Wal | Structure for Givil Defense Shelter and A Method of Making-/48 Wil 2004
Structure and A Cvil Defense Shelter Field of the Invention The present
invention relates to a wall structure for a civil defense shelter, and a
met hod of making a wall structure and a civil defense shelter and refers
particularly though not exclusively, to such a wall structure, shelter and
nmet hod using pre-cast concrete seciions. 10 Background to the Invention
Shelters such as civil defense shelters are being constructed as an

integral part of con‘%(g%cﬁ %r%“r}ﬁbgghsneq%n“g%]dstor ey constructions, be

they bl ocks of apartnents ni-uns ouses. By rrultl-storey it
i's meant nore A Nethodof Making sWalirhieucsure ahe AtG@vikDefensei Shelter r ef uge f or
occupants of the apartnent, condom nium or house in the even of a
threatening, situati on This maybe an attack (e.g. war); natural disaster
such as é%‘i‘?ﬁ YIS hurricane; or an attenpted assault on those persons
by thiseves, rrurders or the like. 20 Such shelters are normally constructed

of reinf %ggﬁﬁﬁmﬁ@ foaddl 5, GvE'lPstFLEﬁnﬁfﬁ:@ yc.vnsaerfe%egtske;teﬁlaﬁ@ for strength

reasons the our as are nornally
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concr et e tasigh Rat exclsignas alidhya S81e BtnRfird) Ishdtietl g mathsdl LSRG ere-cktr uct ure than a

joined 25 structure. As a continuous pour they are either nade on site, or

made of f -8} reeteglec A pre-cast structure. They are then transported to the

site Hdnd pI aced in position by cranes. The cranes required for such a task

w | reqtyaggr@natoftﬁémgerm&pam ty of at least ten tonnes. 30 Many buil di ng
sites use cranes with a lifting capacity of only five tonnes. In those

cases, the shelter nust be constructed on site.
Shelters such as civil defense shelters are being constructed as an integral part of

constructions, including multi-storey constructions, be they blocks of apariments,
15  condominiums, or houses. By multi-storey it is meant more than one storey. These
shelters provide a refuge for occcupants of the apartment, condominium or house in the
even of a threatening situation. This maybe an attack (e.g. war); natural disaster such
as earthquake or hurricane; or an attempted assault on those persons by thieves,
murders or the like.
20
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 ofi-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.



Ei ther way, increased costs, and/or increased construction time, car§ JJ. 780
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. A final object of the present invention is to provide a
pre-cast concrete section for a civil defense shelter that is of reduced
wei ght to assist ease of transport, sand lifting by cranes. Summary of the

I nvention Wth the above and ot her objects in mnd, the present i nvention

provi des | struct for a civil fe ornmed as part
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concr et e sattefenss shtliecthat inbfardijced weidht t6 agsist Qéne of/\)aanlsmrtlendshﬁmgd)wr e. The
sections nppMede 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 sesondumaafsf havhvegtioa concave i ndent 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
bei ng f or With(th¢ @berengidact)esi @Jecéh@ VBd.dte pEasay ipyanfiayPiarides 8 3l et e
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orcrn t he voids
prior 180 stherdeing filled with concrete, and the tubes may be spaced
apart and generally parallel. They preferably extend froman upper edge of
sections t her Borntthe

th ti t |
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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 form a shear key. The sections may be joined

together to form the wall structure using wet joints.

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

sections.

The tubes preferably 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



pre-cast concrete wall having a plurality of vertically extending’t%bgg—znu
permanently enbedded therein, each tube being for formng a void in the
wal | structure, the voids being filled with concrete subsequent to
installation of the wall structure. 35 8 JUL 2004 Preferably the tubes have
an outer surface for bonding with the concrete of the wall, reinforcing is
placed in the voids prior to thembging filled with concrete. They
preferably extend from an upper edge of the sections to a | ower edge of the

sections. The present invention also _extends to a civil fense shelter
cons;ructgﬁgﬂgﬁhﬁegﬂﬁép?wa?1?@%55??85 g?P?%%ﬁ&h%83gF“*ﬁg ﬁ%ﬁ?@ing may be a
mul ti - st oraforbing lidplagsd irtheragidberier tosihagl teingt Beeywithiohdptag. Thest a f urt her
form t help%'fe(?ﬁ)ﬁmﬁdéne rStrﬂTab%';fe?E(@dé'd#% s8ctidRe Q0o b dMtHRGedioRd. Vi | def ense

