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This invention relates to building construction and is 
particularly directed toward an improved building in 
corporating a novel form of structural building unit. 
Some of the fundamental properties of the design and 
fabrication, as embodied in my Patents Nos. 2,052,113, 
2,201,504 and 2,321,860, are utilized and further im 
proved in connection with this invention. 

This present improvement concerns novel means of 
combining the desired and various collateral elements into 
new composite products, which may be used in building 
planning and construction to eliminate many steps and 
operations conventionally employed in the fabrication and 
erection of a complete building structure. 
The principal object ofthis invention is to provide 

an improved'formofstructural building unit. 
Another object of this invention is to provide a struc 

tural building unit, simple in design, for use in Wall, 
íloor or roof panels of modular design, combined with 
novel forms of attachment, joinery and fabrication. 

Another object‘is to Vprovide a novel form of building. 
structure havingtrusses extending between parallel walls 
to form rigid bents', the' trusses joining to the Walls at the 
location o'f joints between individual panel sections form 
ing the walls. ' " . . ' 

More detailed objects of my invention include the 
use of expanded metal I-beams or other conventional 
shapes or built-up webbed members, in connection with a 
spaced metal diagonal vtrussing or fabric encased Within 
a cementitious material to provide a composite diaphragm. 
A further object of the present invention is-to provide 

definite calculability and predetermined tabular (struc 
tural) values for the composite combination of the struc 
tural1 metal ̀ skeletoncombined with the cementitious ma 
teria s. ’ “ ’ » ' . 

In accordance with this invention various and versatile 
plastic combinations are used to-reinforce metal fram 
ing,'as opposed to the conventional practices of using 
metal framing members to reinforce plastic materials, 
such as, for example, is common in reinforced concrete 
or reinforced masonry construction. The composite con 
struction and structural unit embodying my invention has 
provided great simplification of engineering design and 
enables the use of standardized joinery in fabrication and 
erection methods to provide lighter building elements with 
new functional‘properties, suchV as, for example, includ 
ing hollow or insulating areas usefull for the passage of 
ducts, conduits,yetc., needed in modern building design. 

In addition to these new advantages, definite and de 
terminate structural calculability is developed and all the 
beneficial properties of the comparable reinforced con 
crete or ‘masonry construction are retained without the 
disadvantages of excessive mass and weight and inilexibili 
ty of design. The overall effect of the use o-f my improved 
structural units is to produce better functional properties 
and substantial economies in the overall building con 
struction art without sacrigce of strength or rigidity, and 
the time of erection is cut to a minimum. 

It is believed that other objects and advantages will 
appear inthe following and detailed description of th 
preferred embodiments of my invention. Y ’ 

In the drawings:v 
Figure l is a perspective view, in diagrammatic form, 

partly broken away, showing details of construction of 
a building embodying features of construction of my in 
vention. » 

Figure 2 is a sectional elevation of the building shown 
in Figure 1, and also in diagrammatic form. 
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Figure 3 is a sectional elevation, partly broken away, 
takeîi substantially on the lines 3_3 as shown in Fig 
ure . 

Figure 4 is a partial sectional plan view, taken sub 
stantially on the lines 4--4, as shown in Figure 1. 

Figure 5 is a View, similar to Figure 4, illustrating a 
modified form of Wall panel construction embodying my 
invention. 

Figure 6 is a partial sectional plan view taken sub 
stantially on the lines 6_6 as shown in Figure 3. 

Figure is 7 is a perspective View, partly broken away, 
showing a complete wall panel embodying my invention. 

Figure 8 is a side elevation of the wall panel in Fig 
ure 7, shown in diagrammatic form and illustrating the 
relationship of the diagonal fabric or lattice with respect 
to thle horizontal and vertical metallic elements of the 
pane . 

Figure 9 is a perspective view, partly broken away, 
illustrating the relationship between the vertical metallic 
elements, the horizontal bridging, the diagonal lattice 
and the cementitious sheath. 

Figure 10 is a plan view, partly broken away, showing 
construction of the joint between adjacent wall panels 
and the provision for receiving the upper cord of a truss 
which extends from the wall. 

