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AN | MPROVED PREFABRI CATED BUI LDI NG MCDULE

This application relates to a buil ding nodul e.

A prefabricated prefinished construction system often take
into consideration aspects of quality, productivity, sustain-
ability, design for manufacturing and assenbly (DFMA) as wel |l
as design for safety.

The prefabricated prefinished construction system can be de-
vel oped by inproving its productivity. This can be accom

pl i shed by increasing know edge and experience through over-
seas study trips, sem nars, and workshops.

The prefabricated prefinished construction system can be used
to construct different types of buildings, including resi-
dences. Due to higher expectations with regard to the quality
of residential buildings, better finishing, as well as nore
mechani cal and el ectrical services are required. This trans-
lates to nore stringent requirenents for prefabricated prefin-
i shed construction systens, which are used to construct such

bui | di ngs.

These stringent requirenents can be satisfied by applying the
knowl edge and experience gai ned through the above-nentioned

overseas study trips, sem nars, and workshops.

Adoption of the prefabricated prefinished construction system
decreases the nunber of work hours, which are required on-

site.

The prefabricated prefinished construction system i ncl udes

mul tiple prefabricated building nodul es, wherein each buil ding
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nodul e i ncludes key structural elenents with a facade. The
structural elements include steel section colums and steel
channel beans for supporting a reinforced concrete slab. The
facade can be constructed froma material, which is specified
by an end user, such as concrete base panels, ductile con-

crete, alum nium panels, or curtain walls.

A few net hods of connecting the prefabricated building nodul es
to each other exist. One easy to use and | ow cost nethod,

whi ch net buil ding requirenents, uses shear and tension con-
nectors, wherein the tension connectors are attached to exter-
nal surfaces of the building nodul es.

It is an objective of the application to provide an inproved
prefabricated buil ding nodul e.

The application provides an inproved building nodule for a
buil ding. The building refers to a structure with walls and a
r oof .

Each buil di ng nodul e has a shape of a mainly rectangul ar bl ock
wi th four upper corners and four |ower corners. The shape of
the rectangul ar bl ock allows easy stacking of the building
nodul es to forma building. The buil ding nodul e can have
walls, a floor and a ceiling. One or nore than one different
bui | di ng nodul es can be used to forma building unit, such as
an office or a residential unit. The building nodul es are of -
ten constructed away froma work site of the building and are

|ater transported to the work site.

The buil ding nmodul e i ncludes at | east one netal franme and a

fl oor concrete sl ab.
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The netal frame refers to a structure for providing nechani cal
strength to the building nodule. The netal frame often in-
cl udes netal colums and netal beans, which are joined to-

gether to provide the netal frame.

In detail, the netal frame includes a netal nenber, a fl oor

tension plate, and a ceiling tension plate.

The nmetal nenber includes an upper part and a | ower part,
wherein the |l ower part is positioned at a |lower corner or in
the vicinity of the |ower corner of the building nodule. The
upper part is positioned at an upper corner or in the vicinity
of the upper corner of the building nodule.

The floor tension plate includes at |east one first building
nmodul e fastener opening and a first building nodul e connector
protrusion alignnent hole, wherein the floor tension plate is
positioned horizontally and an upper surface of the floor ten-
sion plate is fixed to the |ower part of the netal nenber.

Simlarly, the ceiling tension plate includes at |east one
second buil di ng nodul e fastener opening and a second buil di ng
nodul e connector protrusion alignment hole, wherein the ceil-
ing tension plate is positioned horizontally and a | ower sur-
face of the ceiling tension plate is fixed to the upper part

of the nmetal menber.

During assenbly of a building, one building nodule is placed
on top of another building nodule. Lower corners of the upper
bui | di ng nodul e are placed next to upper corners of the |ower
bui | di ng nodul e. First building nodul e fastener openi ngs of

t he upper building nodule are then fastened to correspondi ng
second buil di ng nodul e fastener openings of the |ower building

modul e.
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These buil di ng nodul e fastener openings allow a | ocki ng mecha-
nismto fix a floor tension plate, which is positioned at a
| oner corner of the upper building nodule, to a ceiling ten-
sion plate, which is positioned an upper corner of the |ower
bui | di ng nodule. In short, building nodul e fastener openings
enabl e fixing of the upper building nodule to the | ower build-

i ng nodul e.

The | ocki ng mechani sm can include a threaded bolt or a stud
for passing through the building nodul e fastener openings to
engage with a conplenentary threaded el ement, such as a

t hreaded nut.

In detail, the threaded bolt or stud can be inserted via the
first building nmodul e fastener opening and via the correspond-
i ng second building nodul e fastener opening, for fastening to
the conpl enentary threaded nut positioned in the |ower build-
i ng nodul e.

Al ternatively, the threaded bolt or stud can be inserted via

t he second buil di ng nodul e fastener opening and via the corre-
spondi ng first building nodul e fastener opening, for fastening
to the conplenentary threaded nut positioned in the upper

bui | di ng nodul e.

The floor concrete slab includes one or nore concrete slab
openi ngs. Each opening is positioned at a | ower part of the
bui | di ng nodul e. The concrete sl ab opening provides a gap for
accessing the corresponding first building nodul e fastener
openi ng of the corresponding floor tension plate frominside
of the building nodule. The first building nodul e fastener
opening is used for attaching to a corner of another building
nodul e.
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The buil ding nmodule allows a worker to access the first buil d-
i ng nodul e fastener opening of the floor tension plate from
i nside of the building nodule for attaching the buil ding nod-

ule to another buil ding nodul e.

This is different from other buil ding nodul es, which includes
a tension plate wwth a fastener opening that is adapted for
accessing froman outside of the building nodules. This is

ri sky, especially when the building nodule is |ocated at a

hi gh | evel

The buil ding nodule also facilitates ease of inspection and
mai nt enance of the floor tension plate.

The buil di ng nodul e enabl es easy conceal nent of the floor ten-
sion plate, thereby providing a pleasing architectural detail -

i ng.

The application also provides a further building nodul e, which

is simlar to the above buil di ng nodul e.

The buil ding nmodul e i ncludes at | east one netal franme and a
ceiling panel. The ceiling panel is also called a ceiling

boar d.

In detail, the netal frame includes a netal nenber, a fl oor

tension plate, and a ceiling tension plate.

The netal nenber includes an upper part and a |ower part. The
| oner part is positioned at a |l ower corner of the building
nodul e while the upper part is positioned at an upper corner

of the building nodul e.
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The floor tension plate includes at |east one first building

nodul e fastener opening and a first building nodul e connector
protrusion alignnent hole, wherein the floor tension plate is
positioned horizontally and an upper surface of the floor ten-

sion plate is fixed to the |ower part of the netal nenber.

The ceiling tension plate includes at | east one second buil d-
i ng nodul e fastener opening and a second buil di ng nodul e con-
nector protrusion alignnment hole, wherein the ceiling tension
plate is positioned horizontally and a | ower surface of the
ceiling tension plate is fixed to the upper part of the netal
menber.

The ceiling panel is attached to an upper part of the building
nmodul e, wherein a nmechanical and el ectrical space is provided
between the ceiling panel and a ceiling of the building nod-
ul e. The nmechani cal and electrical space allows for installa-
tion of nechanical and el ectrical conponents, such as electri-
cal wiring and piping. The ceiling panel acts to conceal the
mechani cal and el ectrical space.

The ceiling panel includes at |east one ceiling panel opening
bei ng positioned at an upper part of the building nodule. The
ceiling panel opening provides a gap for accessing the corre-
spondi ng second buil di ng nodul e fastener opening of the corre-
sponding ceiling tension plate frominside of the building

nmodul e.

The buil ding nmodule allows a worker to safely access the sec-
ond buil di ng nodul e fastener opening of the ceiling tension
plate frominside of the building nodule for attaching the

bui | di ng nodul e to anot her buil di ng nodul e.
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In other words, the ceiling panel opening provides anot her

means to access the building nodul e fastener opening.

The application al so provides several additional aspects.

The fl oor tension plate can be fixed to the |lower part of the

met al nmenber by wel di ng.

The wel ding refers to nelting of two surfaces of two corre-
sponding netal part for joining the two netal parts. In gen-
eral, the welding can be replaced by soldering or brazing. The
sol dering and brazing refer to nelting of netal filler for
joining two netal parts together.

Simlarly, the ceiling tension plate can also be fixed to the
upper part of the netal nenber by wel ding.

In one inplementation, the nmetal nenber includes a netal sec-

tion col um.

In one inplenmentation, the floor tension plate, the netal mem
ber, and the ceiling tension plate include a steel naterial,
al t hough they can also include a cast iron, stainless steel,

alum nium and/or netal alloy material.

The above buil ding nodul e can further include a shaft pipe and

a shaft wall.

In detail, the shaft pipe is attached to a | ower part of the
bui | di ng nodul e. The lower part often refers to a floor of the
bui | di ng nodul e. The shaft pipe extends vertically fromthe

| oner part to an upper part of the building nodule.
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In use, the shaft pipe allows an external utility, such as wa-
ter, electricity, and sewage to be channelled to the building

nmodul e.

