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9 Claims.

This invention relates to building constructions
and more particularly to the steel work for build-
ings such as airplane factories, airplane hangars,
dirigible hangars, auditorium and the like edi-
fices having wide bays. o

Buildings of this type require a spacious area,
free of columns, through which large machines
like multi-motored bombers and lighter~than-air
craft can move, or in which large numbers of
people can be assembled and each one assured
a clear view of the stage.

Heretofore, the roofs of the bays of these build-
ings generally comprised a plurality of spaced
parallel mono-web trusses which spanned the
columns. The term “mono-web truss” as used
herein denotes & truss in which the bracing or
web members are all disposed in a single plane.
As long as the widths of the bays did not exceed
sixty feet such mono-web trusses proved. satis-
factory since they did not have to be made very
deep and thus did not create an appreciable dead
space beneath the roof, and. since mono-web
trusses of this length had sufficient inherent
rigidity to be easily handled and installed as a
unit. .

With the advance in the design of airplanes
and the growing demand for large auditoriums,
the widths of bays Lave increased to as much as
one hundred and forty feet and will probably
soon be even grenter. However, mono-web
trusses are still used in the construction of build-
ings with such vast bays. These trusses, due to
their extreme length, must be made very deep.
For example, in a truss having a span of one
hundred feet the depth of the truss should be
around twelve feet. As a result, the roof of the
building, which extends across the top chords
of the trusses, is twelve feet above the bottom
chords of the trusses, ani thus gives rise to &
dead or non-utilizable space twelve feet high
over practically the entire floor space of the build-
ing. This dead space, which must be heated
and air-conditioned along with the working space,
more than doubles the cost of an air-conditioning
plant for a building having & thirty-six foot clear
working space beneath the bottom chords of the
mono-web trusses.

An additional difficulty has been that, despite
their increased depth, mono-web trusses having
& span of over sixty feet sway, undulate and even
buckle under slight lateral stresses and, there-
fore, require exXtreme care in shipping, handling
and erection. Thus, & one hundred and forty
foot truss has to be shipped in three pleces, each
sixty feet or under; during assembly thereof the
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various parts must be braced, and when lifted
into place the entire truss must be braced or
guyed. Even after erection such a truss is in-
capable of holding its own shape until stayed to

_an adjacent truss. This means that the trusses

have to be put up in regular succession so that
the last placed truss can be used to stay the next
erected truss. Because of this limitation, if, for
any reason, one portion of a building temporarily
cannot have a roof erected over it, the entire in-
stallation of the roof has to be delayed.

1t is an object of the present invention to pro-
vide an improved building construction in which
all of the foregoing defects are avoided and the
material and labor costs are decreased.

Another object of the invention is to provide
& building construction of the character described
in which the overall height of the building is kept
at & minimum for the required working height,
in which the number of structural pieces em-
ployed is less than heretofore, and In which day-
light illumination is let into the building through
angled skylights without adding any superstrue-
ture to the steel work.

A further object of the invention is to provide
a building in which each roof truss can be hen-
dled as a unit during erection without being
pbraced or guyed and can be placed anywhere
in the building without being stayed to an adja-
cent truss.

Other objects of the invention will in part
obvious and in part hereinafter pointed out.

The invention accordingly consists in the fea-
tures of construction, combination of elements,
and arrangement of parts which will be exempii-
fied in the construction hereinafter described, and
of which the scope of application will be indi-
cated in the claims.

In general I accomplish the various objects of
my invention by employing & plurality of roof
trusses of closed triangular box shape which are
so disposed that the ridges of the trusses point
upwardly and the bases thereof face the ground,
the truss bases in the roof structure being .ap-
proximately parallel to the ground. The trusses
which are interconnected by purlins span a bay
between their -end supporting columns, said
trusses being spaced from and arranged parallel
to each other, whereby the distance between col-
umns in the same line is greater than now ob-
tainable since such distance includes not only
the span of a purlin but also the width of the
bottom web of & box truss. The sloping lateral
faces of these trusses can be provided with win-
dow sashes so that they serve to admit light to
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the interior of the bhuilding without the addition
of any superstructure to the steel work of the
building frame., Also, if desired the portions of
the trusses not employed to admit. light can be
used to house machinery such as air-condition-
ing units and ducts, or as storage space. The
roof of the building having triangular box trusses
directly overlies the trusses and between . the
trusses is supported by the purlins so that the
roof is at the general level of the purlins and
the bottom chords of the trusses, thus doing
away with dead space everywhere except within
the trusses, where, as noted, the space is utilized
to its fullest extent for storage the housing of
mechanisms, and the passage of llght

