior art tiles.
Also, spacing between cooperating portions of adjacent tiles is such as to
reduce any tendency for capillarity effects to draw-water horizontally, or

slightly upwardly between adjacent tiles.

In contrast with some pridr art tiles, the pfesent tile has only two raised ribs
which do not require much additional sheet stock for forming when
compared with a flat unribbed tile. Also, the present tile requires a
relatively small overlap with adjacent tiles, énd, thus relatively fewer tiles
are required to cover a given area. The two factors above contribute to the

overall efficiency of this present tile in covering a given roof area.

A tile according to the invention is adapted to codpe_raté with similar tiles to
form a tiled surface. The tile is a relatively thin sheet having a periphery
having first and second side edges intersecting at upper and lower corners.

The edges are disposed symmetrically about a central longitudinal axis
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extending between the corners end adapted so that, when the tile is
installed, the central axis coincides essentially with a line defining free

water flow down the tile. The tile has a lateral axis disposed normally to

‘the central axis to divide the tile into upper and lower tile portions. The
tile has first and second raised ribs having respective rib axes extending

-symmetrically as mirror images of each other on each side of the central

axis. Each rib has upper and lower rib portions on opposite sides of the
lateral axis which are interconnected so as to extend continuously between
the upper and the lower tile portions to increase stiffness of the tile. The
tile is further characterized in that the rib axes are mirror images of each
other about the lateral axis, and the upber rib portions are generally
complementary to the lower rib portions so that the lower rib portions of an
upper tile can fit over upper rib portions of a lower tile. The tile also hasa
generally flat first side margin of the tile extending between the first side
edge of the tile and an adjacent intermediate length of the first rib remote
from the upper and lower corners, and a similar generally flat second side
margin of the tile extending between the second side edge of the tile and an

adjacent intermediate length of the second rib remote from the upper and

lower corners.

A detailedr disclosure following, related to drawings, described several

embodiments of the invention, which is capable of expression in structure
other than that described and illustrated.

DESCRIPTION OF THE DRAWINGS

Figure 1 . is a simplified top plan of a tile according to the
' invention,
-Figure 2A is a simplified fragmented section, as would be seen

partially on line 2-2 of Figure 1, with another fragmented
section as would be seen from line A-A of Figure 1
superimposed thereon in broken outline for comparison of

size,
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is & simplified fragmented section on line 2-2 of Figure 1,
with another similar fragmented section as would be seen

~ from line B-B of Figure 1 superimposed thereon in broken
- outline to show a comparison of size,

. is a simplified fragmented top plan of a plurality of tiles
fitted together showing cooperation between adjacent

tiles,

' ié a simplified fragmented section on line 4-4 of Figure 3,

showing cooperation between édjacent edge portions of

tiles,

is a simplified top plah of a rsecond'embodiment the

invention, showing also additional securing means,

is a simplified, fragment'ed section on line 6-6 of Figure
5, R -

is a simplified, fragmented section similar to Figure 6 of

a third embodiment of the invention.

DETAILED DISCLOSURE

Figures 1, 2A and 2B

A tile 10 is formed from a relatively thin sheet of metallic materiai and has

a periphery disposed symfnetrically about a central longitudinal axis 12.

When the tile is installed, the central longitudinal axis 12 coincides

essentially with a line defining free water flow down the tile, shown as an

arrow 13, between upper and lower tile portions 14 and 15. The tile has

first and second side edges 18 and 19 disposed symmetrically about the axis

12. The side edge 18 has generally straight uppér and lower edge portions
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21 and 22 respectively, and the side edge 19 has upper and lower edge
portions 25 and 26. The edge portions 21 and 25 are inclined at equal angles

28 to a transverse line or lateral axis 27 which is disposed perpendicularly to

- the central axis 12 of the tile and divides the tile into the upper and lower

portions 14 and 15. Similarly, edge portions 22 and 26 are inclined at equal
angles 31 to the line 27. Preferably, the angles 28 and 31 are equal to 45
degrees, so that the portions 21 and 22, and the portions 25 and 26, are

