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571 ABSTRACT

A roof structure and its components comprises a series
of metal panels having flanges that interlock when the
panels are laid side by side and which are subsequently
tightly seamed together to convert the individual panels
into an integrated roof forming membrane. The roof
structure may be insulated through the use of a blanket
vapor barrier and insulation under the panels preferably
along with thermal blocks located over the purlins. The
roof structure includes unique flexible panel mounting
clips that attach the panels to the purlins in such a way
as to permit the panels to expand or contract in response
to temperature and pressure changes, thereby minimiz-
ing roof stressing.

®* * 2 * %
The questions raised in reexamination request No.
90,000,342, filed 03/16/83, have been considered and
the results thereof are reflected in this reissue patent
which constitutes the reexamination certificate required
by 35 U.S.C. 307 as provided in 37 CFR 1.570(¢).

5 Claims, 4 Drawing Sheets
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1
METAL PANEL ROOFING STRUCTURE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BRIEF SUMMARY OF THE INVENTION

It is the purpose of this invention to provide a roof
formed of interlocked panels and panel mounting clips
that is structurally sound, economical to install, flexible
enough to accommodate differential dimensional
changes, and thermally efficient when used with an
insulation layer and thermal blocks.

The invention accomplishes this purpose by means of
a seamed roof structure composed of substantially iden-
tical panels of a design in which opposite sidewalls have
flanges shaped to nest together and interlock prior to
seaming so that disruptive loads on one panel can be
transferred into other interconnected panels thereby
remaining the integrity of the panel assembly prior to
seaming. The panel interlock is assisted by means of
panel mounting clips that also interlock with the side-
wall flanges and are fastened to the roof purlins. In
preferred form, the mounting clips include a base that is
fastened to the purlin and a flexible tab clip that inter-
locks with the panel sidewalls and is secured to the base
in a manner that permits it to move relatively to it in
order to accommodate movement of the panels relative
to the purlins while maintaining their attachment to
them. If roof insulation is desired, blankets of insulation
can be laid across the roof purlins and the panels and
panel mounting clips laid on top of the insulation. Pref-
erably, the insulation includes relatively stiff thermal
blocks that are laid over the blanket insulation directly
above the purlins and extend between the panel mount-
ing clips. The panels are laid upon and supported by the
thermal blocks thereby allowing the insulative blankets
to be substantially fully expanded to their optimum
thickness throughout most of their lengths and the en-
tire roof area to be insulated.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a simplified perspective view of a building
in the process of construction showing an environment
in which a roof structure embodying the invention may
be utilized;

FIG. 2 is a broken away perspective view, on an
enlarged scale as compared with FIG. 1, showing how
roofing panels according to the invention would be
installed on the roof of the building of FIG. 1;

FIG. 3 is a broken away perspective view looking
down on the top of a roof panel constructed in accor-
dance with the invention;

FIG. 4 is an enlarged cross section along the line 44
of FIG. 3;

FIG. § is a perspective view similar to FIG. 2 but
showing the manner in which adjacent panels are inter-
locked;

FIG. 6 is a reduced size cross section with parts omit-
ted of adjacent panels in the process of being inter-
locked, substantially as they appear in FIG. 5, one panel
mounting clip being shown in phantom lines to indicate
that it is fastened at that position after the panel to
which it is to be attached is hinged down to a horizontal
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FIG. 7 is an enlarged broken away perspective view
similar to FIG. 2 showing the panel mounting clip,
panel, and purlin;

FIG. 8 is an enlarged cross section through one side
of a typical panel with a panel mounting clip attached to
it and to a purlin;

FIG. 9 is an enlarged side elevation, broken away, of
the panel mounting clip shown in previous Figures;

FIG. 10 is an end elevation of the clip shown in FIG.
9;

FIG. 11 is a cross section through a panel—panel
mounting clip—panel joint prior to seaming;

FIG. 12 is a cross section of the joint of FIG. 11 after
seaming;

FIG. 13 is a cross section through a panel to panel
joint prior to seaming;

FIG. 14 is a cross section through the joint of FIG. 13
after seaming;

