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[57] ABSTRACT ' 

A method and apparatus for erecting a high-rise build 
ing comprising a plurality of stacked modules. A 
wheeled delivery platform transports each module 
from a truck or the like on rails which extend parallel 
to a wall of the building and at right angles to the ulti 
mate direction of module insertion in the building. 
The module is supported on a plurality of wheeled 
dollies each supported on rails carried by the plat 
form, and these rails extend across the platform at 
right angles to the direction of movement of the plat 
form. The platform, when properly positioned, has its 
rails aligned with corresponding rails carried by sup 
porting means in the building structure so that the 
module can be rolled on said dollies off the delivery 
platform and into its predetermined position in the 
building. Alternate vertical columns of modules are 
provided with jacking means to permit the raising of 
the entire building by the height of one module plus 
suitable clearance space to permit the insertion of ad 
ditional modules which will then comprise the next 
lower floor of the building. Auxiliary jacking means 
provides for the raising of each module once it has 
been placed in its desired position by the amount of 
the predetermined clearance space to permit it to be 
secured to_the module above it in _the stack, and 
wedges maintain each such module in the elevated 
position after the auxiliary jacks are removed, thereby 
eliminating the necessity of at any time lowering the 
building structure to take up the clearance space. 

3 Claims, 18'Drawing Figures 
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METHOD AND APPARATUS FOR ERECTING 
MODULAR HIGH-RISE BUILDING 

BACKGROUND OF THE INVENTION 

In recent years, a considerable amount of effort has 
been expended on developing new methods of housing 
construction which take advantage of the mass produc' 
tion technology that has evolved in most other indus~ 
tries. As a consequence, it is now known that housing 
structures such as individual homes, sb-called “town 
houses,” and other structures of modest height can 
more economically be built in factories according to 
the modular concept, i.e., a concept whereby a portion 
of such structure is built as a unit or module at the fac 
tory, transported to the site, and then assembled 
together, with the modular units being placed alongside 
each other and/or above each other in a predetermined 
con?guration. 
The available technology has, however, quite 

generally been limited to the construction of buildings 
of relatively low height. Thus, the practice generally 
has been ?rst to place the modules for the ground level 
in place, and then to stack on top of these the modules 
for the second floor, and so on, until finally the top unit 
with its roof is placed in position. However, it will be 
readily apparent that this method of construction 
severely limits the height of such a structure because of 
the considerable difficulty of lifting a module, weighing 
a number of tons, from ground level to any appreciable 
height. 

In order to make more ef?cient use of available land 
space, it has become important to develop methods and 
apparatus which will permit the construction of high 
rise buildings of many floors, using factory-built 
modules. In our copending application Ser. No. 5281, 
?led Jan. 23, 1970, we have disclosed a modular unit 
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which is particularly adapted for use in the construc- , 
tion of a high-rise building. In our copending applica 
tion Ser. No. 5296, also filed Jan. 23, 1970, and now 
US. Pat. No. 3,631,648, issued Jan. 4, 1972, we have 
disclosed a method for the erection of high-rise build 
ing structures formed of modular units. According to 
the latter application, the method of high-rise building 
construction disclosed there is quite generally the 
reverse of that normally employed in that the top ?oor 
is constructed ?rst of a plurality of modules and then 
raised by an amount substantially equal to the height of 
a module. The second-topmost ?oor is then con 
structed by inserting the modules which are to com 
prise such floor, and fastening them to the modules of 
the floor above, andithe two top ?oors are then raised 
another level so as to permit insertion into the building 
of the modules which make up the third ?oor from the 
top. This procedure is repeated until the building is 
completed. 
The construction method of our copending applica 

tion Ser. No. 5296 referred to above employs modules 
which are formed in part of reinforced concrete and in 
part of structural steel members which are readily 
capable of absorbing both the dead load and the live 
load ultimately to be imposed upon the structure. The 
modules are placed upon a series of supporting struc 
tures which may be positioned below ground level. 
Some of the supporting structures are permanently 
?xed in place and form the supports for the building 
when it is completed. To either side of such permanent 
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2 
supporting structures is positioned a second type of 
supporting structure which may be temporarily placed 
and removed when the building is completed and is 
provided, moreover, with a jacking means which is 
capable of raising a substantial load. 

After the supporting structures are all in place, i.e., 
both the permanent supports and the temporary sup 
ports having the jacking means, a row of modules is 
placed on the supports and secured to each other as by 
bolting. When this is done, the temporary supporting 
structures have their jacking means operated so as to 
raise the entire top story of the building by substantially 
the height of a single story. When this is accomplished, 
the spaces now appearing immediately above the per 
manent supporting structures are ?lled by inserting a 
module in each such position, and when all of these 
open spaces have thus been ?lled with modules, the 
jacking means associated with the temporary support 
ing structures are all lowered, thereby providing addi 
tional spaces in which further modules can be placed. 
There is then provided a second row of modules which 
will eventually comprise the second~topmost story of 
the building. The modules of this row are now all 
secured together by suitable bolts passing through the 
structural supporting members. Following this step, the 
jacking means is again raised to thereby raise the two 
top stories of the building by substantially the height of 
a single module, and it will be readily apparent that this 
again provides empty spaces, one above each of the 
permanent supporting means into which the additional 
modules can now be inserted. The above-described 
procedure is carried out repeatedly until the desired 
building height is achieved. 

