21 July 2005 1 Modul ar Structure The present invention relates to_a _nodul ar
structure 5 for use in the construction of buildings suc | e
high rise buildings and also to buildings constructed therefrom Prior art
docunent US 4,118,905 discl oses a mbdufar 10 structure for a plural |evel
building formed of a plurality of box-like nodular units-. Each unit has
side walls, a roof and a floor and may be fornmed as a nonolithic unit. The

units further have cantil evered prYole] iagng }9-€0 Qle themto be stacked one
above the 15 other in staggered a structure constructed
fromthis system the weight of upper units mould be borne directly by the

units bel ow tfga predbHs, 1hb§n€§6h”¥@ﬂ%%@gﬁEch oAy WHQlGom d be
construched using this Séﬁ?en1mou e directly 20 related to the strength

of the ufits 5P¥t HE€bdPt oF°nFﬁ€uSGr1PH*| RS. beéﬁé’é&@@nﬁ%f: & £ st em
woul d not be epa@pléechlighotribbebadndiihyet and aflsbi g buia dilid«i ngs  for

exanpl e. Q%ggétgggg%gstgggé%rgctlon systens are also known in the art.

For exanple rscfoses a nodular construction systemin which
modul es having side walls, a roof and a floor are constructed by joining

f our separat epffbffQfEeéoEQH&ﬁ‘ét@spﬁnghﬁ %St A98LRSLE A eﬂ%&ﬁqgf oY

meldlng) The nodul es are then asse t ween concr et S which are
joined By a PFRUEBRRRCEPHN2aPlEkRA %?HﬁéybUS&éHnﬁaﬁ@Fme@oﬁﬁiﬁnctlon

systems have pmrausaﬁvaﬁtagﬂ-lmé Inb@ulﬁi‘oﬁhit@n okaic@i Minlifg Hegs Wween the
Const ruct on T148 SRKTE0ctsoRh, Pl S EREVF: Gt PE D6T STESEhes dual | o
formed i s notmemabithhécunit. The units further have cantilevered
portions to enable them to be stacked one above the
15 other in staggered configuration. 1In a structure
constructed from this gystem, the weight of upper
units would be borne directly by the units below them.
Thus, the maximum number of storeys which could be
constructed using this system would be directly
20 related to the strength of the units at the bottom of
the building. Consequently, this system would not be
practical for the construction of high-rise buildings
for example.

25 Other modular construction systems are also known in
the art. For example, US 3,950,193 discloses a
modular construction system in which modules having
side walls, a roof and a floor are constructed by
joining four separate reinforced concrete panels

30 together (for example by welding). The modules are
then assembled between concrete walls which are joined
by a pin connection at each storey. Such panel
construction systems have the disadvantage that the
provision of jointing between the panels requires a

35 gignificant amount of work thus increasing
construction time and costs. Further, the structure
of the shear walls formed is not monolithic or

continuous and so the walls cannot behave as a



continuous and so the walls cannot behave as. a 21 July 2005,2 0 I onal
wal | having no pin joints and full nmonent continuity throgéﬁaﬁﬁﬁgéﬁﬁieight
of a building. Consequently, the systemis not suitable for the
construction of high-rise buildings as2it is susceptible to progressive

cgl I a]E)se and LSc@ﬁF}%Ih&JJJo)éiaIJ ackilnGavirsd mrengtin Jbenpsesedt fuddemamant
therefore seeks to prOV| e r c t he above
probl ens. From & OPASH I, & §F°W§$?Qh éhﬁ&ﬁét%€%¥$%ng gggpgﬁﬁgé structure
conprising a pIGnabe@meﬁthyﬂeghaﬂdﬂsm&mtlsrm@ﬁf@MtbﬁD&@néﬁ@t§hﬁodules t he

nodul es conpri si Eﬁst&‘ﬁ%tﬁ'o@leo hl; éﬂt he;&g g&gﬂ%g%sbgsa[gesg gand a ceili ng,.

wherei n the nodiFPE€“are 561 né earing structural. walls
forned by pour|agscepmakéﬁet@e@m&&rﬁﬁﬁkﬁﬁﬂﬁol&ﬁﬁﬁ@ségdaha SRESIGHY

external portiopg g isfe-p@lds of each nodule taper inwardly towards
t he base of the sglgnﬁggu éﬁ%ither the inward tapes of the |ower

external portions of the S|de wal | s of each nodul e provides a direct

vertical |oad paph E:E:"é@etnhte iR the ivMbramdte adbarentot peobade. aThi s ._
structure has the advantage that syhstantial cost S&VIB%S canagﬁ obtalned

as the concr et eMREYGREs SEERABAITE B QYERSRINTS HRFaRP8YS BA

tLansported to a construction site ready for installation. This neans
that a structure can be .assenbl ed relativel i ckl on_sit
reducing the co¥¥S™ AvoiFé %?Rﬁﬁ%ﬂrﬁhﬁigﬁggéﬁk %ﬁ%t%ﬁPengvggééeg on
L he invest Wentst:f\.lﬁ:thl@:l’e, c@mptriislmgm gl waral i oy n@ﬂ inbggrhdlybygalssad
earing structura lls,;the nD ot V, I : wei ght
of the nodul es EJBI?,g’rFﬁgmcogtcrlel léf Lﬁ%gst%e? rﬁoc&t?%gg Egm@%ﬁé’&% '
. _ two side walls ]Olned together by a 'base and a
ceiling, wherein the modules are joined together by

load bearing structural walls formed by pouring
concrete between adjacent modules, and the lower T
external portions of the side walls of each module‘
taper inwardly towards the base of the éaid module.
Further, the inward tapes of the lower- external
portidns of the side walls of each module provides

a direct vertical load path from the load bearing

wall adjacent the base.