In the accompanying drawings, in which is
shown one of the various possible embodiments
of the invention,

Figs. 1, 2 and 3 are schematic end, plan, and
side views, respectively, of a steel buﬂding frame
embodying my invention;

Pig. 4 is g vertical section through one of the
triangular box trusses and shows the manner of
connecting the trusses and the purlins;

Pigs. 5 and 6 are sectional views taken sub-
stantially along the lines 55 and 6—& of Fig. 4;

Fig. 7 is a fragmentary perspective view show-
ing the manner in which an end of one of the
triangular box trusses is supported on & column;

Fig. 8 is an end view of a building having its
steel frame partly constructed in accordance with
the present invention and partly in accordance
with conventional practice, the two constructions
being shown side by side for purposes of compari-
son; and

Fig. 9 is a sectional view .of the building shown
in Fig. 8 taken substantially along the line 9-9
of Pig. 8.

Referring now in detail to the drawings and,
more particularly, to Figs. 1, 2 and 3, 10 denotes
a building whose steel work or frame, schemati-
cally indicated in these figures, is constructed
in accordance with this invention. Said steel
work comprises, in the main, a plurality of col-
umns (2 firmly bedded in the ground, a plurality
of triangular box trusses (4 spanning the col-
umns, and a plurality of purlins 16 between and
carried by the trusses,

The columns 12 are arranged in sets or lines,
each set running the length of a bay {8, adjacent
sets of columns being disposed on opposite sides
of the bay. The columns in each set are uni-
formly spaced apart a- distance equal to the
breadth of the bottom face of a -truss plus the
length of a purlin 16, and the columns in adja-
cent sets are so arranged that the lines joining
said pairs.of columns extend substantially perpen-
dicular to the length of the bay (8. The outer-
most set of columns may be set into a brick
building ‘wall 20 which, however, need not carry
any of the building load. It will be noted from
an inspection of Fig. 3 that said wall need run
only up to the bottom chords of the trusses 14
Columns in the interior of the building may be
enclosed in a protective sheath 22 of concrete or
brick.

The triangular box trusses {4 extend across the
bay 18, spanning the space between registered
pairs of columns in adjacent sets with the longi-
tudinal axis of said trusses disposed perpendicular
to the length of the bay (8. The ends of the
trusses are carried by the columns 20 which can
be connected either to the ridee or the bottom
face of the trusses, depending upon the archi-
tectural design employed. By virtue of this
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mounting the trusses are arranged parallel to
one another. The columns are spaced apart a
distance such that the adjacent bottom chords
of juxtaposed trusses are spaced from one an-
other a distance about equal to the length of a
conventional purlin, this being approximately
twenty feet in airplane factory and airplane
hangar construction. It will be understood, how-
ever, that, if it is desirable to have purlins of
different length, the column spacing may be al-
tered to accommodate the same.

The box trusses are generally triangular in
cross-section, the particular shape illustrated be-
ing that of an equilateral triangle, although it
will be understood that other triangular shapes
may be employed as well. Other triangular
shapes which will function satisfactorily are
scalene triangles wherein both lateral sides slope
to an apex above a point in the base of the tri-
angle, that is, neither of the base angles exceeds
90°, However, an isoceles triangle with the two
sloping sides of the same length and the base
facing the ground is to be preferred to the sca-
lene shape, The two sloping faces or webs of
the trusses, and the bottom face or web may be
fabricated in any suitable manner, the sloping
and bottom faces being permanently joined to
each other (prior to use in building construc-
tion) to form a triangular box truss.

I have found that a truss of this configuration
does not tend to buckle, undulate or sway, the
truss being of such design that it is an inherently
rigid, slender, elongated structural member of
sufficient strength and stiffness, even when built
from light elements, to enable it to be lifted as
& unit into place with its ends atop two columns
without guying or bracing the truss or staying
the same to an adjacent truss.

