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WD 2004/ 067408 PCT/ SG2004/ 000029 1 PANELS FCR
FLOATI NG COVERS. FLOATI NG COVERS AND METHODS FOR

wWORKI4NG408IEM FI ELD OF THE | NVENTI ON 5 Thi s i npemiSGee04/000029

relates to panels for floating covers, floating covers
and nethods of formng them particularly for use in
llarge liquid storage tanks, fqr exanple for

preventing contam nation to/from the content of the

sandvvl ch 10 panel S. BACWN&)]'QEMTHE IN\/ENFI ON 15
Storage tanks are in conmon use at storage term nals
or processing plants where huge stockpiles of liquid
FRVDeFeHERINVENTRORNECeSSary for their continuous
operations. These storage tanks usually enpl oy
floating covers that nove as the liquid levels

Fhanefent®Ateldas® PAYEE SorPddlihg oRsrat ﬁSétln@”cd%?d B8d methods of
contam nation to/fromthe external environnent or

{osaringe thesmd Pardavlary fer, perint lRete lig4d csforage taRks,cloy eex@mple for

?Fe?/eﬁﬁf@ Eé\jmtlaﬁhldﬁgﬁ 1ot 8RR cOited! SMNRI ks BRH né\bépgl‘éﬁon losses.
hei'r ease wel ding and their availability

Mor speciticaly 'trr'iﬂﬁéﬁ ) §uch_m\@y5épelngt@@qe ffgmeqrg-f@la'fqatﬁgiesandwmh

bgheiti vely easily and are costly to maintain. For
alum nium covers, the initial capital outlay is high
but the mai ntenance cost is |ower than that of steel.
The materials of 25 these covers or their coatings
nust al so be conpatible with the content in the tanks.

BACKEGRQHRD QF dHEDYENTIORY v | ar ge and may range from

a few netres to about a hundred netres in dianeter.
Bef ore construction begins, a platform supported on
Siarpge taNksRre In Coarpi Ush @t Sirsage (esminals pherPCEsTIng @lasks where

hb&e @io%kél%%rﬁf iRuA rh® rhierisls 2Pe Abcd@aby/¥er %Wontlﬁthﬂtﬁ operations.
ﬁp construction is invariably carried on sit

%ﬁgst%ag%@r\lfatuﬁua"sbﬁmnmr floating Goves thak nmpo%@er fighd levels

BR4 es'éﬂﬁﬁathe%%d cb\ﬁér§ ﬁr@%ﬁér&%tééﬁbﬁeégf%lﬁs@ SoRtdnYin®¥n to/from the
overhead wel di ng from bel ow t he orm However,

feaah @md'foé‘ﬁteé‘é ohwozhaioARd aQﬁﬂﬁé§VaPé’rﬁ%“°th%ssﬁﬁf ki ng
space, especially that bel ow the pl atform nust be

[%ro perly ventil ated.
he covers are typically made of steel or aluminium, mainly due to their ease of

welding and their availability as construction materials. However, steel covers corrode
relatively easily and are costly to maintain. For aluminium covers, the initial capital
outlay is high but the maintenance cost is lower than that of steel. The materials of
these covers or their coatings must also be compatible with the content in the tanks.

These tanks are usually very large and may range from a few metres to about a
hundred metres in diamster. Before construction begins, a platform supporied on
scaffolding is erected and the cover is then formed on the platform. Due to the size of
the cover, this type of construction is invariably carried on site. Owing to the nature of
work, it involves welding from both sides, and this requires welders to carry out
overhead welding from below the platform. However, welding creates hazardous
fumes, and the working space, especially that below the platform must be properly
ventilated.



10

15

20

25

30

35

35 WD 2004/ 067408 PCT/ SG2004/ 000029 2 It has al so
been known to make such covers from sheets of gl ass

woOibiums7adki ch overlap at their edges and whi cRCa1S62004/000029

supported on their undersides by buoyant urethane foam
frames, for instance as is disclosed in published

pat ent docunent GB 983,797. This too involves
construction fromboth sides and in al nost 40 years

E‘—"‘ncfﬁ@% £ (@0&% haﬂi@c%cg%gerrﬁ olgx %%g{zglagsr fll{)rﬁ R’] overlap

Bt BeRrRdgbs uad Whith aré Beporicd dpr tuir dAdergidge lb?rb@bi/aht urethane foam
)anel for . a flo ver

P bR cfor (AR asya dieclobgl iR RupRRes RIeEY Hecument CB ag7o7. Tis

ERCiIAGSVaROENs@OSoNTroh® Bbides drld inMostidtefearaisifice publication has
wher ej n e first portion has an extent in the plane
B‘F’”teﬁty?ﬁwgfo%nd a first side facing the second

portion; 15 the second portion has an extent in the

pl ane of the panel, which extent is less than the

extent of the first portion; and the first portion has
SUMBURRYOF PRELNYENTITONRai d first side. According to a
second aspect of the invention, there is provided a
plurality of panels, 20 as above, wherein the first

PRESIIP] t@fonééﬁébeﬁdﬂ Bhe PRSe@n@Hien JRBRY Bldroviesd AegAdally planar
to thegﬁl ane of the panel, and the ed(ges of the first

pEPYanb Rengliiona;figeiing c effara Ugyid storage tgkibe panel comprising first

- Apg @é@brﬂaﬂgodrﬁbr% ifh Bbﬂitﬁcﬁﬁ@u%’dch(@fthérhélﬁ Wﬁéfremt ion, there

IS provi a bu& yant cover for a liquid stora g . .
tank &niiEt BRign Bap enratsnt o Gie ?Jﬁﬁ%lo the,PaiishaBd & St side facing
ﬁﬁ;@&ﬂh@ggﬁ@na fourth aspect of this |nvent|on t here

is provided a nethod of joinin | ur

gener q%%ﬂaﬁawoammé %etns@r% ?e pﬁ%@' Whishjextent is less

trinthe ex@nt bfaBé fikgportie:&ind Wher ei n each panel
conprises fi rr?t and secondﬁjgortl ons |n contact with

each 3P UshRArIoRnesan RPosed 2ertign onisae Bt edkh panel
havi ng an extent |n the pl ane of the panel and a

first, si de faC| cond ort t he secon .
AP 8ra sskond i e, bt i PoKdeRe Ryt of panets
@b dbbge, paRéin m@neh p@ﬂﬁbﬂ@f ehéh p&TH hbban ddae gxkemy ofthogonal to

e firs ortion; . ,and the_firs ortio avin
Uelehts P RABR, B L croep £b iedTekltpliinsdl aOfpknaianpia,bout each
Beheras above), and wherein the plurality of panels are
pl aced together, w th adjacent
According to a third aspect of this invention, there is provided a buoyant cover for a
liquid storage tank comprising a plurality of panels as above.

According to a fourth aspect of this invention, there is provided a method of joining a
plurality of generally planar buoyant panels together, for use in forming a floating
cover, wherein each panel comprises first and second portions in contact with each
other, with the first portion of each panel having an extent in the plane of the panel and
a first side facing the second portion, the second portion of each panel having an
extent in the plane of the panel, which extent is less than the extent of the first portion;
and the first portion having an exposed portion on said first side (or the panels may be
as above), and wherein the plurality of panels are placed together, with adjacent
panels abutting each other, the edges of the first portions of adjacent panels which are
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35 panel s abutting each other, the edges of the first
portions of adjacent panels which are WO 2004/ 067408

woCT4Pa2084/ 000029 3 orthogonal to the pl anesPof/SGh@4/000029

panel s being in contact, the nmethod conprising the.
step of: inserting infill portions between adjacent
panels, the infill portions extending in contact with
t he exposed portions of adjacent and abutting panels..

j e buoyant yer above .
SrPlgnel oS PIRGE of B BTSN Boflort SeRes B hetBy 2pbiing tme
Atepoofdi ng to a fifth aspect of this invention, there
IS proyi A nst.r i n 10 a. fl oat.in L
cover THesTs Pba0s frERn shizEie s, i, Bibte extending in
whetaet with the gxposddspatiens ofedjacehtyarjdabuttthgtpapelsher by
peopl e working on just one side of the cover.

According to a sixth aspect of this invention, there

IThispmay ibdadsed togtrduhaecf boayant coreriasgabode fandat iney s wanethod of
for .a | iﬁéjtid tank froma plurality of panels,

é%r%lpqgiﬂ 'rlghcé’vg'f'eps of : 15 placing said plurality of
panel s on a formwork; joi .ni ng sai d panels together;
DS Bl SR 668 A UL By ) B
@nfoatingecovér fdrea tiquie itaniZfloca iutality of padelsewastdn the panels are
3585kt M AP AR bR B e B B T ™
cover formed by a plurality of panels, as above,
st_on

QBT 9, S0 ST Pl PP RS Ry of consrctin
lzeftoatieg corb f?m@ lebjuichtiaink Fromoa plh(:jaﬁ]’gy?oﬁqbaael_pa?&jgpr&e@qhd sLeps of:
t - Vi a pressure differential between the
|tO g;t: ?Pga“ﬂgf%'%li’mgﬂ@ (ﬁfpapﬁllé cineasflop’ﬂdvor orts and the
out si daniof shidepanelsdogetdet andi ning if there is a | eak

bet ween_t he an esti port or said one of the
testi Sm%ﬁgga@r{émwgﬁ(gutsi de of the cover; and 30 if
t her e wherein ltiesajojningletap ipfigr togthe hembéad step is accomplished solely from

one side of the cover.

