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57 ABSTRACT 

The skeleton frame of a building consists essentially of 
identical frame elements fastened to each other to 
form a system of parallelepiped-shaped cells, each cell 
being bounded by four frame elements which are at 
least in part common to two contiguously juxtaposed 
cells. The cells may be freely cantilevered from 
upright pillars or freely span distances between pillars 
which are multiples of the horizontal dimension of one 
cell. 

16 Claims, 7 Drawing Figures 
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1. 

BUILDING HAVING ASKELETON FRAME 
This invention relates to building construction, and 

particularly to a building having a load-bearing 
skeleton frame. 

In its more specific aspects, the invention is con 
cerned with a building skeleton or frame which may be 
assembled from identical, prefabricated frame ele 
ments at the construction site, and is rigid enough to 
permit the frame to be cantilevered from upright pillars 
or to span relatively wide open spaces. Yet, the frame 
elements must be light enough to be transported on or 
dinary road vehicles and railroad cars, and should be 
capable of being erected at the building site without 
scaffolding. 
The building of the invention thus includes at least 

one upright pillar and a skeleton frame fastened to the 
pillar. The frame essentially consists of substantially 
identical frame elements and of fasteners which fasten 
the frame elements to each other. The frame elements 
constitute contiguously juxtaposed, parallelepiped 
shaped cells. Each cell is bounded by four frame ele 
ments having each two upright sides fastened by the 
fasteners to upright sides of respective other frame ele 
ments bounding the cell, two horizontally extending 
sides defining the top and bottom of the cell, and four 
corner portions more rigid than the sides and connect 
ing the two ends of each upright side to a correspond 
ing end of a horizontally extending side. 
The frame freely projects from the pillar in a 

horizontal direction over a distance at least equal to the 
length of one of the horizontally extending sides. Floor 
plates are supported by the horizontally extending sides 
of the cells and spaced apart approximately by the 
length of an upright frame element side so that each 
frame element has the same height as one floor of the 
building. 
The sides of the frame may be formed, at least in 

part, by corresponding side members which are in 
tegrally connected to constitute a corner portion of the 
frame, the greater rigidity of the corner portion being 
achieved by one of the frame members increasing in 
cross section toward the corner portion, which 
preferably is arcuate in shape. 
The frame elements are rigid enough under most 

conditions not to require internal reinforcements so 
that the four sides jointly bound an unobstructed cen 
tral aperture in the frame element. 
The element may be assembled from several circum 

ferential sections by means of connecting elements ap 
proximately centered in respective sides of the frame 
element and releasably connecting the sections. 
Other features, additional objects, and many of the 

attendant advantages of this invention will readily 
become apparent from the following detailed descrip 
tion of preferred embodiments of the invention when 
considered in connection with the appended drawing in 
which: 

FIG. 1 is a perspective and partly exploded partial 
view of a building including a skeleton frame of the in 
vention; 

FIG. 2 shows a frame junction in the building of FIG. 
1 in partly disassembled condition and in a perspective 
view, 

FIG. 2A shows the device of FIG. 2 in section on the 
line IIA-IIA on a larger scale; 

FIG. 3 shows two superimposed upright frame ele 
ments of the building of FIG. 1 in perspective view; 
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2 
FIG. 4 illustrates a modified frame junction in a view 

corresponding to that of FIG. 2; 
FIG. S shows the skeleton frame of the building of 

FIG. 1 in front elevation on a smaller scale; and 
F.G. 6 is a sectional plan view of the skeleton frame 

of FIG.S taken on the line WI-VI. 
Referring now to the drawing in detail, and initially 

