" STORAGE TANKS' The present invention relates to storage tanks.
tanks .are usually built in situ or constructed and transported totgl %§?L>§§th
reqégged |l ocation. 5 In particcular large storage tanks are built in S|tu

and ten enpl oy steel reinforced concrete. Wereas, tanks for the storage

of ‘relatively small quantities of various |iquids, solids or powders are

often constructed and transported to a desired |location for installation

and use. 10 In general the latter form of-flank nmay be renoved and rel ocated

for use el sewhere. However, tanks built in situ and conprising concrete are

not usually intended to be rel ocat ed “SEORAGERANKSANoNi cal |y be rel ocat ed.

“The present invention provides a sjforage tank which is built in situ 3 and

may be readil fhﬁl BRRPF tPVARE TeFBtatiesdto BfonrgcoFaRiifce with the present

t th ded t K dl
wal | T ormed o B BRLANT 7oa vpah Q?g%%ﬁ” SRR it @nd " one or

nore snooth p eral edge and a second | ateral
edge opposi tec%af’ Oﬁte{! % rafe(@éi‘é&%'l PRyt a plurality of upright raised

ribs each | gcaiedal AGIa nurpd scwﬁag W1R% 526P and decdh Lo
upright rai proj ecti ng |n e sane rection fromyhe
or each snpot hyRef tiddRtorHad concrete. Whereas, tanks for the storage of
relatively small quantities of various liquids, solids or sgwders are
L_, often §onstructed and transported to a desired location for <LJ

installation and use.

10 In general the latter form of tank may be removed and relocated for
use elsewhere. However, tanks built in situ and comprising concrete
are not usually intended to be reiocated, nor can économically be
relocated.
The presenf invention provides a storage tank which is built in situ

15 and may be readily dishantled and relocated. |
In accordance with the present invention there is provided a storage
tank comprising: - {
a) an endless wall formed of a plurality of panel members each
having:

20 1i) one or more smooth portions;
ii) a first lateral edge and a second lateral edge opposite a

first lateral edge;
iii) a plurality of upright raised ribs each located laterally of
one or two smooth portions, all of the upright raised ribs
25 projecting in the same direction from the or each smooth

portion; and



-2- 1Y) one or nore integral loops formed fromtwo substantially

paralfel *slits nmade in the snmooth portions and having inter- vening

material between the slits-deformed in a direction opposite to that of the -

upri ght raised ribs; 5 the panel menbers being disposed in overl apping 6

manner; and b) ' at | east one el ongated endl ess support strap extending ™M

subst-antially horizontally around the endl ess-wall and di sposed through and

retained by a plurality of said |loops to ret@ A and align adjacent panel

menbers in vertical and side by side overlapped 10 relation and to provide

support to the ehel ess angl br mphe integraidt lpopscfiormed fitdm twowubstagsiaklybed,

by way of @‘g_arrpl e, wth reference to the acconpanying draw ngs, in which:-

Figure 1 is"a front el Raxeibn 8lite padrelinnEiebemrogiyr persdons apgrhﬁvﬁggg.nter—

storage tank in accordance with the present invention, 15 Figure 2 is a

side el evation of the péfRane r‘f@ﬁﬁ'é‘raloge‘iylegﬁr@elysl‘sqffomWﬂe%ilPua; HreeHeons is

a cross sectional view of the panel nember of Figure 1 along line A-A

Figure 4 is an enl ar gecPPPPEWFeFe Haf Ry herurrhehty Zatsed ElS6r shown in 20

Figure 3; Figure, 5 is an el evated vi&w of % storage tank in accordance with
PRR*

the present irvelRS BROSLAGTRI S PE "6 _ FBe?V s P%‘B‘é’_@t'?‘?}"é‘eﬁ &Rdof a
support strap of,{he SBa Irilga‘?stt apk e%rg,f%,agﬁﬁdﬁg%%ug@ﬁ@ ?{Fli\f/a n?xée'%ﬁir?g' S

shown a storage ?ank 1 N accordanc re I on,

conmprising a pl ué@skﬁtﬂll?%?&z%f}; %rzrémd the endless wall and disposed-

\ .
o through and retained by a plurality of said loops to retain and align

adjacent panel members in vertical and side by side overlapped
10 relation and to provide support'to the endless wall.
The present invention will now be described, by way of example, with
reference to the accompanying drawings, in which:-
Figure 1 is a front elevation of a panel member for use in forming a
storage tank in accordance with the preseht invention;
15 Figur; 2 is a side elevation of the panel membgr of Figure 1, shown
in situ; |
Figure 3 is a cross sectional view of the panel member of Figure 1
along line A-A;
Figure 4 is an enlarged view of:a trough of the panel member shown in
20 Figure 3;
Figure 5 is an elevated view of a storage tank in accordance with the
present invention; and ”
Figure 6 is an upper perspective view of a support strap of the
storage tank of Figure 5.
25 In Figure 5 there islshown a storage tank 10 in accordance with the

present invention, comprising a plurality of panel members 11.



