| Wall Structure for Givil Defense Shelter and A Method of Making~ A \bill 2004
Structure and A Civil Defense Shelter Field of the Invention 5 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
met hod using pre-cast concrete sectibns. 10 Background to the Invention
Shelters such as civil defense shelters are being constructed as an

integral part of constWtﬁﬂgﬁrefopgivy%ﬂgsmgl of SiPr €y constructions, be
they bl ocks of apartnent 15 condom ni uns, or. houses ﬁ nultl-storey it
?

is nmeant nmore t h&MW P\‘é’%ft“@ﬂkwAWHE§B"“§’I‘F@I“E'@(%”'£)P§9P??§@ fef uge for
occupants of the apartnment, condom nium or house in the even of a
threateningFgf éhﬁ&ﬂ his maybe an attack (e.g. war); natural disaster
such as eartﬁqua e or hurricane; or an attenpted assault on those persons
by thieves, nmurders or the like. 20 Such shelters are nornally constructed
of reinf fL cegk GRaBE Aléntib® rdhe ot mam@@&aﬁ@w a &l @ém{s@ shéeB @nfiQr st rengt h
reasons e r
square or o%ﬁ@? waggﬂﬁdhwa¥ﬂ@ﬁgﬁé¥gﬁﬁﬂﬂ ﬁ?§§§5W?@mﬂje%mdﬁﬁFWﬂﬁbus pour of
concr et e asthoughtnol excysiney.ab|syctsa avall auchire) \shelten gnd nethod iigieg pstaasict ure t han a
joined 25 sihbiefedb@8iondS a continuous pour they are either made on site, or
made of site as a pre-cast structure. They are then transported to the
site antf pl aced in position by cranes. The cranes required for such a task
W || "requi rigeckgrbuntitto theg inveyiasi ty of at | east ten tonnes. 30. Many buil di ng
i;}es use cranes with a lifting capacity of only five tonnes. In those

S

es, 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 apartments,

15  condominiums, or houses. By multi-storey it is meant more than one storey. These
shelters provide a refuge for cccupants of the apartment, condominium or house in the

even of a threatening situation. Tkis maybe an attack (e.g. war); natural disaster such

| as earthquake or hutricane; 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 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.

3¢ 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. o




Ei ther way, increased costs, and/or increased construction time, can~ § JUL 200%
result. 35 It is therefore the principal object of the present invention to
provide a civil defense shelter nmanufactured using a plurality of pre-cast
concrete sections. 2 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, aad lifting by cranes. 5 Summary of

the Invention Wth the above and ot her objects in mnd, the present

| nvent i on PrL O@Hafi&ﬁec?gy\@i{a Bresgr& ﬁl‘{%%&tldlrl ?ﬁ tP%Fciv%e re-casqgén%%?e se%poeﬁl HeL to be

formed as par plurality of
pre-cast corsvi defensgabeliepthst IWPf reducedymeight j“biifﬁ@tjeasﬁ Qﬂﬁi\nﬁm Wafl II%'HQ bp structure.
The sectiong dmey be substantially identical and/or generally t_-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 asdmpegaithe imeotionhavi ng 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 verticall extendlng t ubes,
~each tube bdYifgthe @poveoeds efperi ohipcis ¥ gpipd. tf“hé”e\?ﬁ?*d%"eﬂté%"nﬁc"f"%lqsl Baly
ﬁ oncrete subs@fiefrl a tiol defsisatHetdritobe fofmddhe pais et huikisg; thélwall tinlaese pr ef erably
ave an out ' r t jions. This
may be, for %ménlé{n %Cp%cr%)’?‘{ﬁg’at e &i%P %tggﬁéﬁ%e‘?ﬁ%r@ Jé)%d fg'ﬁ' thé Ic ed in the
voi ds pﬂporst%m¥%en1be|ng filled with concrete, and the tubes may be
spaced apart and generally paraIIeI They preferably extend froman upper
e of the ections to e 386! 9ns ther form
t e present ﬁnﬁlegh?"sén ”bsgf'g ally 4% 'd\?\g[fcﬁpanfjior nt??ae !’Shapgd g&vﬁref %ye ense
shelter to brerrfumbﬁeq!sesélorpﬁabut prsferabhiihere aiertgo sechienswal | structure conpri sing
t | east one pre-cast concrete wall having a plurality of vertically