According to a seventh aspect of this invention, there is provided a method of testing
the integrity of joints in a floating cover formed by a plurality of panels, as above,
comprising the steps of:

providing at least one testing port in said infill portion at a boundary between
said infill portion and a panel second portion;

applying a pressure differential between the testing port or one of the testing
ports and the ouiside of the cover;

determining if there is a leak between the one testing port or said one of the
testing ports and the outside of the cover; and

if there is a leak, identifying the leak.

Preferably, a pump delivers air or nitrogen to the test port at a predetermined pressure.
A liquid, such as a soap solution, may be used for detecting leaks from any defective
portion of the cover.
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Preferably, a punp delivers air or nitrogen to the
test port at a predeterm ned pressure. A liquid, such

wa0@/so@mp sol uti on, nmay be used for detecti ngPCeak2004/000029

fromany defective portion of the cover. 35 WD
2004/ 067408 PCT/ SG2004/ 000029 4 A plurality of drain
hol es may be provided at the lower surface of the
floating cover of one or nore of the above aspects

BRbIEFah@Ee?Q?élR-Ho@g r%y E@%r@%\ym TJ% éﬁ%@é‘%ﬁ%‘é f\g ating cover of

now be descri bed non-lrmtative exa
\ﬂ"?t?rFE’F%PEWG@bOY%aWﬂ? sacconpanyi ng draw ngs, in
which: 10 Fig. 1 is a cross-section illustrating a
typical liquid storage tank using a floating cover of
the type described in this invention; Fig. 2

BRIEF DESCRIPTION D AGEITRgANNigs al | s of a sandwi ch

panel maki ng up the fFoatl ng cover according to an
enbodi ment of this inventi on 15 Fig. 3 illustrates

ThHiSAverieh WAD

sandw ¢h paneﬁéwggltd%bérfbog her and IE;' Sa%é,%?émalﬁs with reference
&Wﬁempa@wwrmmsmwﬁmmm parts of Fig. 3.

Fig. Sillustrates a portion of the floating cover

wWwth a test port for testing if the sandw ch panel
JF@ Atig afressypeatiog Miustrating, a éypidal liguid atazsgeataparusingra fibating cover

bh@eft SREbEPN other test port and a drain
port. YRR nEPhis VERUGRO) AN g. 1illustrates a

| arge storage tank 10 having a cover 12 floating on

Figawi ﬂiuétfhtessgrogg%éﬂld}%ﬂ dbfild ¢ 4 ch hg%r}eﬁl@g a8 '8 the floating

cover 12 is nade a nunber o

s Rreddivaie P8 embpd@wrﬂog@meventmh;e cover 12 includes

ot her conponents for operation of the storage tank.

For _exanple, a ring flange, with a cross-sectional
EWapdlusiratas Gressesqciignal (detdils wheoe twie grefaiFicatedusahdivivh panels join
fRetHeheil edge of the cover. A flexible metal seal 16

is mounted on this

Fig. 4 is an exploded view of the component parts of Fig. 3.

Fig. 5 illustrates a portion of the floating cover with a test port for testing if the
sandwich panel joints are airtight.

Fig. 6 illustrates a portion of the floating cover with another test port and a drain port.

DETAILED DESCRIPTION

Fig. 1 illustrates a large storage tank 10 having a cover 12 floating on liquid 14
contained in the tank. This floating cover 12 is made up of a number of prefabricated
sandwich panels joined together.

The cover 12 includes other components for operation of the storage tank. For
example, a ring flange, with a cross-sectional shape of an inverted "L" is provided
around the peripheral edge of the cover. A flexible metal seal 16 is mounted on this
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WO 2004/ 067408 PCT/ S&2004/ 000029 5 flange to
co-operate with the internal wall of the tank to keep

wohaemomoent of the tank beneath the cover 12ram8GR@4/000029

prevent external contam nants fromentering. A
plurality of vents is equally spaced along the ring
flange is to allow for expansison or contraction of
vapour that may be present in the tank as its

ﬂmgeetbadd;ds@rat@rw.ﬁﬁr@tihteﬁ?alw Stae téﬁlﬁ%rkeéettﬁé) 85nt8ht of the tank

ent al s rovi ded, for exa
'Eﬁ%ﬂ‘%é’ﬂ?r f% 1p Yans exierngal pentamlnems frem Legtemogbee plurality of
%mé is%hua%@@;ﬁhdeﬁ%l&@tﬁé ring fla TTéwé s aﬂawtf&eeﬁpaﬂ on]; Ep&gntractlon of

and ﬂ-nag | onger fl oating IS 1S preven

Y&PAR mPé(rbec%@%@H "b?‘%@‘&% te twe@guurevamedurmgehe day Other
’@’pé@ﬁﬁ@erﬂé nidyalsPHé Bfivided, Fb‘r”&&ﬁiug%gé vacgtRmPf)fe'aQerr\%n? gllow the

lespfunCP Rg gﬁm nts are arranged OW sa
danksrde begmpiied; when the erver iskeesting=am thectank aoor and is no

I
oGS, T 1 AR B oA g g

frei conéprih ist Riseped o18. r oof and fI oor of the
tank and 15 passing through the cover prevent the
over 12 fromrotating. Vertically extending | egs 20
W'%%W@BQ&O'%PWWWG@! dveidel i allow samples of the contents of a

tank @6 R faken.TFESSer! %géa@q’ee p&é%ﬁéélg%afsg praRRad tf%'t H?leg?mmg the

cove 12 when the sca een ~ renove
Yol RS dre caniend dpinsttagk-and before the tank 10 is
fllled with sufficient 20 liquid for the cover 12 to

'ghoat The | egs, 20 al so 1pr ovi de headroom bel ow t he
Jdipgs, guen %la Yi$ ieRh d Bcled urgiween thearepitare faoresf the tank and

REPbehreudh tHe arat §re9€¥rﬁrth@c '15‘?110% fo?atﬁ’\h provi ded

for mai ntenance purposes. provi si ofis for the
operation of the tank, such as the vents, sanpling and

\ehridaNy e?(ﬁenﬂmgﬂbés 203t sﬁéﬂe@téﬁéﬁ %él&\k 'tﬁegéovei q?%t Pegular intervals.
qole hat ch cover, etc nea

ﬂ%ﬁ& 89h AR PEpEdad, fo support |ﬂaﬁ1ge\z;ert 82 avhepwthehegaffoldingehas been

rémbt/@dll after thar ébv%pié"'&ﬂnﬂvefeﬁ AR bé*\l:;\i;eo h%ot'gﬂ? q%rl‘i%?lll%g\ﬁtﬁdéﬁﬁlment

22 covers th

0
"BP'é‘f 85%’"?0‘%9@’%1%%%" chhepgge RO 3so mgwde h@adfane hefow the cover 12
b mamtem@nc@pawpoéé’s A ﬁatéﬁlewﬁbrlc%mp@ét%ﬁth%%sfs' r é'?neiﬂ-igole is also
fause panel is very much thinner t I's
Hr%‘ﬂgeogf“m' %narpﬁ@urpéqsge, ve depth and width is
distorted in Fig. 2 and other figures. Likew se,

.[ihﬁere IS %ortlon in the relative thicknesses of
8e mqw%qr}g,n# ation of the tank, such as the vents, sampling and drain

points, anti-rotation fittings, legs or man-hole hatch cover, etc mean that some of the
panels have apertures or flanges to allow them to be fitted, or are formed with various
components already installed.

A roof 22 covers the whole tank 10.

A prefabricated sandwich panel 30, used o make up the floating cover 12, is shown in
cross-section in Fig. 2. Because each panel is very much thinner than it is long or
wide, the relative depth and width is distorted in Fig. 2 and other figures. Likewise,
there is a distortion in the relative thicknesses of the different layers.