Figure 11 is a partial s_ide elevation of the parts shown 
in Figure 10. 

Figure' 12 is a perspective view, partly broken away, 
showing details of attachment of a truss to the joint be 
tween adjacent wall panels, the diagonal lattice and 
cementitious sheath being omitted for clarity of illustra 
tion. 

Figure 13 is a perspective View, similar to Figure 12, 
illustrating a modified form of connection between a 
truss and the Wall panel, the truss being shown in phantom 
lines. i 

 Figure 14 is a plan view, partly broken away, showing 
l the parts illustrated in Figure 13. 

Figure 15 is a perspective view of a portion of the in 
side corner of a building embodying my invention illus 
trating certain details of construction, the diagonal lattice 
and cementitious sheath being omitted for clarity of illus 
tration. ' 

Figures 16A, 16B, 16C, 16D, 16E, and 16F, inclusive, 
are views showing several representative types of windows 
which may be provided in wall panels embodying my in 
vention. 

Figure 17 is a side elevation of a building Wall showing 
a continuous Window extending across several panels. ‘ 

Figure 18 is a sectional detail taken on line 1&_18 
as shown in Figure 17. ‘ 

Figure 19 is a partial sectional plan view taken on line 
19-19 as shown in Figure 17. 

Figure 20 is a partial sectional plan view taken on line 
20-20 as shown in Figure 17. 

Referring to the drawings, the building generally desig 
nated l may include parallel side walls 2 and parallel end 
walls 3 forming an enclosure. Each of the walls is com 
posed of a plurality of wall panel units generally desig 
nated 4. Trusses 5 extend between the side walls 2 and 
are attached to the side walls at the joints between ad 
jacent panels 4. A roof 6 is supported on the trusses 5 
and end walls 3. 
A typical wall panel unit 4, such as is illustrated in de 

tail in Figure 7, includes a plurality of vertically extend 
ing spaced column members 11, 12 and 13, or studs which 
may be formed of expanded metal l-beams. The edge 
colmuns 11 and 13 are substantially duplicates, as are the 
intermediate columns 12. A metallic trussing lattice gen 
erally designated 14 and comprising a plurality of diagonal 
strips 15, arranged in crisscross parallel relationship, ex 
tends between the edge columns 11 and 13 and across the 
intermediate columns 12. 
The diagonal strips 15, which form the lattice 14 are 

arranged so that their intersections occur along the front 
flanges 16 of the columns 11, 12 and 13, respectively. 
Also, the crossover points of the intersections occur along 
the horizontal bridging girts 17, which extend horizontal 
ly between the end columns 1l and 13 and which lie ad 
jacent the center columns 12. lf desired, the lattice could 

- be formed of rods or other elongated elements instead of 
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flat strips, or might be formed of one or more expanded 
metal sections. The articulated lattice disclosed herein 
comprising pivotal diagonal elements has the advantage of 
automatic adjustment and equalization of stresses during 
the “set” or “cure” period of the enclosing sheath, de 
scribed below. 
The heading 18 joins together the upper ends of the 

columns 11, 12 and 13, and the footing 19 joins their lower 
ends. Side rails 20, comprising angle sections, cooperate 
with the similar top and bottom rails 21 and 22 to define 
a rectangular boundary and serve to function as forms to 
confine within the boundary so defined a diaphragm 23 
formed of cementitious materials such as, for example, 
concrete. The diaphragm 23 encloses the lattice 14 and 
encloses the ñanges 16 of the intermediate columns 12. 
This diaphragm 23 is constructed by first positioning the 
metallic skeleton of the wall panel in a horizontal posi 
tion with the rails 20, 21 and 22 resting on a horizontal 
surface (not shown). The concrete, or other cementi 
tious material, is then poured into the central space de 
fined within the rails. Additional removable forms (not 
shown) may be provided, if required, to prevent lateral 
escape of the concrete to permit the thickness of the sheath 
to be built up to that indicated in Figure 3, and prevent 
lateral iiow of the plastic mixture through the holes 26 ' 
in the web portion 27 of the end columns 11 and 13. Suñi 
cient mixture is poured into the forms thus defined to pro 
vide a sheath enclosing the lattice 14 and in which the 
lattice is positioned midway between the flat parallel sur 
faces 28 and 29 of the sheath. 

