21 July 2005 1 Modul e The present invention relates to a nodul ar, structure

5 for use in the construction of buildings such as for exaﬁﬁléﬂﬂﬂéﬂggése
bui | di ngs and al so to buildings constructed therefrom Prior art document

US 4, 118, 905 di scl oses a nmodular 10 structure for a plural |evel building
formed of a plurality of box-likenmodul ar units. Each unit has side walls,
a roof and a floor and may be forned as a nonolithic unit. The units
further have cantilevered portions t &n ble themto be stacked one above
the 15 other in staggered configuratiﬁﬂvgiﬁ a structure constructed from
this system the open ends of the nodul es cannot be joined together.

Consequent |y, i é%ﬁ# 0 i h ction of
certain buiI&?%g§§§% t eggkggﬂ%ﬁmgd%%$%%€%?%%b%2$?é8£ﬁ£l?ﬁ%ﬁgghgg t he size
of an i ndivi iR HRdR. the eensauthior opEt butldbngsysuehsadr 03l so known

in the art. H@mPamidh MBS B0 dO34 864 05ESo 3o MBPULaingaNSt ructi on
systemin whi ch nodul es. h V|ng 25 side walls, a roof and a floor are -

construct ed ﬁfnﬁﬁﬁqﬁQﬁff T ate reinforced concrete panels together
(for exanple by welding). The nodul es are then assenbl ed between concrete

wal I s whi ch [.oined . b i o] [ at. each storey, ai.n however,

30 there is %)ﬁﬁirrgvai@gci gr?ci){ln"%trﬁﬁ ?éy@?@ﬁf%&j%’r%ﬁﬁse? o‘%e‘%‘ﬁ%@g?ﬁe open ends
of nodulkes i srwetsimadiar & ERASR STl dhetldbes fovmediodfoh construction
of _ mul t1 - St ey ditidylidio®d Mk 1iet Wbl e SONGERLR dniCTRgs valls are

cast in situ'to hold’pre-cast ta a oor “panel s the structure in

ca
pl ace. The pré@aslligor gk anktiadel 9or mrd e ks oBRed aF 2the fl oor
sl abs to be jmainad thagetligit. HaeVaits fertHed Hav@Entilevered

portions to enable them to be stacked one above the

15 other in staggered configuration. In a structure
constructed from this system, the open ends of the
medules cannot be joined together. Consequently, this
system would not be practical for the construction of
certain buildings as the size of room obtainable is

20 limited by the size of an individual module. '

Other modular construction systems are also known in
the art. For example, US 3,990,193 discloses a
modular construction'system in which modules having

25 side walls, a roof and a floor are constructed by
joining four separate reinforced concrete panels
together (for example by welding). The modules are
then assembled between concrete walls which are joined
by a pin connection at each storey. Again however,

30 there is no provision in this system for joining
together the open ends of modules in the structure.

GB 2320737A discloses a method of construction of
multi-storey buildings in which structural concrete
35 cross walls are cast in situ to hold pre-cast facade
and floor panels of the structure in place. The
precast floor slabs include joints to enable ends of

the floor slabs to be joined together. However, this



2 docunent does not disclose the provision of nodul es havigg Eﬁasioog

ceiling and side walls and so shows a relatively conpl ex

consuni ng construction .nethod. The present invention therefore seeks to
provide a nodular structure which ovet cones the above problens. From a
first aspect, the present invention provides a precast reinforced concrete

nodul e for as ~lLh,a _structure . conprising a pluralify of said nodul es,
the nodul e c%ﬁ%?bé?kgdPﬁs ?Pgeiﬁﬁq¥?%g;ﬁﬂﬁié%% Fre anEamﬁgg ©Sand a

cei ling, wherB&wingprobake,j ai reilsiny aridedidd waillopsndesd shoivae anodul e,
the profile jpiih+bel h dLr t . § b ooperating _profile

j oi nt provided attgﬁéﬂgpgﬁaé%ngggg%ggﬂg?%%ﬁ%ﬁé}%éké?ﬁggfu%hé88pen end of
the nodul e nB§thed-aligned with and joined to the open end of another
nodul e during assenbly. This structure has the advantage that substanti al

cost savings_can be obtained as the concrete nodules can be prefabricated
in a factory Ond PReReRF ahBpeREdan: Sherefers ArakD It GiRrOYEA@yaf or

instal | ati on.md@hbafeapfuctiite AhsthUeher@ iy o3l 60851 ahkvel y
qui ckly on site thus reducing the costs involved in construction due to

the interest saved on the ‘investnment. Further, steel noulds may be used to

q ‘h | . h Cti | | ffit
produce the mmddl es ifArkpe Jpekery SHC %%%%ne@?h%%%%nu\é\%r%ch?%Léab| e

formwrk is required. This has the adv
st eel noul ds AY§Cafbr erEiorsaflentendseteounddutmn folve assemlyt i mhera More

speci ficall y,staacagr@p%mﬁggspﬁgt he Hpg ﬁeﬁ ?ﬁo%faii%grrggal%loeﬁge Loi ned to

the open end of another nodule, roons [arg an t a E?ngle
nmodul e 21 JuMp9368scARELSIBG proveiirl wiidse jréged rexye thert ber a bhgeprofile

j oi nt prOVid%&daashéﬂilﬂéﬁ|whé¥é¥ﬂ7§‘%fﬁ?llguHggngeﬁgsprovided at an
open end of the module, the profile joint being configured
to mate withva cooperating profile joint provided at an
open end of another module such that the open end of the
module may'Be aligned with and joined to the open end of
another module during assembly. '

This structure has the advantage that subsfantial cost
savings can be obtained as the concrete modules can be
prefabricated in a factory and then transported to a
construction site ready for installation. Thig means
that a structure can be assembled relatively quickly
on site thus reducing the costs involved in
construction due to the interest saved on the
investment. - Further, steel moulds may be used to
produce the modules in the factory such that no timber
wall soffit formwork is required. This has the |
advantage that the use of reuseable steel moulds is
more environmentally sound than the use of timber.

More specifically, as an open end of the module is
configured to be joined to the open end of another

module, rooms larger than the size of a single module




of joining the two nodul es together. 5 Preferably, the nod | | rally
cast. This has the advantage that the nodule is fabricate | e
unit such that no further assembly of the mpdule is required on site. In

addition there are no joins between the side walls, base and ceiling, and
so 10 the nnduleibare therefore not subject to Botentral errors.that can

occur where [HIALHRTREHIERRPHR rRAREECdhasELLRASCei FIRgPERPE A6 med e. g.
by wel di ng onjoitt eprdbi eef &rabtycbothl ppascaeprdseobntihqudnk seatsnodul e

are confrqu%gé}£EE5%éo%ﬂ dt&?o QdQPSQ Egg?ﬁﬁegespectrve ot her nodul es.

Preferably neans are r COVerin oin 20 between an open end:
of the said nodul e and another nodule to obscure the join fromthe

interiors Thigre#itdpDyOVEKE eoam@tlgeiﬂeegramﬁneggtes phiehnhkg al so
secure agai nst_the |%§ress of Tluids whi] ti me being

aest heti cal | F1} ARYHIFRF® delidbpante BF u%% éSrSBP"F?‘ﬁ@Fgg fRe®nodul es.

