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This invention relates to a self-supporting structure 
that is capable of spanning relatively large distances with 
out the need for extraneous intermediate supports or 
buttresses, and in particular to a span structure employ 
ing a stressed~skin construction that is capable of sup 
porting relatively large loads along the entire length of 
the unsupported span. 

It has heretofore been proposed that channel-shaped 
beam members formed of sheet metal or the like be 
employed to span or roof over open areas such as the 
roof area of a building or the like. In this known roo?ng 
construction the channel-shaped sheet metal beam mem 
bers are arched slightly, and the arched beam members 
are assembled side by side over the area to be covered. 
The open channel of each channel-shaped beam member 
faces upwardly, and the upper edges of the adjacent beam 
members are secured together by sheet metal interlock~ 
ing joints, or screws, or the like. The upwardly facing 
open channel of each beam member is advantageously 
?lled with an insulating material such as rock wool or 
?ber glass or the like, and then the entire roo?ng struc 
ture is covered over with conventional roo?ng board and 
Waterproo?ng materials. 

Although the aforementioned roo?ng construction pos 
sesses many advantages, it is not capable of spanning 
very great distances (generally less than 20 feet) and 
and in addition has very limited load bearing capabilities. 
After an extensive investigation of the problem of erect 
ing self-supporting roo?ng structures capable of spanning 
greater distances and of supporting greater loads than 
the type of roo?ng structure hereinbefore described, I 
have now developed a new self-supporting span struc 
ture that employs a stressed-skin construction that great~ 
ly increases the longitudinal distance that can be spanned 
by the structure and at the same time greatly increases 
the load that can be supported along the entire length 
of the span structure. Speci?cally, ?eld tests have demon 
strated that the stressed-skin span structure of my in 
vention can span distances more than 120 feet between 
the supporting piers of the structure (e.g., the walls of 
a building) and further can support a load in excess of 
100 pounds per square foot of roof area. 
My new self-supporting, stressed-skin span structure 

comprises at least two layers of channel-shaped beam 
members extended longitudinally from one span support 
member to a second span support member that is spaced 
an appreciable distance therefrom. The channel-shaped 
beam members in each layer are disposed side by side in 
contact with each other and in contact with the under 
surface of the channel-shaped beam members in the layer 
disposed directly thereover. Each channel-shaped beam 
member is made up of a longitudinally extending main 
body portion and upstanding side rail portions that are 
disposed along each longitudinal edge of the main body 
portion generally perpendicular thereto. The open chan 
nels of the beam members in each layer face upwardly 
and advantageously are disposed in staggered relation 
ship with respect to the channel-shaped beam members 
in the layer positioned immediately thereover. The up 
per longitudinal edges of the upstanding side rail por 
tions of the channel~shaped beam members in the under~ 
lying layer of beam members are secured to the under 
side of the main body portion of the channel-shaped beam 
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member disposed immediately thereover approximately 
advantageously but not necessarily along the longitudinal 
center line of each of said beam members. It will be 
seen, therefore, that the longitudinally extending main 
body portions of the channel-shaped beam members of 
one layer of said beam members and the longitudinally 
extending main body portions of the beam members in 
an adjoining layer of said beam members are ?rmly 
connected together by the upstanding side rail portions 
of the channel-shaped beam members in the underlying 
layer. As a consequence, the thus interconnected main 
body portions of the beam members in adjoining layers 
form a stressed-skin structure that is capable of sup 
porting relatively large loads that are substantially in 
excess of the aggregate load that could be supported 
by the individual components of the span structure. 
The box-like longitudinal voids formed by each chan 

nel-shaped beam member and the under surface of the 
main body portions of the beam members disposed di 
rectly thereover are advantageously substantially com 
pletely ?lled with a lightweight rigid core material that 
has a relatively low density and that advantageously is 
adherent tothe inner surfaces of the void. The lightweight 
core material should be rigid and should have high com 
pressive strength and high beam strength (that is, re 
sistance to bending). The incorporation. of the lightweight 
core material in the longitudinal voids greatly enhances 
the strength and rigidity of the stressed-skin structure 
formed by the longitudinally extending main body por 
tions of the beam members in one layer‘ and the longitudi 
nally extending main body portions of the beam mem 
bers in the adjoining layers of said beam members. 
The stressed-skin span structure of my invention re 