- 2a - As can be readily seen in Figure 1, each panel nenber 11 conprises
Wtathportions 12 lying in the sane plane and a plurality of internediate
upgrAght raised ribs 14 and a pair of lateral raised:ribs 15 all of which
ip ect in the sane direction fromthe plane of the 5 flat portions 12. The
raised ribs 14 and 15 are vertically disposed with a raised-rib 15 at a
first and a second | ateral edge 15a and 15b, respectively, of the panel
menber 11 and further -3 - raised ribg 14 internediately | ocated between
the first and second | ateral edges 15a and 15b. The flat portions 12 are
di sposed bejdRgh wirasdiny sedinSed FiighSe 14 Sdidh panel ThHénvedi SEQohpliSed4 and 15
are fornmed by deformation of the 5 “panel nenber 11, in known nmanper.
The. verti caflat gosiesed2r ayisRdis ithe d4heaplhnkSaid QdpLiaaditelli cal rigidity
in the panel nenber 11 whilst allow ng an anount of horizontal flexibility
found to beirtéerhédiate tupraghiO WabseX ribe 1af arld1a Fdier afQaterdd #Risdd riws
present invention. 10 As is best shown in Figures 1 and 3 each panel
menber 11 crsvall sefSwhigqh prajectyimfthe adameddiriebsickd fasn the, planehofashé rai sed
ribs 14 and 15. The raised ribs 14 are equally
g flat portions 12. '

The raised ribs 14 and 15 are vertically disposed with a raised rib
15 at a first and a second lateral edge 15a and 15b, respectively, of

the panel member 11 and further : o




spaced and the |ateral raised ribs 15 have a. |esser spacing. The panel %)
menper 11 has a width P and the di stance between. 15 adjacent raised rmggl
14.ts designated D2, D3 and D4 respectively. Typically the ratios [err] and:
[err] ,Lof panel width to inter- rib distances is in the range from3.2:1 to
5:1, preferably inthe range from4:1 to 4.5:1, for exanple about 4.3:1. 20
The Fateral raised ribs 15 are spaced at distances of D and D5 from

adj acent raised ribs 14. Typically the ratio [err] of the panel width to
inter-tib distance at the firstlateral edge 15a,is in the range fromfrom
12.5:1 to 5:1, preferably in the range from1I.5:1 to 10:1, for exanple
about 10.871. 25 Also, the ratio [err] of the panel width to inter-rib

di stance af” the seisudl didteenal ingeemddbatelyyPocaddd Hatween RARIEiIEEEMANG
-4- .3.5:1 to 5:1, preferably in the range from4:1 to 5:1, for exanple

abo&¥ 4.7:1. |t secenyilstpedl lkedgesathapané! 15kenberThiel fdat golreibnsne® from
a 1200mm wi de, 2100mm I ong and 0. 6mm thick sheet of netal. 5 |In such a
case the di st ancaredispoassbetwesm aglacenrt araised idsadduandsdAm and D5

i s about 230mMm Fﬁénne,4 crogs section of one of the raised_ribs 14

or 15 of Figure € Tagfe ggg%oi4tﬁ3 r 4P sEe rfeyredy by deforgatipPeofother m
Eﬂg Lglngh tlooﬁf : }gae?egfn E«&%@{%Q ME"thORnbiin WafEPE N e, 1R £11E 119 HTERERSa
raised ribs 14 and 15 produce a vertical rigidity in the
" panel member 1l whilst allowing an amount of horizontal
flexibility found to be suitable to allow erection of the
storage tank 10 of the'present.invention.
10 As is best shown in Figures 1 and 3 each panel member 11
comprises a plurality of raiséd ribs 14 and 15, such as
6 raised ribs 14 and 15. - The raised fibs 14 are equally
spaced and the lateral raised ribs 15 have a lesser spacing.
The panel member 11 has a width P and the distance between
15 adjacent raised ribs 14 is designated D2, D3 and D4
respectively. _
— Typically the ratios %f' %3 and.%z of panel width to inter-
rib distances is in the range from 3.2:1 to 5:1, preferably
in the range froﬁ 4:1 to 4.5:1, for example about 4.3:1.
20 The lateral raised ribs 15 are spaced at distances of D1 and
D5 from adjacent raised ribs 14. Typically the ratio %T
of the panel width to inter-rib distance at the first lateral
edge 1l5a is in fhe.range'from from 12.5:1 to 5:1, preferably
in the range from 11.5:1:to 10:1, for_example'about 10.8:1.

25 Also, the ratio of the panel width to inter-rib distance

P
at the second lateral edge 15b is typically in the range from



exanple, a larger raised rib 14 or 15 may be needed to suit a tank of

.greater. volume and height than that considered herein. Although, it is
ungizﬁtood that the strength of the endless wall may be i'ncreased by other .
freald¥, as described hereinafter 15 Each raised rib 14 or 15 has a length L,

awdth W a crest length C, a slope wwdth S, a slope angle-B, a thickness

T.and a curve radius R For the particular size panel nenber 11 descri bed-

i mredi ately hereinbefore the raised ribs 14 and 15 may have the foll ow ng

20 characteristics; the length L is about 35nm the width Wis about 20mm

the crest length Cis about 15mMm the sloge width S is about 10mm the

slope angle P is about [err]; the thickness T is about 0.6mmand the curve
radius is i %he approxi mate range _of 5 and 7mm 25 It is enV|saged“that a
anel nembe %%%nﬂﬂfqgﬁréPﬁ rin e tRRgedéseni et tRerSilnake¥e coul d

dlfferen% f%”ﬁLé? |sed ribs 14 and 15 of different

characterlsflcs é Falsed ribs 15 of two adjacent panel nenbers

11 are int eggeds!t onPigided thatus.schlﬁamr flefb@r 18 ESLELGd ifdrhago!f the
first edge 15a of one panel nmenber 11 is intended to cup, in use, into a5
rai sed rib ¥poafatizommecaridecd@eodimh Idnanddpaémnt tipidlelsheetbelrf mekallt i s

enV|saged that a panel nenber 11 having a different
In such a case the distance Dl is about 100mm; D2, D3 and D4