In our copending application Ser. No. 32,060, ?led 
Apr. 27, 1970, and now US. Pat. No. 3,632,088, issued 
Jan. 4, 1972, for “Means for Raising Building ofModu 
lar Construction,” we have shown apparatus which is 
particularly adapted for erecting a modular high-rise 
building according to the method of the aforemen 
tioned application Ser. No. 5296 and embodying 
modules of the type disclosed in the aforementioned 
application Ser. No. 5281. This application Ser. No. 
32,060 particularly is directed to the jacking apparatus 
used for raising the modules by the height of at least a 
single story of the building, and we have also disclosed 
in such application apparatus for transporting modules, 
from a vehicle such as a truck which delivers them to 
the building site, to the predetermined position for 
each such module in the building structure. The ap~ 
paratus disclosed therein provides a plurality of rails 
over which each module may be: rolled and with the 
rails being so positioned and oriented relative to the 
building structure that each module is movable in a 
straight-line path from the transport vehicle and 
directly into position in the building structure, atop 
either one of the permanent supporting structures or 
one of the jacking means. 
The apparatus of the present invention comprises an 

improvement in the module delivery system over what 
is disclosed in the aforesaid copending application Ser. 
No. 32,060. Thus, with respect to the apparatus of the 
earlier application, it was necessary to provide either a 
set of rails for each module included in a single story in 
the building so that modules could be delivered from a 
transport vehicle to any desired position on the ground 
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story or floor of the building, or it was necessary to pro 
vide a single pair of rails and then move such rails from 
one position to another for each subsequent module to 
be positioned within the building. By means of the im 
proved apparatus of the present invention, a pair of 
rails is provided exteriorly of the building at right an~ 
gles to the direction of final movement of each module 
as it is inserted into the building structure, and the rails 
support a wheeled delivery platform which can be 
rolled back and forth along the rails to any desired 
module position. The delivery platform, in turn, sup 
ports a plurality of rails which run at right angles to the 
first-mentioned rails, and each pair of additional rails 
supports a wheeled dolly upon which the module itself 
may be placed. Consequently, when the delivery plat 
form is moved to the desired module position, the 
module then supported upon the latter-mentioned dol 
lies may be rolled off the delivery platform and into 
place within the building structure. 
Of course, in order that a module can be inserted 

into place when one or more floors of the building have 
already been erected, it is necessary that the next 
higher floor have been raised sufficiently above the 
supporting structure upon which the module is to be 
placed to provide adequate clearance for insertion of 
the module and also the wheeled dollies upon which it 
rides. A clearance space of about one and one half 
inches is ordinarily adequate. 
Once any module has been inserted into position 

above its respective supporting structure it is, of 
course, possible to interconnect such module with 
those positioned thereabove in the next-higher floor by 
merely lowering the jacking means so that the entire 
building is then lowered by the amount of the predeter 
mined clearance space so as to rest upon the newly in 
serted modules, whereupon all these can then be 
secured to the modules above. This, however, is not a 
desired or preferred mode of operation since it neces' 
sarily involves a lowering of the entire building struc 
ture for each additional floor that is added, and this is 
not desired because it increases the likelihood that dif 
ficulty will be encountered in keeping the building 
structure entirely level. For this reason, the wheeled 
dollies on which the module is supported and upon 
which it rolls into the building structure, are each pro~ 
vided with an auxiliary jacking means which permits 
raising the module relative to the dollies by the amount 
of the clearance space so that the module can then be 
coupled to the modules above. Once this has been ac~ 
complished, the wheeled dollies can be removed from 
the con?nes of the building structure and used for the 
emplacement of a further module. 
Of course, in the use of the method of building 

erection described in the aforementioned application 
Ser. No. 5296, it is contemplated that the final module 
insertion step to complete the row of modules in a floor 
of the building will occur only after all of the jacking 
means which are spaced throughout the building have 
been lowered, with the building then resting upon the 
spaced modules which have already been inserted atop 
the ?xed supporting structures. Here again, it is desired 
that the building not be lowered from the position to 
which it has already been raised, and for this reason the 
improved method of the present invention contem 
plates that suitable shims or wedges will be provided 
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4 
underneath each of the already positioned modules of 
the bottom row so as to support each of these above its 
respective fixed supporting structures by the necessary 
amount of clearance as required to permit insertion of 
the remaining modules above the respective jacking 
means. When these remaining modules are all inserted 
in place, then they too are raised by the auxiliary 
jacking means associated with their respective wheeled 
dollies so that each of these can in a similar manner be 
secured to the module directly above, thereby complet 
ing an interconnected row of modules constituting a 
further floor of the building. Thereafter, the entire 
building is once again raised by the height of one floor 
of the building so that the process can again be re 
peated. As mentioned above, it is a characteristic 
therefore of the use of the apparatus of this invention 
that it permits an improvement in the method of build 
ing construction in that at no time is the portion of the 
building which has already been raised required to be 
lowered and yet adequate tolerance is provided 
between the then-existing second ?oor of the building 
and the permanent supporting structures and also each 
jacking means to permit the easy insertion of modules 
with the desired clearance space as required. 