Separ at e Steeélr[@lélfmﬁmr’@ﬁ&hCﬂhﬁttd we puapvhdedakB8embdy wal bheof the nodul es
and in the coney fe mallgmgour d betmeen %heggdkgweveégethis woul d nmean

that the stedl® i1 tHETELT R TRTFs had Pi'xed®aFt 8F S At al | ati on
of the nodul eoiig dhetvwesn tize téde wahban bgsenandpeaildngheandceeased

I nci dengg of gid %oddi&@'é/r{:’g%}[’% %Snﬁgr.%%ﬁﬂ?&'t t8”?§téﬁt1§ief erably

t herefore, one or nore ncl ude st eel
r ei nf or cenente A% Hhal RaR REWRIUISTe  heiRfrBATYeeR thatsife st eel

external of thgiwdwase ard erderied aret hergeaceeye syrwelaiay valls. This
has the advantgge that the steel reinforcenent in the 21 July 2005 4

structural cdficrete walls is automatically installed by the |nstallat|on
of the nodul es” and has the

15 Preferably both open ends of the one said medule are
configured to be joined to an open end of respective

other modules.

Preferably means are provided for covering the join

20 between an open end of the said module and another
module to obscure the join from the interior. This
will provide a joint between the modules which is also
secure against the ingress of fluids whilst at the
same time being aesthetically pleasing to occupants of

25 a room inside the modules.

Separate steel reinforcement could be provided in the
walls of the modules and in the concrete walls poured
between them. However, this would mean that the steel

30 in the concrete walls had to be fixed after
installation of the modules which would be time
consuming and open to the increased incidence of error
likely when work is carried out on site. Preferably
therefore, one or more of the walls of the modules

35 include steel reinforcement which projects ocutwardly
therefrom such that the steel external of the modules
"is embedded in the concrete structural walls. This
has the advantage that the steel reinforcement in the




addi ti onal advantage of providing a structural link between thﬁ nnqgle
wal |l s and the poured concrete 5 walls. Preferably the rein 005

consists of a first set of steel bars enbedded in said nodule wall and
extendi ng al ong the height thereof, arfl a second set 10 of steel bars
extending parallel to the first set_of _bars and joined Lherehg,by a set of
zi gzag bars SHEUSHHHTRL HPRRERCE hWalls sis sauteuabagahiysinpretdrshiy during

Lnst al | at idom:@,lE e i&f@bﬁﬁlé@:}%@nlélf S&%@gﬁwﬁlégnaﬁdt ﬁaiasltheurled di Lect | K

et ween adj acepj., .mo es.to formlpad bearing strpuctura .S, This as
an advantage%4H%§ﬁPQ#iEFQNﬁFE§g?sogéBEﬁvb9l?§ea ?gﬁﬁgéﬁrﬁﬁggﬁpkbf f or mwor k
whi ch i s necéssaraen Fihi¢ hesdubs wakl soasmd eshar popvededonoyetier by | oad 20
beari ng §trug&%ﬁgL wal I's, the nodules in the assenbled structure do not
have to carry e weight of all the nodules above them Preferably, the
nodul es in a structure when assenbled 25 span between the concrete

Structurgl | V@ﬂe?g{x%ﬂﬁf??é Yrél:;c.f{ﬁdaﬂcérﬁ%ﬁilﬁ)r@%ﬂ?bﬁt.ﬁféﬂ &hgitf:}ale%eef an

upper nodul e eiling o nmodul e.be it. | mor e
preferably, @§%§i§§ﬁ%ﬁﬁ%ﬁ§?¢%ﬁ§sﬁﬁl?%bd Tﬂ%ﬁ%ﬁpwﬁigmﬁgﬂ upper and | ower
nodul es at t kextemdiarnadldmgeshe Nesbglit Oheseof| | apdeaeaecbhd sBagress of
bul k rajh wat |to t (o] r e dyl f external use
furtheriwconﬁﬁgé%ﬂﬁghégﬁf%t%#%??%%%gé§%§%€%%¥n%gbgﬁgm#%ﬁ%tfgégrékof t he
nmodul es, and tarupsidnibinedrivvereil dry thesettepfi ARt Rardvdul es, set

back from t he fiagafie baswddn Jhy £PBS: Sahd 486048 BALR, ANy rain water
fromentering the void fornmed between upper and | ower nodules. Still nore

preferably a drainage hole is provided in 5 the nodul e adj acent the
vertical upstrafeferably during installation of the module in a

15 structure concrete is poured directly between adjacent
modules to form load bearing structural walls. This
has an advantage in the time and costs saved by the -
reduced amount of formwork which is necessary.
Further, as the modules are joined together by load

20 bearing structural walls, the modules in the assembled
structure do not have to carry the weight of all the
modules above them.

Preferably, the modules in a structure when assembled
25 span between the concrete structural walls.

Preferably a void is formed between the floor of an
upper module and the ceiling of the module below it.

30 Still more preferably, means are provided for sealing
the gap between upper and lower modules at the
external faces thereof. This will prevent the ingress

of bulk rain water into the wvoids.

35 Preferably the modules for external use further
comprise a monolithic facade extending below the floor
of the modulesg, and an upstand is provided on the
ceiling of the modules, set back from the facade so as



Preferably seals are provided to seal the area between adgggﬁgﬁxggﬁﬁées

such that | eakage during concrete pours to formthe concr a
walls will be 10 reduced. The seals preferably conprise horizontal seals of
a suitable material such as rubber pr®vided in recesses in the upper
surface of the |Iower nodules only in 15 order to readily accommpdate

hori zontal tolRBrapeese BEPRedRYt Kalbppateandrreventesdaceshs yaig abl e

seal s whi ch ngsiméd bE&EwkBnVappe&ahndr eeResemolinlag.acent external edges of
the nodules may 20 al so be provided. Preferably the nodul es include one or

nore of the following: a stairway, a central circulation area, 1|ight
well, alift Sball mndeapreferab2§ St drhinmege hoékenablpyovidest donct ur e

further Gonrijsesnogul @bby;area: Lhe (Lontcafonbapataend walls of which

are formed by pre-finishe precast pane eéferably an adjusting shim
| ocated in a fabricated shoe which is supported by a steel lifting pinis

located at eaghepérdbeyf 9851606087 BroiriliBe HBPBEalSHhEAGEe Al HRAGReMDdUl €
a nodul e arranged above

such that when_installed %he s&gpoit pglnks of

the upper 35 JUHIGRRE FoAnbeReFURBdENR hgRkaPRE Y nCEPEREE ad) ust i ng.
shinms. This hasutdéetadfenhagkeotoneoetdi agruatuoapaehlier aijdémeet W t hin

t he nndqées V%%éﬁbe rovides a direct vertical |oad path through which the
21 July 2005 5 weight of the structure may be borne before the structural
concrete walls have been formed in the assenbled structure. 5 Still nore

preferably thenshigais ﬁ?@?eféb@¥”@éﬁﬁ£§§e hayi BenRasukkabkeoyi gl d strength
or suitable elastic. properties to ensure that the shimwll deformif it
guitable material such as rubber provided in recesses
in the upper surface of the lower modules only in
15 order to readily accommodate horizontal tolerances

between the upper and lower modules.

Inflatable seals which nest in use in vertical
recesses in adjacent external edges of the modules may

20 also be provided.