10

15

20

25

30

35 WD 2004/ 067408 PCT/ SG2004/ 000029 6 Each panel 30
has a | ower glass-fibre reinforced conposite | ayered

weoandioem™o82, an upper glass-fibre reinforced eOmsSG200800029

| ayered portion 34 and a honeyconb section (portion)
36, to provide buoyancy, sandw ched between the | ower
and upper |ayered portions 33 34. Each portion is
preferably continuous, in that there are no holes or 5

E@ﬂﬁ p'ahbl B ¢avay Id\nférr%% ﬂb?@%meP&dp@diﬁé&ltérI&yér@di '?)%Fhon 32, an

vvlthn%he | ower | ayered. portions 32,

URPgeb < BreBinialied SaBPesiel RueTPd SRMIoRGA 804 hanelEamih section
ﬂSb?tlérQVw to @Vcﬁﬁdédbmhéyp %aﬁé’wnéﬁ‘éﬁ bBRVdRRRE 10w &iAupper layered

gortl on 34 are thenselves nposite, |am nar

PRGBS (H2eH oﬁa%veﬁt*a{' ig a@réb'vwﬁn!&uw that thare arygodholes or
fbbﬁzﬂ Bl thelWay? fHr SR theM. ‘Tﬁé 'anélé' ake féﬁe@ﬁo@eﬁﬁédf witR $hélower layered

i nst ance oxy Vi nyl resin, gl ass
PPpicas 32 T‘?f@egﬁ%§dﬂﬁ S f‘éﬁ"b"“@rqr@l‘ﬁ féaeélag FﬁVQI i2f er ent
patterns or dlrectlons at least relative to
i_mredi at el y adj acent 3éers to provide each panel wth

LM
Betutheclgwst fayrtpdhportien t%@rfhaémpﬁé!ﬁyﬁ@@hmm@w34 are themselves

R6PPBSiHd, 88minkP dtiticlfEte bftlseGOEP ®5jetd, Ofachl Bf WHI&) contains a liquid
exenpl ary enbodi ment, the | ower "and upper |ayered

peWMedR’ Tesin S4ch a8 30 EPRRY Tasilyder @ﬁta@g% [epeXh&iny! ester resin, and
aldsB AL, q’ﬂe@@gs%r@% §rfeedr%ﬂ§at&ﬁﬁ’mlff§renﬂ Fatfches & ﬂ{é%tléﬁs at least

each panel | ower |ayered portion 32
F%Wnﬁ?s'f“”@%ﬂﬁtélb’)aql%@é? laysrs ‘iOSprav'we,Wa rpanabwifle requdred strength
4Rd ¥tHeRyBSiIretdméchamichl froberfBS. Or Ml ayer 44. An R-layer

46 i s di sposed above the first M layer 44. A second

M| ayer 48, of a simlar conposition to the first

W banas! %pésltlow erﬁggxé?ﬁ‘plé@penﬁﬁocﬁhéﬁl‘{ e Fo@vergﬁﬂsudp%r layered

t he topmopst | ayer of | 'ower | ayered portion 3

Pertiops §8e3fharﬁ ﬁ@rrahmg@wé egeh piher.Ritheyeloryeading .daﬁ@rem amounts
#bthépare@ach pyedied. portion 34 is the inverse of the

| ower |ayered portion 32, with a V- |layer 52

upper nost, above a first M| ayer 54, above a R-I|ayer

fbthahewsr Iéy@r@@ ®b6fiol32] MeabwdProstUuEdt) Ia?eﬂﬂji El§ ank laggre Above the
&og& d Isa@éFS‘f honeyconb secti on 36. V-1 ayer

et orM-Ryer 4%6“\%%'3%%6@1& WﬁP‘%ﬁﬁéra@H@dhe first M-
tdyer uap&y sé@Y\GrlﬂdaertS Q4 agélmlﬁa\b%nlp%ltléﬁﬁ@ tS@Wﬁtaﬂfl Iayer 44 is

0 ition t hei r rres ondi ng ayers in the

ey RN 196 opBreyes A55 Pis fh ieIopRg Sl ey S nesowo gyarad porton 32
by & SdjackAt tHorBeRIcAoF NS héHdybsmb 8bttioml #ss fibre nat

of C glass reinforcenents and have carbon (and col our

pignments if desired) and enhance
The upper layered portion 34 is the inverse of the lower layered portion 32, with a V-

layer 52 uppermost, above a first M-layer 54, above a R-layer 56 above a second M-
layer 58, which is adjacent the topside of the honeycomb section 36. The V-layer 52,
first M-layer 54, R-layer 56 and second M-layer 58 of the upper layered portion 34
have the same general composition as their corresponding layers in the lower layered
portion 32.

The V-layers (surface veil layers) 42, 52 have a surfacing veil glass fibre mat of C
glass reinforcements and have carbon (and colour pigments if desired) and enhance

the surface finish as well as providing weather protection and corrosion resistant
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the surface finish as well as providi ng weat her
protection and corrosion resistant WO 2004/ 067408

wOCT4Pa2084/ 000029 7 properties. Typically thegrace4/000029

about 90 - 95% by wei ght of resin and about 0.5 - 0.6

mmthick. Different V-layers wthin the sane panel can

be of differing construction. 7 The Ml ayers (mat

Iayers) 44, 48, 54, 58 have a chopped strand mat of
(%%ﬁlegl bR aly fl’n@?taré‘éﬁo@fgt)@?ﬁ% By {N@@ﬁf QISreQHtarﬁlrﬁoou&O 5-0.6

orlentated. Typi cal bout
mm thigkg rﬁlff@ﬁnﬂééaw%wmaﬂmame manel tan benef diffedng consiruction.
M| ayers absorb relatively nore resin and give
rel atively higher resistance to corrosion to the

Tbe b (ULdmets) Fhreh e 58 hves ppesind Rty aless fibres
Walt Bidof &@taﬁ?l@?gﬂ%rﬁ}t IgFt?Fer%nﬂU ofiertht8q! '\l}%lcally thegl are about 60 —

construction ayers MDVGH ro

48% moweighieofaesiowed about hd nde om tgicks I henl\%-layers absorb relatively

gﬁg]&% rgﬁlg@ Bﬁzé rélgﬁfﬁl)gﬂgnépﬁégﬁgﬂg géa‘?oﬂﬁ%&‘? ﬂgtp%“%o%pos:te layered

peitighs 3 34s gyers 1within the2 samet haod. cqmdoet of differing
tations of the reinforcenment, the R-|layers

%?lgs\s@ge&ﬂecham cal strength in two directions. The 15

| ower resin absorption of these |ayers increases the

ghésﬁ Ié)}%r% Qabled @Swﬁ’g ‘gagg?e)r tn%gqugvrg d %(/gﬁ‘%glpﬂ mat of glass

nmechani‘cal 'strengt ayers within
seinferqseneats th@taafewven irtfiwfof mrpwlwmegmrisdiyplqaﬂe they are about

W@[‘ﬁé@@@ r‘&ée%ﬁ of A&l §ndT§g(§Jt°|f a POl (H(y | 8¢ t&fﬁ%eonentatlons of

. ranes on eac Slde I nner
P reinfeisemeniitthedhieyensaprevide duechanival aicermﬂw QV@ duecttoos The

Rf\h%\‘elté%inr %E%%}P{?&Fe&frﬂ‘lte‘sé’nlaﬂlé\'golntcré%s%gljhé Qlfasé hg Fé%fr? ratio. with

non- woven er nopr ast

p@msmye@tnlcraamﬁf\mephm%§ﬁrﬁn@ih Dﬁ@r@ﬁrﬁrt@yetsewmryém%aame panel
eg,ﬁrgé gﬁg,ﬁgﬁﬁbe&n\g@hgt,oho penetrate and bond to the
ne

rane's surface. The resulting bond contributes to
the overall structural integrity of each panel 30. 25

ﬁé%oﬁ?ﬁﬁ@?l@e} 3y & maeditt bBI? &PS/I@ reb%th two membranes on -

subst | wth other types o cor

Raciesifel Andrnes aamiyane pempanespy amc@es Tmﬁwemﬁ@d @@Is g@p@ seal to
gﬁﬁ/@ﬁpfésﬁﬁb&%t@tloﬁ |ﬁt6%8rc\élls BAgle Qéﬁel Ah éﬁéfﬁh&tﬂblla)‘le of a non-

m square, this size being selected on a wei ght
@qov%éhﬁrmp@lag@c l@‘gatp@rpmpn@@djog%ﬁ@ aesin of the composite layered

?gff@gé %@g%‘rpﬁé? 10 gﬁﬁ@trﬁé%ld HohdNBtthd ARNIFANYs QhrfaR! §8e resulting
bond conqubutes to the overall structural integrity of each panel 30.

This honeycomb layer 36 and its core may be substituted with other types of
lightweight core materials as desired or appropriate.