~are about 250mm and D5 is about 230mm.
Figure 4 shows a cross section of one of the raised ribs 14 N
or 15 of Figure 3. The size of the raised ribs 14 or 15
suitable to form the tank 10 of the present invention is
10 dependent upon the volume and the height of the tank. For
example, a larger raised rib 14 or 15 may be neededlto suit a
tank of greater. volume and height than that considered herein.
Although, it is understood that the strength of the endless
wail may be ihcreased by other means, as described hereinafter
15 Each raised rib 14 or 15 has a length L, a width W, a crest
length C, a slope width S, a slope angle B, a thickness T
and a curve radius R} _ : \_J
For the particular size panel member 1l described immediately
hereinbefore the raised ribs 14 and 15 may have the following
20 characteristics; the length L is about 35mm, the width W is
about 20mm, the crest length C is about 15mm, the slope
width S is about 10mm, the slope angle P is about 26.6°; the
thickness T is about 0.6mm and the curve radius is in the
approximate range of 5 and 7mm.
25 It is envisaged that a panel member 11 ofAdimension other
than that described hereinabove could use a diffefent number

of raised ribs 14 and 15 of different characteristics.



arrangenment of raised ribs 14 and 15 could be used such that nore than one
raised rib 14 and 15 of adjacent panel nenbers 10 11 overl ap. The panel )
menbers 11 al so conpri'se a | oop neans conprising |oops 16 extending fromg
the flat portions 12 and projecting in a direction opposite to that of P%EA‘
rai sed ribs 14 and-15. The | oops 16 are formed by punching two equally

sized -parallel 15 slits in a flat portion 12. The material between the
slits is then defornmed away fromthe flat portion 12 in a direction

opposite to the raised ribs 14 and 15 to forma boop 16 of material. The
panel nenbers 11 each conprise a plurallty of such Ioops 20 16 such as 12

I 16, ar t th 15 d 1 16
arranged st hatita PR LEPS EAPEc LR ChrER HblAT Nt dened nepbels LEcERe T
adj nt the ot t}_q{rﬁ)en\ge@tgo[,ggwgﬁdmg?égops 16 being at the sanme height

upon t he panel nvehi ent the | oops 16 are 25 arranged in

respective subst@nigadtiivuiakt hcaaleéavstﬂsum%ﬁ the #a¢iat! aligeaisgdge 15a
and 15b. The | oops 16 are arranged to receive, in use, a plurality of

support straps bheapanedwmembeFi jlr s Sintendesd s:wpmupt, dhrape, lintseaf or ned
of elongated flexible flat nmetal straps having 5 holes 17a in each end

t hereof , as Zhoweiisedrrdbr d560L bl acpans tedae 45b1pfi 3n adjiagent (paredied

t hrough each of tg% horlzontally correspondi ng | oops 16, as shown in Figure
5.

A It is envisaged that a panel member 11 having a different
arrangement of raised ribs.14 and 15 could be used such that
more than one raised rib 14 and 15 of adjacent panel members

10 11 overlap. |

’ The panel members 1l also comprise a loop means comprising
loops 16 extending froﬁ the flat portions 12 and projecting
in a direction opposite to that of the raised ribs 14 and 15.
The loops 16 are formed by punching two equally sized parallel

15 slits in a flat portion 12. The material beﬁween the slits

. is then deformed away from the flat portlon 12 in a direction
opposite to the raised ribs 14 and 15 to form a loop 16 of
material.

The panel members 1l each comprise a plurality of such loops

20 16, such as 12 loopsllﬁ,_arranged towérd the.laterai edges
15a and 15b. The loops 16 are airanged so that half are
adjacent one lateral edge.lsa or 15b and half adjacent the
other, with corresponding'loops:16 beiné at the same height
upon the panel member 11. Convenlently, the loops 16 are

25 arranged in respectlve substantlally vertxcal rows adjacent



It s intended that the support straps 17 be of such length as to enable
- themto be threaded through | oops 16 of nore 10 than one panel nenber 11,

S \as. a bank of 3 panel nenbers 11. Thus, the straps 17 align and retain, .
i de by side overl apped manner, a nunber of panel nenbers 11, such as 3
pa menbers 11. |ndividual banks of panel nenbers 11 are connected

together 15 by first overlapping their adjacent outer |ateral edges 15a -
and 15b and securing corresponding straps 17 with bolt assenblies 18
arranged through the holes 17a of overlapping straps 17. Any nunber of .
panel nenbers 11 nmay be connected in this 20 manner to form an endl ess wall
storage tank 10. As is particularly shows én-Figure 2 the support straps 17
are not equally spaced over the height of the panel nenber 11. It has been

(;(and that acpdyakesRBCedye Ofsal Aaasupport straps 17 results in an unequal
di stribution of Ioad thereon 25 inparted by an outward force due to the

contents of ThenRotPs 16 ard myrangedukar reteirss, Meemskbquadplinadliftgr a tank
10 conprising 6 support straps 17 equally spaced up the panel nmenbers 11 a
| ar ge f or ce C4c S¥PROEF nstranfe lde@GnhPBRetr BAP® 5.5t r Ehe f suppQute stirgsom of -

(e K (P e borned " SHRRRRBATR bt ALV BRER ISP revana
5 holes 17a in each end thereof, as shown in Figure 6.
Each suppoft strap 17 is, in use, threaded through each of the
horizontally corresponding loops 16, as shown in Figure 5.
It is intended that the support straps 17 be oﬁ.such length
as to enable them to be threaded through loops 16 of more
10 than one panel member 11, sﬁch as a bank qf 3 panel members 1l
Thus, the straps 17 align and retain, in side by side
overlapped manner, a number of panel mehbers 11, such as 3
panel membérs 11.
Individual banks of panei members 1l are connected together
15 by first overlapping their adjacent outer lateral edges 1l5a
and 15b and_securing'corresponding sfraps 17 with bolt
assemblies 18 arranged throﬁgh the holes 17a of overlapping
straps 17. |
'Any number of panel members 11 may be connected in thié
20 manner to fbrm an endless.wall storage tank 10. :
As is particularly shown in Figﬁre 2 the support straps 17
are not eéually spaced over the height of the panel member 11.
It has beep found that an equal spabing of the support straps
17 results in an unequal distribution of load thereon

25 imparted by an outward force due to the contents of tank 10.



