;fge3e] ZI "d6T<A# Wall Structure for Cvil Defense Shelter and A Method of

Maki ng Il Stryucture and A G vil Defense Shelter Field of the i on
5 The mm‘ﬁﬁﬁmwmwntl on relates to a wall structure for a Cl“\m\n\l\\mﬁgm@m
shel t et™ hod of making a wall structure and a civil

shel ter angoe@fers particularly though not exclusively, to such *sow#l |
structure, shelter and nethod using pre-cast concrete sections. 10
Background to the Invention Shelters such as civil defense shelters are
bei ng constructed as an integral part of constructions, including

mul ti-storey constructi onsWalb8tructuse for Glyll Defense Shelterands, | S condoni ni uns,
or houses. By rmltImm.eamfmhkmArwamstrnauﬁJnhauncﬂn@emneésueuéhese shel ters
provi de a refuge for occupants of the apartnment, condom nium or house in
the even of a threatening situation. This nmaybe an attack (e.g. war);

nat ural di sastfFeld Jtrehinastiear t hquake or hurricane; or an attenpted assaul t
on those pgrsons by thieves, nmurders or the like. 20 Such shelters are
normal |y constructed of reinforced concrete to gi ve_the necessary strength.
Al so for strerdB® RresesByestigmelpteralped ek sgi“iﬂ‘é’e\ﬁ%ﬂ?@"ﬂ q8fensa sheltelo@d s t hey
are normal |y sathatef atakieg hevallrstrottaregindar cishddense sheler bnd ageralpbiticliyra

conti nuous po o) al i S n

ctronger st ruteufLrERaEhEet, 5 shitdh v s eIl L BleCRsP' 1o,
are either nadencite sgctiens. or nmade off site as a pre-cast structure. They are
t hen trans@orted to t he site and placed in position by cranes. The cranes
required for % %Fﬁg' require a lifting capacity of at |east ten
tonnes. 30 Ma 90 i egy?né'gn use cranes with a lifting capacity of only
five tonnes. In those cases, the shelter nust be constructed on site.

Ei t her Way, | BREIRAS QRN GRSV defined Qﬁeltbﬂé(‘ér@%éiﬂg cORYNSELEY G 1aR NntbdrB®part &N
result. ent .invention to

provi de a ci vF?nSHEQ'gﬁsséncéW&gt @Pﬁ)ﬁkoﬁ?}ﬁ‘ g%QSHP‘g%n%sqe B"eékbﬁ‘rcﬁ? aq?ﬁpﬁr"b’? Br e- cast
concr et e $®ct rendeminiums, r Woub¢m aBy Obltistoreyof istrheanpmereethan enevsierey.oihése t o

provide a preskasls p?d?/%ra%ﬁgéﬁ%dcgﬂarft%fﬂ% é‘ﬁanmhntd@cfneaﬁ.ﬁ.uﬁnﬁlhs@sre i tﬁét is of

reduced wei ght to_,assi st ease n

o O e B bAoA e "B o i B 5 & o ke Bl it e
present invengs earthpuake crelsuriicane| dr gt atteoiptadeassault en thove berderiselnys thievhgl ter to
be formed as Rafderstdr e iRyl | ding; the wall structure conprising a plurality
of pre- cast concrete sections which, when joined) formthe wall

Such shelters are normally constructed of reinforced concrete to give the necessary
strength. Also for strength reasons they have the side walls (normally four as they are
normally square or other rectangular shape) made integrally by a continuous pour of
concrete as that is generally seen as providing a stronger structure than a joined
25  structure. As a continuous pour they are either made on site, or made off-site as a
pre-cast structure. They are then transported to the site and placed in position by

cranes.
The cranes required for such a task will require a lifting capacity of at least ten tonnes.

30 Many building sites use cranes with a lifting capacity of only five tonnes. In those
cases, the shelter must be constructed on site.

Either way, increased costs, and/or increased construction time, can result.

35 It is therefore the principal object of the present invention to provide a civil defense

shelter manufactured using a plurality of pre-cast concrete sections.