‘inclined to each other at 90 degrees, ignoring mitred edge portions as will be

described.  Upper and lower portions of the side edges 18 and 19 intersect

- _each other at upper and lower corners 29 and 30 respectively of the tile as

shown, the axis 12 extending between the corners. Angles between adjacent
sides 21 and 25, and 22 and 26 are also 90 degrees, so as to define a generally
square tile, which, when installed with the central axis 12 vertical
resembles a generally diamond-shaped tile. As can be seen, a first mitred
edge portion 33 interconnects the upper and lower edge portions 21 and 22,
and a second mitred edge portion 34 interconnects the upper and lower edge
portions 25 and 26. The mitred edge pbrtions 33 and 34 are disposed
symmetrically relative to the longitudinal and lateral axes 13 and 27 and

~ provide clearance for adjacent tiles, as will be described with reference to

Figure 3. First and second nail holes 35 and 36 are positioned adjacent the
mitred edge portions 33 and 34, and spaced slightly upwardly from the
transverse line 27. The holes receive nails, not shown, for securing to a
base of the roof, such as battens or plywood sheathing, not shown. The nails
and holes serve as attachment means adjacent the first and second side
edges and generally adjacent the lateral axis 27 to provide an attachment to

the roof approximately half way down the tile. This limits an effective

-moment arm of the free end or lower portion 15 of the tile for bending about

the axis 27, and also permits the nail to be covered by adjacent upper tiles as
will be described.

Broken lines 39 and 40 designate approximate positions of lower edge

~ portions of two adjacent tiles (not shown) fitted over and to the left and

right respectively of the tile 10. Similarly, broken lines 41 and 42
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represent approximate positions of upper edge portions of two other
adjacent tiles, (not shown), fitted under and to the left and right of the tile

-10. . This produces generally equal overlaps 43 between adjacent tiles which

are important to the invention, as will be described with reference to Figure
3.

The above describes a diamond-shaped tile of very Vsi'rriple form, which
resembles, to some extent, old fashioned relatively thick clay tiles, simple
metallic or natuialrslates tiles. The present invention is distinguished from
this basic structure byr providing first and second raised ribs 45 and 46 which
extend symmetrically as mirror images of each other on each side of the
longitudinal axis 12. The first rib 45 has a first rib axis 47 (broken line) and
upper and lower rib portions 49 and 50. Similarly',r the second rib 46 has a

~ second rib axis 48 (byoken lihe) and uppef and lower rib portions 51 and 52.

The rib axes are central axes of the respective ribs and thus also extend as
mirror images of each other on each side of the longitudinal' axis 12. The
upper and lower rib portions of each rib are interconnected so as to extend
continuously and smoothly between the upper and lower tile portions 14 and
15 to increase stiffness of the tile relative to a flat plate. Asseen inFigure
2A, the rib 45 has a convex upper rib surface 54 and a concave lower rib
surface 55, the rib surfaces being spaced apart by thickness 56 of the rib
which approximates to thickness of a centre portion 57 of the tile. Thus the
tile has an essential equal thickness throughout and can be made by simply
pressing a thin gauge steel of about 0.5 mm :thiéknes's (about 27 gauge),
suitably treated for corrosion resistance and preferably coated with a fine
mineral granules. The granules appeér to increase' fitting tolerance and

tend to reduce capillary action between close fitting portions of tiles. The

rib 46 is similarly shaped, so that both ribs have upper convex surfaces on -

the same side as the tile. The first and second ribs 45 and 46 are spaced
inwardly from the adjacent first rand second side edges 18 and 19 to define
generally flat first and second sidé margins 59 and 60 respectively of the
tile. It is noted that the first side margin 59 ‘extends between the

respective first side edge 18 of the tile and an adjacent first intermediate
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length 67 of the first rib 45 remote from the upper and lower corners 29 and

- 30. Similarly the second side margin 60 extends between the respective

second side edge 19 of the tile and an adjacent intermediate length 68 of the

" gecond rib 46 remote from the upper and lower corners. The intermediate

lengths of the ribs are defined more fully later. The central portion 57 is

- ‘generally flat and coplanar with the first and second side margins 59 and 60,

as best seen in Figures 2A and 2B.

