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PORTABLE SHELTER 

Frank L. Russell, West Lebanon, N.H., and Thomas P. 
Lyons, Jr., Middleborough, Mass, assignors to the 

• United States of America as represented by the Secre 
tary of the Army 

Filed Nov. 3, 1967, Ser. No. 681,066 
Ent. C. E04b 1/343, 7/10 

U.S. CI. 52-63 5 Claims 

ABSTRACT OF THE DISCLOSURE 
A lightweight, weathertight, easily-erected, portable 

shelter, having a rigid floor, a plurality of upright, Spaced 
apart, arches of inverted T cross section, spanning and 
fixed to the floor, the space between each pair of arches 
being covered with a roofing strip or section formed of a 
plurality of blocks in an edge toedge relationship adapted 
to ride in the seat formed by the inverted T of a pair 
of arches and held in place by compressive friction re 
sulting from a tensioning of the arch components by ca 
bles which extend through all the arches. 

The invention described herein may be manufactured, 
used, and licensed by or for the Government for govern 
mental purposes without the payment to us of any royalty 
thereon. 

This invention relates to a completely prefabricated, 
lightweight, weathertight, portable shelter, which may be 
easily and quickly erected at the shelter site by inexperi 
enced personnel without special tools. 
While there are presently available many different types 

of lightweight structures, notably of the tent variety, which 
can be easily and quickly erected on a desired site to pro 
vide a certain measure of protection against the elements, 
such structures are not considered Suitable for use under 
adverse weather conditions involving high winds, heavy 
rain or snow, or low temperatures. Other shelters, which 
are rigid rather than flexible in nature, are able to with 
stand and provide protection against extreme environ 
mental conditions but are normally quite heavy, dificult 
to assemble and erect, and occupy a great deal of Space 
even when disassembled. This invention, on the otherhand, 
provides a shelter that is lightweight, small in cube when 
disassembled and therefore eminently air-transportable: 
in addition, it is weathertight, can successfully withstand 
winds as high as 100 knots, wind loads of 40 p.S.f. and 
snow loads of 40 psif, and because of the low thermal 
conductivity of the materials used in its construction is 
suitable for use in both polar and tropical climates. 
The objects and advantages of the present invention will 

become apparent in the following detailed description of 
the invention taken in conjunction with the accompany 
ing drawings, which illustrate preferred embodiments of 
the invention and wherein: 
FIGURE 1 is a perspective view of a structure accord 

ing to the present invention; 
FIGURE 2 is a perspective view of the structure of 

FIGURE 1 without the end walls and roof covering; 
FIGURE 3 is a view in elevation of one end of the 

Structure Of FIGURE 1; 
FIGURE 4 is a detail section at the joint between the 

floor boxes; w 
FIGURE 5 is a detail section of a portion of the roof 

taken On the line 5-5 of FIGURE 1; 
FIGURE 6 is a view in section taken on the line 6-6 

of FIGURE 1; - 
FIGURE 7 is a view in section taken on the line 7-7 

of FIGURE 1; 
FIGURE 8 is a view in section taken on the line 8-8 

of FIGURE 1; 
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FIGURE 9 is a top plan view of a roof section. 
A. completely assembled building structure in accord 

ance with the present invention, is shown in FIGURE 1. 
This structure is formed of a plurality of interchangeable 
modular units which are connected to each other to form 
an integral structure of any desired length. Each modular 
unit is designed and constructed so that all of its individ 
ual components will be contained within a single packing 
case forming a relatively lightweight, compact shipping 
unit. Since each modular unit contains the components for 
one end wall, it is necessary to employ at least two units 
to complete a shelter. As will become apparent herein 
after, the structure of this invention is designed so as to be 
quickly and easily erected on site by unskilled personnel 
using simple tools in order that a protective shelter may 
be quickly set up even under adverse conditions. 