Preferably the modules include one or more of the
following: a stairway, a central circulation area, a
light well, a 1lift shaft and a riser.

25
Still more preferably the structure further comprises
'a lobby area, the floor, roof and end walls of which
are formed by pre-finished, precast panels.

30 Preferably an adjusting shim located in a fabricated
shoe which is supported by a steel lifting pin is
located at each of the four corners of the upper
surface of each module such that when installed, the
support points of a module arranged above the upper

35 surface of another module bear directly onto the
adjusting shims. This has the advantage of providing
a compact arrangement within the modules which
provides a direct vertical load path through which the



becones overl oaded. This will provide a nmeans of dissi pat Q9;ERe houl d
the structure be overloaded 10 for any reason. One fUrtheé—dﬁgghégéﬁfto a

structure including nodules according to the invention is that the nodul es
can be pre-surveyed in the factory bébore being transported 15 to site.
This will establish that the nodul e di mensions are within tol erance and
will al so nealeigatofrshen soruefasr et mayisbe roarnacbefese 8BhRensions wil |

be known in ashwane@urahcshdmasd QRs DO RARE dbedh OFBEREAPLA- BHEVEY Can be
conpared with an r@i];%)cgllt 20 site survey for a previously erected set of

nmodul es  and &% MR THEYHER modul es to be assenbl ed can then be nade
I n advance. This wll reduce the delays in erecting the structure and w ||

al so al low t . Chi | I ! o,b Libim 25
const rucfi on o#ejlr e;mrral&s%eés._ r%%ér%%o%%gn “&él 'Jgga !g1%£i %v@%%%%%\% Il now be
described, byatindfa el nieldnst yendgth peranteablie ehashidonpanyi ng

drawi ngs in Widher Sk 4 @Birddure ayse aw@dsth fm 6£PI didgot@ theiknvention
havi ng one external wall;_ Fi %ure 1B shows, a nodul e according to the

i nvention 3PSERASTH NRF Gndsthis Wity PRSI B JBP2"4 C°5hows a nodul e
accordi ng to dinssipueind Ghelfy sy extier fetusahte dbe t beeebdadpgdosi te the
externah)mall of the nndg%e of Figure 1A; 5 Figure 2 shows a group of

nodul es accoﬁﬁﬁqu%)¥?ﬁ§ Hnvention arranged adj acent one another in
several layers to forma three storey building; Figure 3A shows. a

schematic pl ahd hél ARIAGEOTLo 10 é%ﬁ&&&@@%aﬂ&ﬂngswau@eeri or art
met hod; Figure 3B shows a schenmatic plan [ayout of a simlar
according to the invention is that the modules can be

pre-surveyed in the factory before being transported
15 to site. This will establish that the module
dimensions are within tolerance and will also mean
that any minor deviations from the ideal dimensions
will be known in advance. The dimensions obtained
from the pre-survey can be compared with an as-built
20 site survey for a previously erected set of modules
and corrections in the modules to be assembled can
then be made in advance. This will reduce the delays
in erecting the structure and will also allow the
dimensions of the completed building to be within

25 construction tolerances.

Preferred embodiments of the invention will now be
described, by way of example only, and with reference
to the accompanying drawings in which:

30
Figure 1A shows a module according to the invention

having one external wall;

Figure 1B shows a module according to the invention
35 having two open ends;



bl ock of flats constructed according to the invention; 15 ig!rﬁ éoin?ms a

typical joint between the floors of two nodul es according
invention; Figure 5 shows a typical joint between the floors of two _
nodul es according to the invention whefe the joint 20 is partially obscured

by a partition wall; %re 6A is_a_schematic plan view_ of an end wall of
a nodul e accofEWEEt BCt ovventPeRlerscrpydindeBoi She dBYERSAAR view al ong’

line CC of F:Ifﬁkfﬂng% EkgerLa’ ﬁED%\fSaa gBet kARl bgp@ﬂgheat&bg uct uraéll0 ]
concrete wa oi ni u r and.t nodul es accor di ng to the
i nvention; ¢ Eg%ﬁifa ﬁ eE?ImB ﬁosﬁ?ﬁ?éﬂﬂrﬁihgrng pin arrangenent
at the intersectlon bet ween upper and | ower nodul es accordlng to t he

i nventio 3 e\ O, r t wal |

f or med b§e1t vveggnfdfv\o adj %%%“r’n% %P?%% 3\15 Héanegogééggﬁllﬁér ggl |s a
sectional vi evreeRoLemh @Jﬁvéam@n@@m@enboﬁn@ An@ﬁhﬁrgmnesgveméure 11 is a

secti onal vi Whyd¥oUs t8n B0UhASe b oPepObll 1Biak; Figure o) Figure 124 is
a plan view onto a concrete structural formed between two adj acent

nodul es and showi ng the seals provided; 10 Figure 12B is a section al ong
i neAA of Fi guitepid=/8A nehewd ad gechedat £¢ Hignr EajkaAti sfaasbileckl efati on of

and Frotte 13398 SIS e M AP ER RIS gl 1sn

Figure 3B shows a schematic plan layout of a similar
block of flats constructed according to the invention;

15 Figure 4 shows a typical joint between the floors of

two modules according to the invention;

Figure 5 shows a typical joint between the floors of
two modules according to the invention where the joint.

20 is partially obscured by a partition wall;

Figure 6A is a schematic plan view of an end wall of

a module according to the invention;

25 Figure 6B is a sectional view along line CC of Figure
6A;

Figure 7 shows a section through a structural concrete
wall joining two upper and two lower modules according

30 to the invention;

Figure 8 shows a detail of a shim and lifting pin
arrangement at the intersection between upper and
lower modules according to the invention;

35
Figure 9 is a plan view onto a concrete structural

wall formed between two adjacent modules;




20 As di scussed above, the present invention provides a structare :S whi ch
nodul es are joined together by concrete walls to forma st h as
for exanple a high-rise building. As shown in Figure 1, the 25 nodul es of
the preferred enbodi nent of the invent8on are nmade of reinforced concrete
and are precast as integral units in factory conditions. The nodules 1
conpri se a baEégurgndlaifeid BeGtaoneRe VEEYe thxpudteghe JUBHRF |3 ned

toget her by fpeshtapdoFesagare @ 30 walls 6, 8 to forma four sided box
structure. Depending on the type of structure to be built from the

nodul es, the nodules may include end walls at their front face 10 (as
shown i n Fi guFeghAk, 1lhdisr a seatibaed VYieWashsiomgh itheFimpdud eCat or at

bot h endg 35 SHOWR) &+ reatively, the nodul es may be open at both
ends (asgshom%B?%tF?gggeFf§¥%%2?'July 2005 9 The open ends of the nodul es

are configured to allow attachnent to a further nodule as will be
described fuptgarebebawisAs phawn viBwFoaldoe a2 coleadWesiangalar r anged
one above the oi?er in g;g to forma naLti 5 store builgggggaThe nodul es
can be arrang®¥@linfarlPedyPEEWESN GHPi GEF BERD, m&%ﬁiﬁﬂ<ﬂ9 gt t%ed
bui l di ng | ayphe. skalsherawvidedgenent of Figure 2, a first nodule 14 with
an end Il at the front face thereof is joined to a nodule 16 which is
open at ‘both ends, 10 the other end of the open nodule being joined to a
nmodul e 18 wi t Rignrend2Ralie at sensippaplpage liner &8f of FH@ira H@X ddulting .
structure wilbnigebddesgagefgl € roomon each floor which is the width of
one nodule but the length of three nodules. As shown, further 15 nodul es
are then arranged in the sanme way on the second 20 and third 22 floors of
t he huil di ng. rifureeqshr ed, aneddkeslegntabno olfe takr aegitles de by side to

15 according to the invention arranged one above the

other; and

Figure 13B is a detail of the region marked A in
Figure 13A.