to FIGS. 1 to 3, there is seen a three-dimensional 
skeleton frame assembled from substantially identical, 
upright, rectangular frame elements 1 whose thickness 
is but a very small fraction of their length and height, 
the height being slightly smaller than the length and 
corresponding to the height of one floor of the building 
in which the assembled frame elements 1 constitute the 
load-bearing elements. The upright columns of the 
skeleton are constituted in each floor by two to four 
upright sides of respective frame elements 1, and the 
horizontal beams of the skeleton by normally two 
horizontal sides of respective frame elements 1. The 
four arcuate corners of each frame element 1 are en 
larged to make them more rigid than the upright and 
horizontal sides of the frames. The frame elements are 
fixedly, but releasably fastened to each other, as will 
presently be described in more detail. The connected 
frame elements 1 form a skeleton frame mainly consist 
ing of identical cells having each the shape of a right 
parallelepiped. 
The building further includes filler elements set into 

the frame elements 1 to close the openings of the same 
such as floor plates 2 whose surfaces 3 may form the 
ceiling of a lower building portion, and upright wall 
panels 4, 5. If so desired, false ceilings 6 may be 
suspended from the floor plates 2. 
Where less than four upright sides of respective 

frame elements 1 are joined to each other to form an 
upright column, or where reinforcement is otherwise 
needed, the joined upright frame sides are strengthened 
by bars 18, and reinforcing angles 17 may be provided 
at the junctions of several frame element corners if 
needed. Similar horizontal bars 18 may be fastened on 
the horizontally extending sides of frame elements on 
the outside of the building to complete there the nesse 
cary cross section of the skeleton beams. 
The frame elements 1 are prefabricated and dimen 

sioned for transportation from a manufacturing plant to 
a construction site on trucks or railroad cars of normal 
size. They are interchangeable and may be used again 
in other skeleton frames if they were originally installed 
in a temporary building 
The preferred material of construction for the frame 

elements 1 is steel, and the four sides of each frame ele 
ment are each T-shaped in cross section. The web por 
tion 7 of the four frame sides in each element 1 are 
located in a common plane, and the flange portions 8 
are parallel to the axis of the central frame aperture 
and bound the aperture. 
The frame elements are connected with each other 

by means of spaced, flat lugs 9 laterally projecting in 
both directions from the web portion 7 of each horizon 
tal frame side, and lugs 10 projecting in only one lateral 
direction from the upright frame sides, the lugs 9, 10 
being spacedly parallel to the associated flange por 
tions 8. 
When the contiguously juxtaposed sides of respec 

tive frame elements 1 are connected by means of their 
superimposed lugs 9, 1o, the connections are located 
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substantially in the neutral zone of the beam or column 
so assembled, and are subjected only to relatively weak 
stresses. They are therefore adequately connected by 
bolts passing through bores 11 in the lugs and equipped 
with nuts, the conventional bolts and nuts not being ex 
plicitly shown. Notches 12 are formed in the web por 
tions 7 between the lugs 9, 10 to reduce the weight of 
the frame elements 1. 
Each frame element 1 may be an assembly of four L 

shaped sections 13, and the four sections may be 
shipped from the manufacturing plant separately to oc 
cupy a minimum of space and assembled at the con 
struction site. The four sections 13 are joined to each 
other in the center of each frame side which is sub 
jected to relatively minor static stresses in the finished 
building. Terminal integral flanges 14 on each section 
13 are engaged face-to-face in the assembled frame ele 
ment and connected to each other by means of non-il 
lustrated bolts in mating openings of the flanges 14. 
Flat, apertured plates 15 having twice the size of the 
faces on the flanges 14 may be interposed between 
respective pairs of flanges 14 on two juxtaposed frame 
elements 1 to connect the elements, as is evident from 
FIGS. 2 and 3. The bending or torsion stresses decrease 
towards the center of the columns and beams in normal 
service. It is therefore permissible gradually to reduce 
the width of the cross-section of the columns consisting 
of the upright sides of the connected frame elements, 
from the frame corner toward the transverse flange 14, 
the width of the flange portion 8 remaining constant for 
convenience of assembly. If desired, the weight of each 
frame element 1 may be reduced without loss of neces 
sary strength by decreasing the thickness of each flange 
portion 8 from the corner of the frame element 1 
toward the transverse flange 14. 
As is best seen in FIG. 2, the lugs 9 on the horizontal 

frame sides are arranged in closely spaced pairs, and 
the notches 12 separate adjacent pairs from each other. 
Pairs of wedges 19 having twice the thickness of the 
lugs 9 are introduced into the gaps between paired, su 
perimposed lugs during assembly of the skeleton frame. 
When the wedges are driven home in the gaps, they 
cause precise alignment of the superimposed lugs 9, 
and may be left in position thereafter as partly shown in 
FG, 2. 
The lugs 10 on the upright frame sides have recesses 