FIG. 15 is a perspective view with parts broken away
somewhat similar to FIG. 7 but showing a layer of
insulation and vapor barrier layer beneath the panel and
panel mounting clip;

FIG. 16 is a view similar to FIG. 15 with a thermal
block added;

FIG. 17 is a perspective view of the panel clip
mounted on a purlin over a layer of insulation and vapor
barrier;

FIG. 18 is a perspective view similar to FIG. 2 show-
ing thermal blocks and insulating layer; and

FIG. 19 is a cross section similar to that of FIG. 6 but
prior to seaming and on an enlarged scale through one
joint of the roof structure with insulating layer and
thermal blocks.

DESCRIPTION OF THE INVENTION

FIG. 1 shows a building 1 with a low profile roof
structure 3, sidewalls 5, an end 7, and a floor 9. In accor-
dance with the present invention, the roof structure
comprises a large number of substantially identical elon-
gated metal panels 11 laid side by side and seamed to-
gether so that each side 13 of the roof becomes substan-
tially a one piece membrane formed of a series of inte-
grated panels. The sidewalls § are illustrated as consist-
ing of panels 15 erected side by side and seamed to-
gether but other sidewall constructions can be used
with the roof structure 3 of this invention. It is prefera-
ble, however, that the sidewalls be erected prior to the
roof structure since, as seen best in FIG. 2, the overhang
of previously instalied roof panels 11 would interfere
with erection of the sidewall panels 15.

The building 1 has any suitable framework, such as
arches, formed by the vertical members 17 that support
the inclined transverse roof beams 19. The beams 19
support the horizontal longitudinal purlins or rafters 21
of the roof structure. The top surfaces 23 of the upper
purlin flanges 28 define roof planes for the roof sections
13 that are plumb and square and they support the roof
panels 11 and roof panel mounting clips 27.

In accordance with the invention, the roof panels
have a special cross sectional configuration which not
only strengthens them but enables adjacent panels to be
movably interlocked or hinged and, later, to be tightly
joined together in a common mechanical seam. The
mechanical interlocks between adjacent panels in con-
junction with the clips 27 hold them substantially in
place while the remaining panels are being run and until
seaming can be finished thereby minimizing the possibil-
ity of their disruption due to gusts of wind, etc.
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Each panel 11 comprises a central bottom portion 31
which may be flat, as shown, or reinforced in a suitable
way such as by a series of transverse embossed ribs (not
shown) pressed into it. The panel has opposite sidewalls
33 and 35 extending upwardly and outwardly from the
bottom 31 at angles of substantially 60° to the horizon-
tal. The sidewalls 33 and 3§ are substantially mirror
images of each other, except for top flanges 37 and 39,
respectively, and like features are therefore given the
same reference numbers. Thus, the sidewalls 33 and 35
include outwardly slanted vertical bottom wall sections
41 having top ends which are joined by horizontal shelf
sections 43 to the bottom ends of outwardly slanted,
vertical, intermediate wall sections 45. Horizontal rims
47 extend outwardly from the top ends of the wall sec-
tions 45 and terminate at the bottom ends of seaming
ribs 49 and 51 that form upper panel sections that ex-
tend, preferably, at right angles to a plane defined by
the bottom wall 31. Ribs 49 are slightly higher than the
ribs 51 so that flanges 37 will fit over the tops of flanges
39.

The top flange 37 extends outwardly from the top of
its rib 49 at an angle of substantially 60° to it (about 30°
to the horizontal or plane of bottom 31); and the top
flange 39 extends inwardly from the top of its rib 51 at
an angle of substantially 60° to it. The top flange 37 is a
little wider than flange 39 and has an inner section 53
that extends outwardly and downwardly at an angle of
substantially 60° to its rib 49 (about 30° to the horizon-
tal) and an outer section or lip 55 that extends inwardly
and downwardly at an angle of substantially 60° to the
inner section 53 and rib 44 (about 30° to the horizontal
and 120° included angle) for a distance substantially as
indicated by the dimensional relationship shown in the
drawings (e.g. FIGS. 4 and 11-14) so that a part of it
will be vertically below a flange 39 after installation.
The top flange 39 has an inner section 57 that extends
inwardly and downwardly toward bottom 31 at an
angle of substantially 60° to its rib 51 (about 30° to the
horizontal) and an end section 59 that is doubled back
toward rib 51 to form a reversely bent bulb-like end
edge portion for the flange 39. It will be noted that
suitable radii are provided at the various corners and
bends and that the panels 11 are of a shape that can be
roll formed from sheet metal in accordance with known
methods and using roll stand equipment that is commer-
cially available. v