1 o structure. The sections nmay be substantially identical and/or generally
L- shaped. There may be any nunber of sections, but preferably there are two
sections. 15 Each of the sections has a first end and a second end, each of
the first and second ends having a concave indent to forma shear key. The
sections may be joined together to formthe wall structure using wet
joints. Each section may include a plurality of vertically-extending tubes,
each tube being for 20 formng a void, the voids being filled with concrete
subsequent to installation of the sections. The tubes preferably have an
out er sur f aceAffioal dpiastipithe wiesenttitventiapris taprevidd atoreecast carictaitss sectibn forrmy  be,
for exanpl e, Et@if&éﬁ&ﬁ%%ﬁelteF @8t is SPreRRdeB night B%s&&%a@@oﬂ}aﬂ%‘dﬁ e My i ds
prior to thembeing filled wth concrete, and the tubes my be spaced apart
and general | y“88%%al | el . They preferably extend from an upper edge of the
sections to a | ower edge of the sections. 30 In another formthe present

i nvention pro I ucture for a civil defense shelter to be
formed as %ar%hﬂﬁggq}m@”@eﬁ&gﬂ the wall structure conprising at |east one
pre-cast concrete wall having a plurality of vertically extending tubes

per manent |y ewliedekedbbeesre Gtherealqébti o enirlaie ithieg ple&dint fidieAtichgpravites € wall t he

wal | structur 1 t

installation %UCEUEE foygk?'%%?&hgtg hg"le g’g fmntregggﬁérwéfgrbgjb(f ?r%%%%u ruEtﬂ Tave an
outer surf aceCW'S'Dgﬁcﬂ'qi@i'thtﬂﬁeﬂ*ﬁéC@Gfﬁi‘? aqctionsf whithe wien Joined efpfim &ecwaﬂg is

pl aced i nig hest@iuets prior to thembeing filled with concrete. They
preferably extend from an upper edge of the sections to a | ower edge of the
sections. 5 The present invention also extends to a civil defense shelter
construct ed uShenggctionsahdy betsubgianiiely iderdicaliape/dr generatly L-$iepetbuirhete mpyrtey be a

nul ti-storey QidufibBof sBEtioRBYullfeterably BitrEars v Sa¢tidhdl | ding In a further
form the presént invention provides a nethod of formng a civil defense 10

shelter as part of a building, the nmethod including the steps of: a.
casting at5 a Eadheof thenssictionsrhamatfingt epdiahdliersgcandEndy edch tof theffirgdraed sasindconcr et e

sections Whi Chhds\MaGiRg i0bdhesle h@&NE oMl & shddr Wel Urie dBctich SRS fdifkd t he
pI urallty of 'gre casf concrete sections to a construction S|te and

instal ling th@AFHE 1@ 1R 15 WalisHy ' ue UG WeIPRS | ocation: 15 c. joining the

plurality of pre-cast concrete sections to formthe val | structure; and d.

casting a roof,cpldektfohthdy n%ﬁﬁfe at;l;ll?raff@u veﬁkéﬂgéanﬁlng RIo8L, %raab{uﬁe b&h fgasting
of the roof structure Is n\?lép f% F e-cast concrete half slabp 20 over
the wal | % r ufoEip® atvgid; Benio quel”gt BaMEh genceete suiseqient;fo; 'n?t%"at'%maf ®&sting a
remai ni ng pargectidnst he roof structure. Alternatively, it may be by casting

the roof structure in situ The sections may be substantially identical

and/ or generally L- shaP There may be any nunber of sections such as, for
exanpl e, two E@C P%sngre erably have an outer surface for bonding with the concrete of the

sections. This may be, for example, corrugated iron.

25
Reinforcing may be placed in the voids prior to them being filled with concrete, and the
tubes may be spaced apart and generally parallel. They preferably extend from an
upper edge of the sections to a lower edge of the sections.

30 In another form the present invention provides a wall structure for a civil defense
shelter to be formed as part of a building; the wall structure comprising at least one
pre-cast concrete wall having a plurality of vertically extending tubes permanently
embedded therein, each tube being for forming a void in the wall structure, the voids
being filled with concrete subsequent to installation of the wall structure.

35



25 Each: section may have a first end and a second end, each of the first
and secdnd ends having a concave indent for forma shear key. The sections
may be joined together to formthe wall structure using wet joints. 30 Each
section may include a plurality of vertically-extending tubes, each tube
being for formng a void, the voids being filled with concrete subsequent
to installation of the sections The tubes may have an outer surface for
bonding with the concrete of the section 35 For exanple, the tubes may be
made of corrugated iron. Reinforcing may be pl aced in the voids prior to

t hem bei ng fi |Rrefgraplyitre wbechaveen auiei sufasetferihesdingyiththe soncretd of the walhrt and

general |y par &Elhﬁhng-rilgeplédébaﬁ R Qbigg @hbrytoe%é@r&.ﬁgr ARy a.nthumereteedg@\esaf t t he
esen