16 which jointly bound two passages at right angles to 
each other in a column assembled from four frame ele 
ments 1 in the manner best seen in FIG. 2A. Wedges 19 
are driven into the passages for aligning the frame ele 
ments and assist in holding the elements in their rela 
tive positions after assembly by absorbing shearing 
stresses. 
The two vertically superposed frame elements seen 

in FIG. 3 differ from each other and from other frame 
elements described so far in that the upper frame ele 
ment consists of two L-shaped circumferential sections 
13 and another unitary, U-shaped section constituting 
one half of the frame and connected to the L-shaped 
sections 13 by flanges 14 and portions of apertured 
plates 15. The lower frame element is a unitary struc 
ture in its entirety. The frame elements shown in FIO. 3 
are interchangeable in the assembled skeleton frame 
with the four-section frame elements more specifically 
described with reference to FIGS. 1 and 2. 
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4 
The heaviest stresses in the assembled frame ele 

ments 1 occur in the corners whose web portions are 
enlarged so as not to be deformed as mentioned before, 
angle pieces 17 may be superimposed on the web por 
tion 7 further to increase the rigidity of the frame 
corner. As has not been shown explicitly in the draw 
ing, reinforcements may also be provided in the corner 
areas to double the thickness of the flange portion 8 in 
a manner analogous to the strengthening of the web 
portion 7 by an angle piece 17. 

FIG. 4 illustrates a modified structure of the inven 
tion wherein each rectangular frame element is formed 
from four U-shaped sections, hereinafter referred to as 
U-channels, the open side of each channel facing out 
wardly and away from the central frame aperture. The 
frame elements are assembled in the skeleton in spaced 
relationship, the open sides of the channels facing each 
other at a distance substantially corresponding to the 
height of one channel. The frame elements are joined 
to each other by connectors 21. Each connector 21 
consists of three steel tubes or hollow bars 22 of square 
cross section which are welded to bisect each other at 
right angles. The arms of the three-dimensional cross 
constituted by the steel tubes or bars 22 are interposed 
between the sides of the frame elements at the frame 
corners. The spacedly juxtaposed frame elements are 
additionally connected by box-shaped apertured 
spacers 23 and bolts engaging the apertures 26 in the 
spacers and apertures 25 in lugs 24 welded to each 
channel 20 partly to close the open side near each end 
of the channel. The flanges of the channels 20 have 
notches 27 adjacent the lugs 24 for access of tools to 
nuts or heads on bolts passing through the apertures 26, 
25 of the spacers 23 and of the lugs 24. Similar lugs, not 
themselves visible in the drawing, cover the open side 
of each channel near the end of the associated steel 
tube 22 for a bolted connection with the tube. Addi 
tional notches 27 in the channel flanges give access to 
the connecting bolts. Corrugations 28 on the outer 
faces of the tubes 22 engage mating recesses of cor 
responding corrugations in the edges of the channels 20 
to provide greater shearing strength to the assembled 
bundle of frame sides and connecting element parts 
which constitutes each column and beam of the 
skeleton frame. 

In a manner analogous to that described with 
reference to FIGS. 1 and 2, the flange portions of the 
channels 20 increase in height from the middle of each 
upright frame side toward the corners, thus making the 
corners most rigid. The width of the channel web 
remains constant throughout the length of the channel. 
The flange height in the horizontal frame sides is 
uniform. But may also be decreased toward the center 
of each side, that is, toward the free end of the horizon 
tal leg in each L-shaped sections 20. 