This structure has the advantage that substanti&l 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. This 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, as the modules are joined
together by load bearing structural walls, the modules
do not have to carry all the weight of the modules
above them. Still further, steel moulds may be used
to produce the modules in the factory such that no
timber wall soffit Fframework is required. This has
the advantage that the use of reuseable steel moulds

is more environmentally sound than the use of timber.



to produce the nodules in the factory such that no tinber wall_soffit
framework is required. This has the advantage that the us&igéu | e
steel moulds is nore environnentally sound than the use of tinber. 21 July
2005 3 of a nodule onto the top edges &f the nodul e below thus naking the
nodul e side walls an integral structural part of the | oad bearing
structure. 5 dach medinle couddthaveopaddigeat ofi ther meddlehbedeofr so as to

be fully Clo%ﬁﬂn;ﬁ&ﬁ@ béyehﬂ%@%fé’Sﬁ@egﬁgflseﬁgr9%5§§?gﬁDdU|e S

configured to be jornedto an en e anot . This neans that

roons | ar gestmmgtuirel ipaxt mf theeheadnkeatringsehghetuwgul e 10 can be

provi ded where required. The open ends of the nodules could be joined
they could be_bolted

toget her_ by any appropriate nmeans. For_ exanpl e

t oget her? FWé*%%hﬂ*?d?i%wﬁﬁﬂ%dt%%v%d%a%%?da§SeH%EGFeePﬁcF88€§°§ BPofil e

j o Et at the azpero ayel ffﬁ.'lhbye@.'fosécﬁle pnifd)égéﬁab:@jﬁnhobeireg,cgﬁf ?guﬁed tﬁ mat e
with a cooperatjnag profile.jpint provided a e, open,_e of _t he ot her

cai d modul 6. S Shapte iGiR e AEAEr & tr e aREnE: ER Aans of
joining the topen 2hdroul| ssothwgethedul &r ef Brhabl yedoshtbpenreads of the one
sai d modul e Al o 0Ntk LohBErh Ol Nefhnd e AOnOPSE ENdiAG1ECRBAGLEYC

ot her nodul es. f 'y means are provided for covering the join

Preferab
bet weenl® he &Féh %@rcb‘fl‘i?% whe e iR E5edo obscure the join fromthe
interior. This will provide a joint between the nodules which is also

secure, 292l okt ie B0 80 528 e SR UL 8l adt, LS, SR LT, be! o
by any appropriate means. For example, they could be
bolted together. Preferably however, the one said

15 module includes a profile joint at the open end
thereof, the profile joint being configured to mate
with a cocperating profile joint provided at the open
end of the other said module. This will provide a
gsecure, accurate and quick means of joining the two

20 modules together.

Preferably both open ends of the one said module are
configured to be joined to an open end of respective.
other modules. |
25
Preferably means are provided for covering the join
between the open ends of the said modules to obscure
the join from the interior. This will'provide a joint
between the modules which is also secure against the
30 ingress of fluids whilst at the same tihe being
aesthetically pleasing to occupants of a room inside
the modules.

Separate steel reinforcement could be provided in the
35 walls of the modules and in the concrete walls poured
between them. However, this would mean that the steel
in the concrete walls had to be fixed after
installation of the modules which would be time




Separate steel reinforcenment could be provided in the 35 walls, of tt_]g
nodul es and in the concrete walls poured between them Ho ‘;‘1 ul d

nmean that the steel in the concrete walls had to be fixed after
installation of the nodul es which woul4l be tinme 21 July 2005 4 consuni ng
and open to the increased.incidence of error n wor,k is carried-.

| i kel y, whe
out on site. U AR] RPeR o‘?%,t]?)?]el%?r%?%éo?‘nf\'{ﬁégﬂﬁﬁ SEoPFERE modul es
i ncl ude st eell e Inf ovleemesmtrinhl € hcaro] edtcububneasiityg . 5 Phefetrablysuch that:

t he steel exttﬁg%aeltfho%feaé\t}g}]{ggél %%?i$%gﬂ§%cei‘g énO%hghgomgggigsstructural

walls. This _ rei nforcément in the
structural cdmglade @fiest iteinfoncenent Iwhiektpropectgdyouhwarddyal | ation

