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MODULAR HIGH-RISE STRUCTURE 

SUMMARY AND BACKGROUND OF INVENTION 

The invention is directed to multiple-story, or so-called 
high-rise buildings, and is intended particularly for, although 
perhaps not necessarily limited to, high-rise apartment 
buildings intended for human occupancy. One of the underly 
ing objectives of the invention is to enable more effective and 
efficient use to be made of prefabricated, self-contained apart 
ment modules in the construction of high-rise apartment 
structures. To this end, it is an objective of the invention to 
provide a structural framework for a high-rise apartment 
which is most ideally suited for the installation of 
prefabricated apartment modules, which greatly facilitates 
their installation in the structure, and which provides for op 
timum ef?ciencies of materials and space in the completed 
building. 

In accordance with one speci?c aspect of the invention, a 
new and advantageous structural framework is provided, for 
the reception of prefabricated apartment modules, which is 
peristylar in its general con?guration. That is, the principal 
vertical supporting columns are arranged and disposed about 
the exterior of the structure. Each of the story levels of apart 
ment modules is independently supported by the framework 
of vertical columns, so that the apartment modules themselves 
do not have any load-bearing function. 

In the structure of the invention, the prefabricated apart 
ment modules desirably are boxlike units; they are self-sup 
porting structures, in that they do not rely upon the basic 
structural framework of the building to retain their 
prefabricated con?guration, they can be handled indepen 
dently by cranes, etc. In accordance with one aspect of the in 
vention, the structural framework of the building is effectively 
?oorless. Support for the apartment modules at each story 
level is provided by special support beams extending transver 
sely in the structure and engaging the apartment modules 
along their lower side edges. The transverse beams are of 
greater length than the transversely disposed apartment 
modules, and extend beyond them at both ends. The trans 
verse beams themselves are supported at their projecting end 
extremities by other horizontally disposed beams extending 
longitudinally in the structural framework between adjacent 
vertical columns. Thus, in the structure of the invention, the 
apartment modules are supported entirely by the special trans 
verse beams, which engage only the lower side edges of the 
modules. 
As one of the advantageous features of the invention, the 

special transverse beams are of a con?guration in which the 
webs and ?anges lie in two intersecting planes, and most 
desirably, the con?guration is in the shape of a Tee. Thus, in 
the completed structure, both the web and ?ange portions 
(crossbar and stem) of the T-shaped beam may be received 
between closely spaced walls of vertically and horizontally ad 
jacent modules. A particular advantage of this structure 
resides in the ability to install the apartment modules in a “ 
compact con?guration,” in which there is a virtual minimum 
of clearance space between adjacent modules in both the ver 
tical and horizontal directions. 
A further signi?cant feature of the invention resides in the 

utilization, in the structural framework of the building, of 
Vierendeel trusses which extend longitudinally between verti 
cal columns, along the front and back of the framework. The 
Vierendeel trusses are comprised of longitudinal beams which 
extend horizontally, substantially at the levels of the horizon 
tal planes between adjacent story levels of apartment modules. 
A plurality of vertical truss elements extend between and are 
rigidly secured to pairs of these horizontal beams to form the 
Vierendeel trusses. As a feature of the invention, the vertical 
truss members extend between alternate pairs of the horizon 
tal beams, so that the Vierendeel trusses are located at al 
ternate story levels at the front and back sides of the high-rise 
structural unit. The use of the Vierendeel truss provides 
adequate strength for the independent support of each level of 
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2 
apartment modules and provides for adequate lateral stability 
of the structure. From an architectural standpoint, the 
Vierendeel truss has signi?cant advantages in providing for a 
substantially unobstructed view from the apartment modules 
suspended in a structural framework of generally peristylar 
con?guration. 
A further objective of the invention resides in the provision 

of a structural framework, suitable for the independent sup 
port of a large number of prefabricated apartment modules, 
wherein the structural framework is the installation self-sup 
porting to its full height without the use of interior structural 
elements. By this means, the entire structural “shell“ may be 
constructed, leaving a hollow framework with an open top. 
Prefabricated apartment modules may then be lowered in 
dividually into the interior of the framework and the overall 
structure completed in successive story levels. The necessary 
transverse support beams may also be inserted in successive 
story levels, as layers of the apartment modules are installed. 
The structure of the invention also contemplates, of course, 
that the installation of apartment modules may be made more 
or less concurrently with the installation of successive story 
levels of the framework. 