Since the assembled structure must be both wind and 
weatherproof, it is essential that all components be rigidly 
locked together and gasketed where necessary. While any 
mechanical fastening means may be employed to hold to 
gether the components of the structure, it is preferred that 
the fastening means be both rapid and foolproof in opera 
tion. It is also desirable that the fastening elements be 
fixed to or integral with the components to be joined to 
gether so as to reduce the chance of loss and to facilitate 
therapidset-up of the structure. One such fastening means 
found to be satisfactory consists of a cammed hook Or 
key which enters into and engages a recessed crossbar or 
loop within a female element. Such a cam locking device 
offers two noteworthy advantages; it requires but one tool, 
usually a hexagonal key or wrench, to accomplish the lock 
ing or unlocking operation and the locking operation serves 
to progressively draw the components together in a tight 
fitting relationship. While such a locking or fastening de 
vice is used to make all connections in the preferred em 
bodiment of this invention and reference, hereinafter, to 
a locking device or fastener will be understood to mean 
Such a cam locking device, it is obvious that other lock 
ing means may be employed in this invention. It is, how 
ever, advantageous to use one common type of locking 
or fastening means throughout the structure since Such an 
arrangement will facilitate assembly and eliminate the 
need for special tools. 
The various components of the structure must of neces 

sity be lightweight, of sufficient strength to withstand the 
expected loads, have good insulative qualities and be tough 
enough to withstand the rigors of assembly and use. Many 
materials are available which will meet these requirements 
to Some degree, e.g., metal or resin impregnated glass 
fiber structures having foam insulation laminated thereon. 
One material found to have excellent qualities of strength, 
toughness and insulation as well as being lightweight and 
easy to fabrictae into complex shapes is a composite of 
glass cloth and organic foam wherein the glass cloth 
forms the exterior Surface of the structure and the oppos 
ing larger surfaces are connected at regular intervals by 
ties of glass cloth which are either perpendicular to the 
faces or set at angles to the Surface. Slabs of urethane or 
styrene foam of appropriate configuration are inserted 
within the glass cloth pockets. The resulting flexible mem 
ber is placed in a mold of suitable configuration and resin 
is injected under pressure to impregnate the cloth and to 
tie the components together into a rigid unit. With this type 
of construction, delamination of foam insulation from the 
matrix is impossible. Unless otherwise specifically in 
dicated herein, all structural components of this invention 
are constructed of this material which is commercially 
available under the trade name, Raypan, manufactured 
by Raymond Industries, Inc., Huntington Park, Calif. 
FIGURE 1 of the drawings illustrates an assembled 

structure designated generally as 10 which is constructed 
of three modular units. The principal components of the 
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Structure can be seen in this view and comprise afloor 
11, laterally Spaced, parallel, upright, rigid arches 12 
spanning the floor, roof covering sections 13 positioned 
between Said arches and an end wall 14 having a door 
way 15, ventilator 16 and smoke-pipe jack 17. 
The three modular units comprising the structure of 

FIGURE 1 are delivered to the site in three packing 
cases each of which contains the components for a single 
module, such as two arches, two roof covering sections, 
one end wall, and a plurality of cable sections. To save 
on weight and space, the packing case itself does double 
duty, in that it also serves as the floor for each module. 
The packing case is constructed of two identical half 
sections each of which, for example, measures 16 feet by 
4 feet and is 10 inches deep. As shown in FIGURE 2 and 
in more detail FIGURE 4, the half-sections are positioned 
So that the long side walls 22 are in abutting relation 
ship, and then secured together by means of mating 
fasteners 20 and 21. In similar fashion, the floor Sections 
of the different modules are secured together. The long 
side walls 22 double as floor joists and assure adequate 
support of the long floor span or surface 23. It has been 
found to be desirable to lock the floor sections together 
with splines 24 to insure a wind and weatherproof joint 
and to increase the rigidity of the floor Surface. 

After the floor has been assembled, arches 12 are set 
in place as shown in FIGURE 2. While a half-round arch 
configuration would be desirable from a strength stand 
point, such a configuration drastically curtails the amount 
of usable space within the structure. To Satisfy the twin 
objectives of maximum strength and usable space, the 
arch configuration shown in FIGURE 3 is used. A typical 
arch, thus formed, is 8 feet above the floor at its mid 
point and consists of a 2 foot straight vertical Section as 
each leg of the arch Surmounted by a compound curve 
section having a 12 foot radius extending 22°30' each 
side of center and a 5.5 foot radius arc connecting the 
ends of the 12 foot radius arc to the top of the vertical 
legs. With little sacrifice in strength as compared witha 
simple 8 foot radius semi-circle, this configuration will 
permit a 6 foot tall man to stand erect within 2 feet of 
the sidewall. In order to accommodate the arch within the 
4 x 12' package, it is formed of identical half sections 
which are subsequently releasably secured together at the 
mid-point 25 of the arch by fasteners to form the rigid 
arch. 