of the npdul ehandkhas ddih hAddifd adde PAVRNLASL) OhF PERYI fbAd18s

structural |ink etweepn the nodule walls and the poured concrete walls.
Preferably tHé& nehtthe fongeety styveerabiwatisor Thag pars
enbedded in $risgd ﬂﬁﬁjlﬂchra/ﬂﬂidg@ﬂgaﬁxtﬁwiéitlgaiél Of!@if?]ﬁ@rdﬂeinéht ihe}:neL, and S
second set qf _steel bars extending parallel to the first_set ars an
Porned ¢ her eBE T e SRS T Aot el i etreFaL P and
second bars. B30 theefigrtisi hl aturomoef rishean| hedulrs cond rlsae thepoured directly
bet ween ad] aceyii dRHd eSS d t #\@{_‘I, is;bag an

advant alge in theltti me ana%crg%%g s%epﬁgiﬁﬂegfée uce é%%%%tlof f or mvor k
25 which is RECEESR Fhepmgditlg wallhanddibe Pouredeceetetre span

bet ween thewg@ner.ete structural walls. 30 Preferably a void is formed
between the floor of an upper nodule and the ceiling of the nodul e bel ow

' Preferably the reinforcement consists of a first set

15 of steel bars embedded in said module wall and
extending along the height thereof, and a second set
of steel bars extending parallel to the first set of
bars and joined thereto by a set of zigzag bars
extending between the first and second bars.

20
Preferably during installation concrete is poured
directly between adjacent modules to form the
structural walls. This has an advantage in the time
and costs gaved by the reduced amount of formwork

25  which is necessary.

Preferably, the modules in the structure span between
the concrete structural walls. '

30 Preferably a void is formed between the floor of an

upper module and the ceiling of the module below it.

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

of bulk rain water into the voids.




Still nore preferably, neans are provided for sealing the gap between
upper and | ower nodules at the 35 external faces thereof. iﬁLiﬂilﬁﬂlﬁievent
the ingress of bulk rain water into the voids. 21 July 2005 5 Preferably

t he nmodul es for external use further &onprise a nonolithic facade

extendi ng below the floor of the nodules, and an upstand is provided on
the ceiling Rrfelidmabiy s, nadelenckot rentenral acadefyothers in use to

stop any rai wﬁsﬂ érapr& eﬁ%tf@cg@éd x§8ﬁ bsw@@ntﬂep%&oé%d | ower

nodul es. Still_nore pref era dr al nage rovided he nodul e
adj acent the Ci/ferttl?%épo an@LOafPr‘@%‘F%%qiyl%eﬁ?@vh@%dpPBvFHGd to seal the

area between ce’iﬂuﬁ@r&f nerekl | RschsLEe, t£@z§ ﬂ:@@kaﬂﬁoxﬂum@gfaaaaéeba apours to
forn1th§iconcrete structural walls reduced. 15 TFg a
preferably cohri¥e SorT S eHY s’éaalrré %?t%r EXPT B ESFheRr FAf 38& as rubber
provi ded i n riepesstoetiwedrhappperasdir Iaesr afoditkes ower nodul es only in
order to readily accompdate hori zontal tolerances 20 between the upper and
| ower nodul es. Inflatable seals which nest in use in vertical recesses in
adj acent ext &tidil dwryrs Ryrefiearabiadd dradnagel kel deipravedéded2npr ef er abl y

the modul es ivhd udfnone 15488t Afhd Neord Dbd PWipgEaRa St ai rway, a central
C|rculaﬁaon area, a light well, alift shaft and a riser. 30 Still nore

preferably the structure furt her conprises a |lobby area, the floor, roof
and end wal | Preffenulrly sl armeddyvpdel figisdell, tlps eanss pabeesn

adjacent modules such that leakage during concrete
pours to form the concrete structural walls will be
reduced.

15
The seals preferably comprise horizontal seals of a
suitable material such as rubber provided in recesses
in the upper surface of the lower modules only in
order to readily accommodate horizontal tolerances

20 between the upper and lower modules.

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

also be provided.

25
Preferably the modules include one or more of the
following: a stairway, a central circulation area, a
light well, a lift shaft and a riser.

30 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.
Preferably an adjusting shim located in a fabricated

35 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



Preferably an adjusting shimlocated in a fabricated 35 shoe_which is
supported by a steel lifting pinis |ocated at each of th s of
t he upper surface of each nodul e such that when installed, the support
poi nts of a nodul e arranged above the @pper 21 July 2005 6 surface of

anot her nodul e bear directly onto the adjusting shins. This has the
advant age of guwnfack nof ancohnpachodnlangeaenfiinethly theonmblel es which

provides a diarc?ﬁseffﬂéi%ﬁnlfmépad%ﬂ’fé %é@@ﬂ&%&’%ﬁ?a@@%% ﬁb@ﬁﬁi& the
structure may be borne before the structural concrete warl's have~been
formed in thé GTRIHT AXLIRIRTeAe wEihin wheempdulesawhichhe shimis made

of a materi alprchfideyi Do Braut Vel YAR! tosdr ﬁaghhtﬁfoﬁght #Rlienekastic
propertlfs to gﬁéﬂéqﬁ%qﬂi the shim'will deformif |% econes overl oaded.
This will prdA A€ TR S ARY PR nRPEYe sRB8EPHSt hBest ruct ure be
over| oaded fahrwrturahsmmcerddténeanXls theve adeant Ageméa ansthacture

accordi ng to the iyendd dpgd uding prefabricated nodules is that the
nmodul es can be pre-surveyed in the factory before being transported to