The panels 30 are prefabricated at a factory. Each panel is typically 2.2 m square, this
size being selected on a weight of about 70-80 kg per panel and general
cumbersomeness. Each panel is not too heavy or large for a group of four to
manhandle. As most storage tanks are cylindrical, a cover for such a tank would also
be circular. This means that not all panels will be square, but some will have a
rounded edge according to the overall radius of the tank.
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manhandl e. As nost storage tanks are cylindrical, a
cover for such a tank would also be circular. This

worendet40at not all panels will be square, but PEDISE2004/000029

will have a rounded edge according to the overall
radi us of the tank. 35 WD 2004/ 067408

PCT/ S&004/ 000029 8 Ceneral ly the conposite is nmade
in alarge continuous and uniform sheet which is cut

into ropriat el i zed 0. P t

GanareiiEite Rrsisie froveds 5 e Spiibualatd fifor 8RFyicn is cu

i?thcﬁamdpriaw?\suz@a pafhershmmpomoﬁss of edch pangdard thenl removed around
e u

t 34 and h nb
b SRS ahve P 8 aprB DS aes  EUGL Iy . g Sariedly 3% upper
I%yékt@ﬁ'ﬁbrtgdzﬁﬂzﬁta?d ﬁoﬂréyc@mb@e%cdf%G Elr‘]w&rﬁd\edlﬂlmnea striyy evordd every
portion exte ong, t
S B NS RP B LB St Pile- 3R Wi lo@spYerd portion 32

BRERALO.1APbéydNEARE u@pérelﬁf/ér@fi pomdnim Eh@lfnen@fcotﬂbesqmmel% in an
30. Further, the t

Broseh PORIGN 5k i aach @as%tgon i dag, P\Z% ﬂ%&é%ﬁezgobﬁha%‘we top V-

%S/ert BBis étﬁ[@pefd bk d\/bit Wﬁh’er atits é@@ésﬂ Iéahrirtg & exposed slriplao of the
de in this

cours | s do not
F%?\flEStt'\é qu@r%rﬁggg fﬂStSHiPéSMW Wldﬁé" "% %&ﬁ%rm can be
achl eved in the original fabrication st age or i n other
ys. Before install gtl on of the co

Ok spirsp dhe ganals dpdat aV%Fﬂjb%f%mﬁfif'B?fw ves, &*@ %?%Qﬁ%é&" can be
g6hib et in tieomana Fsori2Btidrrdtbdelotin ditfe? welsi re cover 12

can be laid out with contiguous contact between the
edges of the |l ower |ayered portions 32. In the spaces

eefbv@ ldslkﬂlaﬁM aﬂﬂh@d:oadg €3, fofm ok bmldiﬂ@bseéredteﬁwnﬂi Dpktform is
surfaces .are rou

t he u t
BechisoArRa TRk s otio R DEkiag ol BF e Epteg T o Do Tl out with
e@gabes cb\ﬂt(d:trtﬁat\ﬂe@’f hdeedges of fe labeiby&e) pottont i$l23 Irhiae spaces

not been be T | t
5 D1 BCSRLL BROS Bhienwed rsre Sorihd Fhafifioppf rorizontal
@gmsv?a kodm:@de@ Yithasaeldpapent erf'lanyl dltrtg .or Ainikzir Ialbratg;mgvmrexample
.acen anel s . 3., A .
gpgﬂg gara élz? of M&H) bf?{hl's_-lhas ngt l();eéegu aﬁg@gy g’ég‘?\ 88@% J qer{esultlng
dost ié/rémwd hysvdduem aemling ditiewisbahexdsihadeatay aaisegweak bonding

ea t3 of the Ilower |layered portions 32. However,
PAEIRINTRIS:  ust filling in the gap between

A joint between adjacent panels 30 is shown in Fig. 3. An exploded view of this is

shown in Fig. 4.

The resin used in the V-layer is then applied to the extended facing edges 38 of the
lower layered portions 32. However, rather than just filling in the gap between
adjacent honeycomb structures 36 with more honeycomb, a reinforcing structure is
mounted over the joints between adjacent panels 30. In particular, the gap is filled
with what amounts to a narrower inverted panel with the top V-layer 52 completely
removed. That is there is a reinforcing infill composite 60, having a first M-layer 62 in
contact with the abutting second M-layers 48 of two abutting lower layer portions 32.
Above this is a first R-layer 64, then a second M-layer 66. Atop this is a honeycomb
structure 68, on top of which is a third M-layer 70, then a second R-layer 72, then a
fourth M-layer 74 and finally a topmost V-layer 76.

-
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adj acent honeyconb structures 36 w th nore honeyconb,
a reinforcing structure is nounted over the joints

woebmmenioad] acent panels 30. In particul ar, thecgap2008/000029

filled 30 with what anbunts to a narrower inverted
panel with the top V-layer 52 conpletely renoved.
That is there is areinforcig infill conposite 60,
having a first Mlayer 62 in contact with the
abutting second Ml ayers 48 of two abutting | ower

| ayer portions 32. Above this is a first R-|ayer 64,
Whilst itaissieessitde 1 Ipssfabricste the 8)ilqompaste aﬁ%wne%%rbfor improved
s‘ﬁ‘ehﬁtﬂtly fsep@%rre%”ﬁhbpﬁxewbé’\ma@@ i Sitd tlh'p’aﬁldMHraé( Q:bta_ﬁ%ed resin is -
then a second R- : en a 35 fourth MIlayer 74
a@puecf forfhe |eyp@sqdcﬁn%§vghﬁne§;ﬁélff69® 50f theGEFeRsyMdavers 48 and the
i eé R QQ?@%% ong I\A\Péﬂ &ta tifhel éltm%thbé&ht i8yer prefabncated or

abri cate e infil corrp03|te 60 anels
mersrrsefetablyseachrigire madeiis i, aitrsosne @ HB? r@%wwqm between

{1@ aEHﬁIH% gb%bsgﬁd gf @H Ip%helsfl‘o fafb3bin 35 rt&‘%tﬁbr' %ﬂe@@ﬁéﬂ %9((3{ is laid

hened sSurf aces he secon
doming it ds gomaacae@j apth elrQUghlps ﬁhat@aﬁ»‘d@ﬁsmeéentsarawleidéwt dReexample
dﬁﬁ@%mﬁﬂ oftelsi M8, either with each layer prefabricated
nor e preferably each layer made in situ, with sone
of the resin seeping down between the abuttlng edges

é&or%f r\é I?@snﬁ’ﬁaﬁ{ha? g*fé iﬁﬁl\ QedoﬂHrM Jdyeret 98 el @i first Rakyer 64 in this

each layer iIs It 1s’conpacted and air
Iowemtwturalanﬁlh@@m% 7Bhes hardened o Giresy 2gatalysegresin is applied fo

tﬁ%ﬁxgﬁé&deuﬁ'tﬁ& rﬁ'ﬁth%eﬁ% (?eétﬁzcl&g 6§9c{n‘artﬁlst|§1%pbl%‘d' 1 the top of the

ngthe|n Secon | ayer to the infill
ifrfill sacord INdeyer 62 ||ﬁ13ﬂ1$ldsd0Wfb%Wtht%é'ﬁtd fighas ganpplgtely cured. An

|Hfﬂrfokaosg'uz{%r§]%§flllwﬂﬂﬁpﬁﬁ vifh the rr@rﬁaln ngQ*éié,y i8 @by &gﬁih@d $the top

he 'under si'de of the In honeyconb
@‘t adtlflllr korgycanl simickire §8apﬁgﬁ'@dh'§ ds deee tppa d@yetf Hy layer basis,

éd?ﬁﬂr%ésﬁ&ﬁf%ﬂgy% LAY %Illﬁésoutl the iafr HidbRsEA0A ti*ﬁ'}é Wﬂhlg Bb@pletes the

letely cured. An 15 infill
jsint.uOnge &ll thehf:wqr ipietsthiaye bgen campletedsdhe B?PaWﬁaﬁ@ can be finished

YRR Sny eﬁutrgaafbpa&glﬂed to the top of the infill

oneyco structure 68. Again this is done on a |ayer
by | ayer basis, conpressing the layers and rolling

P cleBforPb the Wﬁllil'cﬁﬁmgﬁfé“&ﬁ telBets the §re@ﬁ@?ﬁ)b\eﬂ1§$nltlél Q:omposrce from

joint., Once all the cover joints have been co

Wh'éh tthp PeviElaee t%me%e Fhusi Eibere e a%uq%abﬁng\%%ruprpgasses in

g PRkt K& ddifid B @éﬁéc@&a |ﬁfthé Res4tibh Idf ltheCIhﬂPOEFhisEm@eChs that the
ectsthe creation of the initial nposi te

il oRS tsiailas avepertiay &o fher Rarels. Ttﬁ?éi'tima'!mrf@ead}sethat t the heights of
AUE 1aRRE Rthd SR cRFRPBSE €S heldhts of other layers in the panels. In

particular, the top of the infill honeycomb structure 68 is level with the fop of the
exposed top first M-layer 54 and the infill third M-layer 70 is level with the top V-layer
52.