It is therefore an object of this invention to provide 
apparatus which makes possible the rapid erection of a 
modular, high-rise building by facilitating the position 
ing and placement of modules in the building structure. 

It is another object of this invention to provide an ap 
paratus and method for the erection of a modular high 
rise building which permits the raising of the building, a 
floor at a time, without requiring that the portions 
raised at any time be lowered. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In describing this invention, reference will be made 
to the accompanying drawings in which: 

FIGS. lA-lF diagrammatically illustrate the method 
of building erection of this invention; 

FIG. 2 is a perspective drawing of a module such as is 
used in the construction of a high-rise building accord 
ing to the present invention and also the means for 
transporting such module to facilitate its easy insertion 
into the building structure; _ 

FIG. 3 is a plan view of the apparatus of the present 
invention for placing and supporting and jacking the 
high-rise modules of this invention; 

FIG. 4 is an end view of the high-rise building of this 
invention during construction, showing particularly the 
arrangement of the jacking means and ?xed supporting 
structures and the end towers which support the end 
modules; 

FIG. 5 is a side view of the apparatus of FIG. 4_illus 
trating the manner in which the module conveying ap 
paratus situated exteriorly of the building cooperates 
with the supporting means or jacking means positioned 
within the building structure; 

FIG. 6 is an end view of a module and the delivery 
platform which rides upon the track rails; 

FIG. 7 is a detailed end view of the supporting struc 
ture of the type shown in FIG. 4; 

FIG. 8 is a view taken along the section line 8—8 of 
FIG. 7; t 

FIG. 9 is a plan view of the module delivery platform 
of this invention; I 
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FIG. 10 is an end view of the delivery platform of 
FIG. 9 taken along the section line 10--10; 

FIG. 11 is a side view of a portion of a wheeled dolly 
which provides for the supporting and rolling of the 
module into position in the building structure; 

FIG. 12 is a detailed view taken along the section line 
12-l2 ofFIG. 11; and 
FIG. 13 illustrates the manner in which the various 

temporary supporting structures and associated jacking 
means may be removed. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIGS. lA-lF illustrate the manner in which a multi 
story building may be erected quickly and inexpensive 
ly, according to the invention, using modules of the 
type shown, for example, in perspective view in FIG. 2. 
The module is formed, in part, of an outer framework 
which comprises a plurality of structural members, 
preferably of steel to provide the desired strength. 
Preferably, I-beams and channel beams of adequate 
dimension to support the predetermined load are pro 
vided for this outer framework. 
The framework for the module comprises along the 

short ends 5 of the module 9, two vertically disposed I 
beams 6 and 7 whose height is at least equal to the 
overall height of the module. Although the opposite 
end of the module is not shown in FIG. 2, it is to be un 
derstood that the module is symmetrically constructed 
and that therefore two additional I-beams 6’, 7 ’ cor 
responding to the beams 6 and 7 are provided exteri 
orly of the module at the remote end as well. Secured 
to the bottom ends of the two I-beams 6 and 7 is a chan 
nel-shaped structural member 8 which is preferably 
secured to the I-beams 6 and 7 by bolts (not shown). A 
similar channel member 17 is secured to the columnar 
I-beams 6', 7' at the remote end of the module. Inter~ 
connecting the I-beams 6 and 7 and channel beam 8 
with the corresponding parts at the remote end of the 
module are a pair of I-beams 15' (of which only one is 
shown in FIG. 2) which extend along the bottom of the 
module, and each such I-beam is secured to the respec 
tive columnar I-beams 6 or 7 and to channel beam 8 by 
angle plates (not shown) and bolts (not shown). 
Secured to the top surfaces of the channel beams 8 

and 17 and to the transversely extending I-beams 15' is 
a ?oor 25 which is preferably formed of steel-rein 
forced concrete. When one module is stacked atop the 
other, the vertical columnar I-beams 6 and 7 of the 
stacked modules are vertically aligned with each other. 
Since each columnar I-beam 6 or 7 has a length at least 
equal to the overall‘ height of the module, and is 
preferably equal in length to the height of the module, 
the beams 6 and 7 of the respectively stacked modules 
abut each other so that the weight of each unit or 
module is supported by the aligned I-beams 6 and 7 of 
the stacked modules through the successive modules. 
The ceiling of each module may comprise sheetrock 
material or the like 18 and need not be designed to sup 
port any portion of the load of the module stacked 
above since all of the floor load of the higher module is 
borne by the transversely extending I-beams 15’ and 
carried thereby to the I-beams 6 and 7 at each end of 
the module. 
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6 
Referring to FIGS lA-lF, in FIG. 1A, the foundation 