20
As discussed above, the present invention provides a
structure in which modules are joined together by
concrete walls to form a structure such as for example
a high-rise building. As shown in Figure 1, the

25 modules of the preferred embodiment of the invention
are made of reinforced concrete and are precast as
integral units in factory conditions. The modules 1
comprise a base 2 and a ceiling 4, the base and
ceiling being joined together by first and second side

30 walls 6, 8 to form a four sided box structure,
Depending on the type of structure to be built from
the modules, the modules may include end walls at
their front face 10 (as shown in Figure 1A}, their
rear face 12 (as shown in Figure 1C}, or at both ends

35 (not shown). Alternatively, the modules may be open
at both ends (as shown in Figure 1B).



provide a building of greater width. The prefabricated nodul es, can igcl ude
an external facade 20 wth all of its architectural featur | so

i nclude permanent internal fittings such as partition walls, floor and
wal | finishes, bathroomfittings, kit&hen fittings, glazed windows, as

well as elegfrical fittings | unbi and_ot her_services, 25 shown in
P gur o 3A | e GRSRIIASE PR MOTOLES RERCTPRELENEEE hG BRAGH ar

met hods, the attasrhmdnt sto uxt fnether dedduke &y wiltlcbear deswalibed24 which
are construcé_lg_q: ' Si t ]@?,in_gi ; rk t et her
wi th precast acakg% ?%ﬁ%ﬁ’tsqg% %t achglga%bég%%‘é\?‘st?ﬁ%t ﬁ?gﬁl\gﬂgl %2324. The
floor slabs dfiriangediengtabeverehel athensinoaseite. fore aomglFidction of

such stryct ur@ordenaiore Agqui TeS modsi a8t dah lQé"&i‘i’&nT_;éa”En haycontrast,
a structure cor |C{1g to_the 35 invention can be asserrbdeﬂ onslte in a
relatively T8 PSR TR &R RSV brerant FRAt£a% R4a 488t ory. As
shown in Fi gureeyc3h; . a i ritind i erawgenaingof tBidiwee | Biyeat £dbnstonsi st s of

nodul es 1 ac | t A t l,nvenas i Lch l.ei ned
t oget her by Iq%;logfllr%elaér)i‘?nl;trr};%an%r?%gﬂaég%n%‘?eélggmﬁ#)gg2§Qb§‘h%ﬁ%r§%é?si on of
| oad beari ng iconigied i |3 modwkk ekt twhich rigtepen phrbethl ardy. suitabl e

for theyconstuictdiqfeOfedt G X Kd SENIhSIRNDS hdihd d8gaelavbng 20 floors
or nore). The way in which these walls are forned w Il be described

further bel oCdHE gt Ay end¥ahtfdetRe aF3mysaceeheEfoL 10

circul ation anmas, dhighteseldtnglsdftushaid sviEndindbeds andiagbebe arranged
to provide a _conmerci alclﬁ}/ ccept.abl.e i,gh effi ctilenf:y ratio.of habitable
b

.. h
I T PSRt TR R R eRRT oGy al so

to service areas S tHi
pernit the usaitofths e-drigtilshefl, three modules. As shown, further

15 modules are then arranged in the same way on the
second 20 and third 22 floors of the building. If
required, modules can also be arranged side by side to
provide a building of greater width. The
prefabricated modules can include an external facade

20 with all of its architectural features and can also
include permanent internal fittings such as partition
walls, floor and wall finishes, bathroom fittings,
kitchen fittings, glazed windows, as well as
electrical fittings, plumbing and other services.

25
As shown in Figure 3A, in a standard apartment block
constructed using prior art methods, the external
structure is defined by structural walls 24 which are
constructed on site using traditional formwork methods

30 together with precast facade elements 26 attached to
the structural walls 24. The flcor slabs of the
structure are also cast on site. The construction of
such structures therefore requires substantial on-site
time. In contrast, a structure according to the

35 invention can be assembled on site in a relatively
short time as the modules are prefabricated in a
factory. As shown in Figure 3B, a structure according

to the invention consists of modules 1 according to




15 precast panels to formthe floor, roof and end walls of _the Iobbﬁ area

in a building. In one preferred enbodi nent of a structure o the
i nvention, the nodul es are rectangular in shape 20 and have a width of 2.5m
to satisfy the transport requirement$0of Hong Kong. However, roons of a

width greater than 2.5mare often required. Thus, in the structure of the
i nvention twkhse imrentisthulweicanbe J?Dmﬁ@dt@ggbhﬁerbbylphélr open ends in

order to forBeh2f AGRAESRR JBhSrdeangainato4he rﬁénfn%ob@tsw%ﬁn modul es
wi |l occur across t | oors, ceilings and walls of roons which are w der

than 2:5m A3FQ %qqnt%t%%r%% %hh%eé?-.rgalf%rﬁbsrataésitpas| e both
to provide q:éﬁuﬁhz]ldﬁw nalitcabI@conhtlid tonSOricpbotiepti hlight o occupant s

of the room _t.0 provid ro nmech nlcal conngctio n,t he nodul es
and to Sgr ovi déseg cf’ep%sea H'$he T%}nggggf?l%}rg ﬁ?% \r,%g%)of wat er
and for fi re'Ehaa‘ewtqy 36 wisicthdvirese waljls esrd Soxinéd whhlopen edges of the
nodul es are cASd £ He4e iy yes of a profile cast joint 30 to enable

t he nodul es to be securely astened together. Figure 4 is a sectional view
21 July 2005 11 through the floors 2 of two nodul es. As can be seen, the

eflge of th;a f’I'HeF]tmdr?ldtléé ma?,;]famré@dmulhu@ @:f@{rd:@ﬁs dpé@meﬁ&%on 35 extﬁndl gg
along the len t.here 0 ule is rmed with a
cor r espthdi n&gﬁr ete]djrta?s"fearse'cgsjgg%'il Y ‘°r"ec +£IH’F%1 %'ﬁ% p?Bﬁection 32.
Duri ng assentl:.)sa::fs tatmi nocechu [ bess , ar it dreggod oq@cprmémda recessreiballpe nmated to
automatical | y rﬁ%qﬂl £ e The profiles are
| ocked toget her egr e%f{ éﬁﬂ%’e( (gh%f § %lﬁat ?ﬁe edge
sur f aces of tﬁﬁé"-’tw ARA Witduis R dim Wfé)lcvhtllfﬁ?l %ﬂb@)ut 2nmm  These
joints have tihgreafb4ait a0erHdiatady Yoéri®l the use of pre-finished, '

15 precast panels to form the floor, rocf and end walls

of the lobby area in a building.