Further, the top infill structural portion 80, that is the third M-layer 70, second R-layer
72, fourth M-layer 74 and topmost V-layer 76, extend further outwards relative to the
rest of the infill structure 60. It is about 0.4m wide, whilst the infill honeycomb structure
68 and lower structural infill portion are about 0.2m, or a little less wide (fo allow resin
between the panels 30 and the infill composite 60. This means that the top infill
structural portion 80 extends as far as the exposed top first M-fayer 54, the infill third
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, rﬁﬁ@r@m&@@rmw Hesistances

creating that, they could be reflected in the creation
of the infill. This nmeans that the infill has simlar

wonrop®ct408s to the panels. Additionally it neaReTASI2404/000029

the heights of 25 various |layers of the infil
correspond to heights of other layers in the panels.
In particular, the top of tH€ infill honeyconb
structure 68 is level with the top of the exposed top

N‘niléy%fr 78RR t84hafsh é)fifésédl%uﬂfécetiﬂ 6ﬂthh’|1b@ﬁf§t w&yerss4 The top

VAP FOgTRLEEGrS DHBRSb oW 14 RiRosPd 4 rihpdop Stuctural nfl

Pértich 86, 6Goin Wlﬂ’dth% topNelayersB2 bfaHe pandls |baiey joiréd aeccomplete

topnost V-l ayer 76, extend further outwards rel ative
"h@OPWéPrqt@%ttVeéﬁyefhe infill structure 60. It is about
0.4m wi de, whilst the infill honeyconb structure 68
and |l ower structural infill portion are about

2 ,
Afteri gamplefiars 6T fraygoyarotha fAIM Weds 1 reseRreeiiomnioe ‘Efnﬁ’&?éde and

é&o@é@e&%’é‘é 6rf‘fhb|dnd6%|iﬂé0§rbts@alﬁ8 an&rhérﬁlnﬂl%ﬂ%thtélﬂhhbh‘&-layer This
i nfi 35 structural gvrtl on 80 extends _as

& than peingnecessary fortSHPPQ} V\D

2004/ 067408 PCT/ S&2004/ 000029 10 M1l ayer 70 bondi ng
tothetog O%osed surface 40 of the top_first Ml

B copgiruc theygayer7t? Hay seRalsePARTAILY W% can be

&ii'ﬁé’@ 86k ﬁénﬂ §¥st @heldif, HiRPtopLJiAL; tathahgh Mk PréferrB@fihisAg step after
0, tojoinup wth the top V-layers 52 of the

mwi@uqrbﬁn@%fﬂe@ SUE bRlIet Ihis in@apit dre i drefadl Jodt ‘596}6"9'8 are
SorfiEERY &@;gﬁb%dg@nwﬁif\ vbARaICEHRE neikhifd ééﬁHTbM@f Knd Sithout overlap.

removed from thé underside and exposed edges

Tiig ensaife “éﬁteP%‘é% «lp 8Rb heXei tﬁa‘t“’@@‘ W cremaPsd, @Pﬁe‘?a‘ry ventilated

6riomieRs un&r&'néath' thekébyl ifRFMRY %tyoBkédﬂhlhgéq&bﬁl@ﬁﬁs therefore not
rat her than being necessary for stren

BOAPSEANICER GPSdTo DRG] QbR HSSbSe FyRh @@63?%{? &9 ﬁ?fé’P\ée'@%ﬁts in-work

Qé/ncﬁthuln§ amBlceed. can be carried out fromjust one side,
the top side, although the preferred finishing step

after conpletion is carried out below. This is partly

@ the héod @Fboﬁéﬂl@btlérh Qh@@fé‘?élﬁrlcafeﬂ pafh@&rwétjﬁde(ﬁ(i@@tﬁe@ to form
edge, with vertical §9 xt to

t
a0 BRUR CUPERURS ST SUHEMHL R, THRCPPRIoNc RUTeh A pever that i
hfé.Wbl%fémldétmpmeaﬂaatoﬁaahd nvigiidl vdreds tarrieanslittdrosite. As the

Bt BRI A BIRUPAATDP Tolpyas ALY, SHTRYBLasgpeans tha the

Qﬁlﬁqukplrﬁ?riﬂﬁ 8flthe0cdVeE thudfermidie IsereRitielly rﬁppmrteﬁh@t if formed on
Itions and cost Wtht%s met ho

it JVitky this (methpﬁ,ethﬁr %qtg%ﬂ gﬁre@”ﬁ%\ g2 é;pger gl ﬂg@ shorter, which
hRaAs Best shoinher m

The lower and upper layerad portions 32,34 are formed layer by layer in the factory to
suit each application. The resins binding the fibres in each layer may also differ from
the adjacent layers, and together with the glass-fibres, each layer provides the
composite plate unique mechanical properties. The composition and number of layers
of panels can vary from job to job, within the scope of the invention.

In this example, each lower and upper layered portion 32,34 is 4 mm thick and the
honeycomb layer is 60 mm thick. Depending on the size of the cover, the core
thickness, the spacing between the supporting legs, the self-weight of the cover, the
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20 an entire cover having simlar structural. |ayers.
This nethod provides a cover that is nmainly

wonefimerdo8at ed at the factory and m ni mal wor KPC$/8G2004/000029

carried out on site. As the working conditions and
quality at the factory is easily controlled, this
means that the structural infdegrity of the cover thus
formed is relatively superior to that if fornmed on

s°ti"etn§th W {he erthaﬁEeélBQ@ fi blte@etr%nﬁglﬂ? bPlhe BvetOfiel &inpt@ite plate

ver 1s also shorter nmeans, Cost savin
ﬂnwémmrth%wle@rp@ lamingies SV adhfelagye tpeaghothes, Sariy, the

GhEGErRY tilué’féﬁ%%s iof duffbef 3¢ hBhdydomb RYbE nRgak lncreased for greater
app I cation. The resins binding the fibres in each

steapgth ererjoiditys a’ewt fig also mogsiblettn én%aﬁam:@ FPMMBFeFAMPOsHg thickness
G S o B Il b per.
The conposition and nunber of |ayers of panels can

Tie )éxéds%m éd?ﬁbrfsoinl {8 de‘é’cﬁ!fédneﬁ\BSdlﬁféﬁpﬁré)b 1tnh‘§wde The invention

I nventl on hi s exarrp , each | ower and
coupE etmep@pw@weszasszequged, Fiar texpawlea ey H%U‘d H@?Q;%/E@Wbo 05 to

b Q)heér tb%ﬂ@é} vﬂ?ﬂﬂs hitgk. ex%?l@féﬂcgf "t‘lge Rﬂ/e? /efdZSorfibn Bh Qelatlve to the

hi ckness, he sp aCIr@% bet ween t he
Q

lsmqapdﬁy[erqﬁg)qr@ggm @m@cg@ﬁﬁ and g}ﬁowﬂap bt R infillsfructipggl portion
g@%@é&’@%ﬁgé &b/ kﬁ@?cgglﬁ/ RO QReRent kﬂon@%ﬁ@ﬁ‘%ﬁﬂéro‘indt&% be varled as

resin and gl ass bres, the rigidity of the cover
deswpdsfor @Sﬁ@lné@ depqnﬁlwﬁ@ tyie @ H@S'ﬁ Hﬁ%ﬁ“%f g %\?@h@(@@ induced

HedeHbihts L : Iﬂ&le@{férvﬁletéfe&adﬁ‘n&tﬂé%& to ﬁé\?@ ‘J/éHE‘ da) fadeBSout can be
oneyco i c

ness or nunber of honeyconb | ayer may
slep¢ creased for greater strength or rigidity. Yet it
is al so possible to maintain a conmon conposite
t hi ckness 5 and strength provi di ng nore supportin
Tegmatarialsiehosembsr the @é/ebneﬁ@ b?cﬁPéTﬂpal'%ﬁéN'Téktbéé'%'d in the tank.
portions in the described enbodi nent are O 1 n1mnde
The invention covers other possibilities as requ

Foe cepleisddloatingbgoves 12 maydiegd te peiepeotsdiand t@st%iﬁoover%’fhat the

ab4RG JVEL 15 forhiRe a%é&r%ﬁﬁj t@rlhé’fspbélﬁcéh@w worly ﬂfe%ﬂs the mdustry or
portion 32 relative to t _E%ered port

Erawlatery staggards syripg, @n@,@"g@q qp@ralfsspﬂl@gt allqyy {gsfing that the%ondlng
of t'hH Eyerabr RO FibicRlhss @Hd hessl aﬁ@]on’ﬁ@ afe l’-htéyré] U{esﬁr@ b6HB0 may be

different fromeach_ other and can be var

geoyided @t thedpfill spemrasite seelios R neer the ?Lﬁ@dta%ef B hoagygomb 36, 68
4s S0 Higes. shear forces induced at these joints,

etc. Moreover, the steps do not need to have verti caI

faces, but can be sloped. 15 The materials chosen for

trh@ nﬁnﬁ‘ﬁ%ﬁeﬁ:@ﬁ‘% deRiitt®s axrsiRajcnblAly BiigHly lshealibt Bibh thd $pacB®etween
two adjacenl honeycomb sections 36. This is to allow for dimensional tolerances in the
fabrication of the panels 30 and honeycomb sections 68. As a result there is a gap 92
in between the cut edges of the honeycomb sections 36, 68, and this gap 92 runs
along the fabricated joints between the panels 30. In an integrally constructed floating
cover 12, the gap 92 is sealed by the lower composite layers 32, 78, upper composite
layers 34, 80 and honeycomb sections 36, 68.