The shaft wall is attached to the |ower part of the buil ding
nodul e, wherein the shaft wall extends vertically fromthe

| oner part to the upper part of the building nodule. The shaft
wal | al so encl oses the shaft pi pe.

The shaft wall includes an upper shaft wall opening, wherein

t he upper shaft wall opening provides a gap for accessing the
second buil di ng nodul e fastener opening. The upper shaft wall
opening is often concealed by a ceiling board for providing a
pl easant fi nish.

Thi s arrangenment of the building nodul e provides a pipe shaft
while also allowing a connection of the building nodule to an-
ot her buil di ng nodul e.

The building nmodule wwth a shaft wall and often prefabricated
at a different site fromthe building site, where the shaft

wal | can be easily incorporated in the building nodul e.

The shaft wall is often constructed such that it blocks a

wor ker, who is |ocated inside of the building nodule, from ac-
cessing the fastener openings that is positioned at a | ower
corner of the building nodule. In detail, a |lower part of the
shaft wall encloses the fastener openings, wherein the | ower
part bl ocks the worker from accessing the fastener openings.

A user of the building nodul e does not need to access these
fast ener openings. The access to the fastener openings is
needed only during assenbly of the building, in order to fas-

ten the building nodule to another buil di ng nodul e.
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During the assenbly, a worker, who is positioned inside the
bui | di ng nodul e, can access these fastener openings, which are
positioned at said | ower corner of the building nodule, by
creating an opening in the shaft wall and | ater perform ng ma-

sonry work to cover and seal the opening.

The provision of the upper shaft wall opening allows the
wor ker to avoid this masonry work, which is often tedi ous and

time consum ng

When one buil ding nodule is placed upon another buil di ng nod-
ule, the worker just needs to be positioned in the | ower
bui | di ng nodul e. The worker can then access the upper shaft
wal | opening of the |lower building nodule and | ater fasten the
fastener openings to each other for fixing the upper building
nmodul e to the lower building nodule. After this, the worker
just needs to place a ceiling board to conceal the upper shaft
wal | opening of the | ower buil ding nodul e.

The application al so provides a buil ding nodul e arrangenent
for a building. The building nodul e arrangenent includes at
| east one set of building nodules, a building nodul e connect or

and a buil di ng nmodul e | ocki ng nechani sm

The | ocki ng nmechanismrefers to a device for joining a part of
one buil ding nodul e to another part of another buil di ng nod-
ul e. The | ocking mechani sm can include a bolt and nut necha-
nism |In practise, the |ocking nechanismis often used to fix
four upper corners of a |lower building nodule to four | ower

corners of an upper buil di ng nodul e.

In detail, the set of building nodul es includes an upper

bui | di ng nodul e according to the one of the above buil ding
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nodul es, and a | ower buil di ng nodul e according to one of the

above buil di ng nodul es.

The upper building nodule is placed above and next to the
| ower buil ding nodul e, such that | ower corners of the upper
bui | di ng nodul e are pl aced above correspondi ng upper corners

of the | ower building nodul e.

The upper buil ding nodul e includes a floor tension plate. The
floor tension plate includes at |east one first building nod-
ul e fastener opening and a first building nodul e connector
protrusion alignnment hole.

Simlarly, the |lower building nodule includes a ceiling ten-
sion plate. The ceiling tension plate includes at |east one
second buil di ng nodul e fastener opening and a second buil ding

nodul e connector protrusion alignment hole.

The buil di ng nodul e connector is provided for aligning the up-
per building nodule to the | ower building nodul e, wherein the
bui | di ng nodul e connector includes a buil ding nodul e connect or
nmetal plate is positioned horizontally, a first protrusion
with a first guiding chanfer being provided on an upper sur-
face of the building nodul e connector netal plate, and a sec-
ond protrusion being provided on a | ower surface of the build-

i ng nodul e connector netal plate.

The first protrusion is inserted into the first building nod-
ul e connector protrusion alignnment hole of the floor tension
plate for aligning the upper building nodule to the building

modul e connect or.

Simlarly, the second protrusion is inserted into the second

bui | di ng nodul e connector protrusion alignnment hole of the
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ceiling tension plate for aligning the |ower building nodul e

to the buil ding nodul e connector.

The | ocki ng nmechani smacts to fasten the floor tension plate
to the ceiling tension plate, via the first building nodul e
fast ener opening and via the second buil di ng nodul e fastener

openi ng.

The buil ding can be forned easily by joining of the building
nodul es fromthe inside of the building nodul es.

In one inplenmentation, the | ocking nechani smincludes a
t hreaded el enment, such as a nut or a plate with a threaded
hol e, being welded to a rimof the first building nodule fas-

t ener openi ng.

The wel ding of the threaded elenent to the rimof the first
bui | di ng nodul e fastener opening conveniently allows a corre-
spondi ng el enent, such as a bolt or a stud, to be inserted via
t he second buil di ng nodul e fastener opening, via the first
bui | di ng nodul e fastener opening, in order to fasten the ceil -

ing tension plate to the floor tension plate.

Al ternatively, the threaded el enent can be welded to a rim of
t he second buil di ng nodul e fastener opening, instead of the

first building nodul e fastener opening.

This welding also allows a corresponding el ement, such as a
bolt or a stud, to be inserted via the first building nodul e
fast ener opening, via the second buil di ng nodul e fastener
opening, in order to fasten the floor tension plate to the

ceiling tension plate.
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A first vibration danping rubber |ayer can be positioned be-
tween the floor tension plate and the buil di ng nodul e connec-
tor netal plate for reducing transm ssion of vibrations be-

t ween the buil di ng nodul es.

Simlarly, a second vibration danping rubber |ayer can be po-
sitioned between the ceiling tension plate and the building
nmodul e connector netal plate for reducing transm ssion of vi-

brations between the buil di ng nodul es.

In one inplenentation, a netal spacer plate is positioned be-
tween the floor tension plate and the ceiling tension plate
for allowing the | ower building nodule to bear the wei ght of
t he upper buil di ng nodul e.

The nmetal spacer plate can include a steel material, although
it can also include other nmaterials, such as cast iron,

stainless steel, alumnium and/or netal alloy material.

The buil di ng nodul e connector also can include a steel mate-
rial, although it can also include other materials, such as
cast iron, stainless steel, alumnium and/or netal alloy na-

terial.

Different configurations of the upper building nodul e and the

| ower buil ding nodul e are possi bl e.

I n one configuration, the upper building nodule and/or the

| ower buil ding nodul e include a floor concrete slab with four
concrete sl ab openings. Each concrete slab opening provides a
gap for accessing a corresponding first building nodul e fas-
tener opening of a corresponding floor tension plate from an

i nside of the building nodul e.
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This configuration provides a neans for enabling a worker, who
is located inside of the upper building nodule, to access the
concrete slab openings for fastening the four |ower corners of
t he upper building nodule to the correspondi ng four upper cor-

ners of the |ower building nodul e.

I n anot her configuration, the upper building nodul e and/or the
| ower buil ding nodul e includes a ceiling panel with four ceil-
i ng panel openings. Each ceiling panel opening provides a gap

for accessing a correspondi ng second buil di ng nodul e fastener

opening of a corresponding ceiling tension plate froman in-

side of the building nodul e.

This configuration provides another nmeans to all ow a worker,
who is located inside of the I ower building nodule, to access
the ceiling panel openings for fastening the four |ower cor-
ners of the upper building nodule to the correspondi ng four
upper corners of the |ower building nodul e.

In a further configuration, the upper building nodul e and/ or
the | ower building nodule includes a floor concrete slab with
three concrete slab openings and a ceiling panel with one

cei l i ng panel openi ng.

Simlar to the above configurations, each concrete slab open-
ing provides a gap for accessing a corresponding first build-
i ng nodul e fastener opening, while the ceiling panel opening
provi des a gap for accessing a correspondi ng second buil di ng

nodul e fastener openi ng.

A worker, who is |ocated inside of the upper building nodul e,
can insert a fastener, via the concrete slab opening, via the

corresponding first building nodule fastener opening, via a
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correspondi ng second bui l di ng nodul e fastener opening, for

fastening with a correspondi ng fastening el ement.

A worker, who is |ocated inside of the | ower building nodul e,
can insert a fastener, via the correspondi ng second buil di ng
nodul e fastener opening, via a corresponding first building
nodul e fastener opening, for fastening with a correspondi ng

fasteni ng el ement.

A shaft pipe with a correspondi ng shaft wall can al so be pro-
vided near to the ceiling panel opening, for channelling util-
ity to the building nodule.

I n anot her configuration, the upper building nodule and/or the
| ower buil ding nodul e includes four netal franes.

The application provides a nethod of assenbling a building.

The method includes a step of providing an upper buil ding nod-
ul e. The upper buil ding nodul e includes a floor tension plate,
which is attached to a | ower corner of the upper building nod-
ule. The floor tension plate includes a first building nodul e
fastener opening and a first building nodul e connector protru-

sion alignnment hole.