site. This will establish that 20 the nodul e di nensions are within

tol erance anguaill mc¥s prE@-da) @y AR deNbal | 9PSafhepelhgyi deal
di nrensi ons wiill be known, i advance. The di nensions obtained fromthe

pre-surtfey c&RHEE Gt Walﬁid FETRAFEN ¥ Seib et ota@tpFevi ousl y
erected set qrcifermitss e ambues it ailte i shimewiDIudesota be assenbl ed
Structure. anduTE s A TEATE 1 Tt bl brer Y dhes COREPEreh bui | ding fo
be within céissirating lemnhaimuld the structure be overloaded
. for any reason. ' |
15
One further advantage to a structure according to the
invention including prefabricated modules is that the
modules can be pre-surveyed in the féctory before
being transported to site. This will establish that
20 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 site survey for a previously erected set of -
25 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
construction tolerances. '
30
Preferred embodiments of the invention will now be
described, by way of example only, and with reference

to the accompanying drawings in which:

35 Figure 1A shows a module according to the invention
having one external wall;




30 Preferred enbodi nents of the invention wll now be desgribed, way of
exanple only, and with reference to the acconpanying dravﬁgiﬁxngaﬁéch: 35
Figure 1A shows a nodul e according to the invention having one external
wal l; 21 July 2005 7 Figure 1B shows a/ nodul e according to the invention

havi ng two open ends; Figure 1C shows a nodul e according to the invention
havi ng an extfe e B 18H8%E R BeLbD RSFPEIERS BoekP8r ABVERERPOf t he
nodul e of Fi Guarve nc\twhd Gifien Zersd@ys a group of nodul es according to the

i nvention arr jacent one_ a her in_several ayers to.forma three
storey buil leﬁ%Q&%O%% g e 34 srﬁ%ﬁ?\gi% %%‘ﬁ%’ﬁ‘i%?% g‘f’aﬁﬂ?aﬂﬂﬁ?ngf‘oﬁ bl ock of .
flats constrhervdddisimextermak wall ret hidue ¢nguopp8Bishonkea schematic

pl an | ayout @f+a.$id1 @11 1ox bérgg_clg?&iujé aéﬁelfiv)é,gféu 4ed according to the

invention; Figure 4 shows a typical ]olnt n the'floors of two
nmodul es according to the invention; 20 Figure 5 shows a typical joint

bet ween the fHieure &f sHoMs DAMA aASE AcHUEEd CadbSrd INgNEbOPh¥her e the
joint is partially obscured by a, partition wall;, Figure 6A is.a schematic
blan vi ew of oS Th Brocsh ABIRRRT Re ARPHET oL R HESTRERRL i on; Figure
6B i s a sect ilayarsvitew Zmng [iheCGodrdy durEldiGay; 30 Figure 7 shows a
sectiongt hrough a structural concrete wall joining two upper and two | ower
nodul es according to the invention; Figure 8 shows a detail of a shim and

lifting pin F3guier 3dgahaws & adhenatiar sdan oeperneeh appbechinef

flats constructed using a prior art method;

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

Figure 4 shows a typical joint between the floors of

two modules according to the invention;

20 Figure 5 shows a typical joint between the floors of
two modules according to the invention where the joint
is partially obscured by a partition wall;

Figure 6A is a schematic plan view of an end wall of
25 a module according to the invention;

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

30 Figure 7 shows a section through a structural concrete
wall joining two upper and two lower modules according
to the invention;

Figure 8 shows a detail of a shim and lifting pin
35 arrangement at the intersection between upper and

lower modules according to the invention;




| ower nodul es according to the invention; 21 July 2005 8 FiLgu 9.1 pl an
view onto a concrete structural wall formed between two ééiaé@h@39§5ﬁ|es;‘
Figure 10 is a sectional view through the nodules at point A of Figure 9;
5 Figure 11 is a sectional view throug® the nodules at point B of Figure

9; Figure 12A is a plan view onto a concrete structural 10 wall forned
bet ween two FRIEERLD nbIuk eBlandvitewwnge eheoseuksepstyigsarali gure 12B is

a section al qpl | fierdd Obe Fhdh St dd ndacAt angad1 862l e; 15 Figure 13A is
a side elevatjon of two, nodul es ,according to the inventiqgn_arranged one

above the ot TamP 268 it Pt 19mR ] svieHetBrrugh Fhe megrdfsn@tked A in

Fi gure 13A Asiiscussedrpdpove, 9f he present invention provides a.

structurg in which nodul es are joined together by 25 concrete walls to form
a structure such as for exanple a high-rise building. As shown in Figure

1, the nodulBgure the 19 of c3ectiendbdvhewt thfotegk theembduhesareé nmade of

reinforced c%]&pirrg;ng;p ﬁ@_upéeggst as integral units in factory
e

condi tions. nodul es 1 30 conprise a base 2 and a ceiling 4, ‘the base
and ceiling being joined together by first and second side walls 6, 8 to

forma four didpddmerstidid yskan PePenshig @rbéxh\@réu@eseiuatﬁggnu[]e_ to be
t thelr

built f t I t dul I ncl ud d wal
front 1o 1050 SO O oy At ‘$easT facandssRouBaomn | n
Figure 1C), dheats&azotsh praisided; i