In one preferred embodiment of a structure according
to the invention, the modules are rectangular in shape

20 and have a width of 2.5m to satisfy the transport
requirements of Hong Kong. However, rooms of a width
greater than 2.5m are coften required. Thus, in the
structure of the invention two or more modules can be
joined togeﬁher by their open ends in order to form a

25 larger room. This means that the joints between
modules will occuxr across the floors, ceilings and
walls of rooms which are wider than 2.5m. A precise
fit between the modules is therefore desirable both to
provide a flush internal surface which is

30 imperceptible to occupants of the room, to provide a
strong mechanical connection between the mcocdules and
to provide adequate sealing in the joints against
ingress of water and for fire safety.

35 As shown in Figures 4 and 5, the open edges of the
modules are cast as respective halves of a profile
cast joint 30 to enable the modules to be securely

fastened together. Figure 4 is a sectional view



anount of site finishing work is required. 15 Once the nodul es _have been
| ocked together, the joint is finished by applying a Iay&ﬂl@ﬂ%ed
adhesive 36 directly above the floors 2 of the nodules. A tinber floor 38
or other finish if preferred is then 'fnstalled above the thin bed adhesive
| ayer 36 but a 20 gap is left directly above the joint. Thijs gap is filled
in by a striphgough echeiffloony %sogh%%.mcm%espro%d@énabj%ogﬁ?nm ch will

not be Vvisiblghd edfe S€ctpantivemddsideisheorae votned pyotheedodul es.
Al ternatively, the npdules i be dry fitted for 25 installation.,pf

fini shes and RARIFSpteR %%r@?%ﬁ’sﬁr? ?’i‘%nglf‘% g??%t.:hl ﬁﬁgFﬁgk'tng sure
that the joi ridges @af sthenabteherambddilie eipr bofméd wheheat ernal environnent, a

sui t abl e 30 j Qi 5y L AS | t he two

Al ves of TS Lo e B O e ki ng ¢ he
joint grout tihfhtPrQle¢ekent3? calkiyeinmraoserhlyi Pl EBacreddlpdurs. 35
Figure 5 showhe phid{&dd 0oh dnd heeddd £l 1 fhai licé@ téhe joint in Figure
4. As shown, a arti,tio:L wal ], K 42 isrgéé)v' ded i£ t he f{:rst nodul e adj acent
the open edg@WadRatelsral bin RLign (e (MRAMIRS HEF4R51 YR tRe°Bi nt have 21
July 2005 12 desthdockeThd qusdhictemsaxiestockhed abgeehern bamyentefralhi n bed
adhesive, 36 i | d n e o] ahev he | oi nt
30 but Shiy Sl ol b YR AR e =au8rfuse e W08 Enbhe | 0
first 5 nodultevo Anedwberf¥dens B8 iGludlentpreoviliba above WA. thin bed

adhesive | ayefmealhe afighiiSs H4-ANGGEL Q1PN d48 T thab0sh1 9T at BRal 0i Nt. A wooden
skirting board 44 is then attached to the partition g/all at the base

thereof so agMIYverf apthf th R IFIRTH | HIrTFENIER910 and so cover the
joint 30. Thus again, the joint between the two nodul es woul d not be

visible“}o Ance the modules have been locked together, the joint

is finished by applying a layer of thin bed adhesive
36 directly above the floors 2 of the modules. A
timber floor 38 or other finish if preferred is then
installed above the thin bed adhesive layer 36 but a

20 gap is left directly above the joint. This gap is
filled in by a strip of tile infill 40 as shown. This
provides a joint which will not be visible to an
occupant when inside the room formed by the modules.
Alternatively, the modules may be dry fitted for

25 installation of finishes and then split for

transportation to site.

In order to ensure that the joint is also water and
fire proof to the external environment, a suitable

30 jointing compound is inserted into the gap between the
two halves of the profile joint 30. This has the
added advantage of making the joint grout tight to
resist leakage during in situ concrete pours.

35 Figure S5 shows a variation of the internal finish to
the joint in Figure 4. As shown, a partition wall 42
is provided in the first module adjacent the open edge
thereof. Thus, after the two halves of the joint have



occupant of the room The structure is constructed by liftin |l _of the
15 nodules of a first storey into place and joining the od%kgbﬁﬂﬁggﬂ§
nodul es together where required. As shown in Figure 3B and di scussed
briefly above, structural reinforcedl€oncrete walls are then forned

bet ween the nodules to hold them together. . shown 20 i g _Fi gur 6A and
6B, the prec&@?m%i%%cﬁﬁglEO%?Eh%? agh eﬁ%ﬁbﬁ%é Pﬁ?Vﬁdeasﬁég rgﬁﬁforcenent.
In the wall s tlofin tiwed adhéesvahd ehiwi probidadj anenhet becshnduobdudle
concrete wal l hi s.reinfor , CONSHLSES, O att,i : whi ch
protrudes ext%&éﬁ%l% % dtﬁéggg %%%ﬁf%lﬁgI?bG#QF é?l h%%%gﬁg?égb%%e 6B, the
rei nfor cenentfaonps | tee pattitiosevabl abrthasedgabeddébe A1XBé nodul e wal

6 which §s | jQiechd O aSEimbt BE6QPU3 DAL 3! LRENDBESvIBeaXbBLAR! tak the
nodul e wall hy neans of a set of zigz bars 50. This arrang ment 30 gi ves

: ag
adequat e | ocatintkeed) 2adResivet 42¥PH +8i AROr E8sAXFRBIRGIGPEMU# PRI ent | y
to al |l ow t herafi®ri asf Sthet § 808POr t Rt woBdénr sksrthagdbbagdf ances and the
pressure produced by in situ concrete pours in Lch, ,th l1's of the
nodul es are u ?Feﬁﬁ%?é@?énﬁ%rgyﬁ %%r?g?%%%rfélxﬁagdaP%igﬁ%%the rebar is
conpati bl e witherede peramnentoserlapuwethuthe tivbaz fheowodidréshand the
provi i 98 of i gdabover NERLCFIERL 8| OvenbBCaddidyl ¥n@095ikE modul € walls

to behave conpositely e structural . concrete wall s ™forned between
them The asdSHHeRR nbaw &40 aredateandedl 4 eptt et VEghR18r £° 80 ef t bet ween
certain adj aceidupdet!l 86 £R& tbemformation of concrete structural walls 28.
The external reinforcing bars 48 of the nodule walls 6,8 extend into

t hese gaps. Concrete is then poured directly into the gaps, i.e. the
nodul e wal | s The sireudfunseils asohstmored floy 1hétingcadleofobhesuch t hat
15 modules of a first storey intc place and joining the

open ends of modules together where required. As
shown in Figure 3B and'discussed briefly above,
structural reinforced concrete walls are then formed
between the modules to hold them together. As shown

20 in Figures 6A and 6B, the precast side walls 6,8 of
the modules include steel reinforcement. In the walls
of the modules which will be adjacent the structural
concrete walls 28, this reinforcement consists of
latticed rebar which protrudes externally of the

25 module wall 6,8. Ag shown in Figure 6B, the
reinforcement comprises a first set of bars 46
embedded in the module wall 6 which is joined to a set
of second parallel bars 48 external of the module wall
by means of a set of zigzag bars 50. This arrangement

30 gives adequate local lateral stability and reinforces
the modules sufficiently to allow them to resist
transportation forces, handling forces and the
pressure produced by in situ concrete pours in which
the walls of the modules are used as the temporary

