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ING END MEMBERS CONNECTED BY TENSION 
MEANS 

Fritz Christoph Stucky, Terrassenweg 3e, and Rudolf 
Metali, Schmidgasse 10, both of Zug, Switzerland 

Filed Jan. 15, 1964, Ser. No. 337,933 
Claims priority, application Great Britain, Jan. 24, 1963, 

3,020/63; Oct. 10, 1963, 39,914/63 
4. Claims. (CI, 52-79) 

This invention relates to a system of building construc 
tion in which a building, such for example as a dwelling 
or a school, is built up of prefabricated room elements 
each having a shell consisting of two opposed walls, a 
floor, and a roof or ceiling, a plurality of these room ele 
ments being disposed end to end with a vertical joint face 
between adjacent elements to constitute a storey of the 
building. The chief advantage of this system of construc 
tion is that it permits of a greater degree of prefabrication 
and therefore reduces considerably the amount of work 
which is required to be carried out on the building site. 
In particular, some or all of the wiring, plumbing, and 
glazing, can be installed in the room elements at the fac 
tory where they are made. 
The present invention primarily concerns a prefabri 

cated building unit adapted to constitute or be incorporated 
in a room element for use in the aforesaid system. 

This invention therefore provides a prefabricated build 
ing unit comprising a pre-stressed floor panel and an up 
standing end member at each of two opposed ends of the 
floor panel, the floor panel and end members being initial 
ly constructed as separate components but being rigidly 
connected together. The invention also provides a pre 
fabricated building unit comprising a floor panel of rein 
forced pre-stressed concrete and an upstanding reinforced 
concrete end member at each of two opposed ends of the 
floor panel, the floor panel and end members being initial 
ly constructed as separate components but having their 
reinforcements connected. Each of the three components 
may have an exposed joint member to which its reinforce 
ment is connected and the adjacent joint members may 
be rigidly or permanently connected by welding, bolting, 
riveting, brazing, or by use of an appropriate adhesive 
Such for example as an epoxy resin. 
The fact that the floor panel and end members are ini 

tially constructed as separate components permits the 
floor panel to be made by ordinary commercial methods. 
It also permits the design of the end members to be varied 
readily in accordance with the architectural requirements 
for the Outer walls of differing buildings. 
The upper ends of the end members are preferably 

connected by tension means such for example as tension 
bars or their equivalent. The invention also includes a 
prefabricated building unit comprising a pre-stressed rec 
tangular floor panel, and an upstanding reinforced con 
Crete end member at each of two opposed ends of the floor 
panel, said panel and end members being initially con 
structed as separate components, wherein the panel is 
so pre-stressed as to have a tendency to bow upwardly, the 
end members are united to it by rigid joints, and the 
upper ends of the end members are connected by tension 
means which pulls said upper ends towards one another 
and thereby counteracts wholly or in part said tendency. 
In this unit tensile stresses are therefore set up at or near 
the outer surfaces of the two end members and the under 
Surface of the floor panel and in the tension means. The in 
herent rigidity of the unit is therefore enhanced. 
The tension means may be a permanent fixture in the 

component and/or in the resultant room element, or in 
the alternative may be removable in the course of erection 
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of the building being for example substituted by the floor 
panel of a superimposed unit. 

It is preferred that each end member shall comprise at 
least one vertical load bearing column or strut. Thus in 
a plural storey building the columns or struts of the ele 
ments in an upper storey may be vertically superimposed 
on those of the elements in a lower storey. For at least 
part of its height one or each of the end members may 
constitute a wall or may have a wall associated with it. 

Preferably each end member comprises at least two of 
the aforesaid columns. It is also preferred that each end 
member shall have its columns connected together at the 
top or the bottom or at both. 
The reinforcement of each end member may be con 

nected to that of the floor panel at the bottom of the 
column or columns thereof. 
The invention also includes a room element compris 

ing the aforesaid unit and provided with opposed end walls 
and a ceiling. The ceiling may be hung on the afore 
mentioned tension bars or their equivalent. It may be in 
serted at the site but is preferably inserted at the factory 
where the unit is made. 

In order that the invention may be better understood 
reference will now be made to the accompanying draw 
ings, in which: 
FIGURE 1 is a perspective view of one room element 

according to this invention with a further room element 
Suspended above it; 
FIGURE 2 is a sectional view showing a number of 

Such room elements in superimposed relation as in suc 
cessive storeys of a building; 
FIGURE 3 is a sectional view on a larger scale through 

portions of two such room elements: 
FIGURES 4, 5 and 6 are views corresponding to FIGS. 