10 shelter as part of a building, the method including the steps of: a.
casting at a site rembte fromthe building a plurality of pre-cast concrete
s;act i F'BS wh# pasenti@éntip® blse ekterids a1z aivinadfénss khaket conetructed ukingasydrti ng t he
plurality g re- cas C . i 1 JCt | i and

st al | | nachih fssiftin SR Tt uBRg Hh 124 fudsPRITMA: bafbe £ A0 (he

pl ural i t ysiogle pprey builingconcret e sections to formthe wall structure; and d,
c?sthng a roof structure over the wall structure. Preferably, the casting
of the ropf structure is by placing a, pre-cas oncrete hal lab 20 over
the wal | E‘t?ﬁ'&t@‘?ﬁﬁ%rmr g’efpé‘?ﬁ‘?i{tdﬁ‘fei"ﬁ@tﬁ%‘ﬁ? > ao'?"etgoc}r %0 "“s"fgr%‘gf"n%ef%nsgnd casting a
remai Ad ngshpliertaspart bheebuilding, thetmelbaduraudingithesterstof-vel y, it may be by casting
the roof gtrucldfify hina Sitd Hemold BoSOhié IbQRfng R YHiuRMitySeilsé-asbt icBhdrate | dent i cal

and/ or generally L-shaped. There nmay b ny nunber of sections such as,
S brien pHeR R Rl TRy

for exanple, t$5U¥E have a first end and a
second end, ealcdmspdrtirightee pluratty ofpe-cesgtomnetete sections to a construction  site

and installing them in the building at a desired location;

15 ¢ joining the plurality of pre-cast concrete sections to form the wall structure;
and
d. casting a roof structure over the wall structure.

Preferably, the casting of the roof structure is by placing a pre-cast concrete half slab
20 over the wall structure to form a first part of a roof structure; and casting a remaining
part of 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



!
ends having a concave indent for forma shear key. The sections n’ayﬂbéUL 20
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 seqtions. 35 For exanple, the tubes nmay
be made of corrugated iron. Reinforcing nay be placed in the voids prior to

thembeing filled wth concrete; and.t part and
gener al | y%B%d 4o Epera hpearchﬁ es eg‘?bé*? 5%5 r%l)?)( %ﬁ%@ﬁ@@%‘?ﬁ%ﬁﬁ&@%g’gﬁhgedge of the
secti ons tsectiany towdawee eldge obthetseiorsect i ons. I n another form the present
i nventions provides a nethod of formng a civil defense 5 shelter as part

of a building, the nmethod including the steps o{f' a. cas.L(ijq at a site
remot e fr SheMOHE™ B30T BE REgSent BVERUNS Prgvidhs Hneihed 8t oruhe? &Y e%@&i ons whi ch,
when | oi nenkitef arpartaf swaliling, tteraétbodsincliaingttheestemesadi ons i ncl uding a plurality
of verticg !y ﬁaeg&aﬁgar Bat ;ﬂaﬁ?ﬁe gsﬁcmetdapﬁng L QligFiRgoRehd dohgéei n: 10 c.

transporting . : )f pre-cast concrete sections to a construction
site and i nst &gctionsgvhichevhandcinedefopya wal figciuff: a desired | ocation; d. joining
the plurabity @k fefnsasiudigns pRiditySeiCidrizaly baerfdmgnubdee eaet tubst ruct ur es;

e. filling theo\r/n(‘)iindg W& Qrecnoncrete; and f, casting a roof structure over
the wall structoll"8?® Y8 BFE érably, the casting of the roof structure is by
pl aci ng acpr e- tansportingnibe elugalitygf fPres¢aghcongipter chg@s\ﬁﬁlalcc’ﬁ%"f”ﬁ‘@mﬁ't% to forma
first part of andiR@iingltkedtihWebuildnn e@astiled®eatiohemai ning part of the roof
structure, AIt.erna}ivil ' C Lucture in situ.