extendi rllg t EQC?ISOf %rsec{io%g thlaél 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 'vertica!!y 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




enbedded therein, each tube being for formng a void in the wall st'r'LﬁctJ!w-e,ml}
the voids being filled with concrete subsequent to installation of the

wal | structure. 35 3 Preferably the tubes have an outer surface for bonding
with the concrete of the wall, reinforcing is placed in the voids prior to
thembeing filled wwth concrete. They preferably extend from an upper edge
of the sections to a |lower edge of the sections. 5 The present invention

al so extends to a civil defense shelter constructed using a wall structure
descri bed a B i r may be a
single storeé tf-"?é@%rabl? g‘n% s hgver%fél}l?%fﬁglfac f&"ﬂoﬁc’ém it i ¢ feltedﬁfQI% wil

esent 1 nvention provides a
nmet hod of fd‘P'f*fPrﬁ@g ds @Iawq indtee ¢pide Prquofos‘l"l@mt*@rﬂgaf@e%a#tb ccrede.buiedi ng, the
met hod i ncl welirdably §€ena 1B %n Abper BdgetiieisBEliond to @ Idvek Bdde@®MMik 8edtibn t he
building a plurality of pre-cast concrete sections which, when joined,
forma wall structure; b. transporting the plurality of pre-cast concrete
sect i ons 5t o The pepant invertipmalss extends dnal civindefenise siralfer doastructed usieg Bwel di ng at a
desired locafrucqne déseriffed abwemrﬁwbmzbﬁg mawbalal mmt.-%re?mrdﬁ@sasr W gle sections
to formthe wall structure; and . casting a roof structure over the wall
structure. BPEpSPEYPYIENGhe’ cast i ng of the roof structure is by placing a
pre-cast concrete half slab 20 over the wall structure to forma first

part of ar ﬁ}og fuﬁr’lérqgﬂ'n"' Fh% pr&@ﬁ{ l%ﬁidn o&e&%%tﬁﬁo{‘cﬁ féthin ch.lvrltc;é?engé) of

structure. tern 1 ng erof structure in situ.
The sect190n§her'¥&’;ﬂsl5’é”§iﬁ3@¥"ai*ﬂ #@lnva}hqda@ﬁ{dmsme S48R8PHr general ly L-shaped.
There may ba anyastigries st reped fr@ﬁ&hélbﬁll?dlngsa plufality ©f PrgtaRt chrisretesecti ons. 25

Eg}h section nayse@ﬁ‘o\ﬁgwﬁucﬁ'v&h%ﬁ;om%@qorﬁm S?S&de end, each of the first and

cond ends havitig a con O0fa shear key. The sections may
be j oi ned bogetirﬁélﬁpctrwgffbﬁ Hv'?ﬁéowpﬁa%tcpmtﬂﬁ@ha@i tag eoesirycinnsde 30 Each
section may inclandenstuliph thedlin th¥ b@lding@F & tesirbd cisk;endi ng tubes, each tube

being f % c. 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 stab
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 exémpte, 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




formng a void, the voids being filled with concrete subsequent toL 8 JUL 208
installation of the sections. The tubes may have an outer surface for
bonding with the concrete of the sections. 35 For exanple, the tubes may

be made of corrugated iron. Reinforcing nay be placed in the voids prior to
them being filled with concrete; and the tubes may be spaced 4 apart and
generally parallel. The tubes preferahly extend from an upper edge of the
sections to a | ower edge of the sections. In another form the present

nvent ons. RSV LAESBIEAAE, el Pl Lol AR R er BSBEhL or a5 part

of a buildi nclu steps o at a site
renot e fromsﬁﬁ@"%elall‘%ﬂeﬁ@d%Ofﬂhalsaqtlp'ﬁsy of pre-cast concrete sectl ons whi ch,
when joined, forma wall structure; b. the sections including a plurality

f ticall te t ub ;10
Cr anspor L nd PRAERIPATe PYST o abies 2 Pelel ol R (R ebi 1  uct i on
site and i rsmlfatasnmg of dneuiiding thetraethed ihalliding thestepsdési red | ocati on; d. joining