Referring to the panel mounting clip 27, best illus-
trated in FIGS. 7-10, the construction of this member
enables it to assist in holding the panels 11 in place after
they are laid. It includes means to permit the panels to
expand and contract relative to the purlins 21 in re-
sponse to temperature differentials and changes during
the life of the roof thereby minimizing temperature
induced roof stressing. The panel mounting clip 27 is
preferably formed of sheet metal and has a channel
shaped base member 63 with a lower horizontal flange
65 that has a pair of openings 67 in it whereby the clip
may receive screw fasteners or the like 69 for attaching
its bottom flange 65 to the top flange 25 of a purlin 21.
The member 63 has a vertical web 71 and several gus-
sets 73 may be pressed in it and in the bottom flange 65
at the corner between the web 71 and the flange 65 to
provide rigidity to the bottom end of the clip 27. The
top flange of the base member 63 has a central section
78 which is parallel to the bottom flange 65 but which is
bent to extend in the opposite direction. On either side
of the top flange 75 at the opposite ends of the member
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63 are a pair of top end flanges 77 which extend in the
same direction as the bottom flange 65 and are parallel
to it. The flanges 75 and 77 provide shelves which fit
beneath the rims 47 of the panels 11 to provide means on
which they may be supported if their weight is not
carried directly by the purlins.

The web 27 has a horizontal slot 79 extending
through it which is substantially coextensive with the
flange 75. A flap-like tab clip 81 is mounted on the web
71 in the slot 79 and is capable of sliding movement
from one end of the slot to the other. Tab clip 81 is
preferably formed of thinner metal than is the base
member 63 and is somewhat resilient so that its vertical
web portion 83 is biased toward the surface of web 71
but can also move transversely away from it in the
direction of the arrow 85 (see FIG. 10). The bottom of
the tab clip has a special resilient loop configuration
which includes a reverse bend portion 87 that extends
upwardly after passing through the slot 79 and is shaped
to press against the back of the web 71 just as the bot-
tom of the web 83 presses against the front side of web
71. The clip metal is reversely bent downwardly in a
section 89 that extends to below the bottom of the slot
79 for a distance substantially equal to the length of the
reverse bend section 87. The section 89 is then reversely
bent into a section 91 corresponding to section 87 which
engages the back side of the web 71 and extends
through the bottom side of the slot 79 where it is re-
versely bent downwardly in an end section 93 for the
tab clip 81 that engages the inside face of the web 71.
The reverse bend sections 87 and 91 together with the
section 89 form a resilient loop-like holding means 95
for the tab which clamps it to opposite sides of the web
71 but permits it to slide in the slot 79 between flanges
77. The horizontal spacing of the back section 89 from
the reverse bends 87 and 91 provides a spring action
that tends to hold the tab clip 81 in a vertical position as
shown in FIGS. 8 and 10 but also enables it to be moved
away from the web 71 in the direction of the arrow 85.
Since the tab clip 81 is relatively thin it can also be bent
resiliently to some extent in the direction of the arrow
97.
While the tab clip 81 is capable of longitudinal move-
ment with respect to the base member 63 it does have a
center position along the midline of the member 27 and
is yieldably held in this position by means of a dimple 99
that is embossed in the web 71 and adapted to seat in a
hole 101 formed in the tab web 83. Substantial force
tending to move the clip 81 in one direction or another
along the slot 79 will overcome the spring pressure of
the holding section 95 and enable the web 83 to ride
over the dimple 99.