It is preferred to maintain substantially equal |oad on each of the support
straps 17. To acconplish substantially equal support strap | oading ngﬁ'
cl.osely spaced straps’ 17 10 are required toward the | ower end of the\I

10. ! Figure 2 shows an arrangenment for 6 support straps 17 to achieve
substantially equal distribution of |oad over the four support straps 17

| ocated within the uppernost and | owernost support straps 17. 15 I.n the
arr angerrent of Figure 2 the uppernost and | ower nost support straps 17 have
substantlally | ess | oad than the remaining supp@rt straps 17. The hei ght of
the panel nmenber 11 is designated H and the di stance between adj acent

support straps 1amL§a§% Egﬂgkegtzgasgﬂ$f5 tgmg tHdt £bp gnQagﬁ 10 J¥$E§ising

di st ance between er- nost str n uppernDst e

pangl, menber 11 igs s%'plo%atseéagg i equaT } GGdoed b thkl Bafél t:h&mDé’f‘E'

hei 3t to the distance between adj acent support straps 17 is about 21 for
[err] about 9.2: %k f@kgecEbkce abbstadaimndt fthe Beconldolbwest sGppodtfStrap
[err], about 4.1:1 for [err] about 4.1:1 for and about 15.6:1 for
[err]. For a pandiromertber bosigmt off the 2ipthmiftigureuSport Theapthey supp@rt
are typi cal Ig/ spaced such that Hl is about 100mm H2 is err% 227mm H3 is
about 273nm?> H4 isFrapsuthenghaye HRregresRiNe iy dafs feadsthso %QB?L‘?n\"R e H7

i s about 135”W'-tank.10 they are situated.

It is preferred to maintain substantially equal load on
each of the support straps 17. To accomplish substantially
equal support strap loading more closely spaced straps 17

10 are required toward the lower end of the tank 10. Figure 2
shows an arrangement for 6 support straps 17 to achieve
substantially equal distribution of load over the four
support straps 17 located within the uppermost andllowermost
support straps 17.

15 In the arrangement of Figure 2 the uppermost and lowermost
support straps 17 have substantially less_load than the
remaining support straps 17.

The height of the panel member 11 is designated H and the
distance between adjacent support straps 17 is designated

20 Hl, H2, H3, H4, H5 and ﬁG. The distance between the upper-
most strap 17 and an uppermost edge of the panel member 11 is
designated as H7. ~Typica11y the ratio_of.the panel height
to the distance hetweeﬁ adjacent support straps 17 is about

21 for %1" about 9.2:1 for about 7.7:1 for %3, about

H_
H2'
25 6.2:1 for = 4, about 4.1:1 for == 5, about 4.1:1 for _E' and

about 15.6:1 for ﬁﬁ.

For a panel member'height'H of 2100mm the support straps 17



It is envisaged that the ratio [err] be in the range of 14:1 to 5 21:1.
. That.is, it is envisaged that the height HL of the |lowest strap 17 could be
al te by up to about 50mm The preferred | ocation:of the support straps
17 i i nly dependent upon the height of the panel nenbers 11. Thus, the
rati os may be applied to produce a tank 10 of a different 10 height with
substantially even | oading on the support straps 17. However, it is to be
understood that a scaling of the height and strap |ocation of the tank 10
will result in corresponding scaling of theg gad bearing capability of the
tank 10. For exanple, an increase in the height of the 15 tank 10 will | ead
to a correspapdi tgpileslEpsspaded hudinathdtedl ig abpabi LOOxMmpfH2 hes SLiqws 17
and the tank 10. In order to enable the tank 10 to store liquids, solids or
owders of dRR7mmgnH3diéssabowts 273mms, éndmsalabputnBg8émmgeBSaiy amowt t er t he
upport straps 17. For exanple, to enable the 20 tank to store a dense
liquid such §30mm, HE| &siakoyt S¥Buyand HWipdst abepkpd33Mmpmy be used than

woul d be ncessary in the storage Qf water- ¢ grai,n such as wheat,' Wen the
tank 10 i s ulBaiPoeBYHPRTIER Gihdk thi TP @7 PReiBuEPS FoRES 08 Lér} Lo

R

10. It~is €& un oot e “capaci ty of IS a

dependent onjuiyagt! 88FAH 0 PAELYEY &d qlr@rieanpf Qb ebOoaB&ut! Seuls and
beari ng and shear forces on the soil and the TiKke.

The preferred location of the support straps 17 is mainly ;
dependent upon the height of the panel members 1ll. = Thus, ~
the ratios may be applied to produce'a tank 10 of a different

10 height with substantially even loading on the support straps
17. However, it is to be understood that.a scaling of the
height and strap location of the tank 10 will result in
corresponding scaling of the load bearing capability of the
tank 10. For example, an increase in the height of the

15 tank 10 will lead to a corresponding decrease in the load
bearing capability of the straps 17 and the tank 10.
In order to enable the tank 10 to sﬁore ligquids, solids or ‘
powders of different densities it is generally only necessary ~
to alter the support straps 17. For example, to enable the

20 tank to store a dense liqﬁid such as oil relatively stronger
support straps 17 may be used than would be ncessary in the
storage of water or grain such as wheat.
When the tank 10 is used to store liquids the load on the
support straps 17 is principally dependent on the head of

25 water and the diameter of the tank 10. It is to be
understood that the capacity of the tank 10 is also dependent

on wind loading and wave formation (for stored liquids and

bearing and shear forces on the soil and the like.



