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1 Claim.
1

This invention relates to buildings, and is par-
tieularly directed to an improved form of con-
struction adapted to form the roof, floor, or wall
of a building, and which has a number of out-
standing advantages as will appear more fully
hereinafter.

A primary purpose of the structural frame-
work of any building, whether it be of steel, wood,
or concrete, is to provide adequate resistance

to vertical and horizontal loads which may be

applied during construetion or during subsequent
occupancy. Among the vertical loads which
must be resisted are:

1. The weights of materials and equipment
during erection of the building;

. Dead weight of the finished structure s

. Storage loads;

. Machinery;

. Furniture; and

. Live loading of the cccupants of the build-
ing, ete.

The two principal horizontal forees which must
be resisted are those resulting from wind loads
and from seismic disturbances. In bracing a
building against horizontal forces, provision must
be made to transfer such forces to the founda-
tions of the building without excessive deflections
or distortions.. Among the different horizontal
bracing systems conventionally used to transfer
lcads to the vertical resisting elements are hori-
zZontal wood or steel bracing, trusses or ties, re-
inforced concrete floor or roof slabs, and di-
agonally sheathed wood floors or roofs. To carry
such lateral loads to the foundation of the build-
ing, various types of bracing are employed.
Those most commonly used in conventional prac-

ice are braced weod frame walls or partitions,
steel X-bracing, rigid frames of structural steel
or reinforced concrete, diagonally sheathed wood
walls, and shear walls of brick or concrete.

In accordance with my invention, as applied
to a roof or floor, horizontal bracing in the
plan of the roof may consist of a welded steel
diaphragm.

This diaphragm may be employed in connec-
tion with walls of conventional form, such as
brick, structural steel, mill construection, ete.,
or may be carried on shear walls of a composite
construction of light structural steel trussed
framing, combined and reinforced with an in-
tegral concrete slab. The roof sheathing em-
ployed in connection with my invention may be
of several types and may take the form of inter-
locking channel sections of cold-formed sheet
steel. These sections are welded to the support-
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ing beams or trusses and also welded to each other
to form, in effect, a continuous steel sheet or
diaphragm capable of resisting the horizontal
shear forces imposed upon the building. The
use of such light steel units to form a rigid struc-
ture shear-resistant diaphragm brings a rela-
tively simple, economical and clean-cut method
for bracing a building against horizontal forces,
eliminating the conventional horizontal trussing
systems which are always objectionable from the
standpoint of headroom and appearance, and
often seriously inadequate from the standpoint
of rigidity.

Accordingly, the principal object of my inven-
tion is to provide a new and improved form of
roof or floor diaphragm for buildings, which di-
aphragm is adequate to brace a building against
horizontal forces, thereby eliminating the need
for conventional horizontal trussing systems.

Another object is to provide a roof or floor
diaphragm of this type which includes a plu-
rality of interlocking deck elements extending
longitudinally between parallel trusses, the deck
elements being jointed to each other at intervals
and being joined to the trusses, together with ad-
ditional means for resisting distortion of the deck
elements under transverse loads.

Anocther object is to provide a diaphragm of
this type which is adapted for use as a roof panel
or wall panel in building construction.

Another object is to provide a, supporting wall
comprising a plurality of interlocking sheathing
elements which eliminate the requirement for
diagonal bracing within the supporting wall.

Another object is to provide a novel form of
supporting wall panel for a building of nominal
height and span, in which interlecking sheath-
ing elements are used on end as load supporting
members or stud framework, and a horizontal
bridging member is used at the mid-height of
the wall within the limits of the allowable slen-
derness ratio in design.

Various other objects and advantageous fea-
tures of this invention will appear in the follow-
ing description, and several embodiments there-
of may be seen in the accompanying drawings
wherein similar characters of reference designate
corresponding parts, and wherein:

Figure 1 is a perspective view in diagrammatic
form showing an idealized building inesrporat-
ing a roof diaphragm employing the essential
features of my invention.

Figure 2 is a plan view of the building with
the roof diaphragm partly broken away, and
Mlustrating a preferred form of welding pattern.
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PFigure 3 is a sectional elevation taken sub-
stantially on the line 3—2 as shown in Figure 2.