For a more complete understanding of the above and other 
features and advantages of the invention, reference should be 
made to the following detailed description and to the accom 
panying drawings. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a simple perspective view of a typical high-rise 
apartment structure incorporating the principles of the inven 
tion; 

FIG. 2 is a top plan view of the structure of FIG. 1; 
FIG. 3 is a vertical cross-sectional view taken generally 

along line 3—3 of FIG. 2; 
FIGS. 4 and 5 are enlarged, fragmentary cross-sectional 

views taken generally along lines 4—4 and 5-5, respectively, 
of FIG. 2; 

FIG. 6 is an enlarged, fragmentary cross-sectional view 
taken generally along line 6-6 of FIG. 3; 

FIG. 7 is an enlarged, fragmentary cross-sectional view 
taken generally along line 7 -7 of FIG. 2. 

DESCRIPTION OF PREFERRED EMBODIMENT 

Referring now to the drawing, and initially to FIG. 1 
thereof, there is shown a typical high-rise apartment complex 
incorporating the principles of the invention. The complex in 
cludes a plurality of structural units 10 which form the funda 
mental basic structure of the invention and can be repetitively 
incorporated in a larger structural complex in accordance 
with the speci?c requirements of the installation. The struc 
tural unit 10 comprises four vertical supporting columns 
11-14 (see FIG. 2) arranged in peristylar con?guration, that 
is, about the exterior of the structure. Desirably, the four 
columns are arranged to form the four corners of a rectangle. 
For purposes of aiding the description, and without implying 
any limitation, the pairs of columns 11-12 and 13-14 will be 
considered as de?ning the “front" and “back” of the struc 
ture. The sides are de?ned by pairs of columns 11-13 and 
12-14. 
Extending longitudinally between columns 11-12 and 

between columns 13-14, at the front and back of the struc 
ture, are horizontally disposed support beams 15. The beams 
15, like the columns 11-14, desirably are of wide ?ange “I“ 
section, of a weight and proportion suitable for the load 
requirements. As re?ected in FIG. 1, the longitudinally ex 
tending beams 15 are secured to the columns 11-14 at regu 
larly spaced intervals up the entire front and back faces of the 
structure. In accordance with the invention, spacing of the 
successive beams 15 corresponds with the successive story 
levels of the structure and, signi?cantly, the beams are located 
approximately at each of the ?oor levels of the structure. 
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In accordance with one important aspect of the invention, 
alternate pairs of the longitudinally disposed beams 15 are 
rigidly connected by a plurality of vertically disposed truss 
beams 16, such that the assembly of a pair of beams 15 and 
their connecting vertical beams 16, rigidly secured to the ver 
tical columns 11-12 and 13-14, form Vierendeel trusses. As 
will be appreciated, the vertical dimension of the trusses cor 
responds with the floor-to-?oor dimension of one story of the 
structure and, in the completed structure, such Vierendeel 
trusses will extend between pairs of vertical supporting 
columns at alternate story levels. The described utilization of 
alternate story Vierendeel trusses provides lateral support for 
the structural framework in the side-to-side direction and also, 
as will hereinafter appear, provides an advantageous means 
for supporting prefabricated apartment modules in the struc 
ture. 

In the illustrated structure, suitable beams 17, typically wide 
?ange “I" beams, extend transversely between and are rigidly 
connected to columns 11-13 and to 12-14, desirably at each 
?oor level of the structure. Diagonally disposed truss beams 
18, 19 are rigidly joined to the beams 17 to form “K-type” 
trusses between side column pairs at each story level. This 
provides lateral support for the structure in the front-to-back 
direction. If desired, the front-to-back lateral support of the 
structure may be provided by the use of transversely disposed 
Vierendeel trusses, in place of the K-type trusses. However, 
since the trusses at the sides of the structure do not, in the il 
lustrated edi?ce at least, have any signi?cant vertical load 
bearing function, the use of the K-type truss for this purpose is 
considered economically advantageous. 
The structural framework unit described above is substan 

tially self-supporting. In this respect, it is contemplated that 
the framework may, if circumstances warrant, be erected to its 
ultimate height as a ?oorless structure, free of internal ob 
structions, with prefabricated apartment modules sub 
sequently being installed by being lowered into the unob 
structed interior. It is also contemplated, of course, that the 
apartment modules may be installed more or less concurrently 
with the erecting of the framework. The more advantageous 
construction technique for a given installation is a function of 
many factors, such as the ultimate height of the edi?ce, availa 
bility of suitable life equipment, etc. 
As will be readily appreciated by reference to FIGS. 1 and 