t t th
vent | ons pr RUTABRY SXHE Fr e RGHIAe ) T SEBRT Bpes Bl e par
of a building, the nethod including the steps of: a. casting at a site

renote fromt hﬁ\e%‘%sleﬁ*'lﬁ\gnﬁonpilébr Shdnby E)OO; el @ef@r@étsh&@p%ngfr@c e%e&stlﬂ Daalthi ch,

when j oi ne a wall structure; he sections Inc pIurallty
of verticall y SENetwR dlepgyibed paye. B&‘c‘l’f’"ﬁ"ﬂ%@aﬂ@ﬁrﬁ myti-gtopayi Q}‘"‘i"%r"éln‘r?y hega .
transporting tshelephtaiéabuiliig of pre-cast concrete sections to a construction
site and installing themin the building in a desired location; d. joining
the plurality of pre-cast concrete sections to formthe wall structures; e.
filling the vdmadunbiet formothe peasent iniegtiqn previdas sgjetiod gbierming acivilidefepser t he
wal | st rugbur &helfep afp sFadhliding, tHaenamﬁtmm.r@fthéh@osrwof structure is by

pl aci ng a pre-cast SQncrete al f ctur to f rma
first part of % roé S'"?rgc ﬁ'reereméjfledﬁ?:rggt 7 |Ou'li(:,(:lh%re Hulrar%i?ng Brec ?Oncﬁe r oof

structure. Alternatsestighswhich, wliramo{s@dtfyrrrc@y@li #igcuree roof structure in situ.
20 Preferably ythe tmah@%n#agm Qﬁ}amwbﬁggg&uétf@ﬁ@eté%ctbﬁﬂ% AdomdtBtichheitconcr et e
d

f th F f d
Rei nf or ol g nay. be 9 KBRS ReTvIb g HREY A PP 28 KEABH bei ng 111 od w th

concrete dAd/ @r t hdoininbthe piyralits phpredastpentretgragctipnnde &rinythe salhIstredture25
Finally, the preseghqinvention provides a civil defense shelter as part of

a buil ding when built. by the thod gs d ri bed above. The building may be
a single stordy bui Fﬂ'i”ﬂé %ql}sﬁlﬁﬁ??‘fe-rgted’?agﬁg'bqﬁ‘frfdl ng. 30 Description of the
Drawi ngs In order that the present invention may be better understood and
readily put IMaerasnactnlefea;t.nsfofﬁetrootfaedc@rémady p|aemwatbee Qézseadcwhmsny@y of

| tat t t
he’ desor Ebt YR Kol siks BIGPER B el 05 ToHB oS ey 3 R, e

drawi ngs i n wipart bf the roof structure. Alternatively, it may be by casting the roof structure in situ.

The sections may be substantially identical and/or generally L-shaped. There may be
any number of sections such as, for example, two sections.

25
Each section may have a first end and a second end, each of the first and second
ends having a concave indent for form a shear key. The sections may be joined
together to form the wall structure using wet joints.

30 Each section may include a plurality of vertically-extending tubes, each tube being for
forming a void, the voids being filled with concrete subsequent to installation of the

sections

The tubes may have an outer surface for bonding with the concrete of the sections.
35 For example, the tubes may be made of corrugated iron. Reinforcing may be placed
in the voids prior to them being filled with concrete; and the tubes may be spaced



5 Figure 1 is an isonetric view fromabove and the front of a preferred
formof a first enbodinent; Figure 2 is a horizontal cross-sectional view
along the lines and in the direction of 5 arrows 2-2 on Figure 1; Figure 3
is an enlarged view of a typical joint of Figures 1 and 2; Figure 4 is an
isonetric view corresponding to Figure 1 but of a second enbodi nent; 10
Figure 5 is a cross-sectional view along, the lines and in the direction of
arrows 5-5 on Figure 4; and Figure 6 is a vertical cross-sectional view
along the lines and in the direction of arrows 15 6-6 on Figure 4.