To enable adjacent tiles to cooperate with each other, in this embodiment

the upper rib portions 49 and 51 are smaller than the lower rib portions 50

and 52 respectively, so that the lower rib portions of an upper tile can fit

over upper rib portions of a lower tile. Thus the upper rib portions are
Vgenerallyr complementary to the lower rib portions. Thus it can be seen

that the rib axes of the upper and lower rib portions are also mirror images

- of each other about the lateral axis 27, so that the tile, or at least axes of
" theribs, are essentially symmetrical about both the central and lateral axes

- 12 and 30 respectively. To attain a relatively close fit between upper and

lower tiles, it is essential that the rib portions do not interfere prematurely

with each other, so that coplanar flat portions of the tiles on either side of

the rib portions can contact each other, as will be described with reference

to Figure 4. While it is not necessary that the engaging upper and lower

~surfaces of the rib portions and adjacent tile portions are exactly

complementary to each other, the lower rib portion should be no greater in

’ height or width than the maximum that can fit closely underneath the upper

rib portion. To avoid prior art problems relating to the capillarity effect
between closely fitting tiles, that is the ability of water to be drawn

“upwardly through a narrow gap between adjacent tiles, preferably there

should be some reasonable clearance between edges of two tiles. This
clearance can be of the order of 0.5 millimetres, or slightly greater and this

should prevent excessive problems due to capillarity, and will also permit

. greater tolerance in manufacturing and fitting of tiles.
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In Figure ZA, the plane of sectxon shown in full outlme is taken on the
central axis 27 and mtersects the first.raised rib 45 at an transntmn rib
f'fper and lower rib

'portxons 49 and 50. The transmon rlb portlon 62 connects the upper and

lower rib portlons 49 and 50. The part;al sectlon shown in broken outline is
taken on the upper rib portlon 49, -and- :t can be . seen that the upper rib
portmn 1s smaller 1n cross-sectnon than the trans:tion rib portncn 62. As
drawn, a lower surface 61 of the upper l‘lb portlon 49 is spaced from the
lower surface 55 of the transmon Tib portlon 62 by an amount equal

' approxnmately to one half of the thlckness 56 of the plate. This is not

critical, but for thxs partlcular embodxment this is the preferred difference

in pcsztxons of the lower surface. :

The transition rib portion 62 is a portion of a curve or arc centred on point
64, which is disposed on the axis 27. The transition rib portion 62 is defined
by an arc 65 positioned between intersections of the first rib 45 with the

 broken lxnes 39 and 41 which represents the posrtlon of the edges of ad]acent

tiles. The arc 65 subtends an angle 66 at the pomt 64 which is typically
about 10-20 degrees, although thls can vary dependlng on the overlap of the
tile and the shape of the fxrst l‘lb- '

The upper rib POI‘tan 49 has an essentxally constant cross-section from an
upper end 69 ad]acent the upper edge portmn 21 of the tile to a lower
connection 70 with the transition portnon 62, Slmllarly, the lower rib
portxon 50 has an essentially constant crose-sectxon from an upper
connectlon 73 with the transition portlon 62 to ‘a lower end 74 ad]acent the
lower edge portlon 22 of the tlle. It can be seen that each upper rib
portion, as defmed above by its conetant’ crose'-section; has a generally
shallow S-shape with a generallyr'straight'rnid'- portion 77 disposed between
upwardly and downwardly curved upper and lower terminal portions 78 and
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_79._ The mid _portion is generally parallel to the ad)acent upper side edge

i, - portion 21. ermlarly, the lower rib portion 50 has an essentially constant
'cross-sectlon and a generally shallow S-shape with a generally straight mid -

'Vr',,_'portlon 82 dlsposed between upwardly and downwardly curved upper and

. ,lower terminal portlons 33 and 84. ‘The mid portion 82 is generally parallel

te the e}d;aeent lower sxde' edge portion 22. It can be seen that the

intermediate 1ength 67 of the rib &5 includes the tWo straight mid portions

17 and 8Z, the transition portion 62 and the terminal portlons 79 and 93
lnterconnectmg the portions aboye. Most of the termlnal portlons 78 and
84 adjacent end intersecting the edges 21 and 22 considered to be too close
' 'the, the edges' tp be included in the 'intermediate length 67.