Figure 4 is a sectional detail taken substan-
tially on the line 4—4 as shown in Figure 3.

Tigure 5 is a sectional elevation taken sub-
stantially on the line §—5 as shown in Pigure 2.

Figure 6 shows the cross section of a pre-
ferred form of interlocking deck clement.

Figure 7 is a partial sectional elevation of a
bearing wall showing a floor or rocf diaphragm
embodying my invention applied to a conventional
form of building,

Figure 8 is a sectional view of the arrangement
in Figure 7 showing details of connection to an
end wall.

Figure 9 is an end view of the arrangement
shown in Figure 8.

Figure 10 is a sectional elevation similar to Fig-
ure 3, but showing the use of a modified form of
interlocking deck elements.

Figure 11 is a view similar to Figure 3 showing
another form of interlocking deck elements.

Figure 12 is a view similar to Figure 3 showing
a roof er floor diaphragm utilizing a flai sheet
extending -over parallel rib elements which are T
shaped in cross section.

Figure 13 is a transverse sectional view of a
roof or fleor -diaphragm employing a plurality
of individual panels, the panels each including
a group of interlocking deck elements.

Figure 14 is a sectional view similar to Figure
13 showing a modified form of panel.

Pigure 15 is a perspective view of the top side
of the panel shown in Figure 14.

Figure 16 is a plan view ‘of the underside of
the -panel shown in Figure 13.

Tigure 17 is a side elevation-of a modified form
.of panel used as a door.

Figure 18 is a sectional view similar to Fig-
ures 10 and 11 illustrating a further modified
form -of -decking element employed in connection
with my invention.

Referring to the drawings, the building strue-
ure shown in TFigure 1 may comprise a series of
wall panel units generally designated 18 resting
.01 a suiteble foundation, not shown. These wall
panel units may be of any suitable or desirable
construction, and are preferably of the form
shown and described in my co-pending appli-

cation, Serial Wo. 764,116 filed July 28, 1947. ©

The individual panel units i0 are secured to-
gether along their marginal edges to form a
continuous wall, and the four walls of the build-
ing are constructed in this manner. A plurality
of trusses ii are provided which extend between
parallel walls to support the floor or roof dia-
phragm generally designated {2. 'This diaphragm
2 is composed of a plurality -of individual deck
elements 18 which cooperate to form a single

unbroken continuous sheath. The cross section 9

of a preferred form of deck element is shown in
Figure 6. This deck element includes a top
flange member {4 having depending leg members
15 and (6 along the edges thereof. The lower
end of the leg {5 carries a projection 17, and
the lower end of the leg 16 is provided with a
notch {8 and foot 13. As shown clearly in Figure
3, the projection 17 on one .deck element is
adapted to extend within the notch 1§ on an
adjacent deck element, thereby providing an in-
terlocking arrangement possessing considerable
resistance to transverse loading., The deck ele-
ments §3 extend parallel to the side walls of the
building structure at right angles to the trusses
ff. Mach of the trusses i! may include a pair
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of metallic angle sections 28 forming the top
chord 2{ of the truss. FEach of the trusses is
provided with internal diagonal bracing 22 and
a lower chord 23. The top chord, diagonal brac-
ing, and lower chord may be secured together by
any convenient means such as riveting, bolting,
or welding.

The trusses |1 may be supported on the walls
of the building in any suitable or desirable man-
ner, and a preferred form of connection between
the trusses i and the side walls formed by the
panel sections i8 is shown in Figures 1, 3 and 4.
Cooperating halves of a pocket 24 are provided
at the adjeining upper edges of adjacent panel
sections 18. A plate 25 rests on shoulders 26
provided on the panel sections and spans the
joint between them, forming the bottom of the
pocket 24. Angle sections 27 are secured to the
upper chord 2t of the fruss by any convenient
means, such as welding, and are held in posi-
tion by the bolts 28. It will be observe that
the top of the wall panels 10 extend above the
level of the top of the adjoining portion of the
trusses i1.