the plurality of cpsigy Sﬁ§tsst&‘?é}ﬁdt@tfr%m5tﬁ§tbh@ﬂ% Q(Bluféﬂfyr@ftd?élcﬂ:\@'cbnc%té uctures;
e. filling the voids Wlt concrete, and f. ‘casting a roof structure over

the wal | struct ufgtiongavhispeyhenigineg. foF'h%WE’bﬁrf‘FtHﬁ of the roof structure is by
pl aci ng a pbe- cathc seofivos étahudingld plikadity ofoseeticaltyhexdtanding tetiesueddbriebd o f orm a
first part of a fqaf §PJ|&J$Er‘éfn and casting a remaining part of the roof
structure. Alternat v t nay be by casting the roof structure in situ.
20 PrefdfabFy thﬁarﬁ"%@@ th%\?@faél‘ﬁ %eréias%‘i?f‘?a’@e“eﬁt@f‘s BoREPHYUHPR Sitd he concrete

of the secti onsandhstalimyg @&spl i thetbDiRiriguh & Bediray lobstionrade of corrugated iron.

J?? nforci Ndg ey }B‘ngkr}%&@‘ﬂan%fgé?ca&%g tEEéc%nstté’foBﬂ%@m%ﬁ%ﬂ%tufrésl led with

ncrete an art and generally parallel. 25
Final ly, the prellaathe veids with eancrs; 9"Cbles a civil defense shelter as part of

a building 1 casting a roof structure over the wall structure,
15
Preferably, the casting of the roof structure is by placing a pre-cast concrete haif 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 fo 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 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 be described by way of non-limitative example only

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




when built by the nethod as described above. The building may be a SI@M‘ 004
storey building or a multi-storey building. 30 Description of the Dr Lﬁgg
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-limtative exanple only preferred enbodi nents of the present

i nvention, the description being withsreference 35 to the acconpanying
illustrative drawings in which: 5 Figure 1 is an isonetric view from above

and the rofg,f 4 %é?rrnEJn?eftrfce\FrevJ %nmagéveaanﬁ' teSfont Sfﬁ)ﬁ%reﬂ?@&”f mffdYi¢ 2 1s a

hori zont al cross sectional view alon 1 nes a i'n the direction of 5
arrows 2-2 &Mbpiigeite 1 Figure 3 is an enlarged view of a typical joint of
Figures 1 and 2; Frgure 4 is an i sonetric vrem/correspondrng to Figure 1

I 0SS-.se vreM/anng

but of a secon re 5 ti

the |ines a%gqu {She 0'2?'33%'tcms sg?t'ogalr'l I%‘ggﬁeﬁesl—a"(ﬂu'?@ 4‘9 Er?ﬂ igure 6 is
a vertical @ﬂ@&%Z%e@meaal vi ew al ong the lines and in the direction of
arrows 15 6-6 on Figure 4. EEscription of the Preferred Enbodi nents To
first refer to Figure t here hown a shel ter having four

it al |y BRI P UPEDL RS PSS A A6, Theoe are a rear val
10, front wall 12 having a door opening 18, and side walls 14, 16 extending

bet ween and gjggen; %%ét&vmv Sokg?gnﬂgtnthﬂé% 2 E:Sn% gﬁd;ﬁ:@:‘&"‘“ as being

rectangular 't may be of any view) 1 ncluding, but not
limted!®o, round, elliptical, square, rectangular, pentagon, hexagon,
oct agon, or Figt:rbesrus qmbgsgsma:lnasdmong’ihaemS anbip &% deytiohef sreguw! 58 on or 25
iy egul ar. FH 9 basic requirenments is for it to be closed-sided when
npl et ed, ave' no gl azed wi ndows, and to have a door opening. It may have
one or nore ventilation openings 70.
Figure 6 is a verlical cross-sectional view along the lines and in the direction of arrows

15 ©6-6onFigure 4.
Description of the Preferred Embodiments

To first refer to Figures 1 to 3, there is shown a shelter 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 polygonat shape. These shapes may be regular, or

' _} 25  irregular. The only basic requirements is for it to be ctosed—sided when completed,
have no glazed windows, and to have a door opening. It may have ohe 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 hava 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