20 Prefer%bly PRES 'l?o"%%Wa‘i’ft@reg%\étoc%femer?tgssﬁ?'P't?;lslctggqr%‘?ﬁ %ér?llolnrjé's W'th the concrete
of the secti ofiling tieowidexdthpdrsreta;aed t ubes may be nade of corrugated iron.
f. casting a roof structure over the wall structure.
15
Preferably, the casting of the roof structure is 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. Alternatively, it may be by casting the roof structure in situ.

20  Preferably the tubes have an outer surface for bonding with the concrete of the

sections. 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/or
the tubes are spaced apart and generally parallel.

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 & 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 be 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:



Rei nforcing may be placed in the voids prior to thembeing filled mﬁtgj 200
concrete and/or the tubes are spaced apart and generally parallel.%2 L
Finally, the present invention provides a civil defense shelter as part of
a building when built by the nethod as descri bed above. The buil di ng may
be a single storey building or a nulti-storey building. 30 Description of
the Drawi ngs In order that the present invention nmay be better understood
and readily put into practical effect there shall now be described by way

of non-limtatjve exanple.on referre L.en . present
i nventi on, e’ 32T %¥%Sgﬁﬁt dF%ﬁ%ﬁggﬁepggg%?gg%ﬁ%ggggonpanying
i |l ustrat embodimenti ngs in which: Figure 1 is an isonetric view from above

and the front of a preferred formof a first enbodinent: 10 Figure 2 is a

hori zontal . cross-secti onal view al on he Jipes and in the direction of
et ove 2 DR E R G- frogeeian ot Aot B Pdn B B oal | oint o
Fi gures lamowe 22 oFfigueé; 4 is an i sonetric view corresponding to Figure 1
but of a second enbodinent; 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 EipvyesisaanianedivieyicbaricahgntchBgyeheddhd in the direction of
arrows 15 6-6 on Figure 4. Description of the Preferred Enbodi nents To

first refer tg.Fiqures.1.10 t i t aving four
mut ual |y Eg‘ﬁegésraﬁesno&?ecr{flvée?v %F?pgp@@?mf%}] %rljl%\,wgﬁad;% ?gd @ngts?@\égtpe a rear wall
10, fabnt wall 12 having a door opening 18, and side walls 14, 16 extending

bet ween aggurk: 8iid H8ssidklichalibw dighg theéNineb angin the@resiRl of Bffowsss-5BOWN as bei ng

rectangulﬁgmég_ﬁ@y be of any shape (in plan

Figure 6 is a vertical cross-sectional view along the lines and in the direction of arrows

15  6-6 on Figure 4.
Description of the Preferred Embodiments

To first refer to Figures 1 to 3, there is shown a sheller having four mutually
20  perpendicular walls 10, 12, 14, and 16. These are a rear wall 10, front wall 12 having
a door opening 18, and side walls 14, 16 extending between and joining walls 10, 12.
Although the shelter is shown as being rectangular it may be of any shape (in plan
view) including, but not limited to, round, elliptical, square, rectangular, pentagon,
hexagon, octagon, or other polygonal shape. These shapes may be regular, or
25 irregular. The only basic requirements is for it to be closed-sided when completed,
have no glazed windows, and to have a door opening. It may have one or more

ventilation openings 70.

The shelter has the four walls 10, 12, 14 and 16 made in two similar sections 20, 22.

30  In this instance the sections 20, 22 are generally L-shaped in plan, but may be of any
suitable shape that combine to form an almost complete wall structure. For example,
two U or C-shaped sections would work equally as well.