quires a minimum of two layers of interconnected chan 
nel-shaped beam members. Such two-layer span struc 
tures spanning a distance of about 40 feet have been 
shown to be capable of supporting loads in excess of 
120 pounds per square foot, and such span structures 
can span a distance in excess of 120 feet. Moreover, 
the load-bearing capability of the stressed-skin structure 
can be greatly increased both by incorporating a light~ 
weight core material in the longitudinal voids between 
the several layers of the structure and by increasing the 
number of layers of channel-shaped beam members in the 
structure. 
At present, the stressed-skin span structure of my in 

vention is used primarily to span and roof over large areas 
of open buildings. The span structure can also be used 
as a structural member for pedestrian or vehicular bridges, 
or as a support or form for poured concrete bridges. Other 
uses for my stressed-skin span structure will be apparent 
from the following description thereof in conjunction 
with the accompanying drawings, of which: 

FIG. 1 is a perspective view of an advantageous em 
bodiment of my stressed-skin span structure, 

FIG. 2 is a fragmentary perspective view of one of 
the channel-shaped beam members employed in my span 
structure, 

FIG. 3 is a sectional view along line 3-—3 of FIG. 1 
showing the relationship of two layers of channel-shaped 
beam members assembled in accordance with my inven 
tion, 

FIG. 4 is a sectional view similar to FIG. 3 of a span 
structure made up of four layers of channel-shaped beam 
members assembled in accordance with my invention, 
and 

FIG. 5 shows sectional views of some of the various 
modi?cations of the channel-shaped beam member that 
may be employed in the span structure of my invention. 
As shown in FIG. 1, the stressed-skin, self-supporting 

span structure of my invention comprises a plurality of 
layers 11a, 11b of channel-shaped beam members 12 
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which extend longitudinally from one span support mem 
ber 13 to a second span support member 14 spaced an 
appreciable distance therefrom. The span support mem 
bers 13 and 14 are of any conventional construction suit 
able for the purpose for which the span structure is 
being employed. For example, if the span structure of 
my invention is being employed to cover or roof over a 
large open building, the span support members comprise 
the side walls of the building which may be of conven 
tional post and beam or cinder block construction. Simi 
larly, if the span structure is being employed as a part 
of a bridge or other heavy-duty, load-bearing structure, 
the span support members are advantageously formed 
of reinforced concrete or masonry. The stressed-skin span 
structure is advantageously slightly arched as shown in 
FIG. I particularly if the span structure is to carry an 
appreciable load. Ordinarily, the minimum ratio of the 
height of the arch to the length of the span is in the order 
of about 0.15, this span height to span length ratio being 
su?‘icient to provide enough load-bearing capability to 
meet the stringent building code requirements for ex 
terior roo?ng structures in Northeastern United States. 
Of course, for greater loads the ratio of span height to 
span length of the span structure can be increased as 
necessary, and for small or negligible loads the span to 
height to length ratio can be negligible. 
As shown best in FIG. 2, the individual channel 

shaped beam members 12 from which the span structure 
is constructed each comprises a longitudinally extend 
ing main body portion 16 along each longitudinal edge 
‘of which are disposed upstanding side rail portions 17 
generally perpendicular to the main body portion. Flange 
portions 18 are advantageously disposed along the upper 
longitudinal edges of each side rail portion 17 generally 
perpendicular thereto, the ?ange portions advantageously 
being turned inwardly as shown in FIG. 2. However, the 
?ange portions 18 may have other con?gurations as here 
inafter explained. The beam members 12 are advan 
tageously formed of sheet metal, and in a typical case 
the beam member measures about 2 inches in height, 
6 inches in width and up to 120 feet in length. 
The channel-shaped beam members 12 are assembled 

in a plurality of layers 11a, 11b, etc. of beam members 
as shown in FIGS. 3 and 4. The beam members 12 in 
each layer 11 are disposed side by side with the side rail 
portions 17 of adjoining beam members in close prox 
imity, or in actual contact, with each other, and with the 
main body portions 16 of the beam members in substan 
tially horizontal alignment as clearly shown in FIG. 3. 
The ‘beam members 12 in adjoining layers 11a and 11b 
are advantageously disposed in staggered relationship 
as shown in FIGS. 3 and 4, and the ?ange portions 118 
of the beam members 12 in the underlying layer 11a 
are secured to the under surface of the main body por 
tion 16 of the beam members 12 of the overlying layer 
11b usually along the longitudinal center line of the over 
lying beam members. The ?ange portions 18 of the un 
derlying beam members 12 are secured to the under sur 
face of the main body portions 16 of the overlying beam 
members by any suitable means such, for example, as 
sheet metal screws, blind riveting, welding or the like. 
However, I presently prefer to secure the ?ange portions 
18 to the main body portions 16 by means of an adhesive 
material such as an epoxy or polyurethane resin based 
adhesive. Moreover, the adhesive material is advan 
tageously in the form of a fabric reinforced plastic tape 
20 which is applied ?rst to the upper surfaces of adjoin 
ing ?ange portions 18 of the beam members 12 in the 
lower layer 11a, the beam members 12 in the upper 
layer 11b then being positioned over the tape 20 of ad 
hesive material as shown in FIG. 3. 
When the span structure is assembled as described, the 