Descri pti on ofparhandrgeserally katallehh b tees riefergblyjextend frameaan upgerrgdgaraidhel to 3,
there i s showgegliofdg klicWer Bagd dithef sebtiongut ual 'y 20 perpendi cul ar wal I's 10,
12, 14, and 16. These are a rear wall 10, front wall 12 having a door
opening 18, and side walls 14, 16 extendi ng between and joining walls 10,
12. Al t hough trhanotiee farer the presbrdvimveationb gravigies ectetmgudfdermintg avalyil Hefease any
shape (in pl agneflbeWpahtdeh HAliaRG; the HetB@inclubifth teGidp8 of. T OUNd, elli pti cal ,

square, rectangular, pentagon, hexagon, octagon, or other polygonal shape.
These shapes fay b&2$1BY Gt arsitedpmo% am &hg, Pylding1e, gluegilyyof e rast ottt nent s
is for it to be cl esttidrsswhiehdwhdreinined) figyined \eall, struetvre; no gl azed wi ndows, and to
have a door openin ez \YA ; neMapt d i en| 0. The
shelter has the fogwre %/vaf“fnsg .EQQA{@QZQ"@%Q&%?P fgnlﬁggeé#%hin%u%gm%é?%%%cti ons
20, 22. 30 In thisfanigganeid therinisecti ons 20, 22 are generally L-shaped in
pl ani but urr}alyc.be ofrapyrtifg) the gddirglitys bayre-chéiaoncraeizettdné deﬁ%ﬂat@lﬁtic&i m@sltd y
conplete wall structu. , , - Shaped sections woul d wor
equally as well. | %ﬁ.ﬁﬁgu@é@ﬁ@?@%mé‘é}% fyeosﬁéd Igﬁa%'g% are substantially
i dentical, apért fioiingdeoplureiieal rigrca cagrete-pagtionsito form e wallyptriaturgssf f er ent ,
if desired. Each walidg th®voidsdvithkbncrdt@; Ry have at | east one
i nt egrally-foF med fo?t 24 Fst'{at IS Sit%egvﬁ d |located to enabl e the sections
E )

20, 22 to be able tO XaRS O CHFOVPRT SUeh™that a | ower edge 26 of each

section 206 22 6 is the correct distance above a | ower surface with which

the shel ter ipretePahe tHeldaiga @@ rodfiatrlidtiir® is\BYplhdiy & preRsastede@stedRIr@fabt he two
sections 20, 22

orrectly aligan do .t he upper ,edges 28. However, the
Sect one 30, 5% ARNEkthyE e BtnaletteranE RS Fieyie R silie AT RAR B gl T e
(see Figure 4part & therroefi strottire: Alernafiyrdy, it euiy de b 8astingithe aned strustinein sita.,
reinforcing bars 30 extend and are bent inwardly, so that when a fl oor and
roof are forned.t integrate with the wall section 0, 22.. 10 The
Cooti on 28" Bt e bR FarRah adet, B ER for RERIG Bl 5ETae e o
pref erabl y bysextioust Fpogxamplé2the dibesmay be aage oftcaevgategiimnng t echni que may be
used. Each wall section 20, 22 has a first end 32 and a second end 34 from

each of which_extend reinforcing, bars 36 fornmed int,. l.oop 40. en second
oo aa i o DRGHORS b b RacPE IR s P D BT ihs B e S RGiRlE Aty o
cl osel y adj acteatubesarersiaced@pnt afdegeablally paraitel.
25
Finally, the present invention provides a civil defense shelter as part of a building

when built by the method as described above. The building may be a single storey
building or a multi-storey building.

30  Description of the Drawings

in order that the present invention may be better understood and readily put into

practical effect there shall now he described by way of non-limitative example only

preferred embodiments of the present invention, the description being with reference
35 tothe accompanying illustrative drawings in which:



15 vertically and/or horizontally aligned with | oops 40 of first end 32.
Addi tiohal, closed | oops 38 are placed above and overl apping with | oops 40
so that when wet joint 42 is forned, the concrete of wet joint 42 will bond
with ends 32, 34, reinforcing bars 36, and | oops 38, 40 to thus forma
strong, secure joint. Each end 32, 34 may have a concave indent 58 to form
a shear key, if desired. 20 In this V\B.yoil‘:a sections 20, 22 can be forned
off-site, transported to the constructi site to arrive when and as
required, be lifted into position using standard cranes, formmwork placed in
posi tion for Flaererbisfan, isdnedis e frdm) avpyrs agthe diodt enrrefetred feonraé first f or m
the roofs, flgQbsiR&H. joins 42 to thus formthe conplete shelter. For
rrultl-storey 25 structures, the floor of a higher storey forns the roof of
the shelter. For rrultr-storey apartnent bl ocks, the shelters woul d be
vertically al Fgwmed o hérezbnthlherodstseotionelf vromelosgreliet IBtes iagd tirh ther diettiof oft he