2, the basic structural framework unit 10 is duplicated as ap 
propriate in the design of a speci?c apartment complex. Thus, 
as many basic units 10 as desired may be arranged in side-by 
side adjacency, in which event all of the vertical columns on 
the “interior” sides of units are utilized in common in the 
structures of adjacent units (e.g., the pair of columns 12-14 of 
FIGS. 1 and 2). The basic structural units may also be ar 
ranged in front-to-back adjacency, as re?ected in FIG. 2, but 
in that case it is often advantageous to dispose the units in 
slightly separated relation, to form a corridor or hallway space 
20 between them. As will be appreciated, signi?cant design 
?exibility is afforded to accommodate the economic, physical 
and other requirements of an installation and also to provide 
freedom for the expression of architectural tastes. 
I In accordance with a further important aspect of the inven 
tion, new and advantageous means are provided for indepen 
dently supporting a plurality of apartment modules within the 
above-described structural framework unit 10. The improved 
means comprise supporting beams 22, 23 which are secured at 
their ends to the horizontal beams 15 of the Vierendeel trusses 
and extend transversely across the interior of the framework. 
As a speci?c inventive feature, the transverse beams 22, 23 
are so formed that their webs and ?anges are contained in two 
(only) right-angularly intersecting planes. Most ad 
vantageously, T-section beams are utilized for this purpose, 
although for some purposes an “X”-section beam, with its 
webs and ?anges in vertical and horizontal planes, could be 
utilized. 
As shown in FIG. 3, for example, an advantageous structure 

according to the invention includes T-section beams 22, 23 of 
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4 
two types. The T-beams 22 are utilized as “interior" beams, 
whereas the T-beams 23 are utilized at the sides of the struc 
tural units and may be identi?ed as “exterior” beams. 

In the structure of the invention a plurality of prefabricated 
apartment modules 24-27 is supported within the otherwise “ 
hollow" structural framework in a closely spaced arrange 
ment, descriptively referred to herein as a “compact con?gu 
ration." Thus a typical edi?ce may incorporate prefabricated 
apartment modules of “standardized" dimensions and rectan 
gular con?guration. These modules are supported in the struc 
ture with their exterior sidewalls 28 (FIG. 4) spaced apart not 
significantly more than about 1% inches and thus are adapted 
closely to receive the downwardly projecting, vertically 
disposed webs 29, forming the “stem” portions of the "interi 
or” transverse T-section beams 22. The horizontal ?anges 30, 
constituting the “crossbar" portions of the T-beams 22 are 
spaced slightly above the exterior upper walls 31 of the apart 
ment modules, suf?cient to maintain a clearance between the 
?anges 29 and the modules directly below when the transverse 
beams 22 are under load. At the opposite sides of the struc 
ture, the T-section transverse beams 23 (FIG. 5) are disposed 
with their web or stem portions 32 extending horizontally in 
ward, slightly above the exterior upper walls 31 of the apart 
ment modules 24, 27. The ?ange or crossbar portions 33 of 
the beams 23 extend vertically upward and downward, with 
the lower portions extending closely alongside the exterior 
sidewalls 28 of the apartment modules. 