To provide a testing port 90, a hole 94 is drilled through the upper composite layer 80
to the cut edge of the honeycomb 68. Epoxy resin such as that mixed with the catalyst
used in fabricating the panels 30 is applied onto the walls of the hole 94. A sleeve 96,
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The conpl eted floating cover 12 may need to be

i nspected and tested to verify that the floating
woavare1@s f or med according to the specificati oRCOSG2}000029

nmeets the industry or 20 regul atory standards during

and after comm ssioning. To allow testing that the

bonding of the layers of t hel2f i bregl ass and resin and

joints are integral, testing ports 90 nay be provided

ﬁr%sélﬁ&eﬂ%'éu&t tﬁ@"ﬂHPé'QMe i ffskHed 8 heaold @ﬂ %HH tﬁd%‘b if any,

oneyconb 6 as shown in Fi

between thedm 86 @pd é@% slegne 96 faﬂé%@l@ér"ﬁﬁ\ %Poé‘b/uaﬁﬁtqa?'yst so that
BRI {s&o (/&ﬁrbett\néer?' RRCRoIB BRI thel ¥IBeIDECTRY bbRdIRY Befien the

sections . This is to allow for dinensional

camnpasiie iay@r BR aﬂﬁ dhe slagia eIty s HiRe aste gpyposite layer
m\gé{_onb sections 68. As a result there is a gap 92

I'n between the cut edges of the honeyconb sections. 36,

68, and this gap 92 runs along the fabricated joints

fﬁé %S\'}b bggnae%nﬁllr&&qﬁq"uolé Rith hnl iRtcRH] Qﬂuje¥d Clﬂr’tﬁé rp%de%éi of inserting

cover gap 92 is seal ed

1h@wéeeve&@p0§het kole Yfeprecagtionsgre tgkgamot innalow %@ ePPébyt-Dr klock the
i?‘\f]erné%@é‘ %f tﬂ‘i@gbé%? 6S R Biper %ﬁd dihe ERelE CQG ﬁ‘\%yaoe temporary

estln%b fe 94 i's.drilled throug
dpprst Wil aphigi Q&(wlwgnaxegxteﬁ%all ‘ﬂn@ wwé‘a@@om“ pht@e sleeve 96).
honeyconb 68. Epoxy resin such as that mixed with the

catalyst 35 used in fabricating the panels 30 is
Appintsd o s pere SRafar $xamplen @reBravidgg at gpaceshgrarh positjgns. One

%!%(914?1 gﬁwp il AR 4D Ql%—?&gnt Jag tﬁé Qg%ﬁkeﬁt 81% hip A(ﬁhéd together.

I's insefted into t 4,
glaweV¢rf nmthantmevté @rovigad Ralive @1@ taﬁar aivBoigp é’é%‘ﬂ% ppgitions or

f uééslé%ronfé érlgggs ¥ i q‘:a%@)%\‘e ARhiER LMY Ble S8edlads aﬁertﬁinﬁed to the

no voi d ween t e 94 and t he sl eeve 96.

b@mgom@ laerBBenll thedesiramscrert angase Piggadhd DiReles] 0@e|§ gttached
ggtrf‘eat’ésif ;F@{ ﬁXN %Sn&%tﬁ%ﬁdaﬁ?hé fhﬁ)pféjm%l écﬁe\lv@d’ ‘ﬂ{to t®e internal

Itse eeve a through haole wt
iiead Abihe: Hpaedo6 pp aHe Ty @B airtight JPH%e‘hf'rﬁﬁg?ndtCﬂ@ T-joint 102 is

% r‘ﬁ’?e\é?e thd otif® eh@'d? tl%mpﬁfee%”l’h@ rb%e@rt\ﬁofd@fﬁrérﬂﬁtof e T-joint
'ow t he epoxy to i nternal hol e

gpg ateecaymecte 4o arp‘g@?sugqqgal&e Qdeang %gpgofggaly‘ea%%e'r he shutoff valve
Y G?ﬂgﬁéftwreé@ tHadt @ﬁﬁametfbr énpk&tdn8 a(linBifek zﬁrpumpmend

e way to the bottom of the sleeve 96). A nunber
of test ports 90, for exanple, are provided at spaced

|
?ﬂ?f | g?@ﬁl&él(ﬁgﬁ of A8 coSECiR, RRE bu&? 2ay bﬁeﬂé&icm@ defivérea gas, for

gaps 92 are al 0|ned t oget h
seReperair ﬁbﬂ@rogﬁ'&ntooﬁhé nglose wPawR) e@ted% by ﬂi%ga‘? égt hetween the

gaﬁQQ'B@emQﬁe H8&HriNEbRP SRt TREHaSlis dBlivieFedCRBIP aS;Qm?tlve pressure, for
@E(gr%gl;rﬂjé% Q@ef g%%@% (grr go ImSn? l\n/aa%e(:"rdhea’c?\;c ta%{j ugehghtﬁoﬁ valve 188 is closed
once a predetermined pressure is attained. The pressure in the enclosed space in the
floating cover 12 is monitored over a period of time, for example 24 hours. If this
pressure is maintained over this time period, the joints formed in the panel are airtight.
If the pressure is not maintained, one or more joints is not airtight. The actual leaking
joints may be detected by applying a liquid such as a soap solution to a portion of the
floating cover and observing air bubbles from a defective portion of the cover 12. The
defective portion of the cover can then be identified, repaired and tested again to

ensure that the joints formed in the floating cover 12 are not defective.
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conposite layer 80, all the test ports except one are
pl ugged. A nipple 100 is attached to the test port 90
wohbeher®s not pl ugged. The nipple 100 i s screwedTiSoRa4/000029
the internal thread of the sleeve 96 so as to form an
airtight joint. Afirst end of a T -joint 102 is
connected to the other end oft3the nipple 100. The
other two distal ends of the T -joint 20 102 are
TeORBERF RS th ThePjoftiis W GadlRike ﬁre’s@ére&ﬁéy de 3Lt Ghdteadibiv & positive
106. The shutoff val've 106 has a thread af is .
PERRSUER| ACTPEHNGIY nHECPIEESHIE G9aYge; PUst P’Sn‘?"ﬁab@n{?r pguum sensing.
HoWdvag 16 @d@ﬁtl@sﬂheme’i’&t@é pbh%nCcSTVcﬁé chver willcedds)a pétivieSpressure
oper at ed eliver a gas, for exanple air or

amﬂtaflwgl&ﬁuch@&wa@ﬁ@lt@gear%%ﬁ% created by the gap 92
between the 25 panels 30 in the floating cover 12.

The gas is delivered with a positive essur for

e e aRion Soel 12 inlor Usso TiseigR 0 #REGS0 ot Blugge up to
FOWRBA Y B0t lgBith@RScorice a predet er m ned

pressure is attained. The pressure in the enclosed

space in the floati ng cover 12 is nonitored over a

AL 1R nbik B isf Phodik ML aBsveh@HbSdimkht, tHtematively, the hole 94
pressure is maintained over this time period, the

May be treastedda fit an extemalnireaded Ve ght . 30 If the
pressure i s not maintained, one or nore joints is not
airtight. The actual | eaking JG ts, may be detec
Mpthglismedva s todaseie dueRleave 863n 4t WY GomBrsiEseet 5160 2 the
lﬁfﬂ[)%dn%bsﬁé sb&en doli@Afdgeg cover and observing air

ubbles froma defective portion of the cover 12. The
defective portion of the cover can then be identified,

A?Me&%ﬁteﬁﬁﬂvé ?&ttﬁg t1astahdhst i@ to gﬁ?&ﬂd@tﬁéﬁ%eﬁ@%hmmé Flange 300
formed In the floati % cover are_not defect

w"womwﬁwabbolﬁcﬁwps oﬁm"oﬁm%evelgﬁﬁpf—@&?“ g &M@'Cﬁ the
41868 ik Neltfedl, tﬁoﬁﬁ%‘ib‘é’ﬂﬂéﬂ@%ﬁm%n .esed instead

of a positive pressure. Accordingly, e pressure

gauge nust be suitable for vacuun1sen3|ng However ,

10 FSSGY B6Y dnhesieifcess gy Bemht b@rmélfe bhfhet‘a)vﬂfr eMahfple steel or
ease, a ositive ressure and a as.a SO

alBminiyran b Bangee300 15 topaidal iRE GWBB!?%HB“ 2 gu dfzd'?@eli‘?ﬂt"f about
70\ hftn A a thf&ﬁﬁ@sstfﬁﬁﬁ iaBGumMn@ tP8bARS i) qBRE mpbg of the flange

r(? X%%We%%ﬂ% |agh oluéreor %Iyﬂ:ab Rlloaﬁjlggg%ed circle within them,
RrhesthprYf at fRlakerm fHn \d%lrﬁbtert ITRe BRIe0e 94 ha!;(hrﬂ’&tenﬁtﬂ thread and an

threaded to fit an externall t hr.eaded eve.

infareqliber ok 17-8mp.dor exaipiie: RMSpEdgueE i REETpfipy ppodment,
FRMARPALI HreQikd M tPBeaB0bH ®ar gauge. Thus the external diameter of the

sleeve may, for instance, be 25 mm. The diameter of the flange through hole matches
the external diameter of the sleeve 96. Thus if a different pressure rating were
required, the external diameter of the sleeve 96 might change, and so would the size
of the flange through hole. The sizes of the sleeve 96 and flange 300 are not limited by
these examples, and the sizes of the sleeve 96 and flange 300 are merely design

choices.