35 formwork. In addition, the rebar is compatible with
the permanent structure built around the modules and

the provisgion of external reinforcement allows the



addi tional formwrk only need be provided in areas where égeigﬁd#bag dd

not extend on all sides of the wall to be poured. This r

substantial tinme and cost savings due to the reduction in fixing and 15
striking of temporary formwork panels 3Further t he, external reinforcing
bars 48 of the _nodule walls 6,8 formthe rei force hin. t our ed
concret e wal IRCAURf Wabks t e %ﬂ@%ﬁ?a@%m?ﬂ%ft? YtHétﬁEEbFe &équuggg Behave
conposi tely wddrhctdee wdIlUst fbphegObet®éenaheém. 28 so that the cumul ative
t hi ckness of the nodule walls and the concrete structural walls can be
mnimsed while retaining the required weight bearing capacity for the
structure. 25THaraseenbhedthedeles| arei arorBaRBnsurbr thRE O8RS 86€ wal | s

I s pref'{ed g é‘&f&é& (Y\@i'tlzélﬂngm;]aéé‘ﬁé%MduEQBdEbk‘OBhe there is reduced
potential for_ stee errors

can occy&amhgn E is attached
on site. 30 THErPRbieRrieh %@n§¥?ﬁ%tﬁFﬁPcEﬁﬁ€}eY§ ff bind the
nmodul es t09ehQ@EeﬁﬂéPW@eiﬂﬁof@iﬂgtb@ﬂs048aofsthecmudaleCWaﬂgsa§ & single

nmonol ithic structure, nodul e fl,oor a o] oget her by the
35 concrete SPFUTH r%ﬁt9wﬁ?§3§89a?ﬁe U?Ee#goo? Eﬁgbsﬁﬁggeﬁhe structure

behave in a stimettlwyliycsithéagapsmnhee.tthehwodvheenrildal Bl 85F sl abs of
a framesgype ,Jlgh 'fgiﬁ%éyﬁtf6f énd éBnE?éBéabBuEhEu%ﬂV%BbﬁgeS of 21 July

2005 14 conveniTonal In SItU CONStFruction.such as ro bustness, durability,
fire resi starddipionakfarmeark| anhy peedebecBreNbEg mdRt 26P2Fhe

invention, mogwles g dnodQDeshes Byt Ccereenticont ALt Blidleswalfl share used
both 5 in the cqie and the w b||$%§the st cture bsE ﬂ@l tqﬁé|n1se t he

advant ages of %t} erfgt/Re AATUEE S 5?%9 3dln su

and cost savings due to the reduction in fixing and

15 striking of temporary formwork panels.

Further, the external reinforcing bars 48 of the
module walls 6,8 form the reinforcement within the
poured concrete walls. This has the advantage that

20 the module walls 6,8 behave compositely with the
structural concrete walls 28 so that the cumulative
thickness of the module walls and the concrete
structural walls can be minimised while retaining the
required weight bearing capacity for the structure.

25 Further, as the steel reinforcement for the concrete
walls is prefixed to the module walls under factory
conditions, there is reduced potential for steel
fixing errors which can occur when steel is attached
on site.

30
The provision of structural concrete walls which bind
the modules together allows the formation of a
structure acting as a single monolithic structure. As
the module floor slabs are locked together by the

35 concrete structural walls 28, the module floor slabs
of the structure behave in a structurally similar
manner to the conventional floor slabs of a frame-type
high-rise structure and so maintain the advantages of




The external edges of each nodule taper inwardly 10 adjacent the base (see
Figure 7). Thus, concrete poured between two adjacent no | ow
into the free area 52 left by the taper and rest on top of the upper
corners 54,56 of the two nodul es bel o4 Thus, the concrete provides a
direct vertical load path from 15 the concrete structural wall down onto
the modul e w@PR¥eBtBopalohn Fhty epaBEsycthent Bucknass rebust@essodul e

wall's to be I@@faseﬂlt? tbfré%eb1%theoanah§nsﬁ§au%w al Ilno%d beari ng
el

wal | for the assessne m% g E%e aC|Ly The t qt al th of the
wal | 20 nay é?%% PE*S 8¢1Tﬁﬁta§ BRLLPRuc G es%@l ess. The
structural- matégedhsnrbpedoﬁupeoetsthacwatgmtwatlseaeh meed e both he

structurg, 2%? gué$r§£g§ t eZngégmgflEhgfg%%%%§Urgn qla% ﬁﬁructures

wher e such ura eari Fovi ded; Sedch™ modul e
has to suppormathﬁ%%nﬁhat$@@anbagﬁﬁ of shrengbhubbpd sbedalithi s neans that
t he hei ght ofyfdeias@dul ar structure is [imted by the structural 30

strength of the nodules at the base of the structure. Further, the _
provi sion of weight bearing structural walls means that the structure has

i nher ent strurﬁenr@uktesﬁabiédgasa@ﬂ é@chsmbéﬁlétﬁapefoiﬁm@‘Ei%?Si vg col | agse

in the e a n t|on h-rise_strugture. 35 Thus amage due

to the z€0|d§%¥573?%% 8% e% ?%e ﬁ%%r?o exaﬁ%Pa't8°5c§§§ expl osi on,

cannot propagaméredrbemgﬂmmntwmeaéjaQQBUrmoéglehewmlheflnwdthQ thet he 21

Jul'y 2005 15 £.S1& Ugtdlk e F %@é'bieéﬂésgggg%téﬂa 9891:'8%695% o#l tRe the main
0 d

structure. Figure 8 shows t g pI n shim 5 60 at
the joint betWRRSr VppEreEhd©4 oberohodle eswo fgodneen, bekevwl i f ThRg pin 58 and

shim 60 are afHangstctsre hereeidss d@rmlﬁ@dtcegﬁaséalrwaal pathherpman area
15 the concrete structural wall down onto the module
walls 6,8 below. This enables the thickness of the
module walls to be included in the total width of the
structural load bearing wall for the assessment of |
load bearing capacity. The total width of the wall
20 may also be used for the assessment of structural

stiffness.

The structural walls described support the weight of
each module in the structure, each module spanning

25  between two walls. In modular structures where such
structural weight bearing walls are not provided, each
module has to support the cumulative weight of the
modules above. This means that the height of the
modular structure is limited by the structural

30 strength of the modules at the base of the structure.
Further, the provision of weight bearing structural
walls means that the structure has inherent structural
stability and so is resistant to progressive collapse
in the same way as a conventional high-rise structure.