In transverse section each arch has an inverted T-shape 
as shown in FIGURES 6 and 7 which shape functions 
both to stiffen the arch and to provide a seat for the roof 
covering sections 13. The bottom orend of each arch is 
releasably secured by fasteners 27 and 28 to the floor 
end walls 26 preferably at the joint between each floor 
section as depicted in FIGURE 2. Spaced radially about 
each arch are six openings 32 which extend transversely 
through the arch and are aligned with similar openings 
on other erected arches. 

After the arches have been assembled and locked in 
place to the floor, a separate thin steel cable 30 is drawn 
through each of the six sets of openings 32, and held in 
place or locked to the end arches by oversize wing nuts 
31 threadably attached to either end of the cable, The 
individual openings 32 are somewhat oversize as shown 
in FIGURES 6 and 7 so that the cable 30 may readily 
be drawn through. The cable is of modular construction 
and is formed of a plurality of approximately 4 foot 
lengths of galvanized steel wire Tope which is Substantially 
equal to the space between adjacent arches. Eachin 
dividual length of wire rope has female, internally 
threaded sleeves 33 affixed at each end thereof. An ex 
ternally threaded stud 34 with a wrench grip 35 located 
midway between the ends thereof which constitutes means 
for turning same is threadably insertable at either end 
within a sleeve 33 so as to connect two lengths of wire 
rope. By connecting short lengths of wire rope together 
in this manner, wire cables 30 may be assembled of Suf 
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ficient length to extend through and tie together all of the 
arches in the completed structure. Oversize wing nuts 
31 are threadably engaged to the end of studs 34 at each 
end of the cable externally of the end arches to prevent 
the cable from being pulled through the openings 32 in 
the end arches. 
Each roof covering section 13, shown in plan view in 

FIGURE - 9, is constructed of a plurality of rigid, block 
segments 36 which are affixed to a continuous waterproof 
cloth covering 37, e.g, rubber impregnated nylon cloth. 
The blocks are dimensioned to ride on the Seat formed by 
the inverted T of a pair of arches with the width of each 
block as well as its degree of curvature being determined 
by the shape of the arch. When in place and resting on 
the arches, the blocks of each section are in abutting edge 
to edge relationship providing a solid covering between 
each pair of arches. It should also be noted that when in 
place between the arches the section is substantially rigid 
in a direction perpendicular to the plane of the arches. 
The number of blocks is not critical but should be Such 
as will permit folding of the roof section 13 along its 
longitudinal axis and enclosure within the packing case. 
In the present example, there are 14 blocks in each sec 
tion. Provision is made for a cable slot or transverse 
channel 38 in the underside of the block segments to ac 
commodate the wire cable 30 spanning the arches. The 
waterproof cloth covering 37 has excess material 37' ex 
tending laterally on either side thereof dimensioned to 

... extend over and cover each adjacent arch. This excess 
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of material is held in place along the opposite side of 
each arch by a tensioned nylon rope 39 contained within 
a loop 40 running along each marginal edge of the cloth 
covering. The ends of the nylon rope are tied down to the 
opposite ends of each arch. All arches, Save the arch on 
either end of the structure, will, when the roof is com 
pletely in place, be covered with two overlapping layers 
of fabric as shown in FIGURE 6. The end arches will be 
covered with one layer of fabric and require an additional 
nylon rope 41 to hold the fabric in place about the end 
arch as shown in FIGURE 7. 
The block segments 42 at either end of the roofing Sec 

tion 13 are gasketed and contain fastening means 43 
which mate with fastener 44 on the floor as shown in 
FIGURE 8 holding the segments 42 tightly to the floor to 
ensure an air-tight joint. While the roof covering section 
13 has been described as being a plurality of blocks at 
tached to an oversize cloth covering, it is not essential that 
there be excess lateral material on either side of the 
blocks or that there be a cloth covering. Since the abut 
ting edges of the blocks are beveled so as to fit Snugly 
together, the blocks will provide an essentially weather 
tight roof. The cloth covering, however, does provide an 
additional measure of insurance to ensure a weathertight 
covering and also facilitates assembly of the roof. 
When all the roof sections are in place, the steel cables 

between the end arches are shortened by threadably ad 
vancing the wing nuts at either end. As the cables shorten, 
the arches are drawn tightly against the block segments of 
the roof sections, post tensioning the entire structure and 
locking the block segments to the arches by compressive 
friction producing a rigid, weathertight roof covering that 
can withstand wind, snow andrain. The steel cables, there 
fore, function as adjustable tensioning means to maintain 
the arches and roof covering in tight fitting end to end 
relationship to hold the roof tightly in place. 
The end wall 14 of the structure shown in FIGURES 