Prior to casting or otherwise forming the sheath 23, 
horizontal bridging elements 17 are placed in position be 
tween the rear flanges 33, 34 and 35 of the columns 11, 
12 and 13, respectively. Angle braces 36 are provided 
which extend from the front flanges 16 to join with the 
bridging elements 17 at a position between their respective 
ends. 
The various elements of the metallic skeleton incorpo 

rated in the panel unit 10 are joined by any convenient 
means, such as welding, prior to casting of the cementitious 
sheath 23. Any preferred form of welding method or 
methods may be used. After the joining of the various 
metallic parts by welding has been completed the skeleton 
is supported on a horizontal surface on the rails 20, 21 
and 22 as described above while the cementitious sheath 
23 is cast or otherwise formed and allowed to harden. 
The completed wall panel or structural unit then in 

cludes the vertical columns 11, 12 and 13 joined by the 
metallic lattice 14, the bridging elements 17, the angle 
braces 36 and the form rails 20, 21 and 22, with the 
cementitious sheath 23 enclosing the lattice 14 and a por 
tion of the columns. rails and angle braces. It will be 
understood that one or more central columns 12 may be 
omitted if desired, or additional columns may be em 
ployed. 
The metallic strips 15 which cooperate to form the 

lattice 14 are each preferably provided with a series of 
spaced apertures 30. At the crossover points the rivets 
31 pass through aligned apertures 30. The provision of 
the plurality of apertures is useful in that the same strips 
15 may be employed to produce lattice patterns of vary 
ing widths and dimensions by inserting rivets 31 at ap 
propriate positions. A further important structural ad 
vantage is present also since the apertures 30 increase the 
bond between the material of the sheath 23 and the strips 
15. The material of the sheath 23 enters the apertures 30 
and functions as a mechanical key to lock the strips 15 
against movement relative to the sheath 23. 
Means are provided for connecting adjoining panel 

units and as shown in the drawings, this means includes a 
plurality of flags or plates 4S which are secured by any 
convenient means, such as welding, to the side or end col 
umns 11 and 13 of each of the panels 4. Thus, as shown 
in Figure 4, the plates 45 are secured to columns 11 and 
13. One of these plates 45 is to be provided adjacent 
each of the bridging elements. Each of the plates 45 is 
provided with a plurality of horizontal openings 46. In 
order to connect adjacent panels the plates 45 on adjacent 
end columns are juxtapositioned and fastening elements 
such as the bolts 47 are inserted through the aligned open 
ings 46. 
The individual panel units 4, when connected together 

by the bolts 47, provide a wall for a building having 
unique properties. The load carrying ability of each 
panel is definitely calculable by recognized formula since 
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the intersections at the crossover points of the various 
diagonal members making up the lattice occur along the 
columns or along the bridging members. The cementi 
tious sheath 23 acts to reinforce the metallic lattice 14 
so that either vertical or horizontal loads applied to the 
panel results in distributing tension stresses uniformly 
through the lattice elements and lateral deflection is pre 
vented. 

This light weight structure lends itself readily to eco 
nomical construction with low labor cost since the me 
tallic portions of the panels may be constructed under 
favorable conditions in a fabrication shop and then 
hauled to the building site where the cementitious sheath 
is cast into place. The panels 4 are then erected and 
moved into position on the foundation 44 and anchored 
by bolts 43. The spliced connections provided by the 
flags 45 provide a centering index for shop fabrication, 
for ñeld layout and for direction. Thev are designed to 
take the maximum reaction of resultant shear in the com 
posite panels and they provide a more than adequate col 
umnar action at panel points to receive the trusses 5. 
The vertically extending rails 20 at the splice points in 
crease the sectional ability of the columns. 