The shelter has the four walls 10, 12, 14 and 16 made in two sinmilar~ § JUL 2004
sections 20, 22. 30 In this instance the sections 20, 22 are generally
L-shaped in plan, but nay be of any suitable shape that conbine to form an

al nost conplete wall structure. For exanple, twd U or C shaped sections

woul d work equally as well. in this case the two sections 20, 22 are
substantially identical, apart from dgor opening 35 18. However, they may

be different, if desired. Each wall 10, 12, 14, 16 nay have at |east one

integrally- le{th refcpcﬁétar%éa 185 Ié\%r §Lfrgaggw@ﬂﬂuéhqﬁ@‘%l'%Qert|§)to%@‘ﬂ?ég?at%;he sect ' ons

20, 22 to be able to stand on t suc e 26 o
each secti or" 3 W%‘Z“‘% lqwer egges @6 of the ttweipecfiensc?®. &b syeecly pligheis ‘LQEF‘? ace Wi t h

whi ch the Sh@béreeﬂgesszat Mlodever,thegHcBdre @0, 22 mayt AdsSbeNBinddvtmbvee 2£8iges 26 of
the two sec&kl of Imé %grrectby align, as do the upper edges 28.

However, the 3& 33% 65 bigu ey al so be formed without feet 24 if desired
or reqU|ﬁed (see Frgure ‘4). 5 From both the upper edges 28 and | ower edges

26, rei nforcr:'rdmbctm@u r 808 B 2t \GwéHe8 es%%mfo%ruil%oe%@na%armen a floor
and roof ar% fornme |ntegrate mnt% sectlon?pS . 10 The
section 20, "9% 1 158 "%%’ié"hfrb ﬁ'g"rzf’fdﬁ%ctf\ﬁ?eﬁ"‘?%etﬁ?l‘[ pregiatecvigsag ‘”a"rhl s is

pref erabl y sbojioms 20e22.) oi nt 42, al though any other joining technique 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 forned into_a | oop 40. \Wen
second dfd 3he pestion @e%reaﬁf[eéﬁ%ﬁt"s 42 petweendhem fobe qlosss T'HE'SCPFEf%’Etébnd end 34
are cl osel ybpdjw ganit 420 aitiodgibsy pthér jginiad ltachdiuey ey ibealsky, amack asl

h;é%l zont al | ¥ecﬁ+r{ 80! \%takhrét%gﬁ’ 32 %R? Qfsegdnd etnd %Qq‘ oﬁ?Eacﬁ%glehlcR%gtg cl osed

ps 38 are placé ove and over t when wet
joint 42 i sreirfeingpars Bh Erpethivioct o w)é‘fhej' é‘PC‘ﬁf‘d god g4 Is| plaser @diggerh ends 32,
34, reinfor fshghd@l ®opba0 oPsdodOHaSI43Sre clely @d;laé'ﬁdﬁ td &fdnara phdidrélg, Secure

joint. ch 3 8 I or hear key,
7' Gesi Foa. "Shapr ey foRBal i 5L 8 of ROTMG 20 byl Beled (73]
transport edloprs 3Brase glgq,egtqbg\@tang pverlapping with loops 40 so that when wet joint 42 is

formed, 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, transported to the construction
site fo 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

o

apartment blocks, the shelters would be verlically 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 an 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
flooriroof 44 may be formed at the same time as joints 42, or may be cast separately.




site to arrive when and as required, be lifted into position using “‘saaxﬂdlbr@ﬁl'
cranes, formmrk placed in position for the roofs, floors and joins 32,
and concrete poured to formthe roofs, floors and joins 42 to thus form
the conplete shelter. For nulti-storey 25 structures, the floor of a higher
storey forns the roof of the shelter. For multi-storey apartnment bl ocks,
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 nulti-storey structure has one or nore 30 pre-cast

sl abs 46 that rests on upper edge 28 of sections 20, 22 with there being a
rel atively s“}*?ﬂ’l“ﬁf'Vaﬁye@eé‘PW@%r“ﬂdbaY4@ caphi sierviihAdcs PSRt 9ab 460 TBE 1 oor / r oof
44 is cast ifBori8dflall may Be folthedl aMkg samé tif6 64 joRid%2 24 may Be Bast sephly. 24, the feet
24 of an upper wall 14a can rest on upper edge 28 of lower wall 14b with
bot h upper and lower reinforcing bars 30 extending inwardly into portion
50 to prévi deFignres rt gr athed stshaet @recond emeadinicohited@ed Rpre@&edbe not have

feet 24, thegh \‘)ﬁéd\ﬁé?&@éfsg&oﬁ@ib Qfslfierg'uﬁé‘e?chlmbélr@@1§pﬂe*i6£‘r9gﬁ:§ed%§d
Al ternativel form of arate spaci ng)g evi ce nof shoywn mﬁ be used.