Figure 12B is a section along line AA of Figure 12A in
enlarged scale; '

15
Figure 13A isg a side elevation of two modules
according to the invention arranged one above the
other; and |

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

As discussed above, the present invention provides a.
gstructure in which modules are joined together by

25 concrete walls to form a structure such as for example
a high-rise building. As shown in Figure 1, the
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

30 comprise a base 2 and a ceiling 4, the base and
ceiling being joined together by first and second side
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

35 their front face 10 (as shown in Figure 1A), their
rear face 12 (as shown in Figure 1C), or at both ends
(not shown). Alternatively, the modules may be open

at both ends (as shown in Figure 1B).




(not shown). Alternatively, the nodul es may be open at bq ds shown
in Figure 1B). 21 July 2005 9 The open ends of the nodul eé_ﬂt‘-ﬁﬂlﬁéﬁgured
to allow attachnment to a further nodule as will be described- further

bel ow. As shown in Figure 2, the nodul®s are 5 arranged one above the ot her

in use to forma multi storey building. The nodul es can be arranged in any
desired configuration to provide a required building layout. In the

ar r angenent Figure 2, .a first nodule 14 with an end | I t he front
face ther eof T 1998, 4aaf &t (e fiPaM o s EPeP gt BRopiiahlc, | The
other end of atfadpesntotela bertigef ohnddleocaa wiblube déswirihedn end wal |
at the rear fagaidension. TS sh8n! £3UkLER0e 53T UERY! fokbhbsl AGkude 2

single roomon ea oor which i1s the w f one _nodul e 15 hut the
|l ength of thradeIRARA cane /bR ihe foFReEr innaa| B3 BPEM™ ReRUaFianged in

the same way sbidie b@ﬂ?cDIK%ZO e hddtled 2chh0BE Sapiahfedbinl dnpg. 1T
required, md‘%ﬁl es %C‘fﬂn %Ibgp be arranged side.by side to p%ovhge a building
of greater W THhETH ITEHHTTR aFRPHOEHER 52 ARIFHEPDdB AA%E R Ber nal
facade wth layowi. | tEn arlehidecdngatheficeadfir Bsgand Zanaaksesti ncl ude

per manent in | . 14t C tifi , o] |1
fini shes, ba?ﬁd&gﬁ%f% t"?’%i,a%é}%‘%‘ﬁ%%f%%%iﬁ%%,%é’ieﬁ%gn%%%g?%? vel | as
25 el ectti caliF iXQinRM, tolumpdy ankt ovhbeh s&3 vPRe] . ansPeRBWARHR Fi gure 3A,

in a standar Gl:l’?@&ﬁﬁ@f\termw ti@%é#%@@ul’éhﬂﬂiﬂéi%iﬁé& gBt Qods, the
external struc u]{e i s def.ined bl%/%stru tural. walls 24 which are _30

constructed SPE% &R BRISTIHELF A lh&k FethotRee: bEeTRRE -wi th
precast facadined e scedfilting hetriotutdewsl uthelade wal s$ngde The fl oor

slabs of the , Sif Ul WA AS AN P8 Shd SuidlE SPNSHE USLEQDLOf
15 . but the length of three modules. As shown, further
-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 arrangéd side by side to

provide a building of greater width. The

20 prefabricated modules can include an external facade
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

25 electrical fittings, plumbing and other services.

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
30 constructed on site using traditional formwork methods
together with precast facade elements 26 attached to
the structural walls 24. The floor slabs of the
structure are also cast on site. The construction of
such structures therefore requires substantial on-site
35 time. In contrast, a structure according to the 7
invention can be assembled on site in a relatively
short time as the modules are prefabricated in a
factory. BAs shown in Figure 3B, a structure according



such structures therefore requires substantial on-site 35 tine. In
contrast, a structure according to the invention can be ZkJM¥003 sjte
in arelatively short time as the nodules are prefabricated in a factory.
As shown in Figure 3B, a structure acdé ding 21 July 2005 10 to the

i nvention congi t.s of nmodules 1 accordi ng to ]f]‘he I nvention which are
j oi ned togeth‘?S%RﬁI%E%Fniﬁﬁﬁi?ﬁﬁ?%ﬁﬁ?o? cHePBLEP et e2REPFEIDE. Phe
provi si on oftheathbeatiog wohch edare wabised2togkebethbysiipadt ure 5

e lar : ! i o
Cbui | i ngs. bty S ieofted WMCHEL, Wablo ol | EhBCpRUVISIERS
formed will KE kRad bemeing rerrgrees owrlls I%emﬁﬁﬁalE@enﬁyrép§§rﬁnclude
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t he 15 i nventlen.wakhein ablsiclperhgde twel Useapé poemédnwsbedbe precast panel s

to formthe f . f Enﬁ |s of the |obby area in a building. In
one pref erretﬁie%qn{)%lﬁe%nﬁ 0 e?g'f%écv’f'ure according 20 to the invention, the
nodul es are rectangul ar in shape and have a width of 2.5mto satisfy the

transpoig I etd nRIRMSs thay MG dONE 1 ANV EL i rh@PED Oéndryadth greater
t han 2.5n1are_oftgn required. Thus,. in the structure_of the_invention two

or nore modul%F ORI hed 1Dt LBy 1hEF rshpkhSend®din order to
forma | argerigenmnankdicanrgan atfigddecd oprévidet yeetmmapdiadsyw | | occur
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provide a fl wshrviinteerardas uriftdcisr whiichdings which use the
15 invention. They also permit the use of pre-finished,
precast panels to form the floor, roof and end walls

of the lobby area in a building.