shel ter ea in Figure 6, each floor/roof 44 in a

mul ti -storéey éﬁ%&%@?ﬁ%wgne or nore 30 pre-cast slabs 46 that rests on
upper edge 28 of sections 20, 22 with there being a relatively small area
of overl ap 48Figlle is aneilarges vigwooftd topicd dindbf Higuwew 1 sl 44 is cast in situ.
In this way, if sections 20, 22 have feet 24, the feet 24 of an upper wall
14a can rest on upper edge 28 of lower wall 14b with both upper and | ower
rei nforci ng bEigeredds axisemetlitgew poEasaendingie biower!thiubef as@cend esredimeat, an
integrategy structure. If sectr ons 20, 22 35 do not have feet 24, the | ower
edges 26 may rest directl atrve

separate spacf-ﬂ © e'%?c?osf ?On ovvlwl)al r’rﬁ S"ne?rgndqlntt ’%‘PB&’F%”( ‘Yﬁégfnmay be
forned at theFigeed,; andme as jOI nts 42, or may be cast separately.
Alternatively, the floor/roof 44 rray be cast in situ without a pre-cast

slab 46. The floor/roof 44 ma at, the sa i S or nts 42, or
Ty be cast . sERUPAILA yerical pResLsegtinaCi SR e firs B0 e AEselon o EiA
enbodi ment5 | ng-6nd€&gutect.r educe the transported wei ght of sections 20, 22.
Here, in each waII 10, 12, 14, 16 are enbedded hol |l ow tubes 50. The tubes
50 are verti cg ext in d .apa and generally parallel. Each tube
50 pref erabl y t/%Fr?ag S’Fﬁqt'b‘t%%ﬁ“ebé’&gge %6 through to upper edge 28. The

wal I's 10, 12, 14, 16 are cast around tubes 50. The tubes 50 may be of any

10 suitabl e St st S8@P% ergurea.tertbaﬂ thet6 Ns tshaln & ViRiSr Ravi fofuprnrtﬁ@tanwthl n
tube 50, and the concret t he. ext er nal

e
surface 58 of PARRIACUIgWalT 3%&@%’) 1§hi9‘£r‘sﬁtaé‘? ﬂéﬁar§’6Et€12@"5“l’aut1ﬁe‘a¥'ﬂges 50 is
al so such t has dawoperdtigi8yvahd sidowdllst 13, 16 extentirgr betweesandl foirdng wedlsIRpouM, t he

tubes 50 are gpdggP Csﬂétér'%a%r%d/ Iar% Bdotbiulad itGREY BOIG HY shi concrete
will bond to Abrg"t hg {h'g_ exlter ns! and mg Ctgfdu Itf acy(ras gs &nhr EE\'R/a t he

t ubes 50 rerraY"ﬁ”)p'é‘f YR RUE PO 'H“'tﬁﬂltf’smf@d e_t'?t'cai4sq”ir6’ &??’t?nar'er r'?St‘ta?‘%ﬂ'roved to
form voi ds 5Zhexagnns catagerd or tdier trelyponas shaped These shepsumande reasér, o

remai ni NG, or MR %ecbntyooaerceéatﬁfememglts rsz it 3§ bbeﬁ,stheaabm% domhpidiéy, Past .
Due to the bon ,ﬂ% concrete Wit h (ﬁPe |ntern and ext ernal surfaces

of tubes 50, RaY& 9'%zeﬂ(¥""q5’§v§ ghd g’tfraé‘ﬁﬁ’t °’?Be%&gt YoTYREBO VRS 52 i s
not i nsubst antentibtjontdpenibgsaftsport ed wei ght of sections 20, 22 will be

consi derably reduced even though tubes 50 remain in each sections 20, 22
for the life of the sectiaon. When t he sections 20, 22 are transported
and i nst al | edT§tshgitejdas Fh@d"‘l'rd@éﬁ 1912014 andy|f Made b SiEvlarsections PB% at e

rei nforcisg 60 thisinplaacate sectiemsclo, 2dae denerally aphzped in @dre baanayde ofaRg as i s
required. The Jt?det%‘ir%f?g'tﬁ]a@c d’né E;%MP'QT alfnBLt B ?r‘é{%‘v?au dhrfh E’He“%P%%ﬁ}pYXE' ch

maybe appropria onnecte rerntorcing a ove an el ow
sections 20, f2’2UW&SWB%?CE%W%@HV%EWPWW%th concrete in the usual
manner. This 30 may be at the sanme tine as formng joints 42, or the