In this case the two sections 20, 22 are substantially identical, apart from door opening
35 18. However, they may be different, if desired. Each wall 10, 12, 14, 16 may have at
least one integrally-formed foot 24 that is sized and located to enable the sections 20,
22 to be able to stand on the feet 24 such that a lower edge 26 of each section 20, 22



view) including, but not limted to, round, elliptical, square, g JuL
rect angul ar, pentagon, hexagon, octagon, or other pol ygonal shape These
shapes may be regular, or 25 irregular. The only basic requirenments is for
it to be closed-sided when conpl eted, have no glazed w ndows, and to have
a door opening. It my have one or nore ventilation openings 70. The
shelter has the four walls 10, 12, }4 and 16 nade in two simlar sections
20, 22. 30 In this instance the sections 20, 22 are generally L-shaped in

pl an, but . be sui t bIe f.orm.an al nost
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wor k equalid hisagayvtied Iowerl erdgeh 26 ot ths dwa hestionso20s 82 coreretly 2lgn, 22daine

substanti ghley b%@rﬁt{i' %‘Neve{“% §ecfu§r@'§bdﬂ)r’ha})£§dﬂ'lﬁé"'fgrme%5mt%&dt fkdpvgyer, they may
be different, desired ach wal 6 may have at |east one

|ntegralI99$@Fﬁﬁ@qW@6Feéﬁ@Wﬁéﬂ is srzed and Iocated to enable the sections
20, 22 to be able to stand on the feet 24 such that a | ower edge 26 of

\i}ﬂ‘lcghs,?ﬁte%goﬁn lfot% thga%ﬂ feégggzé;g{orlg\ﬁér eg tﬁ%ﬁ ﬂt.?rg\‘o%rs%ol e%ygﬁf! ar?d“'arra ace with

rate ower edges 26 of
the two séettimyedhpgo tep wher @@er%ﬂd 4991 Gre foaaeddfbest ﬁ?gfampw@r the s 28.
However, t&fomeotions 20, 22 may al so be fornmed wi thout feet 24 if desired
or required (see Figure 4). Fromboth the upper edges 28 and | ower edges
26, reinforcing bars 30 extend and are bent inwardly, so that when a floor
and raoof 3Ahesectinmiadd22 teayirei the J'e'gs 42 betweernthemdo bgaglpseds dbis isgmefer2bly 22, 10 The

section 2§, a%?etn&rqtuzr SnHot] Btﬁer‘ljglnkﬁ@tt%ﬁraué hRdeOudle EREh This is

Gsed.  Eactelal 70 2dee ear-,st f@d 3 5GP, PO SIS end 54 from
each of weinfdiciexbas 86 farreedintor T long 4Baivéhed Gedond epd 34 it paced|adigpe 0.  When
Z?gonﬁ enf’rsl?’é]*\d' 2, Rb ?(Sjoiaéycér?beéﬁd 34 ék%ios@l?@dﬁgent k@%ar@%r&émﬁlﬁcond end 34
o DR S oS TP B LT o ARG o osec
| oops 38 laops 38 zae pldcedlzbne ad dvartappih@pith legosOtde thaieyhen 46t jsiot 42hat when wet
j_ oint 42 f.o§ned, the concrete 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, fransported 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 8, 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.



formed, the concrete of wet joint 42 will bond with ends 32, 34, - 8§ JUL 2004
reinforcing bars 36, and |oops 38, 40 to thus forma strong, secure joint.
Each end 32, 34 may have a concave indent 58 to forma shear key, if
desired. 20 In this way wall sections 20, 22 can be fornmed off-site,
transported to the construction site to arrive when and as required, be
lifted into position using standardscranes, formwrk placed in position
for the roofs, floors and joins 32, and concrete poured to formthe roofs,
floors and joins 42 to thus formthe conplete shelter. For multi-storey
structures, the floor of a higher storey fornms the roof of the shelter. For
mul ti-st opﬂﬁ@matatﬁarmeréimrfrmfdémay heheast Ine$itu ewithowtor) pig-aget skadr 48Tkl y al i gned so
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shown in Figure 6, each floor/roof 44 in a nulti-storey structure has one
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Al ternati r/ r.oof ast itu pre-cast
sl ab 46. %W%Xéw Q‘Sr'?t?rB%fsuﬁ%er%t eﬁ‘érpgggr?e O juch ﬁa&onﬁrg}@t 'Jrjrg&hastgj oints 42, or
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embodi mn&orﬂuﬁét@d‘ﬂ&ﬁtb& QoI 6A Hohé€ to l§cﬁlﬁfh§¥é9fe¥r@daﬁ@hﬁh{al QlrfasRctihons 20, 22.
ow tubes 50. The tubes

He
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formwork used to create voids 52 as has been done in the past. Due to the bonding of
the concrete with the internal and external surfaces of tubes 50, there is no loss of
strength.