main body portions 16 of the beam members 12 in the 
lower layer 11a of beam members are spaced apart from 
but are securely connected to the main body portions 16 
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4 
of the beam members 12 in the upper layer 1112 by means 
of the side rail portions 17 and ?ange portions 18 of 
the beam members of the lower layer 11a. As a conse 
quence, the main body portions 16 of the ‘beam members 
12 in the lower layer 11a and the main body portions 16 
of the beam members 12 in the upper layer 1112 of beam 
members form, in conjunction with the connecting side 
rail portions 17, a stressed-skin structure that has in 
herently far greater strength than does the aggregate 
strength of the individual beam members which com 
prise the span structure. 
The already high strength of the stressed-skin span 

structure can be greatly increased by introducing a rigid 
lightweight core material 211 having inherently high com 
pressive strength and, advantageously, a relatively high 
beam strength (i.e., resistance to bending) into the longi 
tud‘inal box-like voids formed by the channel-shaped beam 
members 12 of the lower layer 11a and the under sur 
face of the main body portions 16 of the beam members 
of the upper layer 11b. Lightweight core materials suit 
able for this purpose include foamed plastics such as 
foamed polyurethane, foamed poly-vinyl chloride, 
foamed polystyrene, foamed epoxy resins, foamed pheno 
lic resins, and the like. In addition, foamed concrete can 
advantageously be employed as the core material when 
the span structure is being used for, or as a structural 
element in, a bridge or other heavy-duty, load-bearing 
structure. 
The light-weight core material 21 substantially com 

pletely ?lls the ‘box-like, longitudinal voids between the 
stressed skins of the span structure and thereby greatly 
increase the rigidity and load-bearing capacity of the span 
structure. To obtain the maximum benefit from the light 
weight core material, in this regard, the lightweight core 
material is advantageously adhesively secured to the in 
ner surface of the beam members forming the box-like 
voi-d. Many foamed plastic materials such as the foamed 
polyurethane and epoxy resins will inherently adhere to 
the inside surfaces of the beam members. Alternatively, 
the inner surfaces of the beam members can be coated 
with an adhesive substance which, when the lightweight 
core material is introduced into the box-like void, will 
insure adherence of the foam to the beam members and 
thereby form a virtually unitary structure. The light 
weight core material 21 is preferably introduced in its un 
cured ?uid form into the box-like voids of the span struc 
ture after the channel-shaped beam members have been 
assembled to form the span structure of my invention, 
the core material then being cured or hardened in situ 
in the voids. 
The loadabearing capability of the span structure can 

be increased almost inde?nitely by increasing the num 
ber of layers 11 of channel-shaped beam members '12 
comprising the span structure. Thus, as shown in FIG. 
4, the span structure may comprise ‘four (or more) layers 
11a, 11b, 11c and 11d of beam members arranged as 
previously described. The main body portion‘s 16 of the 
beam members 12 in each layer cooperate with the main 
body portion 16 of the beam members 12 in immediately 
adjacent layers of the assembly to form a multi-layer, 
stressed-skin structure the load-bearing capacity of which 
greatly exceeds the aggregate load-bearing capacity of 
the individual beam members comprising the span struc 
ture. Moreover, as also shown in FIG. 4, the upper 
most layer 11d of beam members 12 can be covered by 
and secured to a layer of sheet material ‘23 which, in co 
operation of the main body portion 16 of the beam 
members 12 in the upper layer 11d, comprises an addi 
tional stressed-‘skin component of the overall span struc 
ture. To be effective as a component of the stressed 
skin span structure the layer 23 should, of course, have 
approximately the same tensile strength as the main body 
portion 16 of the beam members 12, and to this end 
is preferably formed of the same material (e.g., sheet 
steel) as the beam members. As before, the box-like 
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longitudinal voids present in the span structure are ad 
vantageously ?lled with a lightweight foamed plastic or 
similar core material 21 which substantially increases 
the strength and rigidity of the span structure. 
As previously pointed out, the channel-shaped beam 