1 and 3 disposed substantially within the plane defined 
by the end arch consists of five panels with the central 
panel 48 containing the door 15 and ventilation ports 16 
and 17. The panels are locked together along their vertical 
side edges and form an integral wall with the joints being 
gasketed to provide a weathertight closure. A tongue 46 
shown in FIGURE 7 extends upwardly from the top of 
each panel and is adapted to be inserted and retained with 
in a groove 47 in the arch. Gaskets 48 are located on either 
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Side of the tongue. The bottom of the endwalls is attached 
orlocked to the floor by means of angle clips 49 which are 
fastened to the floor side wall 22 and which extend 
upwardly into a groove 50 in the lower portion of the end 
wall. An advantage of this endwall is that it may serve as 
an outside endwall oran interior partition 51 as shown in 
FIGURE 2. Location of any interior partition will be be 
neath any arch with the tongue and groove connection in 
the arch serving to hold the partition in place. 

It will be apparent from the foregoing description that 
this invention provides a lightweight portable, easily 
erected shelter that is suitable for use in all environments 
ranging from tropical to polar. The use of modules allows 
for flexibility with respect to the length of the shelter to 
be constructed and in the event of loss of one modular 
unit. Since each component of each module is standard 
ized, the use of mass production techniques is feasible and 
results in substantial lowering of costs of the shelter. 
Standardization of the components and modules simpli 
fies the assembly of the Shelter and the use of common 
integral fasteners also facilitates assembly. The use of steel 
cables to tension the arches against the roof blocks plac 
ing the latter under compression materially increases the 
strength and rigidity of the structure. 
We claim: 
1. Aportable building structure assembled of modular 

units and comprising in combination: 
(a) A floor constructed of modular components re 

leasably fastened together to form a rigid platform, 
(b) A plurality of parallel, upright, spaced-apart, rigid, 

Support arches positioned over said floor and having 
the ends of each of said arches releasably fastened to 
Said floor, each of said arches having a shape of an 
inverted Tee in cross Section and being formed of a 
plurality of sections having releasable fasteners as 
sociated therewith for joining said sections into the 
arch, 

(c) A roof covering comprising a plurality of roof sec 
tions, each roof section adapted to span the space be 
tween a pair of adjacent arches and to be supported 
by Said adjacent pair of arches, said roof section form 
ed of a plurality of blocks of rigid material adapted to 
be held together in tight fitting relationship, said 
blocks being attached to and covered by an external, 
continuous, flexible, waterproof covering, 

(d) End walls disposed substantially within the plane 
defined by the arches at either end of the structure, 
and 

(e) Adjustable tension means disposed between the end 
arches of the structure to maintain the arches and : 
roof covering in tight fitting relationship end to end 
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of the structure whereby each roof section is held 
in place between the arches by compressive friction, 
said adjustable tension means being a plurality of sep 
arate, horizontally disposed cables spaced radially 
about said arches and having means for adjusting the 
length thereof, each of said cables being constructed 
of a plurality of cable sections having an internally 
threaded sleeve on each end of said section and ex 
ternally threaded studs having means for turning 
Same located between the ends of said cable Sec 
tions, said studs being threadably receivable in said 
sleeve to connect Said sections of cable into a single 
length, each of said sections of said cable having a 
length Substantially equal to the space between ad 
jacent arches of said structure. 

2. A portable building structure according to claim 1 
wherein said arches are provided with a plurality of radi 
ally Spaced aligned openings therein, said cables passing 
through Said openings. 

3. A portable building structure according to claim 2 
wherein said roof Sections are provided with transverse 
channels in the interior surface there of aligned with said 
radially Spaced openings in said arches to receive said 
cables. 

4. A portable building structure according to claim 3 
wherein Said modular components of said floor may be re 
leasably joined to form a container for receiving the said 
Sections of two complete arches, two of said roofsections, 
One end wall, and a plurality of said cable sections and 
Studs whereby the components of said building structure 
may be packed in modular units for storage and transport. 

5. A portable building structure according to claim 1 
wherein Said means for adjusting said cables comprises a 
threaded stud fixed to the ends thereof and a wing nut 
threadably engaged on each stud externally of the end 
arch, 
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