1 to 3 respectively but showing a modified construction; 
FIGURE 7 is a sectional view, on a larger scale, show 

ing the welded joint between a floor panel and an end 
member; 
FIGURE 8 is a sectional view, showing a number of 

Superimposed room elements, taken in a vertical plane 
through one of the two load-bearing columns of an end 
member; 
FIGURE 9 is a similar view taken in a vertical plane 

intermediate the two said columns, while 
FIGURE 10 is a diagram; 
FIGURE 11 is a further sectional view showing a joint 

between the floor panel and end member; 
FIGURE 12 shows a still further joint; 
FIGURE 13 illustrates a form of ceiling suspension; 
FIGURE 14 illustrates a modified construction. 
Each prefabricated room element 10 shown in FIGS. 

1-3 consists in the main of a prefabricated building unit 
comprising a rectangular floor panel 11 of reinforced pre 
stressed concrete and, at each of two opposed ends of the 
floor panel, an upstanding reinforced concrete end mem 
ber 12. Panel 11 has longitudinal ribs 13 and transverse 
ribs 14 at its under side. Along the upper and lower cor 
ners of each of its two opposed ends there are metal angle 
members 15, 16. Members 15 are welded to the reinforce 
ment rods of the panel 11, while members 16 are welded 
to the pre-stressing cable which extends within the ribs 13. 
Each end member 12 consists of a horizontal base 20 

with upright columns 21a, 21b arising from it, which 
columns are connected at their upper ends by a horizontal 
member 22. All members are suitably reinforced. 

Metal angles 25, 26 extend (at least at the base of col 
lumns 2a, 21b) along the upper and lower corners at the 
inner side of base 20 so as to lie in proximity to angles 15, 
16. The reinforcement of end member 12 is welded to 
these angles 25, 26, and the end members 12 are perma 
nently united to the floor panel 11 by welding angles 15 
and 25, 16 and 26 together (see FIG. 7). The end mem 
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bers 12 are further connected by tie rods 27 extending 
between the upper members 22. 
The building unit thus constituted forms the main part 

of a room element 10. A light, insulated, ceiling 28 is hung 
on the tie rods 27; the floor is completed by an insulated 
floor lining 29, and the outer walls are completed by in 
sulated wall panels 30 which in the construction illustrated 
lie interiorly of the columns 21a, 21b. These wall panels 
are positioned by the edges of the ceiling 28 and floor 29 
and by distance pieces 17; they may be plain or may in 
corporate windows or doors 31. 32 indicates a Venetian 
blind. It will be understood that either, or each of, the 
end members 12 may through the whole or part of its 
height be cast with an integral wall-forming panel. Prefer 
ably the ceiling, floor lining, and initially-separate walls, 
are applied to the unit at the factory (although any or all 
of them may be applied on the site). 
The prefabricated room element thus formed may be 

provided in a substantially complete or finished condition 
with all wiring, plumbing, and glazing, installed. Even the 
final coat of paint may be applied at the factory. For ex 
ample, 33 indicates plumbing and/or wiring. 
A series of such room elements may be arranged with 

their open ends abutting at vertical joint faces to form 
a building, or a storey of a building, the interior of which 
may if necessary be sub-divided into separate rooms by 
interior walls or partitions, such for example as partitions 
disposed substantially in the plane of the joint faces or 
parallel to such planes. That room element which is dis 
posed at an end of such series has its end closed by a suit 
able end wall. Provision may be made in one or more of 
the room elements for at least one partition extending at 
right angles to the joint faces. The aforesaid partitions 
and end wall are prefabricated either as integral parts of 
the room elements or as initially separate components 
fitted to the room elements on the site. 
Room elements for successive storeys are super-imposed 

on one another in register which is determined by spiggots 
34. The columns 21a, 21b of successive storeys are in 
vertical register so as to form continuous load-bearing 
columns extending for the height of successive storeys. 
The end member 12 shown at the right hand side of 