The sleeve 96 and flange 300, which are prejoined together, are inserted during the
formation of the infill composite portion 60. After the structural layers 70,72,74 of the
infill composite portion 60 are formed, the hole 94 is drilled. Catalysed epoxy is applied
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infill conposite section 60 is made. 15 A further

alternative for the test ports is to provide the
woeheme708 with a flange 300 having an i nt er neCTiscR@4/000029

t hrough which the sl eeve 96 is positioned and to which

the sleeve 96 is welded, to forma test port 91 as

shown in Fig. 6. The flange 3®0 and sl eeve 96 may both

be made of netal, for exanple, steel or 20 al um nium

td B ?vgﬁ’g‘ SPtI'%OIQoIé 594t éﬂootﬁéaélee\fé)% X MEBHET \BLEH tHd there is no void

outs di anmeter of about 70 nm and a thickness

pabisn the e 54 806 glocofh aBXREP I RERevBHs SHIDORMETCatalysed
ﬁ% i@rai‘soaépz:ﬂe@w t'h@*ﬂpser ﬂ%vm%e fédﬁé @ﬁﬁé@*@lcx tﬁdmhgéamo With the

an I n circle withint or exa

teat pog fulhpingasted, dsewith therpleevg %@veﬂlge PHﬁ'%%ﬂ'%"é%%?W“ into
tl'i@ F\Sl@d?@gﬁkllqm: ﬂbﬁ’ée.e Bﬁ@lls POEGhiA WAt tRBtop W—Ia?élaml)' &nother set of

om na I anmeter. preferred enbodi nent,

stmcf@raiaﬂbr?g*@@sl@b@rsl 2, i?%,melso‘om@ puer gadgeountthe ﬂfﬂge 300 to
s%éﬁr‘aertﬂ@ﬁsq pgﬁeé‘ﬁfo Bk f Eol%ﬁng %@é?v’l‘? %ﬁbl aldoPio dtrpbfhiRAGhe BGuctural

aneter o hr ough hqgl e nmat ches
layess eft the nedved i i2netasindothet Wét sﬂo e@b Qpce '|€|4|lu§16i ptrygtural work is

%Hﬁ&%@ Nhe ngzéw |srf6Fn‘1éT90\‘/@rtﬁe ekSsbedNSfbrs bf"fhe%ﬁlﬁ?dﬂ'ﬁbn 60 to

eeve 96 m ght change,” and so wou
complete the findshinghvend pratrsive laveludh hol e. The sizes of the
sl eeve 96 and flange 300 are not limted by 30 these
exanpl es, and the sizes of the sleeve 96 and f| an
I3 0i0is anbogimentyasdiemgnin Rigd ceBluratityeofsdraig\rorige! @l L provided on

E%‘v%f‘ sf Ooft hséllr@ré%v&r £, OFH@%Q dFhg Sbr’?§ﬁ91 éfeeprbﬁaéd b@ ¢hat any
0

urin romatron of the infill nposi te port
ligoid tAaith;as en’q@regttmmqw ap, M&a@fséhermwfr?m the storege t@gk o (which

|
"ié[{r?%ljleb edéﬁﬂ@?élrfegaﬁégé BI(‘) gébafﬁgoigfh% ﬁd&ﬁlﬁ%\%mzl%rg% fg»g %Oeg\ﬂlst# or rain
e SEGtes 0000 ancampletsd: fRatig] qoverof2 g, de Jabiicating, can be

%rgﬁ\ea | eV acg:’lli3 dl'eﬁn Bﬂﬁ 91 g4l fa%‘r'leg'teﬁ hitthd $E9KE niamnBi0ay aitest port 91,

et ween t and sl eeve 96, as done in the
i baving 8 fl@ﬂﬂ@épﬁﬁ’ﬁ{ded@?aﬂl%ﬁyé@7 epoxy is also applied
to the upper, |ower and edge surfaces of the fl ange
300. Wth the test port 91 fully inserted, i
Aftes teellaptingeeqyer 11208 forneedend| ﬂhetwmﬁvgdfaomw?% r@mm’ed a
[% Er%hfﬂfepo%\@lohlé‘ﬁirécﬂ&%lcfm} ﬁiéggj%@éhoaﬁesméﬂke@ QAttAS lowdrtsrface of the

ayer v anot her set o

¢qveF 48 Bassol Lagsé\ogs P68 spaced qp@“f%ﬁ%&eé«/gtrea&thOéF'Bﬁn?ﬂ hole 95 is

#Jrhl%dfthl%ﬂ@ﬁ tl?@@trdc%ralslﬁ% ot 4ueng £S5 bf e rdov&112 ahehelayer 42 in the
[ oati ng cover 12 nd also to strengthen t he

gnemwnoheacn by 85 inferpiiede VIOt PIEXIONRY, faije Aeragsgrea extending
o‘hdggﬁ s@é‘:ﬁn@shaééﬂﬁf e firide 302, iekfldrige ml gdsitibned on the
eV— ayer is formed over the exposed. | a
§Iﬁ@vq of ,anqi ti’@(yrqre Sreigineq tpgether, such that when of thg sﬁeeve 59 is inserted
into the hole 95 until the flange 302 is in contact with the exposed area of the outer
M-ayer 44 and the upper end of the sleeve 97 is about flush with the inner M-layer 48.
Catalysed epoxy is applied onto the exposed area of the outer M-layer 44, onto the
surfaces of the hole 95 and also on the upper, lower and edge surfaces of the flange
302. The sleeve 97 is then inserted into the hole 95 until the flange 302 is in contact
with the exposed layer 44. Each drain port is mounted and secured onto the cover 12
by forming a set of structural layers of fibreglass 70,72,74 over and around the flange
300 of the drain port 191 similar to layers 70,72,74 over and around the test port 91.

Once the structural work is completed, a V-layer similar to layer 42 is formed over the
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15

to conplete the finishing and protective layer 76. In

this enbodi nent as shown in Fig. 6, a plurality of
wdnreidepost s 191 are provided on the | ower si#eTsG2e00000029

floating cover 12. These drain ports 191 are provided

so that any liquid that has entered the cover 12,

such as the liquid fromthe d§orage tank 10 (which 15

entered during mai ntenance or repair of the floating

e&ﬁ&eéd %u?'fa%s fﬂﬂ@r \ léldoétrtfcﬁlré'l Iay@é 20,7294 £fef the eXPodedarea of

ted oat cover during its fabrication,
layen 431eto qmraplnajtr@uﬁmshm gnd rmﬁptﬁcﬁwf goatan the foxsr jsugage of the

nme manner as a test port 91, i.e. having a
f??%ﬁg@“%@z wel ded to a sleeve 97. 20 After the
floating cover 12 is formed and the supporting

@foéomf%f Elttt)oag %?%E%Bgigwe&gkﬁﬁ\ﬁé ﬂe%b’;f(d?% Sploérlot dr@ﬁﬁ’ports 191 together,

are mar | ower

ostmerfem!eoomﬁemtaenawbwr oreor Mekss tesp pefits %rv@th@uba@pa@éu ports 191
t | Swi ut any test

AR oS fRFG A e G cpt o e

pans &over 12. The V-layer 42 in the area around each

hole 95 is renoved, if not previously done, over an

area extendi ng 25 beyond the size and shape of the

Furthey vatdiions Thaudd proyigingoR cpyergiwying @ sbaghtgiambues and/or rainwater

! %lc’ﬂe tb

GHERS, AR LSlB 0E18 WAt HE Rt ot

ronnd land lilemay hegeuae? reciangylasonit efcanynwshapet re fl@iag d@fécﬁny storage

t?hl?gr Te%fervtongc}%% aévl'alcgl ushn%féa% ﬁﬂﬁn@*ﬁ%ﬂﬁ-ﬂﬁ%ﬁn&fnch sections

bout e inner I ayer
a¥Bsite, Gwtsalcpuldbeapefepri¢atedpithe é’@lQm{ 0 the exposed area
of the outer Ml ayer 44, onto the 30 surfaces of the
hol e 95 and al so on the upper, |ower and edge surfaces
While foalyf baegmbogzent T speasandomeinod: eleits icARRRUCHRN have been
Jjé'%tcﬂb%{ Saride lllﬁsﬁ%e{i N het%he itf |sa'ﬂr9 ebe*?’Ql%d~‘.=.|§>tdo'a gt lﬁ‘éﬁy changes,
e expose ayer Each drain port is mounted
mndifisasions @od ofaﬂ@tnqmecoa@m made thihef IpsEH dnvenien wahout departing
s nfibreglass 70,72,74 over and
@é%gﬁdH#% ‘#?ﬁﬁggﬂﬁ'oo of the drain port 191 simlar
to layers 70,72,74 over and around the test port 91.
35 Once the structural work is conpleted, a V-Ilayer
simlar to layer 42 is formed over the WD 2004/ 067408
PCT/ SG2004/ 000029 15 exposed surfaces of the newy
laid structural layers 70,72,74 and the exposed area
of layer 44 to conplete the finishing and protective
coat on the |ower surface of the floating cover. 5 O
course, although this enbodi mrent shows test ports 91
and drain ports 191 together, other enbodi nents nmay

have one or nore test ports 91 without any drain ports
191
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and yet further enbodi ments may have one or nore drain
ports 191 without any test ports 91. to Further
woaniak74o8s i ncl ude providing a cover havi ng aPerisGhao4/000029

canber and/or rainwater drainage, which is
particularly suitable for a tank without a roof. The
cover need not be round andt may be square,
rectangul ar, or of any shape for fitting into any
storage tank or reservoir to function as a cover.