After this, a lower building nmodule is provided. The | ower

bui | di ng nodul e includes a ceiling tension plate that is at-
tached to an upper corner of the |ower building nodule. The
ceiling tension plate includes a second buil ding nodul e fas-
tener opening and a second buil di ng nodul e connect or protru-

sion alignnent hole.

The upper building nodule is then positioned on top of the
| ower buil di ng nodul e, wherein protrusions of a building nod-

ul e connector align the first building nodul e connector pro-
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trusion alignment hole to the second buil di ng nodul e connect or

protrusion alignnent hole.

The first building nodule fastener opening is |later fastened

to the second buil ding nodul e fastener opening via a building

nmodul e | ocki ng mechani smfromthe inside of one of the upper

bui | di ng nodul e and the | ower buil di ng nodul e.

The subject of the present specification is now explained in

nore detail with respect to the followng figures in which

Fig. 1
Fig. 2
Fi g.

Fi g.

Fig. 5
Fig. 6
Fig. 7
Fig. 8
Fig. 9

illustrates a front view of an assenbly of prefabri-
cated buil ding nodul es, the prefabricated building
nodul es are connected wth each other via a nodul e
connector unit, which includes one or nore first

out er connector device, one or nore second outer
connector device, and one or nore inner connector
devi ce,

illustrates a detail view of an area of the prefab-
ricated building nodul e assenbly of Fig. 1,
illustrates a sectioned view of the area of Fig. 2,
illustrates a front view of a floor tension plate of
the first outer connector device of Fig. 1
illustrates a bottomview of the floor tension plate
of Fig. 4,

illustrates a top view of a ceiling tension plate of
the first outer connector device of Fig. 1
illustrates a front view of the ceiling tension

pl ate of Fig. 6,

illustrates a side view of a first outer shear con-
nector of the first outer connector device of Fig.

1

illustrates a top view of the first outer shear con-
nector of Fig. 8,
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illustrates a top view of a first floor tension

pl ate gasket of the first outer connector device of
Fig. 1,

illustrates a top view of a sandw ch plate of the
first outer connector device of Fig. 1

illustrates a front view of the sandw ch plate of
Fig. 11,

illustrates a front view of an inner shear connector
of the inner connector device of Fig. 1

illustrates a top view of the inner shear connector
of Fig. 13,

illustrates a top view of a floor tension plate gas-
ket of the inner connector device of Fig. 1
illustrates an expl oded view of a prefabricated
bui | di ng nodul e of the assenbly of Fig. 1
illustrates a first step of a nmethod of assenbly of
the prefabricated building nodul e assenbly of Fig.

1

illustrates a second step of the nmethod of the as-
senbly of Fig. 1,

illustrates a third step of the nethod of the assem
bly of Fig. 1,

illustrates a fourth step of the method of the as-
senbly of Fig. 1,

illustrates a fifth step of the nmethod of the assem
bly of Fig. 1,

illustrates another view of the first step of the
met hod of assenbly of Fig. 17,

illustrates another view of the third step of the
met hod of assenbly of Fig. 19,

illustrates another view of the fourth step of the
met hod of assenbly of Fig. 20,

illustrates a front view of a further assenbly of

further prefabricated buil di ng nodul es,
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Fig. 26 illustrates a sectioned view of the prefabricated
bui | di ng nodul e assenbly in Fig. 25, and
Fig. 27 illustrates a detail view of an area of the prefab-

ricated building nodul e assenbly of Fig. 25.

In the follow ng description, details are provided to descri be
t he enbodi nents of the present specification. It shall be ap-
parent to one skilled in the art, however, that the enbodi -
ments may be practised without such details.

The enbodi nents bel ow have simlar parts. The simlar parts
may have the sanme names or simlar part nunbers. The descri p-
tion of one part applies by reference to another simlar part,
where appropriate, thereby reducing repetition of text wthout
[imting the disclosure.

Figs. 1, 2 and 3 show different views of a prefabricated
bui | di ng nodul e assenbly 10. The buil di ng nodul e assenbly 10
i ncludes a prefabricated first building nodule 11la, a prefab-
ri cated second buil ding nodul e 11b, a prefabricated third
bui | di ng nodul e 11c, a prefabricated fourth buil ding nodul e

11d, and a nodul e connector unit 15.

The first building nodule 11la, the second buil ding nodul e 11b,
the third building nodule 11c, and the fourth buil di ng nodul e
11d have the sane rectangul ar shape. Each buil di ng nmodul e 11a,
11b, 11c, and 11d is placed horizontally such its four upper

corners are placed above its four |ower corners.

The first building nodule 11la is placed next to the second
bui | di ng nodul e 11b such that they are placed on the sane
I evel. The third building nodule 11c is also placed above and
next to the first building nodule 11la. Simlarly, the fourth

bui | di ng nodul e 11d is placed above and next to the second



10

15

20

25

30

18

bui | di ng nodul e 11b. The fourth building nodule 11d is al so
pl aced next to the third building nodule 11c, wherein the
fourth building nodule 11d and the third building nodule 11c

are placed on the sane | evel.

The nodul e connector unit 15 includes six connector devices.

For easy illustration purposes, only three connector devices
are shown in Fig. 1. These connector devices include a first
outer connector device 15a, a second outer connector device

15b, and an inner connector device 15c. The description of

t hese connector devices apply to the other connector devices,
as appropri ate.

In detail, the inner connector device 15c connects a |ower in-
ner corner 1lc-li of the third building nodule 11c to an upper
i nner corner l1lla-ui of the first building nodule 1la and con-
nects a lower inner corner 11d-li of the fourth building nod-
ule 11d to an upper inner corner 11lb-ui of the second buil ding
nodul e 11b.

The first outer connector device 15a connects a | ower outer
corner 1llc-l1o of the third building nodule 11c to an upper

outer corner 1la-uo of the first building nodule 1lla.

Simlarly, the second outer connector device 15b connects a

| oner outer corner 11d-l1o of the fourth building nodule 11d to
an upper outer corner 1lb-uo of the second buil di ng nmodul e
11b.

In detail, the first outer connector device 15a includes a
first outer shear connector 155, a first floor tension plate
152, a first ceiling tension plate 151, a first floor tension
pl ate gasket 832, and a first ceiling tension plate gasket
846.



10

15

20

25

30

19

The first floor tension plate 152 is attached to the | ower
outer corner 1lc-lo of the third building nodule 1lc. The
first ceiling tension plate 151 is attached to the upper outer

corner l1lla-uo of the first building nodule 1la.

As better seen in Figs. 4 and 5, the first floor tension plate
152 includes a floor shear connector alignnent hole 812 and
two floor bolt openings 815. In use, the first floor tension
plate 152 is oriented horizontally. The first floor tension

pl ate 152 has an upper mjor surface and a | ower nmjor sur-
face, which is essentially parallel to the upper major sur-
face. The upper major surface of the first floor tension plate
152 is welded to a bottompart of a steel colum of the third
bui | di ng nodul e 11c.

As better seen in Figs. 6 and 7, the first ceiling tension

pl ate 151 includes a ceiling shear connector alignnment hole
842 and two ceiling bolt openings 845 with two correspondi ng
threaded nuts 847. In use, the first ceiling tension plate 151
is oriented horizontally. The first ceiling tension plate 151
has an upper mgjor surface and a | ower maj or surface, which is
essentially parallel to the upper major surface. Each threaded
nut 847 is welded on the |lower najor surface of the first
ceiling tension plate 151, and is positioned next to the cor-
respondi ng ceiling bolt openings 845 such that a holl ow part
of the threaded nut 847 and the ceiling bolt openings 845 are
positioned co-axially. In other words, the threaded nut 847
and the ceiling bolt opening 845 have the same axis. The | ower
maj or surface of the first ceiling tension plate 151 is wel ded
to a top part of a steel colum of the first building nodule
11a.
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The first outer shear connector 155, as best seen in Figs. 8
and 9, includes a rectangular steel plate 310, a steel |ower
protrusion 322a, and a steel upper protrusion 322b. The | ower
protrusion 322a has an elliptical cross-section with a | ower
nodul e gui ding chanfer 324a. Simlarly, the upper protrusion
322b has an elliptical cross-section with an upper nodul e
gui di ng chanfer 324b.

In use, the steel plate 310 is oriented horizontally. The
steel plate 310 has an upper mgjor surface and a | ower mmjor
surface, which is essentially parallel to the upper major sur-
face.

The upper protrusion 322b is integrally connected to the upper
maj or surface while the | ower protrusion 322a is integrally
connected to the lower major surface of the steel plate 310.

The upper protrusion 322b is inserted into the floor shear
connector alignnment hole 812. The | ower protrusion 322a is in-
serted into the ceiling shear connector alignnent hole 842.

Bolts 800 are inserted into the corresponding floor bolt open-
i ngs 815 and the correspondi ng ceiling bolt openings 845 such
that the bolts 800 are fastened with the correspondi ng

t hreaded nuts 847.