The lower chord 23 of each truss Ii may be
attached to the side walls of the building by
any convenient means, and as shown in the draw-
ings, this means comprises a plate 28 secured
to the chord 28 which may be welded to the
channel piece 29 forming a part of the wall. A
ceiling may be provided by the sheathing 35
supported by the lower chord 23 of the trusses
if{. If desired, certain of.the wall panels may
be provided with lateral openings 31 and windows
or doors 22. As explained more fully in my
co-pending application above referred to, the wall
panels 8 may preferably be ol composite con-
struction employing a metal lattice or mesh 33
encased within o sheath 34 of cementitious mate-
rial, such as, for exampie, concrete. Metallic I
beams or channels 35 are securad to the lattice 23
by welding, and project rearwardly from the
sheath 34.

The -individual deck elements 12 are placed
on the top chord 24 in g staggered manner so
that the joints 37 between the ends of adjacer $
deciz elements 43 do not occcur in a straight line
across the building. The individual deck ele-
ments are then welded together, employing o
pattern as shown in Figure 2. The spacing of
the individual welds 28 may be advantageously
made one-half the distance between adjacent
trusses {1, and the welds -on opposile sides of
the same deck element are staggered as shown.
The legs {5 and I8 of the deck elements {3 are
welded to the top chord 21 of the trusses {i as
shown at 38 and are alsc welded at their ends to
the top angle sections 48 on the panels fornuing
the end walls 41 and 42.

The top of the pancls 1§ forming the side walls
43 and 44 are substantially fiush with the top
of the decking {2 adjacent thereto, and simi-
larly, the top of the end walls 44 and 42 lie sub-
stantially flush with the adjacent ends of the
decking elements 43. The decking {2 need not be
fiat on top, however. The trusses {!{ are prefer-
ably constructed so that their top chord Zi is
somewhat higher in the center if the decking
{2 is to serve as a roof. The top of the end
walls 41 and 42 remain substantially horizontal
and the decking -élements {8 which extend from
these end walls to the first truss 1{ are warped
slightly into place.

Tt will be-understood from this description that
the cooperative interlocking relationship between
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the individual deck elements 13 provides a con-
tinuous sheath serving as a floor or a roof, and
the provision of the welds 38 and 39 connecting
the individual deck elements with each other and
with the top chord of the trusses (I provides a
diaphragm which is capable of resisting side
loads applied to the side walls 43 and 44, and end
walls 4f and 42, of the building structure. A
load applied normal to one of the side walls 43

and 44 is spread through the diaphragm generally

designated {2 and absorbed by the other side wall
and by the end walls 4§ and 42. A load applied
normal to one of the end walls 41 and 42 is simi-
larly spread throughout the diaphragm 12; that
is, resisted by the other end wall and by the side
walls 42 and 44.

It should be noted that welding of the ends of
the decking elements 13 to the angle section 49
provided along the top of the end walls 41 and
42 serves to resist distortion of the decking ele-
ments under loads applied in & direction parallel
to the trusses. Bending between the legs 15, 1§
with respect to the top flange surface 3 is there-
by avoided.

An actual test on a full size building (80’ long,
40’ wide, 12’ high), of the general type illustrated
in Figure 1, was performed to determine the effi-
ciency of the diaphragm (2 in resisting forces
applied parallel fo the trusses 1i. 18 gage steel
was employed for the deck elements, and the
welds 38 were 34’/ to 2’ long and spaced at 5’
intervals. - The building was horizontally loaded
at spaced points by applying loads to the end of
the trusses 1§, and the loads were progressively
increased to values substantially greater than
that required by the most severe building re-
strictions without failure or noticeable distor-
tion. The maximum measured horizontal de-
flection was only 1%’ at the center of the building
diaphragm. When the load was released, the
residual deflection was only .07 inch. 'The meas-
ured deflection of the shear walls of the building
amounted to a maximum of only .05 inch, with
& recovery of 65%. The maximum load thus

applied to the building corresponded roughly to 4

six times the earthquake load (% &) for which
the building was designed, or to the forces im-
posed by a wind load in excess of 90 miles an
hour.

Figures 7, 8 and 9 illustrate a floor or roof
diaphragm embodying my invention as applied
t0 a building having conventional walls of brick
or concrete. A truss {81 extends between paral-
lel side walls {62 and rests on them by means of
angle brackets 183. The diaphragm 104 is sup-
ported on parallel trusses 10i and is composed
of -interlocking decking elements 105 extending
paraliel to the walls {02. The elements (05 may
be of the type illustrated in Figure 6, and are
joined together at welds {66 in a pattern similar
to that shown in Figure 2. An angle section (87
extends out along the top edge of each side wall
{82 and the outer row of decking elements 195 is
welded to it at 188. Along the top of the end
walls (68 is a steel strip 118 which is welded to
the ends of the decking elements {05 to resist
collapse under transverse loads.