35 Thus, damage due to the accidental loss of a module,
due for example to a gas explosion, cannot propagate
throughout the structure as the other modules in the



required for these el enents and thus increasing structur%gkgﬁggﬁig_gnica
efficiency of the structure. 10 The adjusting shim®60 is

fabricated shoe 62 which is |ocated and supported by the steel lifting
pin 58 of the |ower nodule. A liftingl8in and shim arrangenent of this
type is provided at each of the four corners of each nodule. The support
poi nt of the ALrY@HeFe ndBal @l hnedl fnepBRPr T dRSHERAS 18EREZALy Wdio t he
shins 60, thetflebymPiRVeeihngraréenporary direct |oad path vertically

t hrough the strong points of the nodule which are |ocated at each of the
four integral corner posts. Once the structural concrete walls have 20
been forned tFﬁguraiS $lads palnd M¢Y¢ubeofeduhﬂﬁning Phe SBi ands sipde of

mat eri al s havi %aﬁ$fn¥'ﬁégy éP Qﬁﬁsﬂb&éﬁlﬁoéhﬁéﬁ'c Rioperties
to ensure tha orn1 stlca becone
over | oaded |rﬁ@QMQ ﬁhﬁ%lngh@l@v%gléﬁﬂlﬁﬁlmnﬁp arenarraRgsd §8mge to

t he nodul e 0Hx£h§oi§6§@éﬁ£¥an&'@@ﬁ% th0£é§uc1h§ ahéaﬂmaﬁea&eaf t he nodul es
of the invention pne bove oids 63,are forned

between 30t HEBETTSRoPor Ehett. fFLOGHALE naRd| DS of PHEREAATE. above. These
voi ds are adwanmagemnal|mndnmeensmﬂgalseﬁﬁﬂcnenu?abfonhbesmeantatereys of a

oavi agote | Thethe AAPLOHLATEANEE TR 1054LER! O, L EanRT UL EL" BncR0l ST

savings in he I ng d'aiT con I onin tween nodul es
is shown in AYywhkidlp igohecaksdand %@mp@rétgéehm BAe sﬁ@eéablénlns t he

facade 66 belygedsthe Eﬁ@nio‘b@fexﬁo@ﬁwppeg @ﬂﬁthﬁgeglﬂvgﬁaeghm seal ed
hori zontal | y "and addltlonall a vertical 21 Julé 516 u ﬁnd 68 is
t

provi ded behiHIFIPRIEHERE sOF t Hat S P af B PHeVetrdt fhgSRRPoBgn e gap will
be hel d back fyut heortipss asel. ed\:&drm@@ge hofke 78upgopt opbdad pAsthien front
of the HPStaQ%nggr%%oégf wﬁen i ngﬁggion bears directly onto the
shims 60, thereby providing a temporary direct load
path vertically through the strong points of the
module which are located at eéch of the four integral
corner posts., Once the structural concrete walls have
20 been formed then this load path will be redundant.
The shim is made of material having a suitable yield
strength or suitable elastic properties to ensure that
the shim will deform plastically should it become
overloaded in some way. Thus, the overloading will
25 not cause damage to the module or the temporary

clamping bolts.

The arrangement of the modules of the invention one
above the other means that voids 63 are formed between
30 the ceiling of a module and the floor of a module
above. These voids are advantageous in increasing
sound insulation between storeys of a building. They
also increase thermal insulation thus providing
potential savings in heating and air conditioning. A
35 void 63 between the modules is shown in Figure 10 from
which it can be seen that the gap 64 in the facade 66
between the front faces of upper and lower modules is

sealed horizontally and additionally, a vertical



5 Because a drainage path is provided in the void 63, thﬁ r vh an
extra barrier against water froman upper nodul e seepi ng= r

nodul e. To enhance drainage still further, free draining flashing is 10
provi ded over the nodul e roof junctioh€ and the roof slabs of ‘peripheral
nodul es of a structure can be arranged tgQ s|ope so astbo drai n_out war ds

towards the “WShangcbdch? PUSVIRSYheping; the §9BeS8f Lhaht 81Y2¥318 | ocat ed
between the ganuironi e theowsh ofié ngap agatiesbashebdwpack bfi ghee 9. They

1 b
run verticall the full height of. t bui | di ng .and. ar n
internally b %ﬁ%ﬁ%&a $21¥ﬁﬁﬂééﬁ Reh ?fob?,p¥8v%?8§iagsgo¥§r%?ﬁga 20
ventil ation off tdie fupstrandi§® £33 slwoym evmnFiggtraghati on of the air. A
further {eature of the nodules of the invention is that they are provided
with seals to prevent grout 25 |eaking out when the concrete
structural ' wRSGRUFS 2 A RAYR PR e Y EdedsineiBer 4Pyt BBmwor k. Thus

bot h hori zontd]; of 4orsieh el tdif bt/ SISk 5i &F CaPaOnitiedatefhérsmaha may
acconmodate a |large r e of gap w dths et ween %hf nndgles.hThe _
hori zont al sé&HPS# éﬁ%l?ﬁﬁ§i§bi P 12T PRt e (0P GFTHES over
nodul es so tdmtindgenstilbtfipetlkspl fiosel dbeiningofilashisg pbaced above
the lo no (se Logur ) 4 : ersijzd eallpg surface
R R R e T S L
slightly of fsdtals af Im@i@@r@gtm}tl%r@f@i stractnee £aRcPfon of the

seal . This ald;qumddit MerdiGsd s@ldIBndrLint beLhathdi pewhedserndj ust ed
and corrected, as required during erection. The horizontal seal 74 21 July

2005 17 compdEeNaPEEHTE0 of a suitable material arranged to extend
al ong the adj acent sides of the two adjacent

15 Vertical, riser type of vents 72 are located between
the junction of two adjoining facades as shown in
Figure 9. They run vertically up the full height of
the building and are vented internally behind the
facades at each floor, to provide controlled

20 ventilation of the floor voids 63 to prevent
stagnation of the air.

A further feature of the modules of the invention is
that they are provided with seals to prevent grout

25 leaking out when the concrete structural walls are
poured using the modules as temporary formwork. Thus
both horizontal 74 and vertical 76 seals are provided.
The seals may accommodate a large range of gap widths
between the modules. The horizontal seal 74 is

30 located in a recess 78 in the top of the lower modules
so that it will not be displaced when a module is
placed above the lower module (see Figures 12A and
12B) . The underside sealing surface 80 of the top
module is totally flat so that it may be located in a

35 slightly offset plan location without compromising the
function of the seal. This allows the vertical
alignment of the building to be adjusted and corrected

ag required during erection. The horizontal seal 74



nodul es and to be joined in a loop at the join between the t ules. In
the preferred enbodinent, the 5 seal is nade of rubber analugﬁgﬁgéﬁhéi n
cross section. The vertical seals 76 provided between the nodul es are
inflatabl e and reusable. As shown in F/gures 12A, 12B, 13A and 13B, these
seals are inserted into 10 vertical circular recesses 82 forned between the

adj oi ni ng enddenprisesfacadat 56 of awsuitiphtenmatgsdalearrangsd $§€als are

not inserted untdhaalishgt bRe g&%b@ﬁthéysebese aﬁéeenbeadaactehere is a
strong |ikelihood that an seal woul d, be oc ed Bﬁd yri.ng, 15 the

i nstal | ation %} 4*@?aﬂ?§c%ﬂt ﬁDbﬁF%EdL%Pnﬁ BEH ﬁEtﬁ sJPﬁntﬁgtESﬁgtructlon
of hi gh- rlsethﬁr¢W&Lm@ﬂuEé§ restil the npreftopedbymbbdamenansthaction cycle

time of only t days ar with.a,typical 2 f usi ng
conventignal’¥%£%t+% tHBdsT %ﬂﬁsls %resgﬁt ?ﬁ%gn ?og§é§OV|des a
substantial saving in constructlon time and hence costs wthout

conpr om i ng $e FUALLL) Obesl & Usk UsESy; A0 abOEMe RO RECrBARIdEMRELS Of the

i nvention describ ove are preferred enbodi nents . only and_so are not
i ntended to %ﬂ?l@?ﬁ@1%gan¢hﬁ%usﬁh%eskl%?eﬁh%%?sbﬂ RbEPHeﬁnaéastand t hat

various alteradpons3xoshd DB BeRes® sS81éherst insbuted daseri bed without
departln from the $cope 0 the inventi s_defi appended

cl ai ns. or SEHPTER %gr 5 SRR 82 g?rme g?gwaﬁpapgln shape.