A first outer sandw ch plate 350, as better shown in Figs. 11
and 12, includes two sandwi ch plate bolt openings 350a,
wherein each sandwi ch plate bolt opening 350a corresponds to
the associated ceiling bolt openings 845. The first outer
sandwi ch plate 350 is placed between the first ceiling tension
plate 151 and the first floor tension plate 152 such that the
bolts 800 passed through the correspondi ng sandwi ch plate bolt
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openi ngs 350a. The first outer sandwi ch plate 350 is al so

call ed a spacer plate.

The first floor tension plate gasket 832, as better shown in
Fig. 10, includes a first floor tension plate gasket opening
832a. The first floor tension plate gasket 832 is placed be-
tween the first floor tension plate 152 and the steel plate
310 of the first outer shear connector 155 such that the upper
protrusion 322b passed through the first floor tension plate
gasket opening 832a. In other words, the first floor tension
pl at e gasket 832 contacts the | ower major surface of the first
ceiling tension plate 151 and contacts the upper nmjor surface
of the steel plate 310.

Simlarly, the first ceiling tension plate gasket 846 includes
a first ceiling tension plate gasket opening 846a. The first
ceiling tension plate gasket 846 is placed between the first
ceiling tension plate 151 and the steel plate 310 of the first
outer shear connector 155 such that the | ower protrusion 322a
and passed through the first ceiling tension plate gasket
openi ng 846a.

Referring to the second outer connector device 15b, it is

simlar to the first outer connector device 15a.

The second outer connector device 15b includes a second outer
shear connector 156, a second floor tension plate 158, a sec-
ond ceiling tension plate 159, a second floor tension plate

gasket 852 and a second ceiling tension plate gasket 856.

The second floor tension plate 158 is attached to the | ower
outer corner 11d-l1o of the fourth building nodule 11d. The
second ceiling tension plate 159 is attached to the upper

outer corner 11b-uo of the second buil ding nodule 11b.
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An upper protrusion of the second outer shear connector 156 is
inserted into a floor shear connector alignnment hole of the
second floor tension plate 158. A |ower protrusion of the sec-
ond outer shear connector 156 is inserted into a ceiling shear
connector alignnment hole of the second ceiling tension plate
159.

Bolts are inserted into the floor bolt openings of the second
fl oor tension plate 158 and the corresponding ceiling bolt
openi ngs of the second ceiling tension plate 159 such that the
bolts are fastened wth the correspondi ng threaded nuts of the
second ceiling tension plate 159.

A second outer sandwi ch plate 352 is placed between the second
fl oor tension plate 158 and the second ceiling tension plate
159.

The second floor tension plate gasket 852 is placed between
the second floor tension plate 158 and the steel plate of the

second outer shear connector 156.

The second ceiling tension plate gasket 856 is placed between
the second ceiling tension plate 159 and the steel plate of

t he second outer shear connector 156.

Referring to the inner connector device 15c, it is simlar to

the first outer connector device 15a.

The i nner connector device 15c includes an inner shear connec-
tor 160, two inner floor tension plates 162 and 163, two inner
ceiling tension plates 164 and 165, an inner floor tension

pl at e gasket 372, and an inner ceiling tension plate gasket
374.
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A first inner floor tension plate 162 is attached to a | ower

i nner corner 1lc-li of the third building nodule 11c. A second
inner floor tension plate 163 is attached to a | ower inner
corner 11d-1i of the fourth building nodule 11d. A first inner
ceiling tension plate 164 is attached to an upper inner corner
1la-ui of the first building nodule 1la. A second inner ceil-
ing tension plate 165 is attached to an upper inner corner
11b-ui of the first building nodul e 11b.

A first upper protrusion 362 of the inner shear connector 160,
as better seen in Figs. 13 and 14, is inserted into a fl oor
shear connector alignnent hole of the first inner floor ten-
sion plate 162. The first upper protrusion 362 includes a
first upper protrusion guiding chanfer 362a. Simlarly, a sec-
ond upper protrusion 364 of the inner shear connector 160 is
inserted into a floor shear connector alignnent hole of the
second inner floor tension plate 163. The second upper protru-
sion 364 includes a second upper protrusion guiding chanfer
364a.

A first |ower protrusion 366 of the inner shear connector 160,
is inserted into a ceiling shear connector alignnment hole of
the first inner ceiling tension plate 164. The first | ower
protrusion 366 includes a first |lower protrusion chanfer 366a.
Simlarly, a second | ower protrusion 368 of the inner shear
connector 160 is inserted into a ceiling shear connector

al i gnnent hol e of the second inner ceiling tension plate 165.
The second | ower protrusion 368 includes a second | ower pro-

trusi on chanfer 368a.

Bolts are inserted into the floor bolt openings of the inner
fl oor tension plates 162 and 163, and into the correspondi ng

ceiling bolt openings of the ceiling tension plates 164 and
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165 such that the bolts are fastened with the correspondi ng

threaded nuts of the ceiling tension plates 164 and 165.

A first inner sandwi ch plate 354 is placed between the first
inner floor tension plate 162 and the first inner ceiling ten-
sion plate 164. Simlarly, a second inner sandw ch plate 356
is placed between the second inner floor tension plate 163 and
the second inner ceiling tension plate 165.

The inner floor tension plate gasket 372, as better seen in
Fig. 15, includes two inner floor tension plate gasket open-
ings 372a and 372b. The inner floor tension plate gasket 372
is placed on an upper nmajor surface of the inner shear connec-
tor 160 such that the first upper protrusion 362 and the sec-
ond upper protrusion 364 passed through a first inner floor
tensi on pl ate gasket opening 372a and the second inner floor
tensi on pl ate gasket opening 372b respectively.

The inner ceiling tension plate gasket 374 includes two inner
ceiling tension plate gasket openings 374a and 374b. The i nner
ceiling tension plate gasket 374 is placed on a | ower major
surface of the inner shear connector 160, such that the first
| oner protrusion 366 and the second | ower protrusion 368
passed through the first inner ceiling tension plate gasket
openi ng 374a and the second inner ceiling tension plate gasket

openi ng 374b respectively.

Referring to the building nodule 11la, it includes a steel
structure 23 and concrete conponents 25, which is better seen
in Fig. 16. The concrete conponents 25 are integrated with the
steel structure 23 such that many parts of the steel structure

23 are often enclosed by the concrete conponents 25.
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In detail, the steel structure 23 includes a plurality of

steel section colums 231, a plurality of steel channel beans
234, and a steel plate roof 238. The steel section colums 231
are joined to the steel channel beans 234 to forma cuboid
structure with one vertical steel section colum 231 being

pl aced at each corner of the cuboid structure. The steel plate
roof 238 is placed on top of the cuboid structure, and is at-

tached to the cuboid structure.

The steel section colums 231 form side faces of the cuboid
structure while the steel channel beans 234 forma top face
and a bottom face of the cuboid structure.

The concrete conponents 25 include a plurality of wall nodul es
251, a ceiling nodule 255, and a floor nodul e 257.

The wall nodul es 251 are joined to side faces of the cuboid
structure. Simlarly, the ceiling nodule 255 is joined to the
top face of the cuboid structure, and the floor nodule 257 is
joined to the bottomface of the cuboid structure.

Wth reference to the wall nodul es 251, each wall nodul e in-
cludes an internal wall 251a, and an external wall 251b. The
internal wall 25l1a is attached to an inner side face of the
cuboid structure. The external wall 251b is attached to an
outer side face of the cuboid structure such that only the ex-
ternal wall 251b is exposed to the exterior of the cuboid

structure.

The internal wall 251a can be provided by an internal drywall,

or a flame resistant wall with steel studs.
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The external wall 251b can be provided by a concrete panel, a
ductil e concrete panel, a fireboard and/ or other type of clad-

di ng.

In one inplementation, the wall nodule 251 is provided by a
wall with a sliding door and associ ated doorframe. A bal cony

can be attached to the wall.

Wth reference to the ceiling nodule 255, it includes a purlin
frame 255a, and a ceiling board 255b. The purlin frame 255a is
attached to the top face of the cuboid structure. The ceiling
board 255b is attached to a bottomof the purlin frame 255a
such that the purlin frame 255a is not visible when viewed
fromthe interior of the cuboid structure. In other words, the
ceiling board 255b conceals the purlin frame 255a.

A mechani cal and el ectrical space 930 is provided between the
purlin frame 255a and the ceiling board 255b.

The ceiling board 255b includes four ceiling connector access
openi ngs 910, which are placed in the correspondi ng upper cor-
ners of the first building nodule 11la. One ceiling connector

access opening 910 is shown in Fig. 17.

Wth reference to the floor nodule 257, it includes a rein-
forced concrete slab 257a, and a plurality of floor tiles
257b. The reinforced concrete slab 257a is attached to the
bottom face of the cuboid structure. The floor tiles 257b are
attached to the reinforced concrete slab 257a such that the
reinforced concrete slab 257a is conceal ed when viewed from

the interior of the cuboid structure.