20
As the volume of voids 52 is not insubstantial, the transported weight of sections 20,
22 will be considerably reduced even though tubes 50 remain in each sections 20, 22

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 fubes
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



28. The walls 10, 12, 14, 16 are cast around tubes 50. The tubes 508ndylbéll
of any 10 suitable size, shape or material such that a void 52 is forned
within tube 50, and the concrete 54 of walls 10, 12, 14, 16 bonds to the
external surface 56 of tubes 50. Preferably, the internal surface of the
tubes 50 is also such that concrete will bond to the internal surface. As
shown, the tubes 50 are nmade of corgugated iron. By using corrugated iron
the concrete will bond to both the external and internal surfaces. In 15
this way the tubes 50 r in.n ngpt [ : . 16 and are
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concr é¢ e many vasialicog o Mmedifprtiens ekl of desjond cgpstiuskionsame e Me as f or i ng

j Oi nt's 42witkdit deBSrifPisHt Bt predBdt irentpeUr ed separately. In this way, the
sections 20, 22 as cast are significantly lighter than w thout the tubes
50. This means they need smaller lifting capacity cranes to |ift them at

t he cast i hiep mesent BEeniiprdexiends tealtisatores Wiscioead herein individualesriddr el t o transport
them are gdssiBielcOMBhatoRPRRigemutatiols. t hey are nore easily handl ed. The
strength of a shelter forned using the tubes 50 is not reduced to any
significant extent. As such, the overall cost to the building



‘devel oper is reduced. Simlarly by using the two sections 20, 22 t“FnsB L 2
bui | di'ng devel' oper can have the pre-cast section ar REPFLACEMENT SHEEETS
gonstruction site when and as required. This reduces the overall
construction cost (and tine) for the building devel oper. | st have
been described in the foregoing descr iosgti on preferred enb\cl)mznzrnédq%gﬁthe
present invention, it will be understobd by those skilled in the technol ogy
that 10 nmany variations or nodifications in details of design or
constructijontweeyairbe made without departing fromthe present invention. The
present invention extends to all features disclosed herein, individually
and in all] possible conbinations and pernutations. 8 JUL 2004 23 DEC 2003
The claing: 1. A Akl steiciur for p eivil defersesholfer toks formed asrrartial@ iuldige f or ned as
part of a jbuildi Ne whinStriMid co?:‘i;fnb‘iﬁé aapmra.@rmramgcoac@{eﬁea{mwm& pre cast
concrete gections which tructur

section incl udi ng“"!f"d?'ﬂédalf?rf'S/R’waa”vsgrr"{’tl‘r@aFﬁV %%??"é'n'ﬂ?'ﬂ’é"g( ﬁt%‘éra’%(egch t ube
being for {f or m novedicallyicstendifgtubes, eachitdiervging far fidrping aivold. henaidebang ubsequent
to installjation Gfied it SRGEEIUMSeodent t]éu-}é%héuoﬁbirth’&ééé{:&nsas claimed in claim1,
wherein the sections are su stantla I denti cal . Awall structure as
claimed i claiml or claim2, wherein the sections are generally

L- shaped. [4.2.A waA halsitruumtewssazlaaﬁed:ﬂmiamd, wheremtheGaetiood ael ssbstantidiit 0 3,
wherein trere areidpit,\n#za sections. 5. Awall structure as clainmed in any one
of clains erein the sections each has a first end and a second
end, each of the first and second ends having a concave indent to forma
shear key. 3. A wall structure as claimed in claim 1 or claim 2, wherein the sections are

,

generally L-shaped.

4. A wall structure as claimed in any one of claims 1 to 3, wherein there are two
sections.
5. A wall structure as claimed in any one of claims 1 to 4, wherein the sections

each has a first end and a second end, each of the first and second ends

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 the tubes
) have an outer surface for bonding with the concrete of the sections.
8. A wall structure as claimed in any one of claims 1 to 7, wherein the tubes

have an inner surface for bonding with concrete.