In one preferred embodiment of a structure according
20 to the invention, the modules are rectangular in shape
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 often required. Thus, in the
structure of the invention two or more modules can be
25 joined together by their open ends in order to form a
larger room. This means that the joints between
modules will occur 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
30 provide a flush internal surface which is
imperceptible to occupants of the room, to provide a
strong mechanical connection between the modules and
to provide adequate sealing in the joints against
ingress of water and for fire gafety.
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



i nperceptible to occupants of the room to provide a strong nechanical
connection between the nodules and to provide adequate s e
joints against ingress of water and for fire safety. 35 As shown in
Figures 4 and 5, the open edges of th&l nodules are cast as respective
hal ves of a R i%l | e ast .j,oint 1o @ 4ablse t he ”D:{jouﬁef ‘pe securely 21
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for
amount of site finishing work is required.

15
Once 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

20  installed above the thin bed adhesive layer 36 but a
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 wvisible to an
occupant when inside the room formed by the modules.

25 Alternatively, the modules may be dry fitted for
installation of finishes and then split for

transportation to site.

In order to ensure that the joint is also water and

30 fire proof to the external environment, a suitable
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
resigst leakage during insitu concrete pours.

35
Figure 5 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



installation of finishes and then split for transportatign to_site. _In
order to ensure that the joint is also water and 30 fire e
external environnent, a suitable jOIntIng conpound is inserted into the gap
between the two halves of the profllé joint 30. This has the added

advant age of I n ol r out t to.resis akage ing insitu
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A wooden sKki rthimg Heehreeihebiwe lIdesr add snhddid attengadt todi endwghstat t he

base 10 ther%@‘ﬂ] 0 a5 hid o-}cﬁlrrl@p ")@tn@%éc?&té@ﬁ{ {\%\D%a}a”&éhlsa“d So cover
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15 The structure is constructed by lifting all of the
modules of a first storey into 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

20 between the modules to hold them together. As shown
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

25 latticed rebar which protrudes externally of the
module wall 6,8. As 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

30 by means of a set of zigzag bars 50. This arrangement
gives adequate local lateral atability and reinforces
the modules sufficiently to allow them to resist
transportation forces, handling forces and the
pressure produced by insitu concrete pours in which

35 the walls of the modules are used as the temporary
formwork. In addition, the rebar is compatible with
the permanent structure built around the modules and
the provision of external reinforcement allows the



of the nodules which will be adjacent the structural concrete walls 28,
this reinforcenent consists of 25 latticed rebar which pt 005
externally of the nodule wall 6,8. As shown in Figure 6B, the

rei nforcenent conprises a first set oft3bars 46 enbedded in the nodule wall
6 which is join to set f second parallel bars 48 external of _the
modul 6 wal |- T AL DIt Reliave PR kg WthThie SFFHRGEKBAt  gives
adequat e | ocaloricatedrenlwaslt labi fotmed sk tweer atte@s. t he nodul es sufficiently
to allow themto resist transportation forces, handling forces and the
pressure produced by insitu concrete pours in which 35 the walls of the
modul es are J&&d agsamid admpoiuksgs 17 morangad swclhttbat gapsrebar is
conpati bl e wildtt HaRAEISA a8 AP Hddu D rtgg%”ﬁdu' es and the

provi sion of external reinforcenent allows the 21 J‘u%\% 5 13 nodule walls
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certain adja%gg%n_ dul.es for the fornq%;on f concrete structural walls 28.
rein

The externa FERFHES P ¢ é‘ciﬁfgiﬂ I Pt end i nto
these gaps. Gédwecsily iintichdathep@amsl idia.edtHey nadwle healjhpss, 8. aret he

modul e M@l | s 6B A LR q?)nf QMY eé_fr%rtet :}gcalgpr%%?:u?%yr such that

addi tional formwork only need be provi ina _ . e nodul es do
not extend oRSAHtiongds Tormwark \@illy messk heommayided sineatgas in

sub_sL ant | a:c Wheze ame ?@ﬁul%@/idw%c{iu%ﬁé%ﬁdqh%r{ éqhactémbé nofieqaélgf and 15
stri king of tengporar ormwrk papels. Further, t exterpal reinforcing
bars 48 of tﬁ@qanﬁau%E wvrE ,ES#hi%nqﬂﬁ¥%§§ mﬂnq§§ﬁﬁﬁn5&?}ﬂ?ﬁmﬁe pour ed
concrete wal bsad Toist Basings abwardaghe haiduction 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