-9- It follows that the |oad bearing capability of the tank 10 may be

i ncreased by increasing the size, gauge and yield strength of the support, .
st*apf 17, the panel frenmber 11 and the di nensional paraneter of the tank_qglj
described herein. '5 \Wen the tank 10 is used to store solids or powders ™~
the | oad on the support straps 17 is principally dependent on the hei ght of
the solids or powders and the angle at which it wll stack. That is, solids
and powders can be substantially self support- ing except for a periphery

in which the solids or powders 10 tend to slide under force of gravity.

The angle of slope of the solids or powders at gwhich no sliding occurs is

cal |l ed the\§tack angle. The |load due to solids or powders on the support

straps 17 is onl yrsefNdald that LR dedia ma&fiﬁgd'e?%?égi otfh%h&a@mgxgggu% éf’

The(\e; ore, the capacity of the tank with respect I ds and po
e

a gi'ven strength miy Sepaaicreabeapby i tncrdasiiagt thél yizepyatheet and yheldei ght
of the solids and powders. Thus, to increase the capacity of the tank 10
in respect of stostxgngih of the aweporindtrapsi i7i st rpandl wembenctbsand \the

ly to i he di f the tank_ 10 whjl i nt.ai ni ng the hei ght

of the tank 10 oUbUTeRIONAL PRORUFLRE OF thR ARl LA A ssihect BORGLR: i n °

: d to thegst id ' h h t
(7700 L9 s sa e e Sabk50200 RUIESLS ghScknala LIP 3R, bhens

containing grain sRstid Bappbrithstfiss M7 a0 Yedntipa By @Hdedldeh€Cohechétheli

side of the tank 10 the | oad on the support straps 17 |ocated opposite the
outi et may be subsf abité aldljids or powders and the angle at which it will stack.
That is, solids and powders can be substantially self support-
ing except for a periphery in which the solids or powders
10 tend to slide under force of gravity. The angle of slope of
the solids or powders at which no sliding occurs is called
the stack angle.
The load due to solids or powders on the support straps 17 is
~ only secondarily dependent on the diameter of the tank 10,
15 Therefore, the capacity of the tank with respect to solids
and powders for a given strength of support straps is
L“) substantially dependent on the height of the solids and
powders. Thus, to incré&se the capacity of the tank 10 in
respect of storage of solids and powders it is generally
20 necessary only to increase the diameter of the tank 10
whilst maintaining the height'of the tank 10 substantially
constant. An important point to note'in regard to the
storage of solids and powders is that the load on the support
straps 17 may not be constant. For example, where a tank 1O
25 containing grain has some of the grain removed via an outlet
located at the side of the tank 10 the load on the support
straps 17 located opposite the outlet may be substantially

greater than that near the outlet. Such non uniform loading



greater than that near the outlet. Such non. uniform | oadi ng of the
tankz10. nust be considered in determining the | oad capability of the tank.
'ﬂ1§3§fﬁe actual capacity of the tank in respect of -soljds and powders is
eﬂ'g‘ﬁependent on the likely non uniformloadi ng caused by t’he stacking
effett of 5 its contents. It is to be understood that an even distrib-
ution of support straps 17 could be used. In such a case it is also
understood that an evenly distributed arrangenent of support straps 17
generally results in a | ower | oad bearing capacity of the tank 10. 1
follows fromthis that 10 relatively smallgy fanks 10 coul d conprise such
an arrangenent of support straps 17. The storage tank 10, in use, L

i nt ended t 0 JravfeathhRe10 ZusO B Eoplider8i 1 WYt Miftha! tEECILAS @
( pol yvi nyl chloride plastics material or the |like, as shown in Figures 2 and

’5. 15 Pref ecapapiliby of nehe Xarias r @bust ablbe aatudlvcapheghy.offhehd i ner 20
is intended to be |ocated inside the storage tank 10 and secured to the top
of each pandnleiBeFesresly of fdidisngnAcBfedens imalsecdeperdentaen the

i se i | 24 d 20 | it f i | at 26.
The. cappi ng 1ARSEE 898 Falffegm Yading. calsca by the sspekina ertect s " op of
the lingy 2QegTBene@RPENY N9!i%s #6 be SREEESELIP tHag uapspréshﬂme the

support straps 17 by the securing plates 26 and thus secures- the |1 ner 20
in place. uthencefpsupporyl stripsallJocould be used. In such a case it

is also understood that an evenly distributed arrangement of \Jf
support straps 17 generally results in a lower load bearing
capacity of the tank 10. It follows from this that
10 relatively smaller tanks 10 could compiise such an arrangement
- of support straps 17.
The storage tank 10, in use, is intended to have a liner 20
formed of‘a resilient material such as a polyvinyl chloride
plastics material or the like, as shown in Figures 2 and 5.
15 Prefer&bly, the liner 20 has resistance to U.V. light. The
liner 20 is intended to be located inside the storage tank 10
and secured to the top of each panel member 11 by a
securing means 22.
The securing means 22 comprises a capping angle 24 and a
20 plurality of securing plates 26. The capping angle 24 is
laid, in use, on the wall of the tank 10 on top of the liner
. 20. The capping angle 24 is secured to the uppermost one of
. the support straps 17 by the securing plates 26 and thus
secures the liner 20 in place. The capping angle 24 also
25 provides an amount of rigidity to the upper reaches of the
tank 10. Such rigidity may be neessary in situations when the

tank 10 is substantially empty.