In a general sense, the reinforced concrete slab 257a can be

formed by pouring wet liquid concrete m xture over the bottom
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face of the cuboid structure. Alternatively, the reinforced
concrete slab 257a is forned off-site and is later attached to

the bottom face of the cuboid structure.

The fl oor nodul e 257 includes floor connector access openings
920, which are placed in the corresponding | ower corners of
the first building nodule 11la. One floor connector access
opening 920 is shown in Fig. 19.

The buil di ng nodul es 11b, 11c, and 11d have parts that are
simlar to parts of the first building nodule 1la. The above
description of the parts of the first building nodule 1la
simlarly applies to these simlar parts.

In one inplenmentation, the steel plate 310 of the first outer
shear connector 155 has a thickness of about 10 mm (m | 1i ne-
tre), and a |length of about 310 mm

The first floor tension plate 152 has a thickness of about 25
mm a length of about 253 mm and a width of about 265 nm

Simlarly, the first ceiling tension plate 151 has a thickness
of about 25 nmm a length of about 253 mm and a w dth of about
265 mMm

The nechani cal and el ectrical space 930, which is provided be-
tween the purlin frame 255a and the ceiling board 255b, has

di mensi ons of about 200mm to 300mMm

In use, the building nodul e assenbly 10 serves as a buil di ng.

The building can refer to a residential building.

In detail, the building nodule 11a, 11b, 11c, and 11d provi des
one or nore roons for the building. The building nodul e 11la,
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11b, 11c, and 11d is fabricated off-site or is constructed
away fromthe work site of the building. The buil ding nodul e
1la, 11b, 11c, and 11d is then transported to the work site

for joining to each other.

The steel structure 23 of the building nodule 11a, 11b, 1lc,
and 11d is intended for receiving and attaching to the con-
crete conponents 25. The steel structure 23 of the building
nmodul e 11a, 11b, 11c, and 11d al so provi des additional ne-
chani cal strength to the respective building nodule 11a, 11b,
11c, and 11d.

The concrete conponents 25 of the respective building nodul e
11a, 11b, 11c and 11d are used to provide the respective
bui | di ng nodul e 11a, 11b, 11c, and 11d with insulation from
external noise and vibration, with thermal confort, with pro-

tection fromfire hazard, and with shelter fromrain.

Wth reference to the first outer connector device 15a, it is
used to align or position the third building nodule 11c with
respect to the first building nodule 1la. A worker, who is |o-
cated inside the third building nodule 11c, then uses the
first outer connector device 15a to connect the third building

nodul e 11c to the first building nodule 1lla.

In detail, the first ceiling tension plate 151 is used for at-
taching to a top part of a steel colum of the building nodule
11a.

Simlarly, the first floor tension plate 152 is used for at-
taching to a bottompart of a steel colum of the third buil d-

i ng nodul e 1lc.
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The | ower protrusion 322a is inserted into the ceiling shear
connector alignnment hole 842 of the first ceiling tension

pl ate 151. The | ower nodul e guiding chanfer 324a allows for
easy insertion of the |ower protrusion 322a into the ceiling

shear connector alignnment hole 842.

The upper protrusion 322b is intended for guiding and pre-
cisely and/or accurately positioning the third building nodul e
11c with respect to the first building nodule 1la. The upper
protrusion 322b is inserted into the floor shear connector
alignment hole 812 of the first floor tension plate 152,
wherein the inclination of the upper nodul e guiding chanfer
324b contacts the edge of the floor shear connector alignnent
hol e 812 and gui des the floor shear connector alignnent hole
812. In effect, this guiding acts to align and position the

| oner outer corner 1lc-lo of the third building nodule 1lic

Wi th respect to the upper outer corner 1lla-uo of the first
bui | di ng nodul e 11a. The upper protrusion 322b is al so di nen-
sioned or is sized for shifting the position and the wei ght of
t he buil ding nodul e 11c for the above-described alignnent.

The protrusions 322b and 322a al so serve to restrain the third
bui l di ng nodule 11c fromnoving in a horizontal direction with

respect to the first building nodul e 1la.

The steel plate 310 serves to bear or withstand the wei ght of
the third building nodule 1lc.

The first outer sandwi ch plate 350 acts to fill a space be-

tween the first floor tension plate 152 and the first ceiling
tension plate 151, wherein the first outer sandw ch plate 350
al so acts to transfer the weight of the third buil ding nodul e
11c to the first building nodule 1la. The first outer sandw ch



10

15

20

25

30

30

pl ate 350 then bears or withstands the weight of the third
bui | di ng nodul e 11c.

The first floor tension plate gasket 832 and the first ceiling
tensi on plate gasket serve 846 as a cushioning for reducing a
direct surface contact area between the first building nodul e
1l1a and the third building nmodule 11c. The first floor tension
pl ate gasket 832 and the first ceiling tension plate gasket
serve 846 also a transm ssion of vibrations or noise between
the first building nodule 11la and the third buil di ng nodul e
11c via the first outer shear connector 155.

The fl oor connector access opening 920 allows a worker, who is
| ocated inside the building nodule 11c, to access or reach the
fl oor bolt opening 815 for inserting a bolt into the floor
bolt openi ng 815.

The bolt 800 is then inserted into the floor bolt opening 815,
t hrough the correspondi ng sandwi ch plate bolt opening 350a,
and into the corresponding ceiling bolt opening 845.

The threads of the bolt 800 are then engaged with the corre-
spondi ng threads of the threaded nut 847 for fastening the
bolt 800 onto the threaded nut 847.

This fastening also acts a bolt and nut mechanismto connect
the first floor tension plate 152 to the first ceiling tension
pl ate 151, which also acts to connect the | ower corner 1llc-lo
of the third building nodule 11c to the upper corner 1lla-uo of
the first building nodule 11la. The bolt and nut nechanismre-
strains the third building nodule 11c from noving vertically

with respect to the first building nodule 1la.
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It should be noted that the worker is performng his job

safety froman internal part of the building nodule 1lc.

The ceiling connector access opening 910 enabl es the worker,
who is located in the interior of the first building nodul e
1lla, to gain access to the |lower nmajor surface of the first
ceiling tension plate 151 for inspecting the connection be-
tween the first floor tension plate 152 and the first ceiling
tension plate 151.

After this, a worker can fill the floor connector access open-
ing 920 with a liquid concrete m xture or grout, which then
hardens to join the reinforced concrete slab 257a.

The hardened concrete m xture can be | ater renoved for inspec-

ti on and nmi nt enance.

Referring to the second outer connector device 15b, it has
functions simlar to the functions of the first outer connec-

tor device 15a.

The second outer connector device 15b is used to align or po-
sition the fourth building nodule 11d to the second buil di ng
nodul e 11b. A worker, who is |located inside the fourth build-
i ng nodul e 11d, then uses the second outer connector device
15b to connect the fourth building nodule 11d to the second
bui | di ng nodul e 11b.

Referring to the inner connector device 15c, it has functions
simlar to the functions of the first outer connector device

15a. The inner connector device 15c is used to align or posi-
tion the building nodules 1l1a, 11b, 11c and 11d to each ot her.
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A worker, who is located inside the third building nmodule 1lc,
t hen uses the inner connector device 15c to connect the third
bui l di ng nodule 11c to the first building nodule 11la. Sim -
larly, a worker, who is located inside the fourth building
nodul e 11d, then uses the second outer connector device 15b to
connect the fourth building nodule 11d to the second buil ding
nodul e 11b.

A met hod of assenbling the buil ding nodule assenbly 10 is de-
scri bed bel ow.

The nethod includes a step of prefabricating off-site the
first building nodule 1l1la, the second buil ding nodul e 11b, the
third building nodule 11c, and the fourth buil ding nodul e 11d.

After this, the first building nodule 1la and the second
bui | ding nodul e 11b are placed at a construction site, wherein
the first building nodule 11a is placed next to the second
bui |l di ng nodul e 11b on the sane level, as shown in Fig. 22.

The gaskets and shear connectors are placed on the upper cor-
ners of the first building nodule 11la and the second buil ding

nmodul e 11b, in a further step.

For sinmplicity, steps of the nethod of assenbling the building
nodul e assenbly 10 are descri bed below with reference to one
corner of a building nodule. The description of these steps
applies to the other corners of the building nodule, where ap-

propri ate.

Wth regards to the upper outer corner outer 1la-uo of the
first building nodule 1l1a, the first ceiling tension plate
gasket 846 is placed on the upper najor surface of the first

ceiling tension plate 151. The | ower protrusion 322a of the
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first outer shear connector 155 is then inserted into the
first ceiling tension plate gasket opening 846a, and into the
ceiling shear connector alignnent hole 842, as seen in Figs.
17 and 18. The first floor tension plate gasket 832 is |ater
pl aced on the upper najor surface of the steel plate 310 of
the first outer shear connector 155, wherein the upper protru-
sion 322b is inserted into the first floor tension plate gas-
ket opening 832a. The first outer sandwi ch plate 350 is later
pl aced horizontally on the upper major surface of the first
ceiling tension plate 151.