: T,he'second-reis;ed rib 46 has a cross-section which varies similarly to the rib
- ' . 45'end hes a tra’nsition rib portion 63 which is generally similar to the portion
B 7 7715 f - 62 af the flrst raised rib, but is a mirror xmage thereof about the axis 12.
o Thus the ralsed rib 46 has upper and lower terminal portlons 86 and 87 which

intersect the edges 25 and 26 adjacent the corners 29 and '30. The
_ lntermedxate length 68 remote fram the corners 29 and 30 snmllarly does not
' mclude most of the terminal portions 86 and 87. As can be seen in Figure

'28, the lower rib portxon 52 has a cross-section shown partxally in broken

outlme that is larger than the cross-section of the transition rib portion 63,

whleh is 1dentxc_al in size ta the portion 62 of Figure 2. Each upper rib portion
o _:is thUs connected smoothly to the respective lower rib portion by a
' respectwe transxtxon rib pertlon. The transition rib’portion has a size which

25 increases from mtersectlens with the upper rib portion to the lower rib

portion to proyxcl_e,a_contmuqus transition between the adjacent rib portions

' B so that the lower rib pertipns of an upper tile can fit over the upper rib
: ;portmns of a lower tlle, and so that the tlle has continuous stlffemng ribs
extendxng between upper and lower tlle portmns.
30

' As cen be ‘seen in Figure l', the upper terminal portionsr 78 and 86 of the
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upper rib portions 49 and 51, and the lower terminal portions 84 and 87 of
the lower rib portions 50 and 52 are spaced apart by spaeihgs 88 and B9
respectively to provide clearance therebetween to permlt water to pass
easily down the tile. Also, the upper and lower terminal portmns of the rib~
5 portions curve smoothly upwardly and downwardly respectwely to intersect
side edges of the tile,adjacent the upper and lower corners 29 and 30
respectively, and cu'rvat'uresr of the term’iﬁal portions are generally equal to
each other, so as to permit complementary overlapping of the rib portions as
previously descnbed, and as described in more detau wnth reference to

10 Figures 3 and 4.
OPERATION

Figures 3 and 4

15 . :
The roof which is to be tiled can be fitted with lohgitudinelly'extending
battens,' not shown, or plywood sheathing, depending _'-cri conventional
building practice. If battens are used, space between edj"eeent’ battens
corresponds to space between nail holes of adjacent txles, whxch is
20 approximately one half of the length of the tile measured alang the axis 12.':

For any roof structure the method of installing the tiles is essentxally the

same. -

Tiles are first laid along the lower portion of the roof, preferably in
2 horizontal lines extending from end to end of the roof. Ad)acent horizontal
rows of tiles are installed, one upon the other, workmg progressxvely up

towards the ndge of the roof.

Figure 3 shows portions of five horizontal rows of tiles, the rows deeignated-
30 91 through 95 moving progressively up the roof. Mitred portions ‘of

adjacent tiles in the same row are closely adjacent each other. Four nails
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} 97,. sthn m bquern outline, secure some tiles of the row 93, and are in
';hemselveé covered by Vluwer portions of side margins of the tiles in an upper
' rrrow' 94, Similarly nails 98 secure the tiles of the row 92 and are covered by
- side margin lower portirons of the tiles in row 93. Edges of tiles that are

~ covered by side margins of other tiles are shown in broken'outline, and it can

be seen that all tile edges are well overlapped to reduce chances of water

'_paSSing' between tiles, either by wind force, water flow or capillarity.

PP F or coh\renienge of epranatibn, the tile 10 is shown as the central tile in the
. portions 84 and 87 of the lower rib portions 50 and 52 merge smoothly with

:o’{av 93 and it can be seen that the downwardly curved lower terminal

ih,e transition rib portions 105 and 106 respectively of two lower tiles 108

. _and 109 in the row 92. Similarly, lower terminal portions 110 and 111 of

tiles 112 and 113 in the upper row 94 overlap and merge smoothly with the

interrﬁediate portions 62 and 63 of the tile 10. Water flowing down the roof

in direction of the arrow 13 is restricted only slightly by the continuous 5-

rshaped curves of raised rib$ Which, never totally obstruct water flow. It is

- seen that the tqwer‘ rib portions 50 and 52 of the tile 10 overlap completely

upper: fib portions, not shown in Figurer 3, of the tiles 108 and 109.

rt.Similatly,;lower_rib portions 116 and 117 of the tiles 112 and 113 gverlap
- ccmﬁle;eiy upper rib portions 49 and 51, not shown in Figure 3, of tile 10.