FIG. 1 has its columns 21a, 21b tapered from top and 
bottom to a region about half-way in their height. This is 
not essential, and the configuration of the end members 
may be varied in accordance with architectural and other 
requirements of the complete building. To illustrate this 
fact, the outer face of the column 21b at the left hand 
side of FIG. 1 is shown as being plane. 
The room elements of the bottom storey rest on foot 

ings 35. 
In FIGURES 1 to 3 the wall panels 30 are inside the 

members 12. FIGURES 4 to 6 show a modified construc 
tion in which curtain wall panels are outside the members 
12. They are mounted by means of anchor bolts 42 (one 
of which is illustrated in the lower part of FIG. 6) cast 
into the members 12 at convenient locations, in a manner 
which is conventional for curtain walls. These curtain wall 
panels are produced as complete units comprising framing, 
insulation, door and/or window, and are preferably ap 
plied to the end members 12 at the factory where the latter 
are made. In FIGURE 6, 37 represents a space heater or 
radiator located at the inner face of wall panel 36. 
FIGURES 5 and 6 also illustrate the roof 39 of the 

building. This, in the main, comprises a panel 11 which is 
identical with the floor panels and to opposite ends of 
which there are united (in the manner already described, 
and illustrated in FIG. 7) horizontal members 20' identi 
cal with the base 20 of end members 12. The roof is 
covered by the insulating layer 40 and the weather proof 
ing 41; 33' is a roof vent for the plumbing. 

Turning now to FIGS. 8-10, each unit comprises a 
rectangular floor panel 45 of reinforced pre-stressed con 
crete having attached to it, at each of its two opposed ends, 
an upstanding reinforced concrete end member 46. Floor 
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4. 
panel 45 has at each of its ends a solid transverse member 
47 containing a reinforcement 48 which members 47 are 
connected by longitudinal ribs 49. Reinforcement bars or 
the like, not shown, extend within said ribs adjacent to the 
upper surface of the panel and the pre-stressing cables or 
the like extend in said ribs adjacent to the lower Surface 
of the panel. The floor panel is so pre-stressed by these 
cables that it will tend to bow upwards a little within 
about 90 days of being poured as illustrated diagram 
matically in full lines in FIGURE 10. Near each of its 
ends, member 47 is provided at its outer face with an 
exposed metal plate 50 which is connected (welded) to 
reinforcement 48 of the floor panel. 
Each end member 46 consists of a horizontal base 51 

with upright load-bearing columns 52 arising from its 
ends, which columns are connected at their upper ends by 
a horizontal member 53. Members 51, 52 and 53 are 
suitably reinforced, some of the reinforcement of mem 
bers 52 being indicated at 54. The general elevation of 
an end member 46 is substantially as shown in FIGURE 
1, and member 51 may in fact constitute a window sill. 
Alternatively the space between members 51, 52, 53 may 
be occupied by an integral web. 

Beneath the lower end of each column 52 there is an 
exposed metal plate 56 permanently connected (welded) 
to the reinforcement 54 thereof. Each plate 56 is perma 
nently connected to the adjacent plate 50 by Welding, 
brazing, bolting, riveting, or by a suitable adhesive (con 
nections by bolts 57 being illustrated in FIG. 8). 

Since end member 46 rests upon the upper surface of 
the floor panel 45, the contact face being substantially 
horizontal and since the connection between plates 50, 56 
prevents relative separating movement between end mem 
ber 46 and floor panel 45 in a substantially vertical di 
rection (placing said connection under shear), a locked 
joint is thereby produced between the end member and 
floor panel in the sense that relative movement reducing 
the included angle between them to less than substantially 
90° is prevented. Alternative forms of locked joints are 
shown in other figures hereof. 
As the bowed formation of floor panel 45 develops the 

tops of the end members 46 tend to incline outwardly 
as shown in full lines in FIG. 10. Their upper ends are 
however connected together by tension means indicated at 
58 in FIG. 10. Thereby a bending strain is imposed on 
each end member 46 such that its outer skin is placed 
in tension. Moreover owing to the locked joints the 
tendency for the floor member 45 to bow is counteracted. 
A structure, indicated in dotted lines, which is highly re 
sistant to warping and to deformation under live loads is 
thereby produced. The camber of the floor member 45 
may be 15-20 mm. before tensioning and 5-10 mm. after 
tensioning. 
The tension means 58 is shown in FIG. 8 as consisting 

of rods or cables connecting members 52. The total ten 
sile force of means 58 may be 3 metric tons (i.e. 1.5 tons 
per tie rod or cable, if two are employed). These rods 
or cables may be tensioned by any suitable means, for 
example, as turnbuckles 59 at an intermediate region in 
their length. They may serve to support the ceiling 28. 
They also serve to adjust or correct the distance be 

tween end members 46 to conform to the designed dimen 
sions, so that each room element registers correctly with 
the element above it. They may extend between the upper 
ends of columns 52. 
A further form of locked joint at the base of each 

column 52 is illustrated in FIGURE 11. The plates 50, 
56 welded respectively to the reinforcement of the floor 
panel 55 and of the end member 12 or 46, are rigidly 
united face to face by an epoxy resin point 61. Likewise 
there may be an epoxy resin joint 62 between the lower 
Surface of each column and the upper surface of the 
floor panel. 