25 provides an anount of rigidity to the upper reaches of the tank 10. Such
rigidity may be necessary in-situations when the tank 10 is substanti 05%%
enpty, - 11 - It is envisaged that patches nay be required to covex -t

i nsi de of the storage tank 10, at |ocations corresponding to the | oops 16,
to protect the liner 20. The storage tank 10 may have a cover (not shown) 5
posi ti-oned atop. The cover may conveniently be fornmed of material simlar
to the liner 20. - 12 - The cover may be arranged so that substantially
all of its area is in close proximty with a stored liquid. It is envisaged
that a flotation neans (not shown) would be useful to communicate the
liquid level to the cover. 5 Thus, the cover could be nuintained
substantid?Ty at the sane level as the liquid« IN4his way the vol une of
air, hetween the cover 22 and the liquid may be nmaintained as small as
posgible. It is desired to reduce the volunme of air above the liquid to

10  reduce the growtis GnvilsagediRfathBatekésimay e lidytiided to cover the
inside of the storage tank 10, at locations corresponding
to the loops 16, to protect the liner 20.
The storaée tank 10 may have a cover-(notjshownf
L 5 positioned atop.
The cover may conveniently be formed of material

similar to the liner 20.



It is further envisaged that the storage tank 10 could conprise a roof
- mean 'u~ot shown) to seal its contents fromthe outside environnent. The
roo‘_f;;;ns could also be sealed to the capping angle 24 to render the tank .
1o 15 substantially air tight. It is preferred that, in use, the raised
ribs 14 and 15 of the panel nmenber 11 be di sposed inwardly of the storage
t-ank 10. It has been found that such an arrangenent has preferable ’
features conpared to an arrangenent with outwardly 20 di sposed ri bs. In
particular, it results in a nore evenly distributed outward force on the |,
panel nenbers 11 and on the support straps-17. Such even distribution of
force occurs since the support straps 17 contact the flat portionsH;Z of
t he panel nerteercovier ndy be fartrhagedi sedthabssuidstatt il 18X taild ogutidar dl y of
(}Jﬁastorage tank 10 the support straps 17 nay be drawn through slots 16
- 13 - in teremidedy idose] protindty withha astoredinfansid. i s not preferred
since the plurality of slots 16 result in much friction in drawing the

straps 17 thef ekhrasutipagedytdat pn flckation megns inatlyctham) result in
def ot on 50 sharnl ' ARMPIRRAZRh, LG TR TR e the
Vhel 8 055 Hhis] Fhebd it Woita B8 AloHtalREa  MEithrd f1Y ANAk> WNen
same level as the liquid. -
In this way the volume of air between the cover 22 and the </
liquid may be maintained as small as possible. It is
desired to reduce the volume of air above the liquid to
10 reduce the growth of algae and the like in the liquid.
It is further envisaged that the storage tank 10 could
comprise a roof means (not shown) to'seal its contents from
the outside environment. The roof means could also be
sealed to the capping angle 24 to render the tank 10
15 substantially air tight.
It is preferred that, in'use, the raised ribs 14 and 15 of
the panel member 11 be disposed inwardly of the storage ~
tank 10. It has been found that such an arrangement has
preferable features compared to ah arrangement with outwardly
20 disposed ribs. In particular, it results in a more evenly
distributed outward force on the panel members 11 and on the
support straps 17. Such even distribution of force occurs
since the support straps 17 contact the flat portions 12 of
the panel members 11.
25 If the raised ribs 14 and 15 extend outwafdly of the storage

tank 10 the support straps 1?7 may be drawn through slots 16



tank 10 has a store of liquid or solids or powders, such as 10 water,
grain or 'cenent powder. That is, since the raised ribs 14 extend inwardly
of. the storage tank 10 the liner 20 is not forced into the raised ribs 14
and 15 and so is not subjected to as nuch stretching as ot herw se may k‘
occur. In use, an unassenbled tank 10 is taken to a desired | ocation 15 ~
and a-nunber of panel nenbers 11, such as 3 panel nenbers 11, are laid in
side by side arrangenent with adjacent raised ribs 15 overl apped. Then the
support straps 17 are threaded through horizontally correspondi ng | oops 16
of the overl apped panel nenbers 11. 20 Once the straps 17 are threaded

the bank aof panel nenbers 11 are stood up and ¥he bank bent to a desired
anount of curvature. The amount of curvature desired is that which wll

ul ti gat ely yield dnstheageisedkeibs Ak dedi LBd r aglidks aanaerangémemst iisy not
bankS are secured together. 25 The banks are-secured together by the bolt
assenbl i es 18, shdmeiprrefdgeincs thenpdysality ok idots 46 1eault Hygehe) of

- 14 - I ' t 7..\Wen th | _of ¢ t t ank '
compl et et by tho BEAFELRG L ANERS, ErenatFare (L L T REARaUER pandt dnber o

11, the liner 20 3nd the LQOL HBM-1AGoRIAAEoM AL diL! BE SoformdtQi@IBs! ANK
10. It has been foung that a support base is not essential In

5 flat portions 12 of the panel members 1l under the force of

the contenés of the tank 10. |

~ Also, the preferred arrangement yields less stretch on the
liner 20 about the raised ribs 14 and 15 whén the storage
tank 10 has a store of liquid or solids or powders, such as

10 water, grain or cement powder. That is, since the raised
ribs 14 extend inwardly of the storage tank 10 the liner 20
is not forced into the raised ribs 14 and 15 and so is not
subjected to as much stretching as otherwise may occur.