The step descri bed above applies to the other corners of the
first building nodule 11la and other corners of the second
bui | di ng nodul e 11b.

Next, the third building nodule 11c is placed above the first
bui | ding nodul e 11a and is then |lowered onto the first build-
i ng nodul e 1l1a, in another step.

The upper protrusion 322b of the first outer shear connector
155 is inserted into the floor shear connector alignnment hole
812 of the first floor tension plate 152. The inclination of

t he upper nodul e gui ding chanfer 324b | ater contacts the edge
of the floor shear connector alignnent hole 812 and gui des the
fl oor shear connector alignment hole 812. This guiding serves
to align and position the |ower outer corner 1llc-lo of the
third building nodule 11c with respect to the upper outer cor-

ner 1la-uo of the first building nodule 1lla.

The step described above applies to the other shear connectors

of the first building nodule 1lla.
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The fourth building nodule 11d is then | owered onto the second
bui | di ng nodul e 11b, as better seen in Figs. 23 and 24, in a

further step.

The description of the above step relating to the | owering of
the third building nodule 11c applies to the | owering of the
fourth buil ding nodul e 11d.

A worker later enters the third building nodule 11c. Wth re-
spect to one corner of the third building nodule 1lc, the

wor ker inserts a shaft of the bolt 800 into a washer. The
shaft is then inserted into the floor connector access openi ng
920, into the respective floor bolt opening 815, through the
correspondi ng sandw ch plate bolt opening 350a of the first
outer sandw ch plate 350, and through the corresponding ceil -
ing bolt opening 845, as seen in Figs. 19 and 20, the worker
then fastens the bolt 800 to the correspondi ng threaded nut
847, in a further step.

The worker then inspects the fastening of the bolt 800 to the
correspondi ng threaded nut 847 fromthe inside of the upper
third building nmodule 1lc.

The worker al so inspects the fastening of the bolt 800 to the
correspondi ng threaded nut 847, via the ceiling connector ac-
cess opening 910, fromthe inside of the lower first building

modul e 11la.

The worker later fills the floor connector access opening 920
with liquid concrete m xture or grout fromthe inside of the

third building nodule 11c. As better seen in Fig. 21, the lig-
uid concrete mxture fills the floor connector access opening
920 and covers the first floor tension plate 152 such that an

upper surface of the concrete mxture is essentially at a sane
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| evel as an upper surface of the reinforced concrete slate
257a. Tiles can be placed onto the upper surface of the con-

crete mxture to provide a pleasant floor finishing.

The worker then covers and conceals the ceiling connector ac-

cess openi ng 910.

In effect, the connection of the first floor tension plate 152
with the first ceiling tension plate 151 via the fastening of
the bolt 800 to the corresponding threaded nut 847 is con-

ceal ed easily, thereby inproving architectural detailing of

t he buil di ng nodul e.

The worker then perfornms simlar work to the other corners of
the third building nodule 11c and the first buildi ng nodul e
1lla, and to the corners of the fourth building nodule 11d and
t he second building nodul e 11b, in a further step.

Figs. 25, 26, and 27 show different views of a further build-
i ng nodul e assenbly 10', which is a variant of the building
nodul e assenbly 10 of Figs. 1 to 24.

The buil di ng nodul e assenbly 10’ include a | ower buil di ng nod-
ule 1l1a’ and an upper building nodule 11c’, which is posi-

ti oned above the | ower building nodule 1la’.

Referring to the | ower building nodule 11a’, it includes a
ceiling tension plate 423, a pipe shaft, and a ceiling board
255b’ .

The pi pe shaft and the ceiling board 255b’ are fixed to an in-
terior of the | ower building nodule 11a’ while the ceiling
tension plate 423" is fixed to an exterior of the | ower build-

ing nodule 1lla’.
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In detail, the |lower building nodule 11a’ includes a vertical
steel colum, which extends froma | ower corner to an upper

corner of the |ower building nodule 11la’.

The ceiling tension plate 423 includes two ceiling bolt open-
ings 845 . The ceiling tension plate 423" is fixed to an upper
part of the steel columm. The |ower building nodule 11a’ is
adapt ed such that the ceiling bolt openings 845 can be ac-
cessed froman inside of the | ower building nodule 1lla’.

The pipe shaft includes a first vertical shaft pipe 410, a
first shaft wall 412’ , and a connector pipe 411'.

As better seen in Fig. 25, a lower end of the first vertical
shaft pipe 410" is attached to a floor area of the | ower
buil di ng nodul e 11a’. This floor area is positioned near to
said | ower corner of the |ower building nodule 11a’. An upper
end of the first vertical shaft pipe 410" is separated froma
ceiling of the |lower building nodule 11a’ by a di stance of

about 200 mmto about 300 mm

The connector pipe 411" is positioned vertically while a | ower
end of the connector pipe 411’ is fluidically joined to the
upper end of the first vertical shaft pipe 410 . An upper end
of the connector pipe 411’ passed through a ceiling area of
the I ower building nodule 11a’. This ceiling area is posi-
tioned near to said upper corner of the |ower building nodul e
1la’ .

The first shaft wall 412" extends vertically and it encloses
and conceals the first vertical shaft pipe 410°. A |lower part
of the first shaft wall 412° is placed at a floor area of the

| ower building nodule 1la’, wherein the floor area is posi-
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tioned near to said |l ower corner of the |ower building nodul e
11a’. An upper part of the first shaft wall 412’ is separated
fromthe ceiling of the |ower building nodule 11a’ by a gap of

about 200 mmto about 300 mm

The ceiling board 255b’ includes a ceiling connector access

openi ng 910’ .

The ceiling board 255b’ is attached to an upper part of the

| ower buil ding nodule 11a’, such that a nechanical and el ec-
trical space 930 is provided between the ceiling of the |ower
bui | di ng nodul e 11a’ and the ceiling board 255b’.

The ceiling connector access opening 910 is positioned near
to said upper corner of the |l ower building nodule 1lla’.

The ceiling connector access opening 910 is configured such
that it allows a worker, who is |ocated inside the |ower
bui Il ding nodul e 11a’, to access the nmechanical and el ectri cal
space 930° and to access the ceiling bolt openings 845 via
the gap between the upper part of the first shaft wall 412

and the ceiling of the | ower building nodule 1la’.

Referring to the upper building nodule 11c’, it includes parts
that are simlar to parts of the |lower building nodule 1l1la’.

The simlar parts are arranged in simlar manner.

The upper building nodule 11c’ includes a floor tension plate

425’ and a pipe shaft.

The pipe shaft is fixed to an interior of the upper building
nodul e 11c’ while the floor tension plate 425 is fixed to an
exterior of the upper building nodule 1lic’.
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In detail, the upper building nodule 11c’ includes a vertical
steel colum, which extends froma | ower corner to an upper

corner of the upper building nodule 1ic’.

The fl oor tension plate 425 includes two floor bolt openings
815" with threaded nuts 847’ . The floor tension plate 425 is
fixed to a lower part of the steel colum. Each threaded nut
847" is welded to a rimof the corresponding floor bolt open-
ing 815 . In other words, each threaded nut 847 is essen-
tially positioned co-axially to the corresponding fl oor bolt
opening 815 . The floor bolt openings 815 correspond to the
ceiling bolt openings 845 .

The pi pe shaft includes a second vertical shaft pipe 416" and
a second shaft wall 418

As better seen in Fig. 25, a lower end of the second verti cal
shaft pipe 416" is attached to a floor area and al so passes

t hrough the floor area of the upper building nodule 11c’. The
floor area is positioned near to the | ower corner of the upper
bui | di ng nodul e 11c’. The | ower end of the second vertical
shaft pipe 416" is also fluidically connected to an upper end

of the connector pipe 411'.

In short, the first vertical shaft pipe 410", the connector

pi pe 411, and the second vertical shaft pipe 416" to are flu-
idically connected to formone continuous pipe for channelling
utility services fromone buil ding nodul e to another buil ding

nmodul e.

Referring to the second shaft wall 418, it extends vertically
as well as enclosing and concealing the second vertical shaft
pipe 416°. A lower part of the second shaft wall 418 is

pl aced at a floor area of the upper building nodule 11c’,
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wherein the floor area is positioned near to said | ower corner

of the upper building nodule 1llc’.

In use, the mechanical and el ectrical space 930" allows for
installing or servicing of nechanical and electrical conpo-
nents, such as electrical wring, piping, which are used to

provide utility to the | ower building nodule 1l1a’.

The ceiling connector access opening 910 provides a worker,
who is |located inside of the |lower building nodule 11a’, with
access to the nechanical and electrical space 930" and to the
ceiling bolt openings 845 .

The ceiling bolt opening 845 and the corresponding fl oor bolt
openi ng 815 are provided for receiving a bolt 800" for fas-
tening wth the correspondi ng threaded nut 847 . The bolt 800’
t hen connects and fixes the | ower corner of the upper building
nmodul e 11c’ to the upper corner of the | ower building nodul e
1lla’.