A metallic T section (11 may be embedded in
each end wall 188 and anchored by means of ties
{12. Short lengths of channel section {3 rest
on and are welded to this T section (11, and may
be positioned under decking elements 195 to pro-~
vide additional stiffness against lateral collapse,
or used as an alternate method in place of strips
1{0. The weld {14 connects the channel 113 to
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its decking element 185. Design experience has
shown that sufficient stiffness is provided if one
channel i3 is provided for each group of eight
decking elements {05.

The particular shape or proportions of the
deck elements 13 or 185 may be varied in accord-
ance with design requirements or preferences,
and in certain instances it may be desirable to
employ sections as shown in Figure 10 instead
of the decking sections as shown in Figure 6.
The particular shape deck element designated {3
and shown in Figure 6 is cold-formed from sheet
steel, and the modified form of deck elements 50
illustrated in Figure 10 may be formed in the
same mamner. Each of the deck elements 50 is
provided with a top flange 51 and a single de-
bending leg 52 along one edge. A return bend
forms a foot §3. The flanges 51 are welded to-
gether at §& in the same pattern outlined in
Figure 2, and the feet 53 are welded to the top
chord 54a of the truss at spaced points designated
by the numerals 55 in a manner similar to that
described above. The joining of the flanges 51
may advantageously be accomplished with resist-
ance welding apparatus, if desired.

In Figure 11, I have illustrated a modifed form
of decking element 56 which is similar in many
respects to the decking element 50 illustrated in
Figure 10. The chief difference in the form of
these elements is that the footing §3 on the eie-
ment 5¢ extends in the same direction as the
fiange §t, whereas the footing 57 on the decking
element 56 extends in the opposite direction.
The elements 56 are welded together to form 2
continuous sheath in the same fashion deseribed
in connection with the decking elements 13 and
20, and each is welded to the top chiord of each
truss in the manner set forth above.

A further modification is shown in Figure 12.
The decking in this instance comprises a series of
relatively large rectangular sheets 58 which co-
operate with spaced T-sections §9 to form &
diaphragm. The T-sections 59 are placed in an
inverted position on the top of the trusses and
the upper ends of the T-sections are welded to
the flat sheet 58 by any convenient msans. The
sheet 38 is welded along its terminal edges to the
angle sections 89 which are positioned along the
top edge of the supporting walls. In order to
prevent distortion of the T-shaped ribs 59 when
a load is applied to the diaphragm in a direc-
tion paralle] to the supporting trusses, it may be
desirable to incorporate stiffener elements §i
into the diaphragm structure. These elements
6{ may comprise short lengths of relatively heavy
wall channel section, and these stiffener elements
may be placed under joints 62 between adjscent
sheets §8. Lateral deflection of the sheets 53
with respect to the upper chord of the supporting
trusses is thereby minimized. It will be under~
stood that stiffener elements such as the stiffenser
elements 6f may be employed, if desirable or
necessary, in connection with the diaphragm
structures previously described and shown in
Pigures 3, 10 and 11.

The upper surface of the diaphragm provided
by the decking elements {3, 59, 56 or 58 may be
used as a floor or a roof as described above.
Suitable roofing paper or other roofing materials,
not shown, are applied over the top surface of
the diaphragm to make the building weather-
tight, or suitable flooring of any desired form may
be employed.