for the building is shown at 15, and it will be apparent 
to one skilled in the art that such foundation may be 
below grade level although of course it is entirely possi 
ble to construct the building with a foundation 15 at 
grade level. In any event, a first step in the method of 
erecting a building is to place on the foundation a plu 
rality of structural supporting units 10 each having as 
sociated therewith a module jacking means 12. These 
units 10, 12 are spaced so as to underlie alternate ones 
of the modules to be coupled together to form the top 
floor of the building; in some instances such units 10, 
12 will be used in connection with adjoining modules 
rather than alternately spaced modules as will be 
discussed hereinafter. The supporting structures 10, 
which are shown only diagrammatically in FIGS. 
lA-lF, are formed of structural steel members which, 
it will be understood are suitably cross-braced and sup 
ported so that they will each be capable of supporting a 
number of modules equal to twice the number of floors - 
to be included in the completed building or structure. 
Each supporting structure 10 is provided with a 

jacking means diagrammatically illustrated as 12 in 
FIG. 1B and having the capability of selectively raising 
a load vertically by an amount at least equal to the 
overall height of the module. The detailed structural ar 
rangements of such a jacking means are illustrated in 
our aforesaid application Ser. No. 32,060. Although 
only two vertical lifting columns are shown in FIG. 1B 
for each of the jacking means 12, it should be un~ 
derstood that the means 10, 12 is preferably con 
structed in the form of a rectangular parallelpiped hav 
ing vertical supporting members at each corner and 
also a jacking means at each corner. 

Generally, there is provided a permanent supporting 
structure 11 between each pair of the temporary sup 
porting structures 10, each including a jacking means 
12. Each said supporting structure 11 is rigidly secured 
to the foundation to form a permanent part of the 
building when completed. Each supporting structure 
11 is also suitably cross-braced and of sufficient 
strength to be able to support a dead load correspond-' 
ing to the weight of a number of modules equal to twice 
the number of stories in the completed building, and 
also whatever live load may be placed on the floor of 
the module, wind loading, etc. 
When all of the supporting structures 10 and 11 are 

in place as shown in FIG. 1A, the next step is to posi 
tion on top of each of the supporting structures a series 
of modules 13 and 14. Although these modules may all 
be substantially identical in exterior con?guration and 
structural details, although possibly differing in interior 
partition arrangement, plumbing, wiring, etc., they 
have been designated in FIGS. lA-lF by different 
reference characters 13 and 14 dependent only upon 
whether the module is supported upon a jacking-sup 
porting structure 10, 12 or upon a fixed supporting 
structure 11. 
Once the various modules 13, 1.4 are in place on the 

jacking-supporting structures 10, 12 and fixed support 
ing structures 11 as in FIG. 1A, the modules are all cou 
pled together by suitable bolts (not shown) passing 
through adjoining structural supporting members. 
When this has been completed, each jacking means 12 
is raised, and the operation of. the various jacking 
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means 12 is suitabl synchronized, as is more particu 
larly shown in the aIoresaid copending application Ser. 
No. 32,060, to ensure that the row of modules is raised 
uniformly and in a level fashion by an amount substan 
tially equal to the overall height of a single module, 
with the result that the structure under assembly then 
has the general appearance shown in FIG. 1B. 

In raising the row of modules which is to comprise 
the topmost floor from the position shown in FIG. 1A 
to that shown in FIG. 18, it is desired to raise the row 
by a height which is slightly in excess of the overall 
height of any module. This is necessary in order to pro 
vide adequate clearance for the insertion of additional 
modules in the blank spaces which extend above each 
of the permanent supporting structures 11. The inser 
tion of such additional alternately spaced modules is 
shown in FIG. 1C, and it will be readily apparent that in 
order for such modules to be put in place, the spaces 
provided therefor by the raising operation shown by 
FIGS. 1A and 1B must provide adequate clearance 
which may, for example, be in the order of one and 
one-half inches or thereabout. 
As each module is inserted in a respective one of the 

alternate spaces shown in FIG. 1C, the module is raised 
by an auxiliary jacking means associated with the 
wheeled dollies upon which the module is rolled into 
position in the building, and the distance that each 
module is raised corresponds to the above-mentioned 
clearance space. When this is done, each raised module 
may then be secured to the module directly above. 
Thereafter, a wedge is placed under each corner of a 
module 14 to maintain it and the modules stacked 
above it elevated above the respective supporting 
structure 10 by the amount of the previously men 
tioned clearance. The various jacking means 12 then 
are all lowered (FIG. 1D), the topmost row of intercon 
nected modules 13, 14 now being all supported on the 
supporting structures 11 through the intervening 
modules 14. The two overhanging modules 13 at each 
end of the building are at this time temporarily sup 
ported by towers 59, each of which is provided with a 
movable projecting support member 59’ which acts to 
support the endmost modules. 

It will be apparent that the arrangement now exist 
ing, and as diagrammatically illustrated in FIG. 1D, 
provides additional gaps which permit the insertion of 
modules 13 to fill these gaps so that ?nally a row of ad 
joining modules 13, 14, is provided which comprises all 
of the modules required for the second-from-the-top 
?oor of the building which will then have the general 
appearance shown in FIG. 1E. Adequate clearance 
space is now available for the easy insertion of these al 
ternately spaced modules 13; thus, each module 14 in 
the bottommost row is now raised above its respective 
supporting structure 11 by its associated wedges (not 
shown in FIGS. lA-lF), and therefore each module 13 
of the top floor is necessarily also spaced above a sup 
porting structure 11 by a distance equal to the height of 
a module plus the predetermined clearance space. 
The next step is to operatively couple together all of 