The top end of the tab clip 81 has a hook-like flange
103 which is very similar to panel flange 37. Thus, it has
a section 105 that extends outwardly and downwardly
at an angle of substantially 60° to the section 81 and ends
in a lip flange 107. The height of the flange 103 above
the plane of the top surfaces of flanges 75 and 77 is a
little more than that of a flange 39 above a rim 47. The
transverse length of the flange 103 is also a little more
than that of flange 39. The flange dimensional relation-
ships enable flanges 103 to snugly fit over and hook on
to flanges 39 and the panel flanges 37 to fit over, hinge
around, and hook on to the combined flanges 39 and 103
(FIGS. 11-12) as well as single flanges 39 (FIGS. 13 and
14).

Referring to FIGS. 15-19, the structure already de-
scribed is insulated. This is done by use of a layer 121 of
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compressible blanket insulation beneath the panels 11
and a plurality of thermal blocks 123 that are substan-
tially incompressible and located over the purlin runs.
In FIGS. 15-17 a vapor barrier sheet 125 is shown
beneath the blanket insulation 121. As will become
apparent, in using insulation the panel clips 27’ are mod-
ified slightly so that the distance between the slot 79’
and flange 65’ is increased over that used with previous
clip 27. This is required to accommodate substantially
the thickness of thermal bars 123. Other than this
change (and tangs 126) the structures are substantially
the same as previously described and, accordingly, the
same reference numbers are used.

It will be understood that layers of blanket insulation
121 from rolls are simply laid across the tops of the
purlins 21 before installation of the panels 11. The panel
mounting clip 27' may be placed over insulating layer
and fastened to a purlin 21 by extending fasteners 69
through the openings 67’ in the bottom flange 65’ and
then through the insulation into the purlin 21 as seen in
FIG. 19 and as assumed in FIGS. 15 and 16. When
attached to the purlin 21, the tab clips 81’ of mounting
clips 27’ can hold the panels 11 in place over the insulat-
ing layer 121. '

Preferably, the thermal blocks 123 have a width on
their bottom faces which is about the same as the width
of the purlin surface 23. They are laid on top of the
insulation over the purlins to extend between pairs of
panel clips 27'. The panel clips may have triangular
tangs 126 bent out at right angles from webs 71’ to
penetrate into a butt end of each block and help to
mechanically hold them in place until the panels 11 are
laid on top of them. The side faces of the thermal bars
123 are preferably tapered on an angle of about 45°, as
seen at 127, to facilitate expansion of the insulative ma-
terial in the blanket 121 to its full thickness. The thermal
bars 123 may be formed of suitable material having
strength as well as insulative properties, such as ure-
thane foam or high density styrofoam. As seen in FIG.
19, the ends of the bars 123 are notched out at 129 so
that they can fit over the heads of the bolts 69 and
thereby extend closely adjacent to the webs 71’ of the
panel mounting clips 27".

When the panels 11 are laid and held in place by the
panel mounting clips 27 the bottoms 31 thereof will rest
on the tops of the bars 123. Thus, their weight is trans-
mitted through the bars 123 and through the blanket
insulation into the purlins 21 thereby compressing the
insulation to a small fraction of its normal thickness, as
seen at 131. Because of the beveled side faces 127, the
blanket insulation is quick to rebound to its maximum
thickness and this feature plus the insulative quality of
the thermal bars 123 provide a substantially continuous
and efficient insulative layer over the entire surface of
the roof section 13 to which the insulation is applied.

Since the bottom 31 of each panel is prevented from
contacting the top surface 23 of the purlin by the thick-
ness of the thermal bars 23 and the insulation section 131
but the panel clip 27’ is only separated from the surface
23 by the insulation section 131, it i3 necessary to in-
crease the height of the web 71’ as compared with the
panel clip 27 and its web 71. This is apparent upon
consideration of FIG. 19. This figure also shows that in
other respects the structure of the insulated roof re-
vealed in FIGS. 15-19 is substantially the same as the
uninsulated roof of FIGS. 1-8.