The pipe shaft allows an external utility, such as water,
el ectricity, and sewage, to be channelled to the different

bui | di ng nodul es of the buil ding.

The ceiling board 255b° acts to conceal the nmechani cal and

el ectrical space 930

A net hod of assenbling the building is described bel ow.

The nethod include a step of placing the upper building nodul e

11c’ on top of the | ower building nodule 1lla’.

A worker |ater enters the | ower building nodule 11a’ and ac-
cesses the ceiling connector access opening 910°, and al so the
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gap between the upper part of the first shaft wall 412" and

the ceiling of the | ower building nodule 1la’.

After this, the worker inserts a bolt 800 into the ceiling
bolt opening 845" and into the corresponding floor bolt open-
ing 815 .

The worker then fastens the bolt 800" with the threaded nut
847" to fix the ceiling tension plate 423 of the | ower build-
ing nodule 11a’ to the floor tension plate 425 of the upper
bui | di ng nodul e 11c’.

After this, the worker fluidically joins the connector pipe
411'to the first vertical shaft pipe 410° and to the second
vertical shaft pipe 416" .

The worker then easily conceals the ceiling connector access
openi ng 910" by placing a ceiling panel over the ceiling con-
nect or access opening 910’ .

Thi s arrangenent of the pipe shaft provides sone benefits.

The gap between the upper part of the first shaft wall 412
and the ceiling of the |ower building nodule 11a’ conveniently
provi des access to the ceiling bolt opening 845 and the cor-

respondi ng floor bolt opening 815’ .

The ceiling board 255b’ easily conceals the gap to provide a

pl easant finish.

The buil ding nmodul es 11a’ and 11c’ are often prefabricated at
a different site where the correspondi ng shaft walls 412" and
416’ can be easily incorporated in the building nmodul es 1lla’
and 1lic’.
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The shaft wall 416" is often constructed such that it bl ocks
access to the bolt openings 815 and 845 fromthe inside of
t he upper building nodule 11c’. This is because users of the
bui | di ng nodul es 11a’ and 11c’ does not need to access the
bolt openings 815 and 845 . The access to the bolt openings
815" and 845 is needed only during assenbly of the building
for fastening the building nodules 11a’ and 11c’ to each

ot her.

In effect, a worker, who is |ocated inside the upper building
nmodul e 11c’, cannot access the bolt openings 815 and 845’

wi thout first creating an opening in the shaft wall 416 and
| ater perform ng masonry work to cover and seal the opening.

The provision of the gap between the upper part of the first

shaft wall 412" and the ceiling of the |ower building nodul e

11a’ conveniently allows a worker to access the bolt openings
815" and 845 while avoiding said masonry work to create and

to later seal the opening. After the fastening, the worker

just needs to seal the ceiling connector access opening 910 .

In a special enbodinent, a shaft wall opening and a floor con-
crete slab opening of the upper building nodul e provide an ac-
cess to the floor bolt opening froman inside of the upper
bui l di ng nodule. This then allows a worker to insert a bolt
into the floor bolt opening and the ceiling bolt opening in
order to fasten the bolt with a threaded nut. The shaft wall

opening can be later covered to provide a pleasant finish.

The buil ding nodul e assenbly 10 provi des several benefits.

The nodul e connector unit 15 allows a worker to productively
and safely connect the building nodules 1la, 11b, 11c, and 11d
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to each other fromthe inside of the building nmodule 1la, 11b,
11c, and 11d. This is different fromthe other arrangenents,
where the worker perfornms connection of the building nodul es
fromthe outside of the building nodul es, where the worker has
arisk of falling. This is especially inportant when the

bui | di ng nodul es are | ocated at a high | evel.

The nodul e connector unit 15 also facilitates ease of inspec-
tion and mai ntenance of the connections between the buil ding
nmodul es 1l1la, 11b, 1l1c, and 11d, when conpared to other ar-
rangenents where the connection of the building nodules is
done fromthe outside of the building nodul es.

The nodul e connector unit 15 enabl es easy conceal nent of the
connection between the building nodules 1la, 11b, 11c, and
11d, since the conceal nent can be done conveniently inside the
respective building nodules 11a, 11b, 11c, and 11d, w thout
use of scaffolding for working on external surfaces of these
bui | di ng nodul es 1l1a, 11b, 11c, and 11d.

Furthernore, the concealnent is done by filling a floor open-
ing with a concrete mxture and later placing floor tiles on
the top of the concrete mxture for matching with the other

floor tiles, thereby providing an aesthetically pleasing ar-
chitectural detailing. This is different from other building
nodul e connecti on devi ces, which protrude out of an external

surface of the building nodul es, thereby affecting the archi-

tectural detailing of the building nodul es.

A further benefit of the nodule connector unit 15 is that the
tension plates are welded to the steel section colums of the
bui |l di ng nodul es 1l1a, 11b, 11c, and 11d during the fabrication
off-site of the building nodules 1la, 11b, 11c, and 11d. This
ensures that the positioning of the building nodules 11la, 11b,
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11c, and 11d with respect to each other during assenbly of the
bui | di ng nodul es 1l1a, 11b, 11c, and 11d is highly precise and

accurate.

The nodul e connector unit 15 is suitable for use in all kinds
of buildings, even high-rise devel opnents of up to 18 storeys

or nore.

The buil ding nodul e steel structure 23 and the nodul e connec-
tor unit 15 are suitable for production using autonated ro-
botic welding with attached jigs for ensuring precision weld-
i ng, dinension accuracy, and higher productivity.

The buil ding nodul e 11a, 11b, 11c, and 11d can be lifted via a
lifting frame with safety features, which conprises a safety
barricade and lifting lugs with | ocking nechanism

The buil di ng nodul e steel structure 23 can include steel sec-
tion colums with smallest cross-sections, which are all owed
by design specifications, for providing a maxi rumor | arger
usabl e space of the interior of the prefabricated building

nmodul es.

Al t hough the above description contains much specificity,

t hese should not be construed as limting the scope of the em
bodi ments but nerely providing illustration of the foresee-
abl e enbodi nents. Especially the above stated benefits of the
enbodi ments should not be construed as limting the scope of

t he enmbodi nents but nerely to explain possible achievenents if
t he descri bed enbodi nents are put into practice. Thus, the
scope of the enbodi nents should be determ ned by the clains

and their equivalents, rather than by the exanples given.
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REFERENCE NUMBER

10

1lla
1la- ui
11a-uo
1lla-1
lla-1o0
11b
11b- ui
11b- uo
11b-1i
11b-1o0
1llc
11c- ui
11c-uo
1lc-11i
1llc-lo
11d
11d- ui
11d-uo
11d-1i
11d-1o0
15

15a
15b
15c

23

25

151
152
155
156
158
159

bui | di ng nodul e assenbly
first building nmodul e

upper inner corner

upper outer corner

| ower inner corner

| ower outer corner

second buil di ng nodul e
upper inner corner

upper outer corner

| ower inner corner

| ower outer corner

third building nodul e

upper inner corner

upper outer corner

| ower inner corner

| ower outer corner

fourth buil ding nodul e
upper inner corner

upper outer corner

| ower inner corner

| ower outer corner

nodul e connector unit

first outer connector device
second outer connector device
i nner connect or device
steel structure

concrete conmponents

first ceiling tension plate
first floor tension plate
first outer shear connector
second outer shear connector
second floor tension plate

second ceiling tension plate
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160 i nner shear connector

162 first inner floor tension plate
163 second inner floor tension plate
164 first inner ceiling tension plate
165 second inner ceiling tension plate
231 steel section colums

234 steel beans

238 steel plate roof

251 wal | nodul es

251a i nternal wall

251b external wall

255 ceiling nodul e

255a purlin frame

255b ceiling board

257 fl oor nodul e

257a reinforced concrete slab

257b floor tile

310 steel plate

322a | ower protrusion

322b upper protrusion

324a | ower nodul e gui di ng chanfer
324b upper nodul e gui di ng chanfer
350 first outer sandw ch plate

350a sandwi ch pl ate bolt opening

352 second outer sandw ch plate

354 first inner sandw ch plate

356 second i nner sandw ch pl ate

362 first upper protrusion

362a first upper protrusion chanfer
364 second upper protrusion

364a second upper protrusion chanfer
366 first lower protrusion

366a first | ower protrusion chanfer

368 second | ower protrusion
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372
372a
372b
374
374a

374b

800
812
815
832
832a
842
845
846
846a
847
852
856
910
920
930

10°

lic’
1l1a’
410°
411
412’
416’
418’
423’