In use, an unassembled tank 10 is taken to a desired location

15 and a number of panel members 11, such as 3 panel members 11,
are laid in side by side arrangément with adjacent raised

N ribs 15 overlapped.
Then the support straps 17 are threaded through horizontally
corresponding loops 16 of the overlapped panel members 11.

20 Once the straps 17 are threaded the bank of panel members 1l
are stood up and the bank bent to a deéired amount of
curvature, The amount of curvature desired is that which
will ultimately yield a storage tank 10 of desired radius
once a plurality of banks are secured together.

25 The banks are secured together by the bolt assemblies 18,

shown in Figure 5, engaged ﬁith the holes l7a (Figure 6) of



<

supporting the apparatus of the present invention, as the outward force of.
.the_stored substance is usually sufficient to prevent sinkage of the panel
me s 11 into the ground. 10 However, it is to be understood that alip ,
na formed on the | ower edge of the panel nmenbers 11 to further assist

in the vertical support of the storage tank 10. Preferably, -the storage

tank 10 is to be erected on a bed of dense sand 40 spread over a perneabl e

underlay 42 on top 15 of the ground 44 as shown in Figures 2 and 5. I t
has been found that sinkage of the panel nmenber 11 is least |ikely when _
erected on a dense sand 40 rather than a-clay-based soil 44. Further, the

pernmeabl e underlay 42 is preferred to reduce the occurrence of the dense

sand 40 conbiyi 'gg 2Q Qelyower soi |l 44. Also, if the liner 20
devel ops. a |§§%Qgﬁgbun8erfﬁ§£42 Wil allowa liquid stored in the tank 10

ko f1ow avay whies kBt wallyor theUstSFdqs i hiof1d i donptetany B9 ehd an
underlay 42 is not used it is predicted that a |leak 25  could cause

consi der abl e baltdaigohogéthae ofiploe t £ ixsts andl 4heald st pandlddenber sold ¢
result in the collapse of the tank 10. ~ - 15 - |f the storage vol ume of
the storage tthekligers2foand therxeetdnay hedlasedda anagd enfthe such a

Sgﬁgﬁen&%béfég%%géégkéﬂgggb?g or renoving panel ﬁenbers.ll.qt banks of
It has been found that a support base~i;-not_essentia1 in
supporting the apparatus of the present invention, as the N
outward force of the stored substance is usually sufficient
to prevent sinkage of the panel members 1l into the ground.

10 However, it is to be understood that a lip may be formed on
the lower edge of the panel members 11 to further assist in
the vertical support of the storage tank 10.
Preferably, the storage tank 10 is to be erected on a bed
of dense sand 40 spread over a permeable underlay 42 on top
15 of the ground 44 as shown in Figures 2 and 5. It has been
found that sinkage of the panel member 11 is least likely
when erected on a dense sand 40 rather than a clay based N
soil 44. Further, the permeable underlay 42 is preferred
to reduce the éccurrence.of the dense sand 40 combining with
20 the lower soil 44. Also, if the liner 20 develops a leak
the underlay 42 will allow a liquid stored in the tank 10
to flow away substantially without errosion of the dense
sand 40.
If an underlay 42 is not used it is predicted that a leak
25 could cause considerable errosion of the supporting sand 40
and ground 44 and could result in the collapse of the tank

10.



straps 17. 5 It is envisaged that the tank 10 of the present invention
could conprise inlet nmeans and outlet nmeans for entry and exit of the 2N
substances stored therein.- Also, it is envisaged that the tank 10 coul d ¢;§i)
adapted, with the'addition of doors and the like and the deletion of the™
liner 20, as a 10 -dwelling. The dwelling could require sone form of

I nsutation and/or ventilation. O her nDdiprggions and variations of the
storage tank as described above are possible’”For exanple, panel nenbers 11

of a shape otherpg gﬁgtsﬁa?;%ed%amebgg Jm%rs'&ggw&nﬁ%lalqsb& u&g.%%gg/egg&gyt he

straps 17 15 coul etaint pane nbers Secured 1 n si

Si de_over 1-apDi N-athl S TR mayl befed cCANHAURMnED Uy Hirok Ry £RANESOT N

storage ta 10 woul d be coated with a corroSion resistant substance such

as pol yur et hane.refbdfhg Pandl mpRsEIer £1 bt Bdnkd ¥¢ Phhe PiBRBersheD ahdOQBrcoul d

be used 20 and thus may require ratios other than those nmentioned
her ei nabove. |In dtpgpsant.ext of the present invention, "snmooth", in relation
to the portions 12 is defined to nmean of generally uniformprofile between
adj acent raisgd It bs éhtisdded Tt thé taARGI0 ofeiaSpidiaht tiiveptichi 6nadl2 are
relatively snooth in conparison with the shape of the raised 25 ribs 17.
- 16 - CLAIMS l.comprideoinlst heais endputietighieans for entry and exit of the
substances stored therein. ’
\ Also, it is envisaged that the tank 10 could be adapted, with the
addition of doors and the like and the deletion of the liner 20, as a
10 dwelling. The dwelling could require some form of insulation and/or
ventilation.
Other modifications and variations of the storage tank as described
above are possible. For example, panel members 11 of a shape other
than that described hereinabove could be used provided the straps 17
15 could still retain the panel members 11 secured in side by side
overlapping alignment.
. It is envisaged that the lower reaches of the storage tank 10 would
~ be coated with a corrosion resistant substance such as polyurethane.
Also, panel members 11 of a width other than 1200 mm could be used
20 and thus may require ratios other than those menticned hereinabove.
In the context of the present invention, '"smooth", in relation to the
portions 12 is defined to mean of generaily uniform profile betweern
adjacent raised ribs 14, 15. That is smooth means that the portions