In practical application of the invention, the frame-
work of the building 1 is first erected followed by the
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side walls 5. After this is done, the panels 11 may be laid
on the purlins 21 starting from the left and moving
toward the right end of the roof section 13. Ignoring
special procedures known to those in the art for han-
dling the structure at the ends of the roof section, a
panel 11 is laid across the purlins 21 and may be allowed
to rest there (or on insulation 121) under the force of
gravity and resistance of friction. If desired, a simple
screw or two (not shown) may be passed through the
bottom 31 and threaded into a purlin flange 25 to pro-
vide a means for temporarily holding the panel in place
until the panel mounting clips 27 are installed. After a
pane! 11 is thus laid on the purlins 21, the panel mount-
ing clips 27 are lined up with the right side wall 35 of
the panel so that the flanges 75 fit under the rim 47, the
tab clip 81 abuts the upper section 51, and the top flange
103 and hook lip 107 extend over and around the flange
39 on the side wall 35. The actual connection can be
made by hooking the flange 103 (or 103") on the flange
39 and hinging the clip 27 around to the vertical posi-
tion indicated. When this is done, holes are drilled in the
purlin flange 25 in alignment with the holes 67 in the
bottom flange 65 of the panel clip 27. Screws 69 are
then threaded into these holes in the purlin to thereby
firmly anchor the panel clips to the purlin. This, of
course, also anchors the side wall 35 of the panel 11 to
the purlin so that it cannot move upwardly away from
it.

As seen best in FIGS. 5§ and 6, the next step in the
assembly procedure is to attach another panel 11 in side
by side relationship to the panel that has just been an-
chored in place by panel mounting clips 27. This is done
by interconnecting the side wall 33 of the second panel
to the side wall 35 of the first and anchored panel. More
particularly, it is done by placing the flange 37 over and
around the flange 39 so that the stationary flange 39 is
nested inside of the flange 37. This interconnection is
accomplished by tilting the panel 11 that is being at-
tached at an angle to the horizontal so that the lip edge
55 can fit in the corner of the flange 39 as shown by the
phantom lines in FIG. 13. When this relationship has
been accomplished between the flange 37 and the flange
39, the panel 11 can be hinged in a clockwise manner
until its bottom 31 comes to rest against the surfaces 23
on the purlins 21 or against the thermal bars 123. At this
point the relationship between the flanges 37 and 39 will
be substantially as shown in full lines in FIG. 13 in the
cross sections where there is no panel clip 27 and sub-
stantially as shown in FIG. 11 where there is a panel
mounting clip 27. It will be seen that the lip 55 on the
flange 37 lies vertically below the rebent end 59 of the
flange 37 and consequently the two panels are intercon-
nected in such a way that it is quite difficult to separate
them by simple movements of one relative to the other
such as might be caused by wind gusts, etc. It is unlikely
that the second panel 11 will be disconnected or sepa-
rated from the anchored panel 11 prior to seaming of
the joint between them unless there is also angular un-
hinging movement of it to unhook its flange 37 from the
mating flange 39.

After the second panel 11 has been hooked to and
hinged around the anchored panel as just described,
panel mounting clips 27 are hooked to its side wall 3§
and secured in place by bolts 69 as already described for
the first panel. This process of hooking a panel being
added to the roof section to one already anchored on
the roof section, hinging it down until it rests on the
purlins 21, fastened the panel mounting clips 27 to the
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side wall 35 of the panel and then to the purlin 21, is
repeated until all the panels 11 that it is desired to install
are in place. It will be noted that in this condition the
panel mounting clips 27 together with the loose hook
type interlock between flange pairs 37 and 39 will inte-
grate the panels so that they in fact form a unitary
though flexible roof structure 13. This flexibility is then
materially reduced by running a suitable seaming tool
along the upright upper vertical rib sections 49 and 51
to bend the flanges 37 and 39 against the inside face of
upper section 51 on side wall 35 to achieve the com-
pressed, interlocked final assembly shown in FIGS. 12
and 14. When this is done the lip 107 of the panel
mounting clip tab 81 may in some structures be flattened
out, as seen by comparing FIGS. 11 and 12, but this has
no undesirable effect since it is apparent that the clip 27
still serves to resist movement of the joint in an upward
direction away from the purlins 21. It does have a bene-
ficial effect in that it makes it somewhat easier for the
tab 81 to move longitudinally relative to the upper sec-
tions 49 and 51 of adjacent panels. Such relative move-
ment is, as previously mentioned, accommodated by the
slot 79, the spacing between flanges 77, the dimple 99,
and the flexible holding means 95 of the panel clip con-
struction 27 and permits differential force systems intro-
duced by temperature changes, pressure changes, etc.
between interconnected panels to dissipate themselves
in relative movement of the panels rather than in defor-
mation or buckling of the panels. The resiliency of the
tabs 81 also permits the interconnected panels 11 to
have flexibility as a roof membrane relative to the pur-
lins 21 and structure 17.