concr et o Y oG PO S GERBIANELY 72 L LBl cerhg BEEHERTATerE, 25 3t

are srgnrfrcan i'S nmean need
snal ler 135titg 'Mﬁaeﬁ they maw he diffeent, if desitefe Faeh walhd, daddi Hgmay h%’e% and at

the co tnst r uc; Ibﬁ ofid ﬁ\f%gra‘ilﬁ%nﬁ&hfo&l BSthatGs §|fe%rb$1_?_ﬂécbteb h@éﬂaﬂeﬂh?gecﬁoﬂs@@er
capacity, an nor s e 0 she
folromed ﬁsr ng %%8%3@83 %tﬁn‘f%n e, %6‘{1 g&tﬁgaé"“f%eiﬂ?ﬁ/zee ?qﬁﬁ?hﬁe{f 22 é't; ent. As

such, the overall cost to the building devel oper is reduced.



Sinmilarly by using the two sections 20, 22 the building devel oper can have
thé pre-cast 5 section arrive at the construction site when and as
required. This reduces the overall construction cost (and tinme) for the
bui | di ng devel oper. Whilst there have been described in the foregoing
description preferred enbodi nents of the present invention, it wll be
understood by those skilled in the technology that 10 many variations or
nodi fications in details of design or construction nay be made w t hout
departing fromthe present invention. The present invention extends to all
f eat ures di sclisdBeeprigetdistanceiaheie\d lewerl suifacervdthiwhichthe sheltesiisto de diedsptedt i ons
aﬂdl ![oer fT}[Jt a:)i ﬂpfhis wayhd Meﬁfaéﬁgf?z&og tb_ﬁ\.l t«((j)@' éecﬁ?gmlﬁ @or{e@ﬂy f&igﬁ,i a4 o @gf ense
shelter to be for rt of a bui e strycture c rising a
ol ural ity of PPREr &8ss 2B, Howered LR strsRE e iy e PaleRdmodigreh it war
structure. 2. désinedbt regtiredd¢seerfigusss4)cl ai med in claim 1, wherein the sections
are subst\zigtially identical. 3. Awall structure as clained in claim1l or
claim 2, erein the sections are generally L-shaped. 4. A wall structure
as cl ai ned inFmb%@eHPp%leéﬁ‘%?szaf”g@“@[e%é?@irﬁ"ff’ﬁ’ dag30 exigpd #8¢ Bions. 5.
A wal | struct bére ivgardy, asorteat when anficooard ahof aleafbifed thdyointdgrathwitrethe wale
sections eaChs&?ﬁ§ns320f5£St end and a second end, each of the first and
second ends having a’'concave indent to forma shear key. 6. A wall
structure as clainmed in any one of clains 1 to 5, wherein the sections are
j oi ned toget hgke §e2tidrozZo 2R Fyuindithle j@hy AXCHeiweenUBdnn @ beedloske® THIS is pfeferablal |

"hel udes a pl oF %I‘i’%ﬁmé%“’%%’#pfﬁ@&a‘?}%-°§i%?éﬁ§?%§4°ﬁm§%es%§%§L@fﬁ-ﬁe 3R For
form ng a voi 88ctieh@0.\22 hips Htshends $3 prdda wpednd EoA S drog eash < ahisht extend
instal |l ation pfinfdrBifg 566136a6Hed dnto A 186 40. SIVhBIE EéoRd 8fd 84 & piRRdidajaeb@i M 7,
wher ei n t he tHrbtegr}éﬁ%c? an 4§ui%r oeref 9%? a1|‘ror| Qqngi .n%nm thBjt ahre C n%éret e of .
the sections. " I'FOPR Y L £ETR &89 eI A e G°Th 9:'? o726 @IPEFHE8Y wher ei n
t he tubeslhaveertinally andéer hotizdnteti aligned wish diong) 40vet firsteand c32e tAdiditiotal, dlosgd |
structure as pbgd §E4keiplhcdd¥bRE Bnd@bverbBiingwith b6psA0 BHIRt Rheh WBGoihtdes are
made of corr u%?r;['ngdq tﬂer gorr]fcrete of wet joint 42 will bond with ends 32, 34, reinforcing bars 36,
and loops 38, 40 to thus form a strong, secure joint. Each end 32, 34 may have a
concave indent 58 to form a shear key, if desired.
20
In this way wall sections 20, 22 can be formed off-site, transported to the construction
site to arrive when and as required, be lifted into position using standard cranes,
formwork placed in position for the roofs, floors and joins 32, and concrete poured to
form the roofs, floors and joins 42 to thus form the complete shelter. For multi-storey
25 structures, the floor of a higher storey forms the roof of the shelter. For multi-storey
apartment blocks, the shelters would be vertically aligned so that the floor of one

shelter is the roof of the shelter beneath it.