In Figure 5 is shown a modified form of joint between 
adjacent panels 4. The principal difference over the 
joint illustrated in Figure 4 is that channel sections 11"L 
and 13a are employed instead of the expanded metal I 
beams 11 and 13. A further distinction is that the an 
gular braces 36 are not employed. The remaining parts 
of the panels incorporating these channel sections 11a 
and 13a may be substantially identical to that previously 
described and the panels function in exactly the same 
manner as the panel illustrated in Figure 7. 
The side walls 2 of the building 1 are connected by a 

plurality of parallel trusses 5, each of which is joined at 
two vertically spaced points to each of the walls 2 to 
provide a rigid bent. The upper chord 50 of each of 
the trusses 5 may be inclined toward the center of the 
truss as shown in Figure 2 in order that the roof dia 
phragm 6 may have suñicient drainage. The side walls 2 
and end walls 3 terminate in a common vertical plane 
and the roof diaphragm 6 is warped sufficiently adjacent 
the end walls to pass from the inclined upper chords 50 
to a horizontal position along the upper edges of the end 
walls 3. A characteristic feature of this diaphragm 6 is 
that it absorbs and> distributes transverse loads applied to 
the side walls 2 by wind or seismic or other causes, and 
accordingly the need for horizontal bracing between the 
trusses 5 is eliminated. 

In Figures l0 to 15 inclusively, panel units 4 employ 
ing channels 11a and 13a similar to that shown in Figure 
5 are used instead of the expanded I-beam sections 11 
and 13. As clearly shown in Figure 12 the upper chord 
50 of the truss generally designated 5 may comprise a 
pair of angle sections 51 and 52 placed back to back with 
a space 53 between them. The diagonal members 54 of 
the truss 5 may take the form of elongated plate ele 
ments which extend into the gap 53 between the mem 
bers 51 and 52. Similarly, the lower chord 55 of the 
truss 5 may comprise a pair of angle sections 56 and 57 
placed back to back with a gap 58 therebetween. The 
diagonal members 54 and vertical members 59 of the 
truss 5 also extend into the gap 58. The members 51, 
52, 56, 57, 54 and 59 may be united by any convenient 
means such as, for example, by welding. 
Each truss 5 is secured at its ends to the wall 2 at the 

location of a joint between adjacent panel units 4. This 
is a very desirable location since the opposed columns 
11a and 13a can be utilized as a single columnary sup 
port for the particular truss 5. In other words, the two 
columns 11a and 13a plus the additional capacity provid 
ed by the rails 20 cooperate to provide a load supporting 
column for the truss 5. The upper chord 50 of the 
truss is not positioned flush with the upper surface of 
the heading parts 19a provided along the top edge of 
the panel units, but is spaced downwardly therefrom by 
the thickness of the units which comprise the roof deck 
ing 6. This feature is disclosed in my co-pending appli 
cation above referred to. 
The angle sections 51 and 52 are carried on the col 

umns 112L and 13a by means of the opposed angle brack 
ets 60 and 61 which may be welded thereto and which 
rest on a plate 62 extending across the gap between the 
members 11a and 13a. Plates 63 may be secured near 
the upper ends of the members 113 and 13a to provide 
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a base >support for ¿the transverse fplate 62.V In effect a 
pocket 64 is formed at the junction of the upper edges 
of the adjacent panels 4 and walls of Ythis pocket are de 
ñned by the plates 63 and 64 and the side elements 65 
and 66. This pocket is open from the top so that the 
truss 5 may be lowered into position. Bolts 67 are pro 
vided for securing each of the angle brackets 60 and 61 
.Íto the members 11EL and 13a... The lower chord 55 of 
V.the truss 5 is also secured to the upright members 11a 
and 13a and this .connection is. effected'at a point adja 
lcent the uppermost bridging members 17. A supporting 
plate 70 may be attached as `by welding to the members 
‘11a and V13a and the angle. sections 56 and 57 forming 
the lower chord,55 may each be attached to the'plate 70 
in a like manner. It will be understood that this con 
struction provides a rigid bent at the joints between ad 
jacent wall panelsincluding the columns 11a-_13a on 
opposite walls 2 together withclear spannedtruss 5. 