) The overlapping between the lower rib portions of the uppér tile and upper
_ rib portions of a lower tile are more clearly seen in Figure 4 which shows
,t:qoperation,between the tiles 112, 10 and 109. The rib portion 116 is shown

Ovei‘lapping ther rib portion &9-, and the rib portion 52 of the tile 10 is shown

r'overlapping upper rib portion 118 of the tile 109. The overlapping rib
 portions are shown to be exactly complementary, but this is not necessarily
desirable or practical for tiles manufactured and installed to normal
: ‘tolerances.
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ALTERNATIVES AND EQUIVALENTS

The tile 10 is shown as a square tile, with two oppositely mitred corners.
Thus, angles between the four main edges of the tile are 90 degrees, and in
general edges of the tile are equal in length. While this provides a
conventional and pleasing tile appearance, variations of the overall shape of
the tile are possible, provided the opposite side edges are disposed as mirror
images about the axis 12, and the adjacent side edges are mirror images
about the axis 27.

Also, in Figures 2A, 2B and 4, it can be seen that the cross-sections of the
rib portions of each tile are generally complementary to each other, that is
the ribs are a poﬂ:ion of an arc which merges smoothly with large radii into
adjacent flat portions of the centre portion of the tile, and coplanar side
margins of the tile. Clearly, upper portions of the lower tile which are
overlapped by an upper tile could be of a different shape, and considerably
smaller than under surfaces of the corresponding' upper tile. This would
permit a greater tolerance to installing the tiles, and, in some cases,
reduces chances of water being drawn by capillarity across the rib portions.
The ridges could be different cross-sections, i.e. triangular, partially

trapezoidal etc., as seen in Figures 6 and 7.

Also, as defined; the upper rib portion has the smallest constant cross-
section, the lower rib portion has the largest constant cross-section, and the
transition rib portion has a variable cross-section which changes smoothly
fron the smallest cross-section to the largest cross-section over a short arc
65 to provide the transition in sizes of ribs. In an alternative raised rib,
(not shown), the cross-section could vary essentially continuously from the
smallest adjacent the upper side edge (e.g. equivalent to the rib upper end 69
at the edge 21) to the largest adjacent the lower side edge (e.g. equivalent
to the rib lower end 74 adjacent the edge 22). This would effecti;/ely
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" eliminate the short transition rib portion (e.g. 62,63) because the whole

rlength of the raised rib would have a gradually changing cross-section which
would still be generally complementary to adjacent ribs to provide
cooperation as previously described. In yet another alternativ+, partions of
the upper rib portion could be of one constant cross section, portions of the

lower rib portion would be of a larger constant cross sections and the

7 intérmediater portions could extend over a larger arc than shown to
“interconnect the upper and lower portions. Many variations are possible,
within the broad concept of the upper rib portions being smaller than and

, cnmplém_entary to the lower rib portions where the tiles overlap.

While the preferred material of manufacture is corrosion resistant steel,

. alluminum alloy or suitably reinforced plastic could be substituted.

-~ Figures 5 and 6

An alternative tile 120 has first and second side edges 121 and 122 which

define a generally diamond shaped tile with mitred opposite edge portions

© 123 and 124 'respectively. The tile has a central longitudinal axis 125 which

‘intersects at right angles a Iateral axis 127 interconnecting the mitred edge

portions 123 and 124, similarly to the tile 10 of Figures 1 through 4.

A main difference between the tile 120 and the tile 10 relates to the raised

~ ribs. The tile 120 has first and second raised ribs 131 and 132 respectivély

which are disposed as mirror images of each other about the axis 125. In
contrast with the variable sectioned raised ribs 45 and 46 of Figures 1
through'l&, the ribs 131 and 132 have equal and constant cross-sections

extending from adjacent an upper corner 137 of the tile towards a lower

-corner 138, that'is along the complete lengths thereof. Thus the rib 131 has

upper and lower rib portions 134 and 135 of constant cross-section, and the

" rib 132 has upper and lower rib portions 139 and 140 of constant cross-
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section, all cross-sections being equal. Thus the transition rib portions 62
and 63 of Figures 1 through 4 are eliminated as there is no change in cross-
section along the length of the ribs. This has several advantages, for
example it simplifies tooling, and a suitable cross-section of rib also permits
generally parallel stacking of similar tiles one on top of the other for storage
and transportation, without undue interference between portions of the ribs.
Similarly to the tile 10, a generally flat side margin 141 of the tile extends
between the first side edge 121 and an adjacent intermediate length 147 of
the first rib 131 remote from the upper and lower corners 137 and 138. A
similar generally flat second side margin 142 of the tile extends between the
second side edge 122 and an adjacent intermediate length 148 of the second
rib 132 remote from the upper and lower corners. Clearly, a centre portion
145 of the tile 120 and the first and second side margins 141 and 142 of the
tile are co-planar, and would contact similar centre portions and flat side
margins when the tiles are stacked. The smoothly curved, partially
circular cross-section of the tile 10, as shown in Figures 2A, 2B, and 4, is