members 12 may take a variety of forms, some of which 
are shown in FIG. 5. The channel-shaped beam members 
12 shown in FIGS. 5(a) and 5(b) are essentially the same 
as the channel-shaped beam members shown in FIG. 
2. The adjoining beam members 12 shown in FIG. 5(a) 
are secured to each other by means of a strip or layer 
of adhesive material such as fabric-reinforced epoxy tape 
25. The adjoining beam members 12 shown in FIG. 
5(b) are secured to each other by means of channel 
shaped locking strips or clips 27 which engage the in 
turned ?ange portions 18 of adjoining beam members 
as clearly shown in the drawing. The locking strips or 
clips 27 may extend the full length of the longitudinal 
beam members, or they may be disposed at spaced in 
tervals along the length of the beam members. The ?ange 
portions 18 of the beam members 12 shown in FIG. 
5(a) are formed with mutually cooperating conventional 
sheet metal lock joints 29 of which a wide variety are 
known in the art. The side rail portions 17 of the beam 
members 12 shown in FIG. Std) are themselves channel~ 
shaped so that side rail portions 17 of adjoining beam 
members form a box-like structure 31 which signi?cantly 
enhances the ultimate strength and load-bearing capacity 
of the span structure. Other means for joining the beam 
members together, and other shapes and con?gurations 
for the beam members and for the constituent structural 
elements thereof, will be readily apparent to those skilled 
in the art. 
From the foregoing description of the stressed~skin 

span structure of my invention, it will be seen ‘that I 
have made an important contribution to the art to which 
my invention relates. 

I claim: 
1. A self-supporting stressed-skin span structure com 

prising: 
at least two layers of longitudinally extending channel 

shaped beam members each beam member compris 
ing a longitudinally extending main body portion 
and upstanding side rail portions disposed along the 
longitudinal edges of said main body portion gen 
erally perpendicular thereto, said channel-shaped 
beam members in each layer being disposed side by 
side in contact with each other with the open channel 
of each beam member facing upwardly and with the 
main body portions of adjoining beam members in 
substantial horizontal alignment, 

the channel-shaped beam members in adjacent layers 
being disposed with the upper longitudinal edges of 
the upstanding side rail portions of the beam mem 
bers in the underlying layer secured to the underside 
of the main body portions of the channel-shaped 
beam members disposed immediately thereover, 
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whereby the longitudinally extending main body por 
tions of the beam members in one layer and the longi 
tudinally extending main body portions of the beam 
members in adjoining layers of said beam members 
form a stressed-skin structure that is capable of 
supporting loads substantially in excess of the aggre 
gate load that can be supported by the individual 
components of the span structure. 

2. The span structure according to claim 1 wherein the 
box-like longitudinal voids formed by each channel~shaped 
beam member and the main body portions of the beam 
members disposed directly thereover are substantially 
completely ?lled with a rigid lightweight core material 
having high compressive strength. 

3. The span structure according to claim 2 wherein 
the lightweight core material is a foamed rigid plastic 
material selected from the group consisting of foamed 
polyurethane, polyvinyl chloride, polysytrene, epoxy and 
phenolic resins. 

4. The span structure according to claim 2 wherein 
the lightweight core material is foamed concrete. 

5. The span structure according to claim 2 wherein 
the lightweight core material is adhesively secured to the 
inner surfaces of the box-like longitudinal voids. 

6. The span structure according to claim 1 wherein 
the channel-shaped beam members in each layer and in 
adjoining layers of said beam members are adhesively 
secured to each other. 

7. The span structure according to claim 1 wherein the 
channel-shaped beam members are provided with flange 
portions disposed along the upper longitudinal edge of 
each side rail portion generally perpendicular thereto. 

8. The span structure according to claim 7 wherein 
the ?ange portions are turned inwardly and wherein ad 
joining beam members are connected together by small 
channel-shaped clip members which engage said inwardly 
turned ?ange portions. 

9. The span structure according to claim 7 wherein the 
?ange portions of adjoining channel-shaped beam mem 
bers are formed with mutually cooperating lock joints. 

10. The span structure according to claim 1 wherein 
the upper longitudinal edges of the side rail portions of 
the channel-shaped beam members in the uppermost layer 
of said beam members are secured to the under surface 
of a layer of sheet material havingr substantially the same 
tensile strength as the sheet material .from which the 
beam members are made, whereby said layer of sheet 
material forms an additional stressed-skin component of 
the span structure. 
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