The floor/ r‘%’!?f‘" tybesaly Yie tlf' PRVl S4pRSIng;SREC &?PF'BPH“E §g“52"‘ or may be
cast separ apaklel. Faohl ttker Jogiréferably extérlue fibindowdr eogd 26ithroogly tohpperasige i n situ
Wit hout a pﬁﬁs?ﬁéﬁalé'ﬁ%“% 1613% el é?%/dﬁ&%} 564 ﬁ?&(;b%? 50 r%JTFedof%Byt he same

time as join e cast separate ur and 5 there is

shown a lgecéwtab'éﬁﬁaoﬁhﬁ@rﬂ’ maigriehgred the af“é@lé%@f?'ﬁ@d W*F'argﬁ%bﬁoﬁot@ﬂ’ f®i ght of

sect i ogg 2_(I3_cori22=,te bie bPwalisM0E aZ; 4y\ad :boﬂtﬁ ,to ¥ab exténal kGrfadecseesitaskdessd. hol | owI |

tupes e I generally
up Bt ?neg%erﬁgl%{ger abfﬁ’% tipbs 81500 18, ﬁ,e&%ﬂgra@%% gy

allel. Eac extends ower hr ough to
upper edge thzmterrrﬁéuxm és ftmwnme tybes 5Q@f°amédec‘ﬁ§9fﬂéﬁatﬁ9nfa"tﬁbé§"$0 The
t ubes 50 rmyorh@at@fi iré e Eohcrdsé Wmmoﬁdﬁjmméféﬂ@ﬁlapéndff&bﬁél s@uba@scim that a void

52 is f 50.. and th c 4 0 2, 14, 16
bonds t 0 1 naiechel Heutedf roriin S atchly i BRI NS Pl a rued 22 10
surf ace of torfeﬂn uiidss 5% 0 This adidsghe trgipus, hrng tiveneonedraing tagk Qidﬁ'dalml'eg t he

i nternal Sufof‘rﬁﬁcﬁk uéa t§$?@é&@voﬂs® aE%B@@eeﬁQoﬁé lﬁtl'@%ﬂﬁ @Bemﬁé b&hIng df | ron By
usi ng corrthglgate he concretxff t he exter and

i nt er nal 58%%3‘9 P’”ﬂ“ e piRinal 3ud e %”68%5 ‘gd“%%& ‘He’ﬁé? ARITER P y inwalls
10, 12, 14, ste8gthnd are not renoved

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 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




to formvoids 52. This avoids the tedious, and tine consuning, task of JUL 2004
remai ning formwrk 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 volune of voids 52 is
not insubstantial, the transported wei ght of sections 20, 22 will be

consi derably reduced even though tubes 50 remain in each sections 20, 22

for the |ife of the section. .25 Wien the sections 20, 22 are transported
and i nstal | &bt ddduBeddBSardyeslgrifeam @Rt Ofas Bucl Uhd SLdgn 88t $H ke b@RMGOPT 1 ate
reinforcing 60 is Iacea’ In each vord in an appropriate manner, and as is
required. TIHEVSIREABEEAPSy may i nclude, for exanple, |apping bars which
maybe appropriately connected to simlar reinforcing above and/ or bel ow
sections 20,q:2: . n i | e in_the usual
manner . Thi sS"@'_% r'%%—’{/]&%rfgq%ﬁ% %%&gisrrrb@’ %Zlqﬁr%glﬂlgangg?‘)r%)h% cj%gﬁ%{egﬁﬁ ?'C%S& the

concr et e Sraypedien goe adhe aepliiclioncsity whemandgsyequirgd. Tineredeges therpyera) 22 as

cast are si gondrb@RAEISY (dnki GE)T6r thdWudiNd ddvBidtert he tubes 50. This means they
need smaller lifting capacity cranes to |ift themat the casting site - 35
and at the construction site, the vehicles to transport themare of a | ower .
capaci ty, anN¥histtirss havedeemdascribrg in the foeepding desciiption prafared tembodimentshel t er