) appropriate provided the above criteria are met. Alternatively, the raised

ribs 131 and 132 can have a generally triangular cross-section, as shown in
Figures 6, which applies to the whole length of the rib. In general, if the

tile is formed from a thicker material, side walls of the raised ribs would be

~inclined more shallowly to prevent premature interference when fitting on

the roof; or when stacking. A rib 149 of an adjacent tile is shown in broken
outline and reflects the complementary ribs when the tiles are set on a roof

or when stacked.

First and second nail holes 151 and 152 are adjacent the mitred edge portions
123 and 124 respectively, and prositioned slightly above the axis 127 as
described for the tile 10. A third nail hole 153 can be provided adjacent the
lower corner 138 and thus would be appropriate if the tile were expected to
be subjected to exceptionally high wind speeds e.g., as encountered in a

tropical storm. Thus it is an additional safety feature which would not be
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- required for many environments. In contrast with the holes 151 and 152,
the hole 153 would not be covered by adjacent tiles, and thus additional

sealing of hole would be required, usually witha resilient washer. Nails, not

- shown, tagether with the respective nail holes, serve as attachment means

as before.

- Thus, in summary, it can be seen that the ribs of the alternate tile 121 are

- also mirror imagesr about the lateral axis 127, as well as about the central

longitudinal axis 125. This contrasts with the tile 10 of Figure 1, where.
only the rib axes 47 and 48 of the ribs are mirror images about the lateral

- “axis 27, in view of the difference between the cross-sections of the ribs 45

and 46 on opposite sides of the transverse lateral axis 27. Furthermore, if
the locations of the nail holes 151 - 153 are ignored, the tile 120 is now
essentially symmetrical about the transversé axis 127 as well as about the '

axis 125. This two-axis symmetry also permits the tile to be inverted

' because the upper and lower tile portions are essentially identical. This

provides another advantage arising from the difference between the tiles 10

"and 120 as follows. Cut portions or remnants of tiles that are produced

when covering a roof can be more easily used, thus reducing waste. For

example, a roof with dormer windows or several changes of roof line

. requires many.tiles to be cut to size to fit awkward places, and it is more
likely that the resulting tile remnants would be usable when the raised ribs
- have a constant cross-section along their length and the tile has two-axis

. symmetry.
Figure 7

" Figure 7 shows another an alternative cross-section of a raised rib 155 which

shows a truncated triangular shaped section or partially trapezoidal section

which would also permit use of a rib of constant cross-section.



10

15

20

25

30

- 17 - 0193302

A tile (10,120) adapted to cooperate with similar tiles
(108,109,112,113) to form a tiled surface, the tile being a
relativély thin sheet having a periphery having first and second side
edges (18,19; 121,122) intersecting at upper and lower corners
(29,30; 137,138) the periphery being disposed symmetrically about
a central longitudinal axis (12,125,) extending between the corners
and adapted so that, when the tile is installed, the central axis
coincides essentially with a line (13) defining free water flow down
the tile, the tile having a lateral axis (27,127) disposed normally to
the central axis (12,125) to divide the tile into upper and lower tile
portions (14,15), the tile having first and second raised ribs (45,46;
131,132) having respective rib axes (47,48) extending
symmetrically as mirror images of each other on each side of the
central longitudinal axis (12,125), each rib havihg upper and lower
rib portions (49,50, 51,52; 134,135,139,140) on opposite sides of
the lateral axis (27,127) which are interconnected so as to extend
continuously between the upper and the lower tile portions (14,15)
to increase stiffness of the tile, the tile being further
characterized in that:

(a) the rib axes (47,48) are mirror images of each other about
the lateral axis (27,127), and the upper rib portions
(49,51; 134,139) are generally complementary to the
lower rib portions (50,52;135,140) so that the lower rib
portions of an upper tile can fit over upper rib portions of

a lower tile,

(b) a generally flat first side margin (59,141) of the tile
© (10,120) extends between the first side edge (18,121) of

the tile and an adjacent intermediate length (67,147) of

the first rib (45,131) remote from the upper and lower
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corners (29,30; 137,138), and a similar generaly flat
second side margin (60,142), of the tile extends between
the second side edge (19,122) of the tile and an adjacent
intermediate length (68,148) of the second rib (46,132)
remote from the upper and lower corners.