As shown in Figure 6, each floor/roof 44 in a multi-storey structure has one or more
30 pre-cast slabs 46 that rests on upper edge 28 of sections 20, 22 with there being a
relatively small area of overlap 48. The remainder portion 50 of floor/roof 44 is cast in
situ. In this way, if sections 20, 22 have feet 24, the feet 24 of an upper wall 14a can
rest on upper edge 28 of lower wall 14b with both upper and lower reinforcing bars 30
extending inwardly into portion 50 to provide an integrated structure. If sections 20, 22
35 do not have feet 24, the lower edges 26 may rest directly on upper edges 28.
Alternatively, a form of separate spacing device (not shown) may be used. The
floor/roof 44 may be formed at the same time as joints 42, or may be cast separately.



10 11. A wall structure as clained in any one of clains 7 to 10, wherein
rei'nforcing is placed in the voids prior to thembeing filled with
concrete. 12. A wall structure as clained in any one of clains 7 to 11,
wherein the tubes are spaced apart and generally parallel. 13. A wall
structure as clainmed in any one of clains 7 to 12, wherein each of the
tubes extends froma | ower edge of the section to an upper edge of the
section. 14. A wall structure for a civil defense shelter to be forned as
part of a building; the wall structure conprising at |east one pre-case
concrete wall having a plurality of vertically extending tubes pernanently
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for the life of the section.

25 When the sections 20, 22 are transported and installed at a desired location of a
building on site, appropriate reinforcing 60 is placed in each void in an appropriate
manner, and as is required. The reinforcing may include, for example, lapping bars
which maybe appropriately connected to similar reinforcing above and/or below
sections 20, 22. The tubes can then be filled with concrete in the usual manner. This

30 may be at the same time as forming joints 42, or the concrete may be poured

separately.

In this way, the sections 20, 22 as cast are significantly lighter than without the tubes
50. This means they need smaller lifting capacity cranes to lift them at the casting site
35 and at the construction site, the vehicles to transport them are of a lower capacity, and
they are more easily handled. The strength of a shelter formed using the tubes 50 is



26." A nethod as clainmed in any one of clains 23 to 25, wherein the sections
are substantially identical. 27. A nethod as clained in any one of clains
23 to claim 26, wherein the sections are generally L-shaped. 28. A nethod
as claimed in any one of clains 23 to 27, wherein there are two sections.
29. A nethod as clainmed in any one of clains 23 to 28, wherein the sections
each has a first end and a second end, each of the first and second ends
having a concave indent for forma shear key. 12 30. A nethod as clai ned
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38." A nethod as clained in claim37, wherein the roof structure is cast in
situ. 39. A nethod as clainmed in claim37, wherein the roof structure is
cast by placing a pre-cast concrete half slab over the wall structure to
forma first part of a roof structure; and casting a remaining part of the
roof structure. 40. A nethod as clained in claim39, wherein the tubes have
an inner and an outer surface for bonding with the concrete of the
sections. 41. A nethod as clainmed in clarm 39 or claim40, wherein the
tubes are made of corrugated iron. 42. A nethod as clainmed in any one of
clains 39 to 4beclatmesr ein reinforcing is placed in the voids prior to them
being filled with concrete. 43. A nethod as clainmed in any one of cIaims 39
to 42, vvhereln the tubes are spaced apart and generally parallel . 44.
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having a concave indent to form a shear key.

6. A wall structure as claimed in any one of claims 1 to 5, wherein the sections
are joined together to form the wall structure using wet joints.

7. A wall structure as claimed in any one of claims 1 to 6, wherein each section
includes a plurality of vertically-extending tubes, each tube being for forming a
void, the voids being filled with concrete subsequent to installation of the
sections.

8. A wall structure as claimed in claim 7, wherein the tubes have an outer
surface for bonding with the concrete of the sections.

9. A wall structure as claimed in claim 7 or claim 8, wherein the tubes have an
inner surface for bonding with concrete.

10. A wall structure as claimed in any one of claims 7 to 9, wherein the tubes are
made of corrugated iron.
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12.

13.

14.

15.
16.
17.
18.

18.

20.

21.