12 are relatively smooth in comparison with the shape of the raised

25 1ribs 17.



a) an.endless wall fornmed of a plurality of panel nenbers each having: 5
I')> one or nore snooth portions; ii) a first lateral edge and a second

) edge opposite a first late plurality of upright
ribs each located laterall y“m“mmmm ““ﬂl |“Loot h portions, all of
upright raised ribs prorecting i"n the*sane direction fromthe
or each snooth portion; and iv) one or nore integral |oops fornmed fromtwe
substantially parallel slits nade in the ? gooth 15 portions and having
i ntervening material between the slits deformed in a direction opposite tq
that of the upright rai sed ribs; the panel nenbers being disposed in
overlappinguggg§ and 20 b) at | east one el ongated endl ess supponglstrap
extending s ntlaIIy hori zontal |l y around the endl ess wall and di sposed

t hrough an ai hUray said loops to retain and align
adj acent pgn %m:?%@g' % %a\%{rt [ %n?%&g%&gy de by side overlapped 25 relation

and 1o brogyde Sugionieds? e 2BdhERS o2y plarahégosegsamk according to

members each having:

5 i) one or more smooth portions:
ii) a first lateral edge and a second lateral edge-
opposite a first lateral edge; P,
~ iii) a plurality of upright raised ribs each located
laterally of one or two smooth portions, all of the
10 upright raised ribs projecting in the same -
direction from the or each smooth portion;
and
iv) one or more integral loops formed from two
substantially parallel slits made in the smocth
15 portions and having intervening material between the
slits deformed in a direction opposite to that of
the upright raised ribs;
the panel members being disposed in overlapping manner:;
and
20 b) at least one elongated endless support strap
extending substantially horizontally around the endless
wall and disposed through and retained by a plurality
of said loops to retain and align adjacent panel
members in vertical and side by side overlapped
25 relation and to-provide support to the endless. wall.

2. A storage tank according to Claim 1, in which one



ofhthe upright raised ribs I's | ocat ed—adjacent the first |lateral edge and

anot-her of the upright

raised ribs is | ocated adjacent the second.latera%ggéb
=

edge, the panel nenbers being di sposjmunmm,"ﬂﬁnl"m manner with the 5 .

upright raised rib adj'acent the firs

one of the panel

nmember s bei ng cupped by the upright raiséd fib"adjadent the second | ateral
edge-of an adjacent one of the panel nenbers. 3. A storage tank according

to ' daim2,

in which said 10 cupping of the §q[d upright raised ribs is the
sol e. engagenent between adj acent panel merbdfs. 4. A storage tank
according to any one of the prece- ding clains in which each panel nenber

has at |east ty¥p ehe SPpFidOPSath&POSKENE dls QWcAtdeiadiagear the Eamel 15

menber in Order to receive one of the endl ess support straps.

5. A storage

tank accordi nglitefdhiedde and vinctheanhodHitHehaprdightatralieadt riye Lsops i s
| ocated adj acent the first |ateral edge and one other of the said at
20 two | oops i kotaoed exll pafercienthe reecrob it Heaadr @dgedgéhebpaAedt or age t ank

according to any one of the preceding clains,

| east

i n which each endl ess support

strap is di sposenbaib®teing diattasad vt loverd appiniggmeasew withhghenoot h
portions of the panel nenbers. 25 7. A storgge tank accordi_ng tg any one

of the pretedi ¥RFEFRE Faisef iR REHRIEEhdhes

\—/i
10
15
O
20
25

one of the panel members being cupped by the uprigﬁt
raised rib adjacent the second lateral edge of an
adjacent one of the panei members.

3. A storage tank according to Claim 2, in which said
cupping of the said upright raised ribs is the sole
engagement between adjacent panel members.

4. A storage tank according to any one of the prece-
ding claims in which each pénel member has at least two
of said loops disposed at equal heights on the panel
member in order to receive one of the endless.support
straps.

S. A storage tank accordiné'to Claim 4, in which one
of the said at least two loops is located adjacent the
first lateral edge and one other of the said at least
two loops is located adjacent the second lateral edge.
6. A storage tank according to any one of the
preceding claims, in which each endless support strap
is disposed about the endless wall and contiguous with

the smooth portions of the panel members.

wgdpdatesalapdpgs Pér ned

7. A storége tank accordinq to any one of the preceding

claims, in which each endless support strap is formed



-18- of a plurallty -of support straps joined end to end, wherein each of
t.he pport straps extends through "ﬁ_“TﬁﬁbS“bf a plurality of the panel

e SO as to retain and menbers in, side by side
dv ped 5 relation. ﬂq! ccording tdo Caim7, in which
adj atent support straps of eat en rt strap are connected at or

adj acent troughs created by the upright raised ribs. 10 9. A storage tank
according to any one of the preceding clains, in which the or each snooth
portions are forned of a single skin thigkness of material and the .
substantially parallel slits are made in the single skin of the genperally
flat portions. 15 10. A storage tank substantially as herein descrlbed W th
referencegé) %_ac %Qpan ng_draw n

ura support s%raps joined end to end, wherein
each of the support straps extends through the loops of
a plurality of the panel members so as to retain and
align said panel members in side by side overlapped

5 relation.

8. A storage tank according to Claim 7, in which S
adjacent support straps of each endless support strap
are connected at or adjacent troughs created by the
upright raised ribs.

10 9. A storage tank according to any one of the
preceding claims,_in which the or each smooth portions
are formed of a single skin thickness of material and
the substantially parallel slits are made in the
single skin of the generally flat portion#.

15 10. A storage tank substantially és herein described

with reference to the accompanying drawings.