Although I have shown and described various
forms of roof and floor diaphragms embodying
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my invention only in connection with a simple
rectangular building having parallel trusses ex-
tending between load supporting walls, it is to
be understood that this is by way of illustration
only. Structural diaphragms incorporating es-
sential features of my invention may be used
between upright walls and intermediate struc-
tural columns and beams, or between columns
and beams only, as in the case of a large build-
ing having a grid system of columns and girders
at spaced intervals.

migures 13, 16 and 17 show a modified type of
panel 7€ which may be used as a wall pangi or as
a {loor or roof panel as desired. The panal 10
comprises a plurality of interlocking decking ele-
ments 71 which are preferably of the type illus-
trated in Figure 6 and the foot members 12 serve
as ribs which extend between opposite ends of the
panel 78. Angle sections 73 form the ends of the
panel and a stiffener strip 14 is provided which
extends transversely of the decking elements Ti
10 the sides of the panel. The interlocking deck-
ing slements 74, the angle sections 33, and the
stiffener strip T4 are joined by any conveniens
reans such as by welding. When the pansl 18
is employed as a roof or floor panel, as shown
in Figure 10, the footing members 12 extend
transversely between parallel trusses 75. The
effective depth of the panel thus formed is the
distance from the upper surface i§ of the deck-
ing %o the lower surface 77 of the angle seciion
73, and is thus greater than the over-all depth
of the decking elemenis T4, This form of dia-
phragim as provided by pansl 78 provides ade-

quate stifiness against longitudinal and trans- b

verse loads without requiring the presence of
Gilagonal braces. Adjacent panels 70 may be
secured together by any convenient means such
- as bolting or welding and the panels may be se-

cured to the trusses 5 in the same manner. Bolt *

holes 88 as shown in the species illustrated in
Tigure 15 may be provided along the edges of
the panels for joining adjacent panels together to
form a continuous diaphragm.

A modified form of panel is shown in Figure 14
and is designated 88. This panel is similar to
panel 78 shown in Figure 13 with the exception
that the angle sections 73 are replaced by plates
8f{. As mentioned in connection with panel 10,
the effective depth of the panel 8§ for structural
desien purposes is equivalent to the distance from
the upper surface 82 to the lower surface 83 on
the plates 8i. A stiffener strip 84 extends be-
tween side plates 81. The individual elements
are welded together as shown at 35.

The panels 70 or 38 may be employed as wall
panels, and in such event, the footing members
7% and the legs of the decking elements 7§ ex~
tend vertically to act as ribs or studs while the
stiffener strip 14 serves as a horizontal bridging
member. Individual panels 78 may thus be bolied
together through holes 8§ such as are shown in
Figure 15 along their boundary edges to provide
o wall of any desired length.

The panels 78 or 58 may also be used as doors,
and as such may be mounted in any conveniional
nanner. As shown in Figure 17, the panels 7%
or 88 are provided with side angle strips 87 as
well as end angle strips 73 when they are em-
ployed as doors,
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The form of decking element 120 illustrated in
Figure 18 has the advantage that when assem-
bled on itrusses 12f and welded at {22 so that
the upper surfaces §23 cooperate to form a con-
tinuous diaphragm sheet, that no additional
stiffener elements such as the channel members
113 are required, and it is not necessary to weld
the individual elements 128 across their ends
io o stiffener to prevent lateral collapse under
transverse loading. This is true because the legs
124 extend downwardly at an angle and serve
as diagonal braces. Adequate bearing area is
provided by the foot piece 125, provided on the
iower end of each leg §24. The elements {28
may be attached to the truss 121 by welding, as
shown -at 128.

Having fully described my invention, it is to
be understood that I do not wish to be limited to
the details herein set forth, but my invention is
of the full scope of the appended claim.

1 claim:

Tn combination, a bhuilding having a plurality
of spaced supporting members extending trans-
versely thereof, a plurality of metallic deck ele-
ments extending transversely to and longitudinal-
Iy hetween said members and resting thereon,
each of said deck elements including a top flange
portion and a leg depending from one longitudi-
nal edge of said flange vortion, said legs resting
upon and being welded to said supporting nem-
bers, said flange poriions forming a substantially
planar continuous sheath spaced above the top of
the members, said flange portions being welded
sogether substantially in the plane of said sheath
by means of longitudinally spaced welds, and
means stiffening said sheath against lcading
parallel to said supporting members, said means
comprising channel sections of a length less than
the spacing between adiacent supporiing mem-
hers and having flange portions and depending
legs, said -channel sections being mounted be-
neath the flange portions of said deck elemenis
and transversely of at least the outermost of
said supporting members, said legs of said chan-
nel sections being welded to said supporting wiem-
pers, and said flange portions of said channel
sections being welded to the overlying flange
portions of the decking elements.
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