In a complete edi?ce according to the invention, the lower 
most story of apartment modules may be supported by any 
suitable means, such as a poured foundation, conventional 
beam structures and, if desired, the special T-section beams 
22, 23 described above. However, more signi?cant advantages 
are to be derived from the use of T-section transverse support 
ing beams for the second and higher story levels of apartment 
modules. Thus, after placement and support in the frame 
structure of a lower story level of apartment modules, a level 
of T-section transverse beams may be installed for supporting 
the next higher story level of apartment modules. Since all of 
the webs and ?anges of the T-beam sections are contained 
within two right-angularly intersecting planes, these webs and 
?anges may be received between the walls of adjacent apart 
ment modules which are closely spaced in a “compact con 
?guration," from the standpoint of vertical as well as horizon 
tal spacing. In this respect, the term “compact con?guration" 
refers speci?cally to the fact that the vertical spacing between 
exterior top and bottom walls of vertically adjacent apartment 
modules is less than the web depth dimension of the interior 
support beams 22, and the horizontal spacing between exteri 
or sidewalls of horizontally adjacent apartment modules is less 
than the horizontal dimension of the ?anges of the beams 22. 
Thus, in a practical embodiment of the invention, utilizing 
apartment modules having exterior dimensions of approxi 
mately 10 feet 8 inches in width by 8 feet 8 inches in height by 
21 feet in length, there typically may be an inch and a half 
horizontal spacing between horizontally adjacent modules, 
and about a 4-inch vertical spacing between vertically ad 
jacent modules. At the same time, the overall web depth of the 
interior T-section support beams may be on the order of 18 
inches, and the ?ange width on the order of 12 or 13 inches. 
At the edges of the structure, the ?ange height of the T-sec— 
tion beams 23 may be on the order of 16 inches, and the 
horizontal web depth dimension may also be on the order of 
16 inches. 
By utilizing a beam con?guration consisting of webs and 

flanges intersecting in only two right-angularly disposed 
0 lanes, these transverse supporting beams 22, 23 may be 
nested within very narrow spaces between apartment modules 
arranged in compact con?guration. This results in very signi? 
cant ef?ciencies in space utilization, particularly in respect of 
the utilization of vertical space. With the structure of the in 
vention, it is possible to realize a savings of perhaps as much as 
10 percent in the vertical space required to contain an apart 
ment module having an 8-foot interior vertical clearance. In 
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more practical terms, this means that in an edi?ce of around 
20 or so stories in height, approximately two extra stories of 
apartment modules may be contained within a structural 
framework of given height, as compared to structures of more 
conventional design. 

In a typical structure according to the invention, containing 
apartment modules of about 21 feet in length, the interior 
clearance space between opposed pairs of Vierendeel trusses 
may be on the order of 23 feet. The T-section transverse sup 
port beams have a length dimension sufficient to span substan 
tially the entire distance between related pairs of the 
Vierendeel trusses and thus will project beyond the ends of the 
modules. In the illustrated structure (FIG. 7) mounting plates 
34 are welded or otherwise secured to the webs 35 of the 
horizontal truss beams 15, just below the upper ?anges 36 
thereof. The mounting plates extend inwardly into over 
lapping relation with the depending web sections 29 of the in 
terior T-section beams 22, and are secured thereto by bolts 37 
or other means. Advantageously, the upper surfaces of the T 
beam ?anges 30 and the truss beam ?anges 36 are substan 
tially aligned in a horizontal plane. 
The exterior T-section beams 23 advantageously are 

secured directly to the vertical columns l1—l4. For this pur 
pose, a mounting plate 38 is bolted to a ?ange 39 of the 
column and extends into overlapping relation with the inside 
surface of the beam ?ange 33 below the web 32. Bolts 40 or 
other suitable means may be utilized to secure the beam in 
position, in the manner shown in FIG. 6. As re?ected in FIG. 
3, the exterior T-beams 23 are so mounted that their horizon 
tally disposed webs 32 are in a common plane with the 
horizontally disposed ?anges 30 of the interior T-beams, and 
desirably also with the upper ?anges of the truss beams 15, 17. 
As re?ected in FIG. 2, the apartment modules are sup 

ported in the structure only along their lower lateral edges, by 
means of the transverse beams 22, 23, a clearance space 41 
being provided at both ends of the apartment modules. In a 
structure such as re?ected in FIG. 2, where a plurality of 
structural units are arranged in front-to-back adjacency, 
clearance spaces for any apartment module having an interior 
access door, may be bridged over by a suitable walkway (not 
shown) leading to the corridor space 20. The clearance spaces 
for modules not having an interior access door, or the 
clearance space alongside access door walkways, may ad 
vantageously be utilized for plumbing, electrical service, etc. 