In addition to the upright frame elements constituted 
by the L-shaped sections 20, the building skeleton 
partly illustrated in FIG. 4 also includes horizontal 
frame elements 29 attached to the vertical faces of the 
tubes or hollow bars 22 which extend horizontally from 
the welded junction with other tubes. 
Each tube 22 and spacer 23 jointly do not extend 

over the entire length of the associated leg of an L 
shaped section 20. The gap 30, the spacer and the tube 
may receive electrical or water lines, an emergency 
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water system for fire fighting purposes, or additional 
structural members for reinforcing the skeleton. Such 
reinforcement, where needed, may also be provided by 
the use of two contiguously superimposed frame ele 
ments instead of a single element as partly shown in 5 
FIG. 4. This arrangement is of particular advantage in 
buildings intended for use with unevenly distributed 
loads. The skeleton frame of the entire building is made 
of frame elements adequate for areas of light loading 
when used singly, and double framing is resorted to 1 O 
where unusually heavy loads have to be supported. This 
still permits the entire building frame to be erected 
from identical and interchangeable frame elements, 
while avoiding the use of unnecessarily heavy framing 
in areas of the building not intended for heavy loading. 
As is shown in FIOS. 5 and 6, the connected frame 

elements of the invention may span large spaces 
without intermediate supports and may be cantilevered 
freely. The principal upright load bearing structures of 20 
the partly illustrated skeleton frame for a building ac 
cording to the invention are two pillars 31, 32. The 
conventionally constructed steel pillar 31 has a height 
of five floors. The other pillar 32 is a single cell of 
frame elements of the invention. The exposed edge 25 
portions of the framework are reinforced by means of 
angle pieces 17 and strengthening bars 18 as described 
above, and connected with the frame elements in such 
a manner that at least all upright columns of the 
skeleton consist of bundles of metal elements. The 30 
angle pieces 17 and bars 18 are connected with the 
frame elements by means of bolts, not shown. 
The invidivudal cells 33 of the main building portion 

are arranged in a pattern of steps forming terraces on 
one outer face of the building. Interior spaces extend 
partly over more than one floor and have a free span 
greater than the horizontal length of one cell, the cells 
forming the ceilings of such interior spaces being freely 
cantilevered. The apertures of a few frame elements 
are closed by upright plates 34, and horizontal plates 
35 close the apertures of cells formed by the four 
upright frame elements forming the cell for even 
greater rigidity of the skeleton in areas of exceptionally 
high stress. A similar function is performed by centrally 45 
apertured horizontal frames 36 and diagonal struts 37. 
However, such extraneous reinforcing devices are not 
normally required. 
As is evident from FIGS. 5 and 6, the same frame ele 

ments of the invention may be employed for erecting 50 
the skeletons of single-floor buildings, of towers, of 
buildings straddling a free space, of buildings standing 
on steep slopes, and the like. 

It is a particular advantage of buildings based on the 
skeleton frames of the invention that they lend them- 55 
selves to the solution of a problem common in urban 
renewal. They permit the gradual replacement of old 
buildings as they become vacant by small units which 
may be enlarged readily by the addition of cells as ad 
jacent spaces become available. Where an old building 
remains standing temporarily between two skeleton 
frame buildings of the invention, the two frames may be 
connected above the old structure by a bridge of cells, 
and the new structure grow upward from the broader 
base so formed. Ultimately, the old structure may be 
demolished and the open gap in the new structure filled 
with additional cells as may be needed. 
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The frame elements of the invention may be built as 

unitary structures or in a few parts, L- or U-shaped, and 
the frame elements are handled quickly and con 
veniently at the construction site without requiring 
facilities other than a crane. There is no need for scaf 
folding. 