In Figures 413 and14 a modified form of connection 
betweenthe truss..5_and the wall panel joints is illus 
trated._ The pockets 64,at _the upper corners of adjacent 
wall panel units, are, eliminated, ‘and >an angle bracket 
80 is secured to the vertical members 11a and 13a, span 
ning the gap between them. The bracket 80 may be 
attached to the members 11a and 13a by any convenient 
means such as boltíng or welding. The truss 5 which is 
shown in dashed lines in Figure 3 is of the same con 
struction previously described but of shorter length. The 
angle brackets 60 and 61 of this truss rest on the trans 
verse bracket $0 and may be secured thereto by means 
of the bolt 67. The connection for the lower chord 55 
of the truss includes the plate 70 and is substantially the 
same as that described in connection with Figure 12. 
The diagrams of Figure 16 illustrate some of the pos 

sible window locations which may be provided in wall 
panels incorporating features of my invention. The 
windows may be placed almost anywhere on the panel 
below the line 90 indicating the level of the bottom of 
the trusses 5. As shown in Figure 17 a continuous 
window 101 may be provided which extends across sev 
eral panels 102, if desired. The presence of the window 
opening 101 reduces the resistance of each panel 102 to 
horizontal shear load, but the shear value for the whole 
wall 103 including the panels 102 may be brought within 
acceptable limits by increasing the shear resistance of 
other panels in the wall 103, such as the end-panels 104. 
This latter increase is easily and effectively accomplished 
without change in the shop fabrication of the steel parts 
by increasing the thickness of the cementitious sheath 
105 in these end panels 104. If necessary, the thickness 
of this sheath 105 can extend from the outer edge of 
the form rail 106 to the inner edge of the upright chan 
nel 107. The shear strength of each panel is derived 
from the shear value of the concrete plus the lattice 
fabric acting as diagonal tension reinforcement. 
As shown in Figures 18, 19 and 20, the panels 102 

having the continuous window 101 are joined edge to 
edge by means of the overlapping flags or plates 4S, and 
are connected to the trusses 5 and anchored on a suit 
able foundation in the same manner as described here 
inabove. The individual window sections 109 may be of 
any suitable or desirable type. Cover plates 110 may 
be employed between the panels 102. 

After the panels 4 are erected on the foundation 44 
and connected by means of the vertically extending over 
lapping flags 45 and bolts 47, the space 81 between the 
abutting members 11a and 13a may be filled with concrete 
if desired. 

Although I have shown and described the panel con 
struction in connection with the side walls of the build 
ing, it will be understood that such panels may also be 
employed for floor panels or ceiling panels. This very 
desirable feature is made possible by the utilization of 
the plastic diaphragm to reinforce the structural lattice 
rather than conforming to the conventional practice of 
reinforcing plastic with steel. Since the lattice is able 
te distribute the load applied in any direction, the steel 
skeleton and the sheath of cementitious materials are 
each stressed in an efficient manner so that the composite 
structure is capable of withstanding heavy loads al 
though being of really light weight. 
A building wall utilizing a diagonal metallic lattice 

enclosed within a cementitious sheath and supported by 
columns was tested to determine the resistance to defor 
mation of such a composite structure. The wall con 
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panel was ideal for resisting horizontal forces. 

‘i 6 
sisted of a rectangular pipe ̀ frame 14"long and 8’ high 
connected with pinned joints, and, lÁs" x :MW-diagonal 
fabric spaced 131/2” apart was welded to the pipe. The 
diagonal fabric was then plastered with 3’I of hand plaster 
applied in 3 coats and the wall ’was _securely anchored to 
a rock foundation. The test was conducted when the 
plaster was seven days old andthe wall withstood without 
ldili'iculty the horizontal load of 68,200 pounds which was 
the capacity of a hydraulic jack employed. This was 
equivalent to a shear load` per lineal ‘foot of wall of 
4,860 p. s.,i. The results of this test indicated .that the 

lThe shop 
fabricated wall panel was then developed which may be 
plastered, “gunited,” or filled with concrete at the job 
site. The joinery 'between panels> was improvedV to give 
continuous uniform distribution of stresses throughout 
the composite panels. The concrete or cementitious ma 
terials provide a composite concrete and steel wall. The 
complete steel structural skeleton is reinforced with con 
Vcrete as distinguished from the conventional practice of 
concrete reinforced by steel. 
The design technique afforded ‘by the advantages of 