In the construction of a building, after a first story of apart 
ment modules has been suitably positioned and supported in 
the framework structure, the transverse beams 22, 23 for the 
next successive story are inserted into the structure and 
secured to the truss beams 15 and columns 11-14, as previ 
ously described. The structure is then ready to receive a 
second story level of apartment modules (e.g., modules 
42-45, FIG. 3), lowered one at a time into the interior of the 
framework. To facilitate proper transverse alignment of the 
modules within the structure, the interior T-beams 22 ad 
vantageously are provided with locating lugs 46 at a plurality 
of locations along the length of the beams. Desirably, the lugs 
are aligned with the vertical planes of the beam webs 29 and 
desirably are about I inch in thickness for a module spacing of 
1% inches. At the sides of the structure, the modules are, of 
course, located by the upward projection of the T-beam 
?anges 33. 

After thus being rested on and supported by the T-beams, 
the apartment modules may be suitably bolted or otherwise 
secured in place, and the necessary electrical and plumbing 
connections, etc., may be made thereto. In many instances, a 
housing or office unit may comprise more than one module, 
and there may, for example, be standard prefabricated 
modules for such typical household units as bedrooms, 
kitchens, etc. Where the housing or office unit does consist of 
more than one module, appropriate interconnections, pro 
vided for in the prefabrication, are made between the modules 
after installation in the structure. 
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6 
The construction of an entire building complex, regardless 

of its height or lateral extent, proceeds substantially in the 
manner outlined. 

For optimum utilization of the techniques of the invention, 
the free span of the Vierendeel trusses, between pairs of verti 
cal columns, may be on the order of 43 feet. This will accom 
modate the support, over the span of the Vierendeel trusses, 
of four apartment modules, disposed side-by-side in a compact 
con?guration, where the apartment modules have a 10-foot 
clear interior width and a lO-foot, 8-inch exterior width, and 
where a llé-inch separation between modules is observed. In a 
structure as described, the horizontal beams 15, which form 
the Vierendeel trusses, are spaced approximately on 9-foot 
centers (vertically). Where four apartment modules are sup 
ported over a free span, the thusly spaced horizontal truss 
beams 15 may be interconnected by three vertical truss beams 
16, which are aligned with the spacing between adjacent 
apartment modules. This speci?c arrangement provides an op 
timum blend of functional and aesthetic considerations. 
The structure of the invention represents a signi?cant ad 

vance in the construction of such high-rise structures as hous 
ing apartments, of?ce buildings and the like. The advantages 
in utilizing prefabricated apartment modules is, of course, self 
evident, and the present invention provides an economical 
and otherwise highly advantageous structural concept for the 
utilization of such prefabricated modules. 
An inventive feature of particular importance is the utiliza 

tion of supporting beams for the prefabricated modules which 
are arranged to have their webs and ?anges contained in two 
right-angularly intersecting planes and serve to support the 
prefabricated modules along their lateral lower edges. This ar 
rangement is such that the supporting beams, having principal 
web and ?ange dimensions as large as necessary to safely per 
form their supporting functions, may be nested within narrow 
spaces provided between adjacent apartment modules ar 
ranged in compact con?guration. In the completed structure, 
a signi?cant increase in useable space is realized in relation to 
the overall cubic content of the structure. 

While Vierendeel trusses are well-known structural units, 
their use in the speci?c manner and context of this invention is 
both new and highly advantageous. The use of alternate story 
Vierendeel trusses enables a plurality of apartment modules to 
be supported on each story level of a stable peristylar 
framework solely by beams extending under the lower lateral 
edges of the modules, while at the same time providing for 
maximum unobstructed area at the front of the structure. 
Thus, as will be evident in FIG. 1, the apartment modules at al 
ternate story levels are totally unobstructed at the front. 
Between these totally unobstructed levels, the only “obstruc 
tions” are the vertical beams 16 of the Vierendeel trusses, 
which are disposed between adjacent apartment modules and, 
from a practical standpoint, do not constitute a signi?cant 
visual obstruction. 

Vierendeel trusses and T-section (or similar) transverse 
beams are to great advantage utilized in combination, in the 
manner described herein. However, there are also important 
advantages to be derived from the use, in a similar context, of 
either one without the other. 
The structure of the invention signi?cantly maximizes the 

extent to which fabrication of components may be accom 
plished prior to shipment to the erecting site. In addition to the 
obvious economies to be realized from “factory” fabrication, 
important advantages are derived by minimizing the use of 
?eld crews, which often must be recruited to a large degree 
from the locale of the installation and may not be available in 
the necessary numbers for the skills and experiences desired. 