This use of a triangular box truss has other
advantages, for example, assuming that erection
of the trusses is started at one end of & bay and
proceeds regularly to a point where, due, for
instance, to foundation trouble or the necessity
of covering a machine in another part of the
bay, the installation of a few trusses should be
momentarily skipped, it is only necessary to move
the cranes to the spot where the trusses are
to be placed next and the erection can proceed
from that point without having to connect the
newly installed truss with the last erected truss
several columns away. Also, because the truss is
self-braeed, I can do away with temporary guy-
ing and bracing elements during erection and
greatly reduce the number of man-hours re-

quired to install each truss. I am also able to

eliminate - temporary shoring or staying of an
installed truss before it is permanently tied to
an adjacent truss with purlins,

Although I have only shown the center of the
trusses as being higher than their ends so as to
pitch the roof towards the lines of columns at
both sides of a bay, it will be understood that
the trusses may be straight and slightly inclined
from one line of columns to the other to pitch
the roof toward but one line of columns. Like-
wise, the trusses may be longitudinally arcuate
to impart a graceful curve to the roof as where
the trusses are employed in an auditorium of a
church, theatre or armory. The longitudinal
curvature of the truss may even be made s0 ex-
treme that the two ends of the trusses are almost
perpendicular to the ground, in which event the
trusses can be used without columns and the ends
of the trusses anchored in the ground. 'This
form of construction is particularly useful for
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dirigible- hangars or- for churches: having very
short buttresses. - However, regardiess: of: the
profile of the trusses, it is: desirable: to- maintain
the- trusses: parallel: and their  bottom: chords
spaced’ from each: other & distance- substantially
equal tothe lengthef a purlin, :

I may also use:-the: trusses as-more- than mere
structural members which- only: function: to aid
in carrying the-building load: ~ For example; the
trusses can be conveniently used- as: window sup-
porting structure; storage: depositories and- ma-
chinery and conduit-supports. These-uses: of the
trusses a,«re-schemazt-icallV;indicated’ in Figs. 1-and
2. In these figures-T have indicated windows- 24;
carried on the sloping side faces of the- trusses
4. Said windows, which may be- spaced’ longi-
tudinally of the-truss; need not.cover the entire
height of a side face but only the:lower portion
thereef. 'The upper portions- of the side faces
from the ridges down may house ducts 26- which
can be used for air-conditioning and which-ex-

_tend from air-conditioning machinery 28 mount-
ed in- the truss hetween the windows 24. Not all
of the space between the windows need- be occu-
pied by such air-conditioning machinery-and the
spaces 30 which: are-not so employed: can be fully
enclosed and used as storage bins or the like,
particularly for apparatus- or parts which might
be needed on the roof of the building. If it is
more impertant for appearance or function ‘to
have the- entire: width of the sloping side- faces
of the trusses employed as windows the- air-con-
ditioning machinery, ducts and repositories may
be- dispensed with - and: ‘both side faces of the
trusses covered with a suitable pellucid: material.
This- light admitting strip can be linearly con-
tinued down the walls of the building as indi-
cated at 32 in Fig. 8; The light admitting strips
in the walls of the building can be of any con-
ventional construction as, for-example; windows
mounted in sashes or glass brick: Such contin-
uation of the light admitting strip from the roof
of the bay down the walls presents & highly novel
and unique appearance-and’ is extremely helpful
in illuminating the interior of the- building.

Triangular bog trusses are capable of carrying
and transmitting heavy: statie roof loads even
though composed of relatively light structural
elements, and I may utilize:this feature to impose
permanent heavy roof: loads in the form of roof-
borne mechanisms which: would normsally require
special bracing, reinforeement or support of the
roof. -Such mechanisms, by ways of example,
msy include evaperator pans 34, indicated sche-
matically in Fig. 8, and cooling  towers 36 sche-
matically shown in the same figure.