the present invention has made possible the'development 
of tables showing the design of any given building to 
the mere selection of component parts of dimensions as 
given by the tables. The invention shown and described 
in the present application provides an improved building 
structure having wall panels divided by positive articula 
tion, more than adequate force resisting properties and 
superior joinery. The relationship of the diagonal lat 
tice to the vertical and horizontal members of the frame 
work lends calculability to the structure with the result 
that it is possible to determine in advance the complete 
table of properties of any given size wall panel unit. 

While l have described the preferred embodiments of 
my invention, l am not limited to any of the details 
herein set forth except as described in the following 
claims. 

I claim: 
1. A structural building unit comprising a pair of 

parallel spaced metallic members; a regular pattern criss 
cross lattice of straight metallic elements extending diago 
nally in a plane between said members; the lattice pat 
tern being such that intersections of certain of the ele 
ments lie adjacent a portion of each member; means 
securing such intersections to each member; a rigid 
sheath of cementitious materials enveloping the lattice, 
securing means and said portions of said members, the 
sheath extending between said members and laterally be 
yond them; another portion of said members being ex 
posed and projecting transversely from the sheath, and 
bridging elements positioned outside said sheath extend 
ing between the exposed portions of said members. 

2. A structural building unit comprising a pair of par 
allel spaced metallic members; a regular pattern criss 
.cross lattice of straight metallic elements extending di 
agonally in a plane between said members; the lattice 
pattern being such that intersections of certain of the 
elements lie adjacent a portion of each member; means 
securing such intersections to each member; a rigid 
sheath of cementitious materials enveloping the lattice, 
securing means and said portions of said members, the 
sheath extending between said members and laterally be 
yond them; another portion of said members being ex 
posed and projecting transversely from the sheath; bridg 
ing elements positioned outside said sheath extending be 
tween the exposed portions of said members; and angle 
braces joined at one end to the said members at a loca 
tion within the enclosing sheath and joined at the other 
end to the exposed bridging elements. 

3. A structural building unit comprising a series of 
spaced parallel columns, the end columns in the series 
comprising the side boundaries of the building unit, the 
other columns in the series each comprising a structural 
metallic I-beam, a regular pattern criss-cross lattice 
formed of straight metallic strips extending diagonally in 
a vertical plane between said end columns, the lattice 
pattern being such that intersections of certain of the 
strips lie adjacent the front flange of each I-beam, weld 
means securing such intersections to each front flange, a 
rigid sheath of cementitious materials extending continu 
ously between the end columns, said sheath enveloping 
the lattice, weld means and the front flange of each of 
said I-beams, a portion of the web of each I-beam and 
the rear ñange thereof being exposed and projecting from 
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the sheath in a direction normal to said plane, and metal 
lic bridging elements positioned outside said sheath ex 
tending horizontally between said columns and welded to 
the exposed rear ñange of said I-beam. 

4. A structural building unit comprising a series of 
spaced parallel columns, the end columns in the series 
comprising the side boundaries of the building unit, the 
other columns in the series each comprising a structural 
metallic I-beam, a regular pattern criss-cross lattice 
formed of straight metallic strips extending diagonally 
in a vertical plane between said end columns, the lattice 
pattern being such that intersections of certain of the 
strips lie adjacent the front ñange of each I-beam, weld 
means securing such intersections to each front flange, a 
rigid sheath of cementitious materials extending con 
tinuously between the end columns, said sheath envel 
oping the lattice, weld means and the front ñange of 
each of said I-beams, a portion of the web of each I 
beam and the rear ñange thereof being exposed and pro 
jecting from the sheath in a direction normal to said 
plane, metallic bridging elements positioned outside said 
sheath extending horizontally between said columns and 
welded to the exposed rear ñange of said I-beams; and 
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angle braces each welded at one end to a front flange of 
said I-beams and welded at the other end to a bridging 
element at a location intermediate said columns. 
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