20 the nodule walls 6,8 behave conpositely with the structural concrete
wal l's 28 so that the cumul ative thickness of the nodul e e
concrete structural walls can be minimsed while retaining the required
wei ght bearing capacity for the strucfldre. 25 Further, as the steel

rei nforcenent_ for the c ncret.q:r wal ls is prefixed to thetPrmduIe wal | s under
factory con&¥VEREY % “bcﬁ?éb%lﬁb‘f 0 U RPISTISRFRY errors
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I nsitu const paeiidedsuch as robustness, durability, fire resistance and
insulation. In a preferred enbodi nent of the invention, nodules held

t oget her by concrete structural walls are used both 5 in the core and the
wi ngs of theTher gxtgraalTigidgen I9f eapti mosulehdappraniaesdf strength and

stabilifoy Prevadedh: The ex V‘S@eeeq‘g.%r@_f Aach 1Rl ediwescdnwardly 10
adj acent the base (see Figure 7). Thus, concrete | %;Jrfﬁldf bef ween two

adj acent nodBPESSH PETHESR ity aé FEte MaRE & YW W Rt Qe and rest
on top of thé&reeppereactenadestSbybthef tdper windmdidteorbalaw. offhtise t he

concrete provides a direct _vertic L, oa ath fraom 15 the caoncrete
CTuctural waFPeho R tBRES e SHodd S, td mocIdB BRIdlF, CORELS
. the concrete provides a direct vertical lcad path from

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.

as 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




walls 6,8 below This enables the thickness of the npdule walls to be

i ncluded in the total width of the structural | oad beariﬁﬁLﬂﬁﬁlﬂﬁamﬁthe
assessnment of |oad bearing capacity. The total width of the wall 20 nmay
al so be used for the assessment of stid8ctural stiffness. The structural
wal | s descri bed support the weight of each nodule in the structure, each
nmodul e spanni PgrEstBEeWRER ahd Gelfssuppombdugarndt iucegred whdite such

structural wetgdtmlerrsppusel ks are not provided, each nodule has to
support the cunul ati ve wei ght of the npdules above. This neans that the

hei ght of the nodular structure is linmited by the structural 30 strength
of the nodul eBigiire he dlasesothéhtagbtuucbir a. 1iFuihbepint B8 pmavisiien of

wei ght beari S ral . n hat _t he,structur.e. has inherent
structuril g%%b%#r%@gaﬁ%l%%ﬂ#éévggﬁsﬁgﬁ?%t8n€r88W8§sp9guégﬁrap in the
same way as Sh@enthonki fhing-pise58tandt shém 88 Fnasardamgge dwe to the
accidental |ass @bifcimsi eandde@m{;éz&t,ex}qgalétsﬁfelg ﬁ%%ﬁ?l%%%ﬁon’ cannot

propagate throughout the structure as t [ es in the 21 July
2005 15 struck H oY eese sebpBeRtfgaRAdthnee4REFe#PLRT t he mai n

eruptyre.bFﬁgnw&t&hﬁ&KWEh%JTEéHW@ﬂ&%Pfeﬁfi&iéhﬁg @fntﬁg ?ﬁ?u&ﬂh%b,5 gg atd
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pin 58 of th@TARFCTHIYuIREL W15 1EyPR bF noreidided et aprahgefiepheof this
type-is provifiat afoasts Of tdich module. The support point of the

15 upper module when in position 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 each of Eherfour 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 ocne
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




four corners of each nodule. The support point of the 15 upper nodul e when
in position bears directly onto the shims 60, thereby prﬁiiﬂiﬁm

tenporary direct load path vertically through the strong points of the
modul e which are |ocated at each of th& four integral corner posts. Once
the structural concrete walls have 20 been formed then this |oad path wll
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orme

t he other neans that "voids 63 are etwieen 30 the ceiling of a nodule

and the3floor of a nodule above. These voids are advantageous in '
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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

as required during erection. The horizontal seal 74



10 provi ded over the nodul e roof junctions and the roof gl abs of
peripheral nodules of a structure can be arranged to sl ofd Jal¥a3008 drain
outwards towards the drainage vent. 15 Vertical, riser type of vents 72
are | ocated between the junction of %o adj oi ning facades as shown in
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vented inter ﬁéf“Pfflﬁ&ﬁ ftd SER 5?5a8zfc}@s sé‘tltég@r?gﬂa&&r 13k ovr%eﬁg%%t rol | ed
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horizonkal 74eahdi%emheabs?GubBehs aME i ¥Gudsd inThacnlsed®ion.
accommobdate a | arge range of gap w dths between the nodul es. The

horizontal seal 74 is 30 located in a recess 78 in the top of the | ower
nodul es so that vietrtwichl sehlbe?di@nb&&d@thatweanxhneaMQdukﬂsuEmbabove
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80 of the to | t nay cate€d in a 35
slightly offééprﬂéﬁ podafBBn mhew@ueeedﬁp@mﬂ:mnﬁgnﬂﬁﬁ imifetion of the

seal . hgis alLowg hhecyerlinadl redll-gRieRl Forhie® Rathdidi) tire be adj usted
and corrected _ as required during erection. The hori zo taI seal 74 21 July
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al ong the adiaganessi depegk bbelbv\eredm@:ermsem@dl emtand atﬂ.tebe thd ned in a
| oop at the ﬁprn bet ul.es t he preferred enbodi nent, the

n
5 seal is m 8d89eﬁu§%¥F Qﬁanrés§aﬁ§ﬁ§drﬁ tgff S&&t PoR T TRE vertical seals
76 provi ded békedehopdethetubey aeel would be knocked off during

15 -the installation of the adjacent medule.