The purlins 16 conneet the bottom chords of
adjacent triangular box trusses 14. Said purlins
run the length of- the bay and are spaced’ from
each other across the width of the bay. These
purlins serve to support the roof covering there-
hetween. . ‘

It will be appreciated that with a roof struc-
ture such as described there is no dead space
between the roof covering im the vicinity of the
purling and little or no dead space heneath said
covering in the vicinity of the trusses, the only
dead space being in the interior- of the truss
itself, and said space is very small due to the
triangular shape of the truss and the absence
of any superstructure. Moreover, since the in-
terior of the truss is employed to pass-light, to
house - conduits and air-conditioning apparatus
and for storage, to-all intents and purposes there
is no dead space at all beneath- the roof of a
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puilding: constructed: in: -accordance: with: my
invention:

The-triangular box. truss- 14i may: be: made: in
various.ways and connectediin-any:one .of ‘several
manners: to: the. purlins: and: columns. However,
for thei purpose of fully.explaining: the.invention;
in- Figs, 4 through 7 I'have.shown. in: detail one
manner-oficonstructing and:connecting:said truss;
it- being understood: that these- illustrations are
by way-of example only and:are-not-to.be:deemed
limitative.

The- triangular- truss 14 shown in. Figs: 4
through 7 consists: oft two sloping: side faces: 38;
4% ang a-bottom face-42. Each side face includes
an: inelined top- chord 44: and: bottom chord 46
of channel-shaped configuration. Said chords
are-secured to each other in spaced’ parallel rela-
tionship by diagonal: web bracing members 48
and: vertical compression members 50: The di-
agonal bracing members comprise pairs. of angle
ivons hel@ flange: to flange and secured with fish
plates: 52t to-the top and bottom chords 44, 46
and compression members-50. BEach compression
member is merely a single angle-iron secured at
its: upper end by a fish plate 52 to the top chord
4% and: secured directly at its lower end to the
bottom chord: 46.

The bottom: face 42 comprises a plurality of di-

" agonal bracing members 54 and’ perpendicular
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brideging compression members 56: The ends of
said diagonal and compression members are all
tied: together and secured- to the bottom: chords
46 of the opposite sloping faces 38; 40 by a plu-
rality of fish and gusset plates 58: The diagonal
web members 54 in the bottom face are secured
to- each other- at their cross-over point-by fish
plates 59: Thus the bottom face includes as its
longitudinal chords the bottem- chords. 48 of the
two.sloping faces. It may be mentioned that, for
clarity, the diagonal bracing members §4-of the
bottom truss faces are schematically indicated in
but- a: few panels of only the leftmost truss (4
in Pig: 2: '

- "Phe purling 16 are rigidly and permanently-se-
cured to the longitudinal edges: of the truss. 14 by

' fish plates 80- which are fixed to the bottom

chords: 46,

The ridge of the truss is finished off by a
capping plate 62: which, may be fabricated from
2 suitable  weather resistant material such as as-
bestos, concrete, copper, or a coated metal. This
plate is generally similar to. the capping pieces
whiclr are presently-used on the ridges of build-
ing roofs, although it may be- of special con-
figuration so that it can fit nicely between the
two upper flanges of the top chords 44, i

Each sloping truss face 38, 40 also includes .an
angle iron 62 extending longitudinally of the truss
and' disposed intermediate the top and bottom
chords 44, 46, one of the flanges of the angle iron
being spaced  outwardly from the lateral diagonal
and compression members 48, 50. Cooperating
with this angle iron 62 are a plurality of short
complementary aligned angle irons 64 which are
secured. to the bottom chord 46. The long angle
iron 62" and short aligned angle irons 64 are
adapted to support- therebetween window sashes
$6 in which are disposed window panes 68. The
window panes and sashes may be of any appro- -
priate construction and may be either of the
type which permanently maintain a given posi~-
tion or are adapted to be opened and closed so as
to allow ventilation. S

The roof covering: may be of any- conventional
type as, for example, it can include a plurality of
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thick precast concrete slabs 70 laid side by side
on the purlins and sloping faces 38, 48 of the
trusses and held in position by their own weight,
although suitable fastener members may be used,
if ‘desired. The layer of concrete slabs is cov-
ered by alayer of heat insulating material which
may consist of juxtaposed panels 72 of pressed
fibrous matter, such as “Celotex.” These panels
are covered with several layers of tar paper T4
which may be tarred, if desired, to enhance its
weather proofing effect.