formed usi ngs b @rdseiGivemion] Bwilt bB UnddrQEMCHEAnLR KMYd tgé"técchrfdﬁgp gxrent. As
such, the overall . cost evel Is reduced. Simlarly by

to the buj I%{ﬁng el oper .
using t H& t WE™Ms XN Lr Sepdificatiops, 0 45(AilE Gf ARSIV OBTIVFIPIABHER B28%ie pre- cast
5 secti on awithosbdeptrtibdiizore the ptasertinventiosi t e when and as required. This
G?juces the overall construction cost (and tinme) for the building
de€vel oper. Wil st there have been described in the foregoi ng ‘description
preferred efifoRIFRSRinYentian extends in glkfentpres dipelasgddigrein. indiduplyiaed iihalkr st ood by
t hose ski |l | pgssible chinBinstiecs sl peanutdtibad. 10 nmany variations or nodifications in
details of design or construction nay be nade w thout departing fromthe
present invention. '




The present i

|nd|vrdually and in all
1. A wall

cl di ns:
part of a bui
concrete sect

section including a plurality of

bei ng for for
to installat

wherein the
clainmed in ¢
L- shaped. 4.

wherein ther
of clains | [
end, each of
shear key. 6
wherein the
wet joints.
wherein the
t he sectiong.
wherein the
wal | structu
are nade of

ﬂiiéclains I
~being fillec

sections are substantially

? ectA io nTllled @ttecdnbeR0bseQ@Rt B@istalistioh of the sdagonsal |
wa
t ubes

t ubes
re as clainmed in any one of clains 1 to 8, wherein the tubes

nvention extends to all features disclosed. herein, -8 0 200%

possi bl e conbi nati ons and permutations. 9 The

structure for a civil defense shelter to be forned as

| ding the wall structure conprising a plurality of pre-cast

i ons which, when joined, grntthe wal | structure; each
vertical l y-extendi ng tubes, each tube

the voids being filled with concrete subsequent

2. Awall structure as clained in claiml,

identical. 3. A wall structure as

laim2, wherein the sectjions are general

§HyHre for 2 gy drRese shaftes fR,be foamesk as Raytar Rebuiding, 3,

mng a void,
ofhgelaimie secti ons.

aiml1
Alwal |

Ayl

£ ar e t o wall etriidtuoe Somising\ aVlrhlityS oo £t aana:etecé.eatmiedvrﬁon any one

o 4, rtaﬁerneroragt hfsm?& tt,acr ANSrucffC! R i8Sschon rnt;.&&.n g second

the first secon aving a concavey 'ﬁ@%to forma
A wal Yertisallyradendiag %tgeSc paghrivie teing énryormma acvpldctt\awwés beingo 5,
structure using
structure as clainmed in any one of clains | to 6,
have an outer surface for bonding with the concrete of
3. A Avwel starciurecasiplaimersin glaih iewherein tesedions gk sobsiantisiiyl to 7,
iag&nan i nner surface for bonding with concrete. 9. A

10. A wall structure as clainmed in any one

corrugated iron.

t 3.9, vhwealbstruciugi af daimedip ¢lam poradan 3, whelen theisediops arer t 0 t hem

W th RAGHFY Shaded.

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 o 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.

Q. 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 claimed in any one of claims 1 fo 9, wherein reinforcing is

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




+10 11. A wall structure as clained in any one of clainms 1 to 10, mherg AUL ﬂM?
t'he' t ubeés are spaced apart and generally parallel. 12. A wall structure as
cllinmed in any one of clains | to 11, wherein each of the tubes extends
froma | ower edge of the section to an upper edge of the section. 13. A

wal I structure for a civil defense sheljer to be fornmed as part of a

building; the wall structure conprising at |east one pre-case concrete

wal | havingja plurality of vertically extendln t ubes gernanently enbedded

therein, eag h“tubéWB'b$tW@tufetﬂsW%'%@“ﬁ’“@@f‘éﬁ'mﬁ tonl: WRarein SR tREE A%, t he

voi ds being|fill edsgatddupat amrgenbiysisRmaequent to installation of the wall
structure. 14. A wall structure as clainmed in claim 13, wherein the tubes