the modules of this second-from-the-top story of the 
building so that raising of the plurality of jacking means 
12 associated with the temporary supporting structures 
10 will permit raising of the two top stories as an in 
tegral unit, thereby again providing voids alternately 
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8 
spaced and respectively positioned above the per 
manent supporting structures 11 into which additional 
modules may be inserted for the third-from-the-top 
story of the building. The above-described procedure is 
repeated as many times as is required until the building 
is of the desired height. When this is accomplished, the 
temporary supporting structures 10 and their as 
sociated jacking means may all be removed from the 
building to permit their re-use in the erection of 
another building. 
Once all the floors of the building, except the ?rst, 

have been raised to their elevated positions, the build 
ing reaches a condition as shown in FIG. 13 where all of 
the floors of the building above the first or ground floor 
have been raised to their intended ?nal height, and the 
building is now resting upon the alternately spaced 
modules 14, each supported upon a ?xed supporting 
structure 1 1. It is now desired that the various tempora 
ry supporting means with associated jacking means 10 
be removed from the building so that these devices can 
subsequently be used in the erection of another build 
ing. This may be accomplished by loosening the fasten 
ing means such as bolts (not shown) which anchor the 
base of each temporary supporting means 10 to the 
foundation of the building. The head of each jack is 
secured to the underside of the module supported 
thereon. Thereafter, the jacks are retracted, raising the 
lifting device to the underside of the module 13. When 
this is done, each movable truss then retains its position 
adjacent to an elevated module 13, 
The jacking means together with the associated tem 

porary supporting means is, of course, a very large and 
cumbersome structure and also very heavy, and it is 
therefore desirable to provide a means for removing 
this device to a position outside the con?nes of the 
building so that it may be loaded upon a truck or the 
like and moved away from the building site. This func 
tion may readily be accomplished by positioning on the 
rails 56 and 70 positioned on the respectively opposite 
sides of the temporary supporting means 102 in FIG. 
13, one of the wheeled dollies 80 such as is shown in 
FIG. 1 1. Two or more spaced transverse steel beams 90 
may then be placed across such pair of dollies lying to 
either side of the temporary supporting structure to be 
removed and then temporarily secured to the upstand 
ing structural elements of the temporary supporting 
means by, for example, bolts 91, so that such tempora 
ry supporting means and its associated jacking means 
may then be rolled out along the dollies 80 and along 
the rails 56 and 70 to a position exteriorly of the build 
mg. 

It can be seen that the overall height of one of the 
temporary supporting means 10 and associated jacking 
means is higher than the overall height of any one 
module, and this is of course required if any one of 
these jacking means is to be capable of lifting a substan 
tial load by a distance which is in excess of the overall 
height of any one module. As a result, when any jacking 
means is retracted so as to be raised off the floor of the 
building, it is evident that the bottom portion of such 
jacking means and temporary supporting means will ex 
tend below the bottom surface of any module 14 posi 
tioned on the ground floor of the building and will, in 
fact, even extend below the level of the rails 56 and 70 
upon which the supporting means and jacking means 
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10 is to be conveyed outside of the building structure. 
This is, of course, of no particular consequence since 
the transverse members 90 lying across the dollies 80 
can readilY pass through the supporting and jacking 
means 10 and still be bolted or otherwise secured to its 
upright members to permit such apparatus to be 
removed outside of the building. It is required, of 
course, that the height of the exterior wall of the build 
ing be suf?ciently low to provide adequate clearance 
for the removal of such jacking and supporting means. 
Thus, as a practical matter, it is required that the 
distance D3 which represents the distance from the 
bottom of the modules for the second ?oor of the build 
ing above the floor surface of the building foundation 
be slightly greater in height than the overall height of 
any jacking and supporting means when retracted 
(represented by D4), plus the height of the peripheral 
building wall (D5). If this condition is met, it will be ap 
parent that a retracted jacking means together with its 
associated temporary supporting means 10 can be 
rolled outside of the building and yet have its bottom 
most portion clear the top of the building wall as shown 
in FIG. 13. 
FIGS. 2 and 3 illustrate a portion of the module 

delivery system of the invention. Referring ?rst to FIG. 
3, a portion of the building foundation is shown at 30, 
and it can be seen that the depth of the building, i.e., 
from left to right, corresponds to the length of two 
modules and moreover that the portion of the 
building’s width which is shown corresponds to the 
width of four modules. Of course, it will be understood 
that the building can be of greater depth than that 
shown or it can be only one module deep and that the 
width of the building can be of any desired amount, but 
it is believed adequate for the purpose of illustrating 
the principles of the present invention to show an ar 
rangement of the type illustrated in FIG. 3. 

It will be assumed, in FIG. 3, that the left-hand edge 
of the building is the front of the building, and the 
backwardly recessed position of the portion of the 
building indicated by the set-back of the foundation at 
30' represents a set-back such as is often found, for ex 
ample, in high-rise apartment buildings where the cen 
tral core of the building housing the lobby, elevators, 
etc., may be set back from the rest of the building by a 
predetermined amount. Of course, it will be un 
derstood that it is by no means necessary that the build 
ing be provided with such a setback and such feature is 
illustrated here only to make it clear that the principles 
of the invention are equally applicable whether there is 
a set-back or not. 