‘Ar tile as claimed in claim 1 further characterized in that:

(a)

(b)

. the upper rib portion (49,51; 134,139) of each rib (45,46;

131,132) has a convex upper rib surface (54),

the lower rib portion (50,52; 135,140) of each rib (45,46;

131,132) has a concave lower rib surface (55) which is

7 generally complementary to the convex upper rib surface

(54), so as to permit the lower rib portion of the upper
tile to fit closely over the upper rib portion of the lower
tile. ' '

A tile as claimed in claim 1 further characterized in that:

(a)

the tile has a generally flat centre portion (57,145) which
is generally coplanar with the first and second side
margins (59,60; 141,142) of the tile.

'A tile as claimed in claim 1 further characterized in that:

(@

each side edge (18,19; 121,122) having generally straight
upper side edge and lower side edge portions (21,25;
22,26) which are inclined at equal angles (28,31) to the
lateral axis (27,127) of the tile to define a generally
diamond shaped tile. '
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5. A_tile as claimed in claim 1 further characterized in that:

(a)

(b)

(e)

each side edge (18,19; 121,122) having generally straight

upper side edge and lower side edge portions (21,25;

22,26) which are inclined at equal angles (28,31) to the
lateral axis (27,127) of the tile to define a generally

diamond shaped tile,

each upper rib portiron (49,51; 134,139) has a generally
shallow S-shape with a generally straight mid portion (77)
disposed between upwardly and downwardly curved upper
and lower terminal portions (78,79), the mid portion (77)
being generally parallel to an adjacent upper side edge
portion (21),

each lower rib portion (50,52; 135,140) has a generally
shallow S-shape with a generally straight mid portion (82)
disposed between upwardly and downwardly curved upper
and lower terminal portions (83,84), the mid portion
being geneially parallel to an adjacent lower side edge
portion (22).

6. A tile as claimed in claim 1 further characterized in that:

(a)

each upper rib portion (49,57) is connected smoothly to
the respective lower rib portion (50,52) by a respective
transition rib portion (62,63), the transition rib portion
having a size which increases from the upper rib portion
(49,51) to the lower rib portion (50,52) to provide a
transition between the rib portions so that the lower rib
portions of an upper tile can fit over the upper rib

portions of a lower tile,
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each'upper rib portion (49,51) has an essentially constant
cross-section from an upper end (69) adjacent the upper

 edge portion (21) of the tile to a lower connection (70)

with the transition portion (62),

each lower rib portion (50,52) has an essentially constant
cross- section from an upper connection (73) with the
transition portion (62) to a lower end (78) adjacent the
lower edge portion (22) of the tile.

A tile as claimed in claim 1 further characterized in that :

(a)

(b)

the hpper_ and lower rib portions (49,51,50,52;
134,139,13'5,139),have upper and lower terminal portions
(78,83; 79,B4) respectively which are spaced apart to
provide clearance (88,89) therebetween to permit water
to péss easily down the tile,

the upper and lower terminal portions (78,83; 79,84) of
the rib portions curve smoothly upwardly and downwardly
respectively to intersect side edges (18,19; 121,122} of
the tile adjacent the upper and lower tile portions (14,15)

respectively.

A tile as claimed in claim 4 or S further characterized in that:

(a)

a first mitred edge portion (33,123) interconnects the
upper and lower edge portions (21,22) of the first side
Edge (18,121);
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(b) a second mitred edge portion (34,124) interconnects the
upper and lower edge portions (25,26) of the second side
edge (19,122), the first and second mitred edge portions
being disposed symmetrically relative to the central axis
(12,125) and the lateral axis (27,127) line.

9. A tile as claimed in claim 1 further characterized in that:

(a) attachment means (35,36) are provided adjacent the first
and second side edges (18,19), so as to be generally
adjacent the lateral axis (27,127) line.

10. A tile as claimed in claim 1 further characterized in that:
(a) the upper and lower rib portions (134,139; 135,140) have

essentially equal and constant cross-sections along

complete lengths thereof.
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