A wall structure as claimed in any one of claims 7 to 11, wherein the tubes are
spaced apart and generally parallel.

A wall structuré as claimed in any one of claims 7 to 12, wherein each of the
tubes extends from a lower edge of the section to an upper edge of the

section.

A wall structure for a civil defense shelter to be formed as part of a building;
the wall structure comprising at least one pre-case concrete wall having a
plurality of vertically extending tubes permanently embedded therein, each
tube being for forming a void in the wall structure, the voids being filed with
concrete subsequent to installation of the wall structure.

A wall structure as claimed in claim 14, wherein the tubes have an outer
surface for bonding with the concrete of the wall.

A wall structure as claimed in claim 14 or claim 15, wherein the tubes have an

inner surface for bonding with concrete.

A wall structure as claimed in any one of claims 14 to 16, wherein the tubes

are made of corrugated iron.

A wall structure as claimed in any one of claims 14 to 17, wherein the tubes

are spaced apart and generally paraliel.

A wall structure as claimed in any one of claims 14 to 18, wherein each of the
tubes extends from a lower edge of the section to an upper edge of the

section.

A wall structure as claimed in any one of claims 14 to 19, wherein reinforcing

is placed in the voids prior to them being filled with concrete.

A wall structure as claimed in any one of claims 1 to 20, wherein the building

is a multi-storey building.
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including the steps of:

(i) casting at a site remote from the building a plurality of pre-
cast concrete sections which, when joined, form a wall
structure;

(i) transporting the plurality of pre-cast concrete sections to a

construction site;

(iii) installing the plurality of pre-cast concrete sections in the
building at a desired location;

(iv) Joining the plurality of pre-cast concrete sections to form the
wall structure; and

v) casting a roof structure over the wall structure.
24, A method as claimed in claim 23, wherein the roof structure is cast in situ.
25. A method as claimed in claim 23, wherein the roof structure is cast by placing

a pre-cast concrete half slab over the wall structure to form a first part of a

roof structure; and casting a remaining part of the roof structure.

26. A method as claimed in any one of claims 23 to 25, wherein the sections are
substantially identical.

27. A method as claimed in any one of claims 23 to claim 26, wherein the sections

are generally L-shaped.

28. A method as claimed in any one of claims 23 to 27, wherein there are two
sections.
29. A method as claimed in any one of claims 23 to 28, wherein the sections each

has a first end and a second end, each of the first and second ends having a
concave indent for form a shear key.
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includes a plurality of vertically-extending tubes, each tube being for forming a
void, the voids being filled with concrete subsequent to installation of the

sections.

32. A method as claimed in claim 31, wherein the tubes have inner and outer

surfaces for bonding with the concrete of the sections.

33. A method as claimed in claim 31 or claim 32, wherein the tubes are made of

corrugated iron.

34. A method as claimed in any one of claims 31 to 33, wherein reinforcing is
placed in the voids prior to them being filled with concrete.

35. A method as claimed in any one of claims 31 to 34, wherein the tubes are

spaced apart and generally parallel.

36. A method as claimed in any one of claims 31 to 35, wherein each of the tubes

extends from a lower edge of the sections to an upper edge of the sections.

37. A method of forming a civil defense shelter as part of a building, the method
including the steps of:

() casting at a site remote from the building a plurality of pre-
cast concrete sections which, when joined, form a wall
structure; the sections including a plurality of vertically
extending tubes, each tube forming a void therein,

(in) transporting the plurality of pre-cast concrete sections to a
construction site;

iii) installing the plurality of pre-cast concrete sections in the
building at a desired location,

(iv) joining the plurality of pre-cast concrete sections to form the
wall structure;

(v) filling the voids with concrete; and
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roof structure; and casting a remaining part of the roof structure.

40. A method as claimed in claim 39, wherein the tubes have an inner and an

outer surface for bonding with the concrete of the sections.

41, A method as claimed in claim 39 or claim 40, wherein the tubes are made of

corrugated iron.

42, A method as claimed in any one of claims 39 to 41, wherein reinforcing is
placed in the voids prior to them being filled with concrete.

43, A method as claimed in any one of claims 39 to 42, wherein the tubes are

spaced apart and generally parallel.

44, A method as claimed in any one of claims 39 to 43, wherein each of the tubes

extends from a lower edge of the sections to an upper edge of the sections.

45, A method as claimed in any one of claims 23 to44, wherein the bullding is a
multi-storey building.

46. A civil defense shelter as part of a building when built by the method of any
one of claims 23 to 45.