FIG. 3 shows that a plurality of temporary supporting 
structures 10 and also permanent supporting structures 
11 is positioned within the building foundation and 
shows additionally the preferred arrangement of such 
structures. Thus, the endmost modules which are to 
form the right-hand end of the building are adapted to 
be supported upon a temporary supporting structure 
101 for the front module and 102 for the rear module. 
Adjacent to these are positioned two permanent sup» 
porting structures 11, and 112, and these are adapted to 
support a similar pair of modules. Preferably, the cen 
trally located modules, i.e., those located in the area of 
the set-back, are both supported on a temporary sup 
porting structure, each having an associated jacking 
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10 
means, and these are respectively indicated as 103, 104, 
105 and 106. Beyond the central core portion, the next 
row of modules (not shown) are supported by per 
manent supporting structures (not shown) and the next 
row after that by temporary supporting means and so 
on, for the successive rows of modules in the building. 
The modules in the endmost row are again preferably 
supported by temporary supporting means 10 and 
respective jacking means 12. 

It is understood that each combined temporary sup 
porting means 10 and jacking means 12 comprises on 
each side thereof, a pair of fixed trusses 31 and a mova 
ble truss 32 which is vertically slidable between the 
?xed trusses, as more particularly disclosed in our 
aforesaid copending U.S. Pat. application Ser. No. 
32,060, and a plurality of jacking cylinder means, 
preferably hydraulic, is provided to enable each mova 
ble truss to be raised relative to the associated ?xed 
trusses. 

Extending parallel to the front of the building, i.e., 
vertically along the left-hand edge of FIG. 3, are four 
track rails 33 mounted upon supports 34, and providing 
a trackway for rolling support of a wheeled delivery 
platform 35. The wheels of the platform are shown at 
36, and FIG. 3 also shows that the platform 35 supports 
on its upper surface a plurality of rails 371-376. The 
platform further comprises various structural support 
members such as those indicated at 38 and 39, and 
diagonal bracing members 40, as shown in greater 
detail in FIGS. 9 and 10. 
To place a module in the desired position within the 

building, the module is moved, as by a crane, from a 
truck or other transport vehicle and is placed in posi~ 
tion on the delivery platform 35. The platform 35 may 
then be moved along the track rails 33 to its desired 
position. Such movement may be effected, for exam 
ple, by a power~driven winch 41 which winds a steel 
cable or the like 42 over a drum 41' on winch 41. One 
end of cable 42 is attached to the platform 35 at 42a 
and the other end is attached thereto at 42b. The cable 
passes over a pulley (not shown), and after passing over 
the pulley, the cable 42 is returned to the drum of the 
winch and wound thereabout in the opposite direction 
to the ?rst-mentioned position. As a result, rotation of 
the winch 41 in one direction of rotation causes the 
platform 35 to roll in one direction along rails 33, 
whereas rotation of winch 41 in the opposite direction 
will similarly move the platform 35 in the opposite 
direction along rails 33. 

FIG. 4 illustrates an end elevational view of the 
building arrangement shown in plan view in FIG. 3. 
Thus, the three temporary supporting structures of 
FIG. 3, i.e., 10,, 103 and 105, each having an associated 
jacking means, are all shown and also the intervening 
permanent supporting structure 11, and an additional 
such unit 113 which does not appear in FIG. 3. Each 
permanent supporting structure such as the structure 
111 comprises vertical supporting members 45 which 
are interconnected by lateral bracing members 46 and 
diagonal bracing members 47. As shown in greater 
detail in FIG. 7, laterally extending I-beam sections 48 
are each respectively secured to one of the upstanding 
structural support members 45 and each is, in turn, 
supported by a bracing member 49 which may be 
welded or bolted at one end to member 48 and at the 
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other end to the vertical support member 45. Secured 
to the top surface of each of the laterally extending sup 
port members 48 are a pair of rails 50 along which the 
module-supporting dolly can ride as hereinafter 
described. 

It will be noted that the upper level of these rails 50 is 
substantially below the surface of the topmost module 
supporting members comprising the longitudinally ex 
tending I-beams 51 and the transverse beam 52, and 
the reason for this is to provide space below the level of 
the module for the two individual module-supporting 
dollies riding upon rails 50 to thereby permit these to 
be removed once the module has been inserted in place 
and lifted off the dollies. 

FIG. 5 shows in side elevational view one of the tem 
porary . supporting structure 10 and its associated 
jacking means 12. As more particularly disclosed in the 
aforementioned pending application Ser. No. 32,060, 
such supporting and jacking means comprises fixed 
trusses 53 which provide for a sliding support for mova 
ble trusses 54, the latter being capable of being raised 
by hydraulic jacking means under the control of a 
hydraulic fluid system. 