The. manner in which the trusses 14 are
mounted on the columns 12 is best shown in Fig.
7. It is there seen that the two top chords 44
of a truss are directly secured, as by bolting,
riveting, or welding to the top of the column and
that the bottom chords 46 are held to the column
by diagonal channel members 16. A bracing
member 18 may also be employed, said member
extending from a point on the column adjacent
where the channels 76 are secured thereto at a
point of the upper chord 44 adjacent the top ends
of the compression piece 50.

It is also desirable to reinforce the building
against deflection of the ends of the column lon-
gitudinally of the bay 18 and to this end I may
employ sway bracing struts 80 which extend
diagonally between an endmost purlin and a
beam 81 running between adjacent columns in
the same line. These struts and beams lie in
the plane of the purlins.

It may be mentioned that, although I have
shown the top of a column connected to the ridge
of an end of a triangular truss, -thée top of the
column may be connected with equally good re-
sults to the bottom face 42 of a truss, in which case
the portions of the top chords 44 extending from
the last compression member to the column are
eliminated.

By way of comparison, in Figs. 8 and 9 I have
shown a building 82 which includes one section
84 whose steel framework is erected in. accord-
ance with my invention and another portion 86
whose steel framework is erected in a fashion now
conventionally employed in the art. The dash-
and-dot lines in Fig. 9 répresent portions of the
section 84 not seen in the section taken along
the line 8—¢ of Fig. 8. Typical dimensions of
the working space in both of these sections and
of the length of the purlins will be assumed by
way of example.

Each of these two sections is to have a bay one
hundred feet wide, that is, one hundred feet from
@ to b." The bays are to have g clear working
space thirty-six feet high, that is, the distance
from @ to ¢.- The purlins are to be twenty feet
long. The sections are to be illuminable by sun-
light,

‘The old building section 88, if using conven-
tional design, would employ mono-web trusses 88
having a depth of about twelve feet, that is the
distance from d to e exclusive of the purlins 90.
The roof of the old section is laid on top of said
purlins and is, therefore, g minimum distance of
forty-eight feet from the ground. This means
that there is a minimum dead space of twelve
feet all over the bay of the old section. The brick
walls 92 for this section 86 must be brought up
to the top of the mono-web trusses 88 in order
to fully enclose the interior of the building so that
the brick walls will also be forty-eight:feet high.
On top of the purlins monitors or skylights 94 of
standard design must be placed. These skylights,
which require the use of superstructure, will be
about eight feet high so that, in addition to the
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twelve feet of dead space created by the use of
mono-web trusses, in certain portions of the
building, constituting more than one-half of the
floor space, an additiona] eight feet of dead space
will be added. The overall height of the building
will be fifty-six feet. The distance between the
columns 94 on which the mono-web trusses 88
are carried .is approximately twenty feet, the
length of the purlins. The number of structural
elements required to be assembled in the feld
during the erection of a unit length of the old
section 86 is about 8,000 pieces.

In the section 84 of the building, constructed
in accordance with the instant invention, the dis-
tance from the base of the triangular box truss
14 to its ridge, i. e., the distance ef, should be
about ten feet for a one hundred foot span, SO
that the breadth of oneé of the lateral faces 33, 40
of the truss, which is of equilateral shape, is ap-
proximately eleven and one-half feet. - Since the
purlins are connected to the bottom apices of the
trusses 14 and the roof is on the purling, there
will be no dead space between the trusses, and
the only dead space that ean be present is inside
the trusses themselves, although as pointed out
above, this space can be utilized, because of the
inherent rigidity of the triangular box trusses.
In other words, the structural members surround-
ing this space reinforce each other sufficiently to
permit carrying a working load inside the truss
without the use of heavier or additional members.
The windows in the trusses provide an illuminat-
ing area as great as that offered by the skylights
84, but the light entering in the direction of the
arrow A is closer to the ground and, therefore,
more effective.

The overall height of the section 84 is ten feet
plus thirty-six feet or forty-six feet in all, com-
pared to the overall height of fifty-six feet for the
building section 86.

The space between columns of the building
section 84 is the length of a purlin plus the width
of the bottom face of the triangular trusses or
about thirty-one and one-half feet, compared
with twenty feet for the column spacing in the
building section 88. The purlins in the building
section 84 are discontinuous whereas the purlins
in the building section 86 are connected to each
other through the mono-web trusses. Thus I am
able to effect an appreciable saving in the weight
of the structure insofar as the burling and col-
umns are concerned. This saving is, of course,
somewhat offset by the extrs weight of the tri-
angular box trusses but an overall slight reduction
in weight is obtained.