" However, thi sadipeithing endsesfathé yfheadds €6sefandosadfihegenhvention is

al oo, 35 2P0l ARl eedo mrulescal anushage YhLeh-canuhes2geeabl ereas

required. 21 precast reln rce concrete nodul e
for assenb|quﬁules have been assembled as there is a strong

likelihood that any seal would be knocked off durlng
15 the installation of the adjacent mocdule.

Using such methods in the construction of high-rise
structures can result in a floor by floor construction
cycle time of only two days as compared with a typical
20 time of 5 days using conventional construction
methods. Thus, the present invention provides a
substantial saving in construction time and hence
costs without compromising the quality of structures
obtained.
25
The embodiments of the invention described above are
preferred embodiments only and so are not intended to
be limiting. Thus, the skilled person would
understand that various alterations could be made to
30 the structures described without departing from the
scope of the invention as defined in the appended
claims. For example, the modules shown are all
rectangular in shape. However, this need not
necegsarily be the case and so the invention is also
35 applicable to modules of any shape which can be

assembled as required.




a structure conprising a plurality of said nodules, the nodule conprising
two side walls joined together by a base and a ceiling, @Heﬂ!hh&é&%ofile

joint is provided at an open end of the nodule, the profile joint being
configured to mate with a cooperatinbﬁprofile joint provided at an open
end of another nodule such that the open end of the nodule may be aligned
with and joi nggst@gt he open end of * another nodul e during assenbly. 2. A
nodule as clainmed in claiml1l, wherein the nodule is integrally cast. 3. A
nodule as clainmed in claim1 or 2, wherein a profile joint is provided at
bot h open ends, of Ahgredmdul g S¥chciiato AR O ends_of _the nodul e are'
configured to be jo?ﬁed to anfbpencend %f regpg§?P§§ §%§h%$3?ﬁ§ e 4. A
modul e as cl & nBEFPGE Ry PIRRdding @ &lmraliher eifn sedansnahd epr; ovinded f or
covering the giule behpeesian QRER 18,9114 he;said n j,Qi_ned to
anot her nodul e in use %g oﬁggure_tﬁe jgin f?bﬁ%%ﬁetg?%¥%§fggﬁo Hﬁﬁs nodul e.
5. A nodul e &% |3 5Rid ing - amrepedtedi REOEI L nioinkhdrseiprcoridedr anpme wal | s
of the nodul espdnnehdderstee!modifief @heepENE; MhisehHPr Bl S war dly
t herefrom such that when instaIFed_in a sfﬁuc?qrggngggﬁﬁuféﬁgl urSfiurality
of nodul es wi'th REcretd Rl FORHATEDEt WeeAilehdosnbebrexidedatt ofint he

modul es is enheadedd Brt RActEOPCHSARL M dH: thatA+HRIYLE 28 ,§! Bi in claim
5, wherein the Eeinforcenent consi sts of a fﬁrst setkoP %Pge?kgggg 21 July
2005 19 enbedFEYLEnTRY| Be nBdLveedatithfhdedodngrngoaltbrgophe ehdi ght

t hereof, and aactRepnibdifile Ghirshg§ehsfdsiy.extending parallel to the first

set of bars and joined thereto by a sef of zigzag bars extendi ng between
the 5 first and second bars. - S e

2. A module as claimed in claim 1, wherein the
module is integrally cast.

3. A module as claimed in claim 1 or 2, wherein a
profile joint is provided at both open ends of the
module such that both open ends of the module are’
configured to be joined to an open end of respective
other meodules.

4, A module as claimed in any preceding claim,
wherein means are provided for covering the join
between an open end of the said module when joined td
another module in use to obscure the join from the
~interior of the module.

5. A module as claimed in any preceding claim,
wherein one or more walls of the modules include steel
reinforcement which projects outwardly therefrom such
that when installed in a structure made up of a
plurality of modules with concrete walls therebetween
the steel external of the modules is embedded in the

concrete walls.

6. A module as claimed in claim 5, wherein the

reinforcement consists of a first set of steel bars



7. A nodule as clainmed in any preceding claim wherein the nodule is for
external use in a structure and further conprises a nonok e
extending 10 below the floor of the nodule, and wherein an upstand is
provi ded on the ceiling of the nodul el9et back fromthe facade so as to

stop any rain water from entering_a void formed between upper and | ower
nodul es” wherPTRRIGER ot FRidemeERLet YRl 23BdsexperReing: 8h81gs t8Fai med in

claim7, vxherl@éﬂg@t ghatasge Mehiecai Sepondi gdetl bb bbeellnBEke adj acent the

vertical upstand. 20 9. A ul e as_claipped_in any_pyeceding clai

furthet conpr?%%‘gm BF* %i o'fotﬁ]@eftﬁﬁ’v'vi ﬁﬁg éf é?ﬁf’r\%ﬁy, IZ*E&Mt r al

circul ation areeretolbyght set|of azigzdy banktembendingsbetw2Bnl@heA nodul e

as clai ngd irff?Q%Fgﬁﬁegégﬁhﬁlﬁﬁfﬁ wherein an adjusting shimlocated in a
ed

fabricated shoe ~which is suppor by a steel lifting pinis |located at
each of the four corners of the upper surface of each nodul e such that

when installed, the ﬁéﬁﬁmétaﬁacp@iﬁéé Oh ﬁnﬁnﬁﬂééeéiﬁ§n6$ﬁiﬁboye t he upper
surface of anot her qgguletggﬁr directly onto the ad ustlng shhgs. 11. A
modul e as cl AIFRAETH OFRI TRAWS iR rEFR TRESERRT UPE WAdR SFTHCHHES | al
having a sui tabi efyrichelr s¢ompui SeS5a onosolichie Shasfeceptepdinges to
ensure {pat 4o SHiMe 1 dofeLP AL TrndbduPECORS MEFLPRIEH upstand
is provided on the ceiling of the module, set back
from the facade so as to stop any rain water from
entering a void formed between upper and lower modules
e when installed in the structure.
15 _
8. A structure as claimed in claim 7, wherein a ‘
drainage hole is provided in the module adjacent the

vertical upstand.

20 9. A module as claimed in any preceding claim,
further compriging one or more of the following: a
stairway, a central circulation area, a light well, a

lift shaft and a riser.

25 10. A module as claimed in any preceding claim,
wherein an adjusting shim located in a fabricated shoe
which is supported by a steel lifting pin is located
at each of the four corners of the upper surface of
each module such that when installed, the support.

30 points of a module arranged above the upper surface of
ancther module bear directly onto the adjusting shims.

11. A module as claimed in claim 10, wherein the shim
is made of a material having a suitable yield strength
35 or suitable elastic properties to ensure that the shim

will deform if it becomes overlcoaded.