FIG. 5 also shows the laterally extending supporting 
members 55 which support longitudinally extending 
members 55', each of the latter supporting, in turn, a 
rail 56. Referring to FIG. 4, the means 55 may com 
prise a transversely extending I-beam member which is 
welded or otherwise secured to an adjacent supporting 
and jacking means 10 and provides a support thereon 
for a pair of rails 56. Such a means is used between a 
pair of adjacent supporting and jacking means such as 
the means 103 and 105 shown in FIG. 4 and may be 
bolted to the fixed trusses of the supporting means. In 
the intervening space between a temporary supporting 
means and a permanent supporting means such as, for 
example, the space between the supporting means 103 
and the supporting means 111, the rails therebetween 
are secured to the transversely extending members 48’ 
forming a part of supporting means 111 as shown in 
FIG. 7 and already described. 

In connection with the supporting and jacking 101 at 
the right-hand end of the building, it will be noted that 

_ a transversely extending member 57 is secured to such 
means 101 and provides support thereon for a pair of 
rails 58. In connection with this end unit, it will be 
noted that a plurality of supporting towers 59 (these 
are shown in FIG. 3) is provided and the function of 
these towers, as previously described, is to provide sup 
port for the overhanging modules 60 at the end of the 
building during such times that the associated jacking 
means 12 is lowered, thereby providing no lifting sup 
port directly underneath these end modules 60. The 
required support is provided by an extendable support 
arm 59’ which is normally retracted within tower 59 
but can be extended during the time that the overhang 
ing modules 60 require additional support. 
Because of the necessary proximity of the towers 59 

to the end supporting means 10,, 102, it is desired that 
the rails 58 associated therewith be positioned more 
closely to the supporting means 101 than is the case, for 
example, with the supporting means 103. This relation 
ship can be noted by observing that the rails 58 are 
closer to the center line of the supporting and jacking 
means 101 in FIG. 4 than are, for example, the rails 56 
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relative to the center lines of either the supporting and 
jacking means 103 or 105. 
As shown in FIG. 5, the transverse rails 37 on the 

delivery platform 35 are vertically aligned so as to be at 
the height of the rails 56 supported on either cross 
member 55, cross-member 48, or cross-member 57, as 
the case may be (see FIG. 4). FIG. 5 further shows that 
the rails 33 are supported on a framework of structural 
support members 65 and that the support member for 
each pair of rails is positioned and mounted upon a 
pylon 66 which may be formed of concrete and sup 
ported on or embedded in the ground. FIG. 5 further 
shows that the winch 41 may, if desired, be mounted on 
the delivery platform 35. 

It will be noted, from FIG. 9, and also FIG. 10, that 
the delivery platform 35 is provided with a single pair 
of rails 371 and 372 on one side thereof and four such 
rails 373 - 376 on the other side. The reason for having 
two more rails on one side than on the other is to ac 
commodate such delivery platform to the transfer of a 
module onto a supporting structure of either standard 
spacing or less-than-standard spacing of the associated 
rails. Thus, it will be recalled, in connection with FIGS. 
3 and 4, that the pair of rails 56 shown in FIG. 4, for ex 
ample, are spaced a predetermined amount from the 
center line of the supporting means 10;, and the same 
distance from the center line of the supporting means 
105. Similarly, the pair of rails 50 provided for the sup 
porting means 11, is spaced from its center by the same 
predetermined amount. However, the pair of rails 58 
associated with the endmost supporting means 101 is 
more closely spaced to the center of such supporting 
means 101, and the reason for this is to move such rails 
inwardly to provide clearance for the tower 59 which, it 
will be remembered, must be positioned quite closely in 
toward the supporting means 101 in order that suitable 
support can be provided for the overhanging module 
60. 

Referring now to FIG. 3, when the delivery platform 
35 is appropriately lined up for the insertion of a 
module into the prescribed space on the supporting 
means 103 or 104, the two rails 37, and 372 are line up, 
respectively, with the rails 71 and 72 on the right-hand 
side of the supporting means 103. When this is done, 
the two additional rails 37, and 378 on the platform 35 
line up with the two rails 73 at the left-hand side of the 
supporting means 103. In other words, the spacing D1 
shown at the right-hand side of FIG. 9 corresponds to 
the spacing between respective pairs of rails for any of 
the module positions other than those on the right and 
left-hand ends of the building. 
To accommodate to the lesser rail spacing D2 which 

prevails at each end of the building, one positions the 
platform again so that the rails 371 and 372 are longitu 
dinally aligned with the pair of right-hand rails 74, 75 
on the supporting means 10, and under those circum~ 
stances the appropriate spacing is provided for the 
remaining rails on the platform 35 so that the rails 37;, 
and 37,, are then longitudinally aligned with the left 
hand pair of rails 76, 77 positioned intermediate sup 
porting means 101 and l 1,. 