In the constructions so far described the end members 
rest on the floor panel. A modified construction is shown 
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in FIGURE 12. The base 51 of the end member has its 
inner face joined (at least at the base of each column 52) 
to the outer face of the floor panel 11 or 45 by an epoxy 
resin joint 63. Additionally, at its lower edge it has a 
metal member 64a which is welded to the reinforcement 
54 of the end member and has an upstanding lip 65a at 
its outer edge. An identical member 64b is provided on 
the floor panel 11 or 45 and is welded to the reinforce 
ment 48 thereof, this member 64b having at its outer 
edge a downwardly protruding lip 65b. Wedges 66 are 
forced into the space between lips 65a, 65b, thereby mak 
ing a joint which is placed in tension when the upper 
ends of the end members are drawn towards one another. 
The height of the end members may be adjusted by shins 
67 inserted between lip 65b and member 64a. The joint 
is covered by fireproofing material 68. 

In all constructions herein shown the ceiling 28 may 
be hung from the tension means 27 or 58 in any suitable 
manner. One suitable arrangement is illustrated in FIG 
URE 13. The ceiling is provided with a lip 28' which 
rests on the tension means 27 or 58 with an interposed 
rubber pad 69. The tension meais may be prevented from 
sagging between the end members by being supported 
through rubber pad 72 on a support device 7 which may 
depend from the floor panel of the superimposed storey 
and may be adjustable vertically. It will be appreciated 
the arrangement just described is provided in the gap be 
tween the ceilings of the successive room elements; this 
gap is covered by a cover Strip 72. 

In a modified construction of the unit illustrated in 
FIGURE 14, the floor panel 73 is of pre-stressed com 
posite construction, comprising a core 74 of insulating 
material sandwiched between board members 75. At its 
edge facing the end member 76 the panel is provided 
with upper and lower metal connecting elements 77, 78 
of hook-like formation. The panel is pre-stressed by metal 
skin members 79, 80 which are engaged in the elements 
77, 78, the pre-stressing being so arranged as to cause the 
panel to bow as already described. End member 76 is 
provided with a lower, hooked, tension element 81 which 
hooks under element 78, and with an upper compression 
element 32 between which and member 77 a compressive 
insulation material 83 is inserted. Members 77, 82 are 
connected together by a bridge or clamp 84 which is slid 
endwise over them as shown. End member 76 may be 
of reinforced concrete in which case the members 81, 82 
may be welded to this reinforcement. 
What we claim is: - 
1. A prefabricated building unit comprising a pre 

stressed floor panel having internal reinforcing means and 
exposed metal elements at each of two en's connected 
to the reinforcing means, an upstanding end member at 
each of the two ends of the floor panel, each upstanding 
end member having internal reinforcing means and an 
exposed metal element at its lower end connected to the 
reinforcing means therein, means rigidly connecting the 
exposed metal elements of the upstanding end members 
to the exposed metal elements of the floor panel to form 
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6 
rigid connections between the end members and the floor 
panel, the upper surfaces of the end members being the 
uppermost terminal load-bearing surfaces of the unit, and 
tension means connecting the upper ends of the end mem 
befs together. 

2. A prefabricated building unit according to claim 
wherein the pre-stressing of the floor panel is arranged to 
create a camber therein, and wherein the tension means 
connecting the upper ends of the end members pulls the 
said upper ends toward each other to eliminate at least 
a part of the camber in the floor panel. 

3. A prefabricated building unit according to claim 1 
wherein the tension means includes elongated coupling 
members, and further comprising prefabricated ceiling 
panes suspended from the couping members. 

4. A building structure comprising a plurality of pre 
fabricated building units assembled in superposed relation, 
each of the building units comprising a pre-stressed floor 
panel having internal reinforcing means and exposed 
metal elements at each of two ends connected to the in 
ternal reinforcing means, an upstanding end member at 
each of the two ends of the floor panel, each upstanding 
end membcr having internal reinforcing means and an 
exposed metal element at its lower end connected to the 
reinforcing means therein, and means rigidly connecting 
the exposed metal elements of the upstanding end mem 
bers to the exposed metal elements of the floor panel to 
form rigid connections therebetween, the upper surfaces 
of the end members being the uppermost terminal sur 
faces of the unit, one of the building units being super 
posed upon another So that portions of its lower surface 
engage the upper Surfaces of the end members of the 
other unit, and the Superposed building unit having a ten 
sion means connecting the upper surfaces of the end mem 
bers of the other building unit. 
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