9. A wall structure as claimed in any one of claims 1 to 8, wherein the tubes are

made of corrugated iron.

10. A wall structure as ciaimed in any one of claims 1 to 9, wherein reinforcing is
placed in the voids prior to them being filled with concrete.




.. 6. A wall structure as claimed in any one of claims 1 to 5 ' éﬂ: éﬂ
~sections 'are joined together to formthe wall struct ufEiiapagie
¥. A wall structure as clainmed in any one of clains 1 to 6, wherein the
‘tubes have an outer surface for bonding with the concrete of 3 DECs ey ons.
8. Awall structure as clainmed in any ,one of claims 1 to 7, wherein the
tubes have an inner surface for bonding with concrete. 9. A wall structure
as claimeg in any one of clainms 1 to 8, wherein the tubes are made of
corrugat e #ton.Awel staciue ds cairpeddn anveona of daimp tii10. whelalp hedbes@rel aims 1 to
9, wherein reinfgpeingajtand égn%gcbg@e.t he voids prior te thembeing filled
with concfete. - '8 JUL 2004° REPLACEMENT SHEETS 23 DEC 2003 10 11. A wall
structurejas clainmed in any one of clainms 1 to 10, wherein the tubes are
spaced apar 12. anda genstruture/asoaaimed ielany &id: of Alaivad 1 tostly wherein @achsofdheni med i n any
one of clains | éjgeslg)den%‘?lroﬁllglo%flad% of 1€ seltidh8S aRUppEl0sugk '#lhed | Over edge
of the se¢tion to an upper edge of the section. 13. A wall structure for a
civil defénse shesiciay to be forned as part of a building; the wall
structurelconprising at | east one pre-case concrete wall having a

I i ical l di b in, h
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t ube bei ng r f ruc ds being filled
with congrete sthbsetstudure comprising|dt daasbeneoprechee HaFPlesWLRIBS 14, A wal |

fstrugt U(rj_e as cl ﬁélﬁFﬁlﬁy Bﬂv&ﬁc@hmﬂéﬁdin @de@iﬂ%rrﬁéiﬂnﬁyué}ﬂiefib@lﬁe&m, @udher S:Jrfacg
or bondipg with the concrete of the wall., 15 LYpddNag as clainme
in either|clai mteebgn {F}%{°Fﬁ"‘19£1? "%{;ﬁg‘ﬁ@? H’ab ﬁ'@’cf%%g'se%'ds oh i i

concrete subsequent to installation of the wall structure.

14. A wall structure as claimed in claim 13, wherein the tubes have an outer

surface for bonding with the concrete of the wall.

15. A \.Nail structure as claimed in either claim 13 or claim 14, wherein the tubes
have an inner surface for bonding with concrete.

16. A wall structure as claimed in any one of claims 13 to 15, wherein the tubes

are made of corrugated iron.

17. A wall structure as claimed in any one of claims 13 to 16, wherein the tubes

are spaced apart and generally parallel.

. ) 18. A wall structure as claimed in any one of claims 13 to 17, wherein each of the
tubes extends from a lower edge of the section to an upper edge of the
section.

19. A wall structure as claimed in any one of claims 13 to 18, wherein reinforcing

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

20. A wall structure as claimed in any one of claims 1 fo 19, wherein the building

is a multi-storey building.

21. A civil defense shelter constructed using a wall structure of any one of claims
110 20.




 have an inner surface for bonding with concrete. 16. A wall structuge i@ 20
ctainmed i h any one of clains 13 to 15, wherein the tybes  are nmade of
corrugated iron. 17. A wall structure as clainmed in Sy W] Hih