Of great importance is the fact that because

the trusses are self-braced, they can be shipped
in larger pieces than the mono-web trusses and
erected without bracing, guying, or staying.
The number of structural elements in the build-
ing section 84 for a unit length is only about 3000
Pieces. It should also be noted that the wall of
the building portion 84 is only thirty-six feet
high, a saving of twelve feet,

It will thus he seen that I have provided a
building construction which has many advantages
over those heretofore employed and which may
be erected in less time and with considerabie less
labor and that said construction achieves the
several objects of the present invention and is
advantageously adapted to meet ali conditions of
bresent-day use,

As various possible embodiments might be made
of the above invention, and as various changes
might be made in the embodiment above set
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forth, it is to be understood that all matter herein
set forth or shown in the accompanying drawings
is to be interpreted as illustrative and not in a
limiting sense.

Having thus described my invention, I claim as

new and desire to secure by Letters Patent:
1. A permanent building construction capable
of carrying heavy live and dead loads, said con-
struction comprising a plurality of trusses, each
at least sixty feet long, which span the width of
a bay and are spaced from each other along the
length of the bay, each said truss being composed
of a plurality of structural members rigidly and
permanently interconnected to provide three
mono-web trusses, each mono-web. truss being
rigidly and permanently connected to both of the
others, 5o as to form a closed triangular box truss
having two side faces meeting at a ridge and a
base meeting the side faces at base apices, means
to permanently support each end of each box
truss, structural members rigidly and permanent-
ly interconnecting the base apices of adjacent tri-
angular box trusses intermediate the ends thereof,
and a roof covering on the outside of the frame-
work defined by said structural members and the
side faces of the box trusses.

2. A permanent building construction capable
of carrying heavy live and dead loads, said con-
struction comprising a plurality of frusses, each
at least sixty feet long, which span the width of
a bay and are spaced from each other along the
length of the bay, each said truss being vertically
supported at both ends thereof by columns and
being composed of a plurality of structural mem-
bers rigidly and permanently interconnected to
provide three mono-web trusses, each mono-web
truss being rigidly and permanently connected to
both of the others, so as to form a closed tri-
angular box truss having two side faces meeting
at & ridge and a base meeting the side faces at
base apices, structural members rigidly and per-
manently interconnecting the base apices of ad-
jacent triangular box trusses intermediate the
ends thereof, and g roof covering on the outside
of the framework defined by said structural mem-
bers and the side faces of the box trusses.
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3. A permanent building construction capable
of carrying heavy live and dead loads, said con-
struction comprising a plurality of trusses, each
at least sixty feet long, which span the width of
a bay and are spaced from each other along the
length of the bay, each said truss being composed
of a plurality of structural members rigidly and .
permanently interconnected to provide three
mono-web - trusses, each mono-web truss being
rigidly and permanently connected to both of the
others, so as to form a closed triangular box truss
having two side faces meeting at a ridge and a
base meeting the side faces at base apices, the
ridges of all the box trusses pointing upwardly
and the bases thereof facing the ground, a row
of columns running along each side of the bay,
said box trusses being supported on both ends
thereof on said columns, purlins rigidly and per-
manently interconnecting the base apices of ad-
jacent box trusses intermediate the ends thereof,
and a roof covering on the outside of the frame-
work defined by said purlins and the side faces of
the box trusses.

4. A building construction as set forth in claim
3 wherein the box trusses are equilateral in cross-
section, :

5. A building construction as set forth in claim
3 wherein the trusses are isosceles in cross-section
and the lateral equal faces slope upwardly to the
truss ridges.

6. A building construction as set forth in claim
3 wherein a plurality of box trusses have both
lateral faces sloped and carrying windows.

7. A building construction as set forth in claim
3 wherein the purlins are discontinuous along the
length of the bay.

8. A building construction as set forth in claim
3 wherein each box truss is supported at one end
thereof by a single column.

9. A building construction as set forth in claim
3 wherein each box truss is supported at one end
thereof by a single column and wherein the ends
of said trusses are tapered toward said columns.
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