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
cbtained.

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
necessarily be the case and so the invention is also

35 applicable to modules of any shape which can be

assembled as required.




i nflatabl e and reusable. As shown in Figures 12A, 12B, 13A and 13B, these
seals are inserted into 10 vertical circular recesses 82 2drJuly200%en the
adj oining ends of the facades 66 of-two adjacent nodules. These seals are
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strong IikeIngfd.that any seal woul d be knocked off during 15 the
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A structure as claimed in claim'l, = wherein
an open end of one module is configured to be joined
to an open end of another module. o '

3. A structure as claimed in claim 2, wherein the
modules include a profile jaint at the open end of the
one said module, the profile joinﬁ being configufed'to
mate with a cooperating profile joint provided at the
open end of the other module.

4. A structure as claimed in claim 1, 2 or 3,
wherein both open ends of the one said module are
configured to be joined to an open end of respective
.other modules.

5. A structure as claimed in any of claims 2,to 4,
wherein means are provided for covering the join
between the open ends of the said modules to obscure
the join from the interior.

6. A structure 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 the steel external of the modules
is embedded in the concrete structural walls.



by | oad bearing structural walls formed by pouring concrete_ between
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6. A structurei%br%¢aﬁm@dsﬁﬂoeﬁybprecedlng claim wherein one or nor e

wal I's of the nodul es include steel reinforcenent which projects outwardly
t herefrom such that. when installed the steel external of the nodules is
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9. A structure as claimed in any preceding claim;
wherein the modules span between the structural
concrete walls.

10, A structure as claimed in any preceding claim,
wherein when installed, voids are formed between the
floor of an upper module and the celllng of the module
below it.

11. A structure as claimed in claim 10, wherein means
.are provided for sealing the gap between upper and
lower modules at the external faces thereof. '

12, A structure as claimed in claim 10 or 11, wherein
the modules for external use further comprise a
monolithic facade extending below the floor of the
modules, and wherein an upstand is provided on the
ceiling of the modules, set back from the facade so as
in use to stop any rain water from entering the void

formed between upper and lower modules.



wherein during installation concrete is poured directly between ﬁg?acent
nodules to formthe structural walls such that a reduce 2005
formwrk is required. 9. A structure as clainmed in any preceding claim
wherein the nodul es span between the ZPructural concrete walls. 10. A
structure as cl@f meg, i cedi | tei n,when installed, voids
are forned bet \Algje’n ﬁ]e&%to%%fggngg%géféanﬁo u%géﬁd?ghew qua[:lﬁb Bf the
nodul e bel ow FFaippgsa hake cisirpresidedi imdthe obdiiel djsearal rtheans
,are provided kertseal ddhpap between upper and |ower nodul es at the
external faces thereof. 12. A structure as clained in claim10 or 11, ‘
wherein the nodules for external use further conprise a nonolithic facade
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are provided to seal the area between adjacent nodul es when installed such
that | eakage ring gepeg paur a1 : : tructure as
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structure as cifiord Lppekabirkdce’ kS thIBiings of the modules.

16. A structure as claimed in claim 14 or 15, wherein
the seals comprise inflatable seals which nest in use

in vertical recesses in adjacent external edges of the
modules.

17. A structure as ciaimed in any preceaing claim in
which the modules include one or more of the '
following: a stairway, a central circulation area, a
light well, a lift shaft and a riser.

18. A structure as claimed in any preceding claim,
the structure further comprising a lobby area, the
floor, roof and end walls of which are formed by pre-
finished, precast panels.

19. A structure 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
points of a module arranged above the upper surface of
another module bear directly onto the adjusting shims.

20. A structure as claimed in claim 19 wherein the

shim is made of a material having a suitable yield




the seals conprise inflatable seals which nest in use in ieitical rgcesses
i n adjacent external edges of the nodules. 17. A structu din

any preceding claimin which the nodul es include one or nore of the
following: a stairway, a central circ#iation area, a light well, a lift
shaft and a riser. 18. A structure as clainmed in any preceding claim the

structure furstfueéngemrssﬁgtabiebamgwa pkBperthiear o eofsuded tand wal | s

of which are for ni she recast panel s A structure as
clainmed in any pr Eﬁ.%5£§|%? Mk ré bﬁﬁoﬁﬁ u?FFﬁ&°§%Fﬁllocated ina
fabricated shoe which is supported by a steel lifting pinis |located at

each of the four corners of the upper surface of each nodule such that
when installed, the support points of a nodul e arranged above the upper
surface of another nodule bear directly onto the adjusting shinms. 20. A
structure as clainmed in claim19 wherein the shimis nmade of a materi al
having a suitable yield 21 July 2005 21 strength or suitable elastic
properties to ensure that the shimwll deformif it becones overl oaded.