While not illustrated, it will be understood that suit-
able sealant or mastic material, strips or tape can be
applied as needed to weatherproof the roof structure.

Thus, the invention provides an improved roof con-
struction that is sound of structure, economical to in-
stall, flexible enough to dissipate differential stress sys-
tems, and thermally efficient when combined with blan-
ket insulation and thermal blocks.

Predictable, long term thermal characteristics and a
minimal heating/cooling load are advantages of the
insulated roof structure. Also advantageous is the flexi-
bility provided by the panel mounting clip and panel
interlock combination which enables the parts to have
some freedom of movement in either direction permit-
ting the roof to respond to seasonal changes and heat or
cold by shifting, expanding, or contracting but in a way
that tends to keep roof stressing below critical limits to
provide a longer roof life. Modifications in the specific
features shown and described may be made without
departing from the spirit and scope of the invention.

Copending applications Ser. No. 875,532 and 875,533,
filed of even date herewith by the present applicant are
directed to the metal panel members 11 and the panel
clips 27.

I claim:
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1. In a roof structure having horizontally extending
support purlins, the combination of a plurality of elon-
gated roof panels located side by side and supported on
said purlins, the lengths of said panels extending trans-
versely to the lengths of said purlins, adjacent panels
having edges interlocked with each other to form joints
that join the panels together, an insulative layer sup-
ported on said purlins between and in contact with said
panels and purlins and covering substantially the same
total area as said panels, panel mounting clips having
upwardly projecting tab portions secured to said panels
and base portions bearing against the upper side of said
insulative layer and secured to said purlins to provide
means for attaching the panels to the purlins, said tab
portions extending into said joints to mechanically se-
cure said clip to said adjacent panels, means flexibly
attaching said tab portions to said base portions in rela-
tively movable relationship to provide for movement of
said panels relative to said purlins, resilient means for
yieldably holding said tab portions in predetermined posi-
tions relative to said base portions, said resilient means
including means defining an elongated slot extending
transversely to said purlins and wherein said tab portion
includes holding portion substantially filling the narrower
dimension of the slot and being resilient in the direction of
said narrower dimension, and insulative thermal blocks
extending lengthwise of and directly over said purlins
and bearing against the upper side of said insulative
layer on said purlins, said blocks extended between the
base portions of adjacent panel mounting clips, said base
portions having tangs thereon which project into ends
of said thermal blocks holding said blocks in place, said
panels being supported on the tops of said thermal
blocks.

2. The roof structure as set forth in claim 1 wherein
said tab portions are formed of flexible metal and have
resilient rebent sections adjacent the bottoms thereof,
said base portions having slots therein slidably receiving
said resilient rebent sections to provide for relative
movement of the tab portions and base portions in the
direction of the slots.

3. The roof structure as set forth in claim 1 or 2
wherein said thermal blocks have flat and parallel top
and bottom faces and tapered sides extending between
the faces so that the top face is wider than the bottom
face.

4. The roof structure as set forth in claims 1 or 2
wherein said thermal blocks comprise elongated bars of
substantially incompressible dense synthetic homogene-
ous insulative material and have flat and parallel top and
bottom faces and tapered sides extending between the
faces so that the top face is wider than the bottom face.

5. The roof structure as set forth in claim 3 wherein
the opposite ends of the thermal blocks have notches
therein extending into the bottom face and bottom por-

tions of said sides.
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