have an outé¢r surface for bonding with the concrete of the wall. 15 A
wal | struct {ir€2.as & wal stesturenasaildithest in @hape of Slaisrs Clodilnwietein apabraithe t he t ubes

have an inner surfgeg éx%nd?%ﬂ'é‘ﬂ)w\éf E&gecmﬁé 8L&ion tolGn uppetelabe F EHeCt Ur e as

claimed in any one of claims 13 t wherein the tubes are nade of
corrugated §ron. SFC""A wal | _structure as clainmed in any one of clainms 13 to
16, whereinjthe tubes are spaced apart and generally parallel. 18. A wall

structure ab £ a TRl Bl B o0l afhidh Fondrlo s chhea MBLELFS Rl OT | e

tubes extends Trom a | ower ection to an uppe dge of the
section. 19] A walthe wel ﬁtwﬁ%wr@mmﬂiW%ﬁﬁ%ﬁé%ﬂffetewaﬁ"ﬁﬁwi%ato 18,

wherein reipf or ci rwxraut;soﬂo\bemaq éxtenuihg mb@sqbsmmhemw dntbetide@nthéreinngachi | | ed with

concrete. 20 str Mdre as to 19,
wherein the bUI I \é\qﬁ% mf"fgia‘s'(f'ore g’ 1&&‘%% R'g‘%ﬂ%b&h@h@ ense
r:;'irlifl ter construct eﬁnq;stanlgasaqmaﬂtplngiﬁﬂayemefﬁ%e\mﬂswréne of claims 1 to 20.

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 \ﬁrall 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.

j 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 o an upper edge of the

section.

19. A wall structure as claimed in any one of claims 130 18, wherein reinfordng
is placed in the voids prior to them being filied with concrete.

20, A wall structure as ciaimed in any one of claims 1 to 19, wherein the building

is a multi-storey building.

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

. 1t0 20.




22. A method of formng a civil defense shelter as part of a buildirgg fle 2004
met hod including the steps of., (i) casting at a site renpte fromthe
buglding a plurality of pre- cast concrete sections which, when joined, _
forma wall structure; each section including a plurality of verticalily-
ext endi ng tubes, each tube being for formng a void; (ii) transporting the
plurality of pre-cast concrete secti ons'lto a construction si te; (iii)
installing the plurality of pre-cast concrete sections in the building at
a desired lfocation; (iv) filling the voids with concrete subsequent to
installatign gf thg naeflds Rifing &\evitlaBkMieNbeileSs PAtSra builiin® fthePibthé St
concrete sgctions to formthe “wall structure; and (vi) casting a roof
structure dver the@lfingthepigesefre. 23. A nethod as clained in claim 22,
wherein thg roof structgre icastsitd siteTbiote i the Building roglurality of prered i n
claim 22, vherein the roof séarsr%ﬁ%re‘?eisict%ﬁétwhg %@u‘?ij@&d 3o & GAPL
concrete hglf slab over the Wal " structlire to torma’tfirst part of a roof
structure; |and casting. a restictengaghsection ipdsingoafphyaling of edicallys A

nmet hod as gl aimed in any onee@dndiy &ibBS edoh tie béihg foMUMhRG B vbile sections are
substantial{ly identical, 26., A nethod a | ai,med in any one.of clainms 22 to
25, wherein the section® ar etmna‘éqﬁ[(‘—f’lgafﬁ? ﬁalaﬁ%t?gﬁéed?asg?"c%ten%%cﬁ%né tgsa cl ai ned
in any onejof clains 22 to 2®psteeneiter t here are two sections. 28. A

method as gl ai med in any one,Qluirg! @k Puradig 50pré-Last WaRéretk Nsektiths 3€@el ONS each
has a firstf end and a second end, ea h of the first and second ends having

€ cn [
a concave i ndent for form PUlfieastagdgsred psation;

(iv) filling the voids with concrete subsequent to installation of the

- secfions.
{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 methad 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.