It will be understood, of course, that the speci?c form of the 
invention herein illustrated and described is intended to be 
representative only, as certain modi?cations may be made 
therein without departing from the clear teachings of the dis 
closure. Accordingly, reference should be made to the follow 
ing appended claims in determining the full scope of the in 
vention. 

Iclaim: 
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l. A modular high~rise structure for supporting a plurality of 
apartment modules, in side-by-side relation on a plurality of 
story levels which comprises 

a. cooperating front and back pairs of vertical support 
columns disposed at the front and back of the structure, 

b. longitudinal support beams connected to and extending 
horizontally between pairs of front columns and pairs of 
back columns, and cooperating pairs of said longitudinal 
support beams being disposed at the same story level in 
the structure, 

0. said longitudinal support beams being spaced apart a 
distance greater than of the front-to-back length dimen 
sion of said apartment modules and having a length 
greater than the combined width of the number of 
modules to be supported in side-by-side relation to ac 
commodate installation of said modules in a vertical 
direction, 

(1. the vertical opening between adjacent longitudinal beams 
being less than the vertical height of said apartment 
modules, 

e. l plurality of transverse support beams of a length greater 
than the front-to-back dimension of said modules, sup 
ported by and extending between cooperating pairs of 
longitudinal support beams for engaging and supporting 
said apartment modules, 
said transverse support beams having one or more webs 
disposed in a single vertical plane and one or more flanges 
disposed in a single horizontal plane, 

g. said transverse support beams being aligned with the 
lower front-to-back edges of the apartment modules, with 
said front-to-back edges being supported by ?anges of 
said transverse beams, 

h. a horizontally adjacent pair of modules being supported 
along adjacent lower edges by a transverse support beam 
having a pair of horizontal ?anges, and said adjacent 
modules being spaced apart a distance less than the com 
bined width of said ?anges, the vertical web of said beam 
extending between a pair of horizontally adjacent 
modules and having an overall height greater than the 
space between vertically adjacent modules, 

i. the open spacing between horizontally adjacent transverse 
beams being less than the width of said modules, and the 
open spacing between vertically adjacent transverse 
beams being less than the height of said modules, 

j. whereby the modules of said structure may be positioned 
in a compact con?guration with the space between 

8 
horizontally and vertically adjacent modules being sub 
stantially smaller than the overall horizontal and vertical 
dimensions of the supporting beams. 

2. The modular high~rise structure of claim 1, further 
5 characterized by 
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a. said transverse beams being substantially of T-shaped 
cross section, 

b. at least the stem portions of said T-shaped beams being 
closely received between the walls of adjacent apartment 
modules. 

3. The modular high-rise structure of claim 2, further 
characterized by 

a. interior T-shaped beams being oriented with their stem 
portions extending vertically downward between vertical 
walls of horizontally adjacent apartment modules and 
with their crossbar portions extending horizontally 
between vertically adjacent apartment modules, 

b. exterior T-shaped beams being oriented with their stem 
portions extending horizontally between vertically ad 
jacent exterior apartment modules and with their cross 
bar portions disposed along portions of the exterior verti 
cal walls of vertically adjacent exterior apartment 
modules. ’ 

4. A modular high-rise structure according to claim 1, 
further characterized by 

a. vertical truss beams extending between alternate pairs of 
adjacent longitudinal support beams and forming 
Vierendeel truss assemblies. _ _ 

5. A modular high-rise structure according to claim 4, 
further characterized by 

a. the spacing of said vertical columns accommodating the 
side-by-side placement of four apartment modules, and 

b. said Vierendeel truss assemblies incorporating three ver 
tical beams aligned substantially with the spaces between 
adjacent apartment modules. 

6. A modular high-rise structure according to claim 1, 
further characterized by 

a. Vierendeel trusses connecting pairs of said columns at a 
plurality of levels, 

b. said Vierendeel trusses comprising vertically spaced pairs 
of longitudinal support beams and vertical truss elements 
rigidly connecting such pairs of beams, 

c. said transverse support beams being transversely disposed 
and being supported at their ends by horizontal beams of 
said Vierendeel trusses. 

* * * * * 