16, wherein the tubes are spaced apart and generally paaII I v wal |
structure as clainmed in any one of clainms 13 to 17, wherei g ga@ﬁ'ﬁgpgfhe

tubes extends froma |ower edge of tHé section to an upper edge of the
section. 19. A wall structure as claimed in any one of clains 13 to 18,
wherein feinforcing is placed in the voids prior to thembeing filled with

concr et e. |l RS oS LBRelsRerBYs e AL B deby 19, vier ein

the buil ding” is _ Ing. 21. A civil fense shelter
constructed usi nigcledingthe stepsrafict ure of any one of clains 1 to 20. - 8 JUL
2004 REPLACENENT SHEGTS 23skigGt 20008 rérotd FomAndbiilaing 20dlurbity of prg- a Ci vi |
defense gshelter as part of a bui

_ : | di ng,. the neth nel ydi steps of:
(i) casting at a site r eno P&t F?'Efﬁ?‘? ﬁgénﬁ'ﬂﬁ I“@Eﬁ‘gwgg%ljﬂ%gr iq%bpgf &%rﬁe- cgst
concretefsections which, vétesuiepienetd sedtion rincludingl # plyalibyof vedicaligkach secti on
:cg(rzlmyglgngi \allogoljur?! ! ;yt of V&&e‘]?ﬁ@{ub%(sﬁleﬂ}t@@%}eﬂgf&ﬂ%ﬁﬁg a9&gh tube being for

! e ; (ii) transporting the plurality of pre-cast concrete
sections|to a constriicti drenERotEg the P'P%"Wr?ztpéﬁ"%/aﬁhﬁor{gﬁge FAMRI PR of
pre-cast [concrete secti onSconstruttivm site;
(i) installing the plurality of pre-cast concrete sections in the

i P IAS 7.

building at a desired location;
6%) filling the voids with concrete subsequent to installation of the

sections.
{v) joining the plurality of pre-cast concrete sections to form the

wall structure; and .
(vi) casting a roof structure over the wall structure.

23 A method as claimed in claim 22, wherein the roof structure is cast in situ.

24. A method as claimed in claim 22, 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.

25. A method as claimed in any one of claims 22 to 24, wherein the sections are

substantially identical.

26. A method as claimed in any one of claims 22 to 25, wherein the sections are

generally L-shaped.

27. A method as claimed in any one of claims 22 to 26, wherein there are two
- sections.
28. A method as claimed in any one of claims 22 to 27, 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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al 59 29 R rmeﬁ"loﬁia@ c?ﬁ?meam{ﬂ eJn? ioﬂe t()F'aaﬂn‘é t%@St{) &4 Cwherein reinforcing is

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

33 A method as claimed in any one of claims 29 fo 32, wherein the tubes are
spaced apart and generally parallel.

34. A method as claimed in any one of claims 29 to 33, wherein each of the tubes

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

35. 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
‘stmcture; the sections including a piurality of vertically
extending tubes, each tube forming a void therein;
(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;
filling the voids with concrete; and

v}
{vi)

casting a roof structure over the wall structure.

36. A method as claimed in claim 35, wherein the roof structure is cast in situ.
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A method as claimed in any one of claims 37 to 39, wherein reinforcing is
placed in the voids prior to them being filled with concrete.

40.

41, A method as claimed in any one of claims 37 to 40, wherein the fubes are
spaced apart and generally parallel.

42 A method as claimed in any one of claims 37 to 41, wherein each of the tubes
extends from a lower edge of the secfions to an upper edge of the sections.

43. A method as claimed in any one of claims 22 to42, wherein the building is a
multi-storey building.

44. A civil defense shelter as part of a building when built by the method of any

one of claims 22 to 43.



roof structure; and casting a remaining part of the roof structure. %ﬂﬂA?ﬂm
met hod as clainmed in claim37, wherein the tubes have an inner and a i
outer surface for bonding with the concrete of the sections. 39. A nethod

as claimed in claim37 or claim38, wherein the tubes are nmade of

corrugated iron. 40. A nethod as clainmed in any one of clainms 37 to 39,
wherein reinforcing is placed in tiye voids prior to thembeing filled with
concrete 41. A nethod as clainmed in any one of clains 37 to 40, wherein the
tubes are spaced apart and generglly parallel. 42. A nethod as claimed in
any one of clains 37 to 41, wher ermeach of the tubes extends froma | ower
edge of the sections to an upper edge of the sections. 43. A nethod as
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Figure 1.