46

second | ower protrusion chanfer

i nner floor tension plate gasket

first inner floor tension plate gasket opening
second inner floor tension plate gasket opening
inner ceiling tension plate gasket

first inner ceiling tension plate gasket open-
i ng

second inner ceiling tension plate gasket open-
i ng

bol t

fl oor shear connector alignnment hole

fl oor bolt opening

first floor tension plate gasket

first floor tension plate gasket opening
ceiling shear connector alignnent hole

ceiling bolt opening

first ceiling tension plate gasket

first ceiling tension plate gasket opening

t hr eaded nut

second floor tension plate gasket

second ceiling tension plate gasket

ceiling connector access opening

fl oor connector access opening

mechani cal and el ectrical space

bui | di ng nodul e assenbly
upper buil di ng nodul e

| ower buil di ng nodul e
first vertical shaft pipe
connector shaft pipe

first shaft wal

second vertical shaft pipe
second shaft wal |

ceiling tension plate
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425’ fl oor tension plate
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CLAI M5

A bui l ding nodule for a building, the building nodule

conpri sing

at | east one netal frame, the netal frame conprising

- a nmetal nmenber with an upper part and a | ower part,
wherein the | ower part is positioned at a | ower cor-
ner of the building nodule, and the upper part is
positioned at an upper corner of the buil ding nod-
ul e,

- a floor tension plate that conprises at |east one
first building nodule fastener opening and a first
bui | di ng nodul e connector protrusion alignnment hole,
wherein the floor tension plate is positioned hori -
zontally and is fixed to the | ower part of the netal
menber,

- a ceiling tension plate that conprises at |east one
second buil di ng nodul e fastener opening and a second
bui | di ng nodul e connector protrusion alignnment hole,
wherein the ceiling tension plate is positioned
horizontally and is fixed to the upper part of the
netal nmenber, and

a floor concrete slab with at | east one concrete slab

openi ng being positioned at a |lower part of the building

nodul e, the concrete slab opening providing a gap for ac-
cessing the corresponding first building nodul e fastener
openi ng of the corresponding floor tension plate fromin-

side of the building nodul e.

A bui l ding nodule for a building, the building nodule
conpri sing

at | east one netal frame, the netal frame conprising

- a nmetal nenber with an upper part and a | ower part,

wherein the |l ower part is positioned at a | ower cor-
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ner of the building nodule, and the upper part is
positioned at an upper corner of the building nod-
ul e,

- a floor tension plate that conprises at |east one
first building nodule fastener opening and a first
bui | di ng nodul e connector protrusion alignnment hole,
wherein the floor tension plate is positioned hori -
zontally and is fixed to the | ower part of the netal
menber,

- a ceiling tension plate that conprises at |east one
second buil di ng nodul e fastener opening and a second
bui | di ng nodul e connector protrusion alignnment hole,
wherein the ceiling tension plate is positioned
horizontally and is fixed to the upper part of the
nmetal nmenber, and

a ceiling panel with at |east one ceiling panel opening

bei ng positioned at an upper part of the buil di ng nodul e,

the ceiling panel opening providing a gap for accessing

t he correspondi ng second buil di ng nodul e fastener opening

of the corresponding ceiling tension plate frominside of

t he buil di ng nodul e.

The buil di ng nmodul e according to claim1 or 2 further
conpri sing

a shaft pipe being attached to a | ower part of the
bui | di ng nodul e, wherein the shaft extends fromthe | ower
part to an upper part of the building nodule, and

a shaft wall being provided such that the shaft wall
encl oses the shaft pipe, the shaft wall conprises an up-
per shaft wall opening for accessing the at |east one

second bui |l di ng nodul e fastener openi ng.



10

15

20

25

30

50

The buil di ng nmodul e according to one of the above-
nmenti oned cl ai ns, wherein
the floor tension plate is fixed to the | ower part of the

nmet al nmenber by wel di ng.

The buil di ng nodul e according to according to one of the
above- nentioned cl ai ns, wherein

the ceiling tension plate is fixed to the upper part of
the netal nenber by wel di ng.

The buil di ng nodul e according to one of the above-
menti oned cl ai ns, wherein
the nmetal nenber conprises a netal section col umm.

The buil di ng nodul e according to one of the above-

menti oned cl ai ns, wherein

the floor tension plate, the netal nenber, and the ceil-
ing tension plate conprise a steel material.

A bui l di ng nodul e arrangenent for a building, the build-
i ng nodul e arrangenent conpri sing

at | east one set of building nodul es, the set of
bui | di ng nodul es conprising an upper buil di ng nodul e ac-
cording one of the clains 1 to 7 and a | ower buil ding
nodul e according one of the clainms 1 to 7, wherein
- the upper building nodule conprising a floor tension
plate that conprises at |east one first building nodule
fastener opening and a first building nodul e connect or
protrusion alignnent hole, and
- the lower building nodule conprising a ceiling tension
pl ate that conprises at | east one second buil di ng nodul e
fast ener opening and a second buil di ng nodul e connect or

protrusion alignnent hole, and
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a buil di ng nodul e connector for aligning the upper
bui l di ng nodule to the | ower building nodule, the build-
i ng nodul e connector conpri sing

- a buil ding nodul e connector netal plate for be-
i ng positioned horizontally,

- a first protrusion with a first guiding chanfer
bei ng provided on an upper surface of the
bui | di ng nodul e connector netal plate, and

- a second protrusion being provided on a | ower
surface of the building nodul e connector netal
pl ate, wherein

- the first protrusion is inserted into the first build-

i ng nodul e connector protrusion alignment hole of the
floor tension plate for aligning the upper building nod-
ule to the building nodul e connector, and

- the second protrusion is inserted into the second
bui | di ng nodul e connector protrusion alignnment hol e of
the ceiling tension plate for aligning the | ower building
nodul e to the buil ding nodul e connect or,

t he buil di ng nodul e arrangenent further conprising

a | ocking nechanismfor fastening the floor tension
plate to the ceiling tension plate, via the first build-
i ng nodul e fastener opening and via the second buil di ng

nodul e fastener openi ng.

The buil di ng nodul e arrangenent according to claim8,
wher ei n

t he | ocki ng mechani sm conpri ses a threaded el enent bei ng
wel ded to a rimof the first building nodul e fastener

openi ng.

The buil di ng nodul e arrangenent according to claim8,

wher ei n
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t he | ocki ng nmechani sm conpri ses a threaded el enent bei ng
wel ded to a rimof the second buil ding nodul e fastener

openi ng.

The buil di ng nodul e arrangenent accordi ng to one of
claims 8 to 10 further conprising

a first vibration danmpi ng rubber |ayer being positioned
between the floor tension plate and the buil ding nodul e
connector netal plate.

The buil di ng nodul e arrangenment according to one of
claims 8 to 11 further conprising

a second vi bration danpi ng rubber | ayer being positioned
between the ceiling tension plate and the buil ding nodul e
connector netal plate.

The buil di ng nodul e arrangenment according to one of
claims 8 to 12 further conprising

a netal spacer plate being positioned between the floor
tension plate and the ceiling tension plate.

The buil di ng nmodul e arrangenment according to claim 13,
wher ei n

the netal spacer plate conprises a steel naterial.

The buil di ng nodul e arrangenent according to one of
clains 8 to 14, wherein

t he buil di ng nmodul e connector conprises a steel material.

The buil di ng nodul e arrangenent accordi ng to one of
clains 8 to 15, wherein
at | east one nenber of a group, which consists of the up-

per buil ding nmodul e and the | ower building nodule, the



10

15

20

25

30

17.

18.

19.

20.

53

menber conprises a floor concrete slab with four concrete

sl ab openi ngs.

The buil di ng nodul e arrangenent accordi ng to one of
clains 8 to 15, wherein

at | east one nenber of a group, which consists of the up-
per buil ding nodul e and the | ower building nodule, the
menber conprises a ceiling panel with four ceiling panel
openi ngs.

The buil di ng nodul e arrangenment according to one of
clainms 8 to 15, wherein

at | east one nenber of a group, which consists the upper
bui | di ng nodul e and the | ower buil ding nodul e, the nenber
conprises a floor concrete slab with three concrete slab
openings and a ceiling panel with one ceiling panel open-

i ng.

The buil di ng nodul e arrangenment according to one of
clains 8 to 15, wherein

at | east one nmenber of a group, which consists the upper
bui | di ng nodul e and the | ower buil ding nodul e, the nenber

conprises four netal franes.

A net hod of assenbling a building, the nethod conprising
provi di ng an upper buil di ng nodul e, which conprises
a floor tension plate being attached to a | ower corner of
t he upper building nodule, the floor tension plate com
prising a first building nodul e fastener opening and a
first building nodul e connector protrusion alignnment
hol e,
providing a | ower building nodule, which conprises a
ceiling tension plate being attached to an upper corner

of the |ower building nodule, the ceiling tension plate
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conprising a second buil ding nodul e fastener opening and
a second buil di ng nodul e connector protrusion alignnent
hol e,

positioning the upper building nodule on top of the
| ower buil di ng nodul e, wherein protrusions of a building
nodul e connector align the first building nodul e connec-
tor protrusion alignnment hole to the second buil di ng nod-
ul e connector protrusion alignnment hole, and

fastening the first building nodul e fastener opening
to the second buil ding nodul e fastener opening via a
| ocki ng mechanismfromthe inside of one of the upper
bui | di ng nodul e and the | ower buil di ng nodul e.