FIG. 11 illustrates the manner in which each wheeled 
dolly 80 supports and raises the associated module. 
Thus, the dolly comprises a longitudinally extending 
beam 81 which may be of I-beam type and supporting 
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an axle thereon at 82 and a wheel 83 in such manner 
that the bottom of the wheel extends only very slightly 
below the bottom surface of beam 81 so that the 
minimum amount of clearance is required for each 
wheeled dolly underneath a module. At the end of each 
beam 81 is a bracket 84 upon which rests a hydraulic 
jack 85. Such jack may be of the type which is capable 
of hand operation, and the piston of the jack is ar 
ranged to bear against the web of channel beam 8 
which, as previously described in connection with FIG. 
2, constitutes one of the end structural support mem~ 
bers for the module. 
When the module is moved into position on an ap 

propriate supporting means, with the wheels 83 rolling, 
for example, from the rails 37 of delivery platform 35 
onto, for example, the rails 56 shown in FIG. 4, it will 
be readily apparent that such module can enter into the 
space provided therefor only if such space provides 
adequate clearance for the movement of the module, 
and it has been found that an appropriate clearance 
space is in the order of one to one and one-half inches. 
Once the module has been placed in position, it is then 
necessary that be connected to the modules in the next 
floor of the building above. Of course, this could be ac 
complished by lowering the entire building by the 
amount of the predetermined clearance so that the 
lowermost module can then be suitably secured, as by 
bolting, to the module positioned thereabove. How 
ever, as previously mentioned, it is desired to avoid 
having to lower the building at any time and therefore it 
is provided by this invention that such building lower 
ing step shall be entirely avoided and this can be ac 
complished by raising each newly inserted module by 
extending the jacks 85 so as to raise the module from 
the dolly 80. 
Once the module has been raised by the amount of 

the predetermined clearance space so that it then abuts 
the next higher module above in the stack, the two do] 
lies 80 can then be rolled out from under such module 
and be available for use in the placement of another 
module. By providing that the rails upon which such 
dollies ride are positioned below the lowest extremity 
of the module-supporting surfaces by an amount at 
least equal to the overall height of such dolly, it is as 
sured that any such dolly can readily be removed from 
below the associated module once the module has been 
lifted therefrom by the jacks 80 and subsequently con 
nected to the module thereabove so that the weight of 
such module is then removed from the dolly. Thus, all 
that then needs to be done is to lower the various jacks 
85 to remove all force exerted by the module on the 
carriage and permit its easy withdrawal. 

Eventually, as shown in FIG. 1D, when all of the al 
ternately spaced modules 14 of the then existing 
ground floor of the building are in place, and each 
secured to the module thereabove and with the various 
dollies all removed, it then becomes possible to 
proceed to the next step which is the lowering of the 
various jacks 12 to reach the conditions of FIG. 1D. It 
must be remembered, however, that each of the 
modules 14 interspersed between the raised jacks 12 of 
FIG. 1C is at this time suspended from the module 
directly thereabove and consequently, if the jacks 12 
were all now lowered, this would result in the lowering 
of the entire building which has already been raised. 
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14 
The amount by. which the building would then be 
lowered would equal the clearance space now existing 
at the bottom of each such interspersed module 14. To 
prevent this, a wedge is placed under each module to 
prevent the lowering of any of the interspersed modules 
14 and also to prevent lowering of any story of the 
building thereabove. This is shown in FIG. 8 where the 
columnar I-beam 7 of the module is supported by a 
wedge 90 which is driven between the bottom of I~ 
beam 7 and the top of vertical member 91 constituting 
a portion of the module supporting means. By placing a 
plurality of such wedges, one for each corner of each 
module, the lowering of the building is prevented while, 
at the same time, providing the required and predeter 
mined clearance space so that, upon the lowering of the 
various jacks 12, adequate space is provided above 
such lowered jacks and the module suspended 
thereabove to permit the‘ insertion of additional al 
ternately-spaced modules to ?nally ‘arrive at the condi 
tion disclosed in FIG. IE. 
What we claim is: 
1. Apparatus for the erection of a building formed of 

modular units at least two of which are horizontally in 
terconnected to form a row comprising a single floor of 
the building and having at least two such rows stacked 
one above the other and vertically interconnected, the 
improvement which comprises: ’ 

a. a plurality of supporting structures positioned 
below the level of the ?rst intended floor of the 
building and each adapted to support the weight of 
a plurality of modules, 

. at least some of said supporting structures includ 
ing a module jacking means for raising the 
modules on the respective supporting structures by 
at least the height of a single module, 

c. each supporting structure having associated 
therewith a plurality of laterally spaced rails ex~ 
tending from the building edge inwardly in the 
direction of intended module insertion into said 
building, 

d. track rails extending alongside said building in a 
direction generally transverse to the direction of 
said laterally spaced rails, 

e. a delivery platform having supporting wheels for 
rolling along said track rails and also supporting a 
second set of rails extending parallel to said 
laterally spaced rails, 

f. at least one wheeled dolly adapted to roll on said 
delivery platform while supported on said second 
set of rails and supporting a module thereon, 
whereby each module may be rolled while on said 
dolly to a predetermined position aligned with its 
intended position in the building and then rolled 
on said dolly off said platform and onto a respec» 
tive one of said supporting structures, 

. and auxiliary jacking means for raising each 
module relative to said wheeled dolly to permit 
removal of said dolly from underneath the module 
supported thereon and the attachment of the 
raised module to any module thereabove. 

2. The apparatus of claim 1 in which two said rails 
extend alongside each said supporting structure and 
each module is supported by two said dollies each inde 
pendent of the other and each having two pairs of 
laterally spaced wheels adapted to roll along said rails. 
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3. The apparatus of claim 1 in which each said rail 
has its upper surface lying below the module-support 
ing surfaces of the associated supporting structure by at 
least the overall height of said dolly. 

* * * * * 5 
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