29. A method as claimed in any one of clainms 22 to 28, wherein the sec?i"g#s 2004
are''joined together to formthe wall structure using wet joints. 30. A

method as clained in claim29, wherein the tubes have inner. and outer

surfaces for bonding with the concrete of the sections. 31. A nethod as
claimed in either claim?29 or claim30, wherein the tubes are nade of
corrugated iron. 32. A nethod as cl ai med in any one of clainms 29 to 31,
wherein reinforcing is placed in the voids prior to thembeing filled with
concrete. 33. 28 nefhoethadsasallaimaddel aiynongrey claims 23fto 28, avhasgindtbe sestid argvher ei n

the tubes ane spagffld@R@ihkrs 8 i 8RNWRN Sinlcrd@idlwetjoints34. A nethod. as cl ai med
in any one ¢f clains 29°to 33, wherein each of the tubes extends froma

| ower edge of the sections to an upper edge of the sections. 35. A nethod
of forming @ Govil Adeétesisss ahimkd ar clais Isawheroih the hived Havegnner laed watehod

i ncluding the st ep?ur%ges(“ﬁ')mﬁé‘ﬁi\“@?ﬂ*&{%ﬁfg@ﬁﬁgﬁg&ﬂ £ fromthe building a

plurality of pre- Casf concre en joined, forma wal
structure; fhe sections including a plurality of vertically extending
tubes, each|tgpe farndv@ & el inhithé disim @Bio) claln B PeetdimBe tties prair al i ty of
pre-cast copcrete sections to a construction site; (iii) installing the
plurality o pre-cgﬁﬁag%ﬂﬁ%@%ﬂ"?bctions inthe building at a desired

| ocation; (jv) joining the plurality of pre-cast concrete sections to form

the wall slrugturgimdibl dsi ddih@DintdA§ o@ioflSiailis!2d 16 BICkRIraR réblcinyi9 casting
a roof strufpture over the wall _strg%ttgqe. f@ﬁ%“ﬁé ”Etegé;d as clained in claim
35, wherein| the ro®fcedintfieyodspripio gmbeing itedith cqnerely, -~ A et hod as cl ai med
1\9 claim 35, wherein the roof structure is cast by placing ’
= 33. A method as claimed in any one of claims 29 fo 32, wherein the tubes are
spaced apart and generally parailel.

34, A method as claimed in any one of claims 29 to 33, wherein each of the tubes
' extends from a lower edge of the sections to an upper edge of the sections.

as. A method of forming a civil defense shelter as part of a building, the method
‘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
Astructure; the sections including a plurality of vertically
extending tubes, each fube forming a void therein;
- {ii) transporting the plurality of pre-cast concrete sections to a
.- } construction site;
| (i) installing the plurality of pre-cast concrete sections in the
building at a desired location; ,
(iv) joining the plurality of pre-cast concrefe sections to form the
wall structure;
| v) filling the voids with concrete; and
(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.




a ‘pre-cast concrete half slab over the wall structure to forma flrst paquL 290’;
of a roof structure; and casting a remaining part of the roof structure.

38, A nethod as clained in claim37, wherein the tubes have an inner and an
outer surface for bonding with the concrete of the sections. 39. A nethod

as claimed in claim37 or claim 38, V\/ne ein the tubes are made of

corrugated iron. 40. A nethod as cl ai medzln any one of claims 37 to 39,

wherein reidforcing is ggl aced in the voids prior to thembeing filled with
concrete. 41. 3K nethoethesasciaimends clain 3pawherpie ther roef|sugiye STastdy pEcingher ei n

the tubes ane SDa@e&eam%ncaéf@hm@b} them%ﬂ%{rh&lre to‘%maéﬁ?@fpﬁ\ﬂdf as cl ai ned
in any one of clains 0 V\ﬂ' erei n .each t he tglécg extends from a

| ower edge ¢f the §%‘Ef‘“&? ealecbca gﬁdﬁ@?'"'%ﬁaépgfhetrﬁcg WS ons. 43. A met hod
as clainmed ifn any one of clainms 22 to42, wherein the building is a

mufti-storey hygil d'Antgﬁth%flasf cléimEd W élalmeﬁe%&erﬁhﬁé gu@és ﬁaﬁle%rlﬁnepfanda‘a:bu' I di ng

when built by t e net any. one alns 2 8 JUL 2004
outer surface for bonding with the concrete of the sect:ons

39. A method as claimed in claim 37 or claim 38, wherein the tubes are made of

corrugated ron.

40. 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.

41. A method as claimed in any one of claims 37 {o 40, wherein the tubes 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 sections to an upper edge of the sections.

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