Because of the releaseable bolt connections between 
the frame elements, a skeleton frame of the invention 
can be modified, enlarged, or reduced in size at any 
time during the life of the building if equipped with 
similarly mounted wall, floor, and ceiling elements. 
What is claimed is: 
1. A building comprising, in combination: 
a. an upright pillar, 
b. a skeleton frame fastened to said pillar, said frame 

essentially consisting of a plurality of substantially 
identical frame elements and fastening means 
fastening said frame elements to each other, 
1. said frame elements constituting a plurality of 
contiguously juxtaposed, parallelepiped-shaped 
cells, 

2. each cell being bounded by four frame elements 
having each two upright sides fastened by said 
fastening means to upright sides of respective 
other frame elements bounding said cell, two 
horizontally extending sides defining the top and 
bottom of said cell, and four corner portions 
more rigid than said sides and connecting the 
two ends of each upright side to a corresponding 
end of a horizontally extending side, 

3. said frame freely projecting from said pillar in a 
horizontal direction over a distance at least 
equal to the length of one of said horizontally 
extending sides; and 

c. a plurality of floor plate members supported by 
horizontally extending sides of said cells and 
spaced apart substantially by the length of said 
upright sides. 

2. A building as set forth in claim 1, wherein each 
frame element has an upright side member and a 
horizontally extending side member, said members 
constituting respective portions of the corresponding 
sides and being integrally connected to constitute one 
of said corner portions, the cross section of one of said 
members increasing toward said corner portion. 

3. A building as set forth in claim 2, wherein said 
corner portion is arcuate. 

4. A building as set forth in claim 1, wherein the four 
sides of each frame element jointly bound an unob 
structed central aperture in said frame element. 

5. A building as set forth in claim 1, wherein each of 
said elements is constituted by at least two circum 
ferential sections, and connecting means approximate 
ly centered in respective sides of said frame element 
and releasably connecting said sections to each other. 

6. A building as set forth in claim 5, wherein said 
connecting means include respective integral, terminal 
flanges on said sections and securing means securing 
said flanges to each other in face-to-face relationship. 

7. A building as set forth in claim 1, wherein said 
fastening means include a plurality of connectors, each 
connector including a plurality of bar members fixedly 
fastened to each other in rectangularly intersecting 
relationship, two of said bar members being releasably 
fastened to sides of respective frame elements in one of 
said cells. 
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8. A building as set forth in claim 7, wherein said 
fastening means further include a plurality of bolts 
respectively securing said bar members to said sides of 
the frame elements. 

9. A building as set forth in claim 7, wherein said two 
bar members and the releasably fastened sides of said 
frame elements are formed with respective in 
terengaged projections and recesses. 

10. A building as set forth in claim 1, wherein said 
sides of each frame element are substantially T-shaped 
in cross section so as each to have a flange portion and 
a web portion, said flange portions bounding a central 
aperture in the frame element, and the flange elements 
being located substantially in a common plane, 

11. A building as set forth in claim 10, further com 
prising a plurality of lugs on each web portion, each lug 
being spaced from the associated flange portion and 
substantially parallel thereto, the lugs of juxtaposed 
frame elements being contiguously superimposed on 
each other, and securing means securing the superim 
posed lugs to each other. 

12. A building as set forth in claim 11, wherein said 
lugs are formed with respective alignable apertures, 
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8 
and said securing means include a wedge member 
simultaneously engaging the apertures of the superim 
posedlugs. 

13. A building as set forth in claim 10, wherein 
columns consisting of the upright sides of the con 
nected frame elements decrease in cross section from 
the corner portion of the frame elements toward the 
center of their upright side, the flange portion of said 
upright side being of uniform cross section over the 
length of said upright side. 

14. A building as set forth in claim 1, wherein the 
upright and horizontally extending sides of another one 
of said frame elements are directly superimposed on 
the upright and horizontally extending sides respective 
ly of one of said four frame elements. 

15. A building as set forth in claim 1, wherein each of 
said four frame elements partly bounds two of said 
cells. 

16. A building as set forth in claim 1, wherein at least 
some of the cells are provided with frame elements 
mounted to the horizontally extending sides defining 
the top and bottom of said cells. 
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