ad of forming the in-fill sandwi ch sections on
site, these could be prefabricated at the factory 15

Wil e only one enbodi nent of a c r and d of
Vons A G80diall Fiavs HEYA e far seipaing coreniot o dAug sigrade tank,

tﬁ@béhél cohprisifig fist BAd 8GRI Porhstii adntagWithcdRA @ﬂ‘c‘ar and wherein:
nmodi ficati ons and vari ati ons coul d be nmade to

pr esdhe Tirshpemiondipsy@n adant indparlangPr the Bﬁ{‘?lf?é‘ds% gﬁé sige facing
th@@eédﬁ\‘_jeﬂa-ﬁd?{l WO 2004/ 067408 PCT/ S&G004/ 000029 16

A general |y planar buoyant panel for ,
T oatthageeerastoriay has o1 Bued 19iter aéeepa pangh whigkfatent is less

tﬁé’rﬁfﬁ{e'édté}%ﬂh"e?ﬁrst%ﬂnoﬁeémd portions in contact with
each other, and wherein: 5 the fi rst portion has an

ext ertheffist padiop hanan exPeses ROKHRN onysrid frst SiFet si de
facing the second portion; the second portion has an
extent in the plane of the panel, which extent is |ess

4-han A ﬁén@ﬁcé%d'r@fmtq?émﬁ M&\er%mq ghrong parilopdiagiangdae and the
%Bgécpﬁor{l% eﬁt@n@é‘&%@%a@pirburﬂﬂh@ V\Eé'oﬂthfel desbndpéigon. 10

A panel according to'claim1l erein the second
portlon has an edge and the exposed portion extends

al | tReaMRY apéfHing tbhQaiflgeorb, Mﬂm@reﬁEQQ@Cﬁrﬁoﬁ rti®is 3 laminate
A panel” according to claim1l or 2, wherein the first

goiciuredn is a laminate 15 structure. 4. A pane
according to any one of the preceding clains, wherein
the first portion is a glass relnforced structure.

4. A Daaeel agcesing iﬁg'antyd)ngnc&f the,presedipg & aﬂﬁ‘%c“é'&ﬁrﬁ@ the fws? portion
i8 o188 reiiGESd Sirddigesecond portion is buoyant.

5. A panel according to any one of the preceding claims, wherein the second
portion is buoyant.

6. A panel according to any one of the preceding claims, for use with the second
portion being above the first portion.

7. A panel according to any one of the preceding claims, wherein the first and
second portions are continuous.

8. A panel according to any one of the preceding claims further comprising a third
portion in contact with the second portion on the other side of the second portion from
the first portion.

9. A panel according to claim 8, wherein the third portion has a first side facing
the second portion and an extent in the plane of the panel, which extent is the same as
or less than that of the second portion.
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6. A panel according to any one of the preceding
clains, for use with the second portion being above
woheo4foe798 portion. 25 7. A panel accordi ng toPampGeina/000029
of the preceding clainms, wherein the first and second
portions are continuous. 8. A panel according to any
one of the preceding clains further conprising a third
30 portion in contact with the second portion on the
ot her side of the second portion from the first
portion. 9. A panel according to claim8, wherein the
fohi 1 PaRéI kokfity B Elbin® 8 & dewha@einthe thite porinAas a laminate
portion and an extent in the pI ane of the panel, which
SUWEWFR. s the same as 35 or |less than that of the
second portion. WO 2004/ 067408 PCT/ SGZOO4/ 000029 17
10. A panel according to claim8
thi r A penal peserdiag tRClpign Aatheron g, @b'aﬁé"é)f th thyd Pﬂ“l&&r?é!"“ have
ACEREA f?\gthEOpI&ﬁ@bmriboparYé”' A8l the téi(%r{t Y Qlﬁé Ie@fer to‘ﬂfbhé Iirdd portion
portion each have an extent in pl a of panel
furlaermest awe fromothetspsond pertiogyis ﬂ?ﬁé fhﬁn FQP 5&?9# %fnthe layer of the
tﬁﬁ&b%&mggr mgsggmﬁdpﬁonsecond portion is |less than
the extent of the layer of the +third portion nearest
the second portion. 10 12. A panel according to any
A p&hé&l R oRliicCiolahy dﬂéeéfedlé]mts@td M, "ehdreintthe it pértion is a
g ass elnforce tructure A panel according to
glags reinéoreed girugiyrg. 8 to 12, vvherel n the third portion
has the same construction as the first portion. 15
14. A panel according to any one of the precedin
H-ai nd paiplegospidinthie Funene ok clalgﬂ@n%ﬁod[i.{?, wherein the third portion has
? 58 eedoﬁ%@gnbgtﬁé‘i?rspé@% of the panel. 15. A
urality of panels, each as defined in any one of the
precedlng clains, 20 wherein the first portion of
AFCh RaRRk| ﬁ@c%rélﬂg ¢51aRy %@edﬁhé )bréﬁédh@gélﬁlﬂ{s twhekdl the panel is
ane of anel, and the edges of the first
gﬁﬂeﬁllwrespaiﬁl@ﬁnl%ﬁsielnﬂh%a!ﬁ@?th&w@néach other. 16. A
plurality of panels according to claim15, further
conprising a plurality of infill  portions, each

imfi | A Dol Ranelmdasy asndefifedaint 2Ry PRe 1afdhe pissading claims,
RREINAAS fildt pbMBN of each panel has an edge generally orthogonal to the plane of

the panel, and the edges of the first portions of adjacent panels abut each other.

16. A plurality of panels according to claim 15, further comprising a plurality of infill
portions, each infill portion extending in contact with the exposed portions of two
adjacent and abutting panels.

17. A plurality of panels according to claim 18, wherein each infill portion
comprises an infill first portion, an infill second portion and an infill third portion, the
infill second portion is sandwiched between the infill first portion and the infill third
portion, and the infill second portion has the same construction as a panel second

portion.

18. A plurality of panels according to claim 17, wherein each infill third portion has
the same construction as a panel first portion, inverted.
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25 adj acent and abutting panels. If. A plurality of
panel s according to claim 16, wherein each infill

weandioemos conpri ses an infill first portion, aRCTsG2604/000029
second portion and an infill third portion, the
infill second portion is sandw ched between the infill
first portion and the infill {ghird 30 portion, and the
infill second portion has the same construction as a

nel cond ortion. 8.. A nl | i f panel . o
R or Aol of Pafels deFord A iey fa mherdif i sah infil por
porti m ihﬁﬁthlrurmgﬁcarggas:amgrez?m tgugommgc%?ma%aéfz}% I(s)%t\gggn
r
g Potion et gnocR MTHSIGS LCIBE AN GSRBRR 17 or
18, t théffcﬁndi ﬁoﬂn@ﬁ ihak rahlelxtehrwmthe mdsrﬁef ofrthé Iphnéls :béﬂveen whi
Qrtir o asanete t ne O t .S .
8l peses] exeReS o Sxtnsic 65 Tl B axnr b e PR aiftpagtion: 2
L aci Nehet sftehﬂtﬂéf tHet E\ﬂmmdj p@ﬂbh?{hﬁbt ddvareﬁebpmhb mellt dezond [
as an extent, I n e ane of e
SBnds prormacn caneetwl) tier Sirrache i iNs panels b Ran Yhigh th
Féﬁ@@hgﬁ&s_t he infill third portion; a the extent of

he infill third portion not covered by the infill
second r extends onto and in contact with outer

sorf a%@gﬂur@f‘tytdﬂ Qa@é’@ Qbé‘or@lﬂg Ve eiam\mg @hehleppadeit on at least cl

extends. 10 papel s a in

whgieip iy ﬁﬁ@ﬂt BfeB"@n'Bglm“@n %1? 95k eovared &%fetgﬁl ﬁf'"t freond ¢
exteR®s offo bRe m rRbhakt With fcﬁJtélOélErfaE@s ntthe Pedek thildypdrtiéns
|nf|II second . f extgnds on 0o and in contact with

BaRels befyeeniichihe ir{ll RaRRlx ?Wﬁrd portions panels

between which the infill panel extends. 15 21. A
luralit anel s accordi ng [ ai,m 2

Gapendeplirably Sivaneistcconing fpahlr O HBraarEEeon fleas

Imf WHéretrMhé%xﬁéhtt bf Pl nm}mt thﬁ@\o@ﬂ?dtrby cbhed b? whé lélﬁﬂéeédﬁihd I

is in contac vv| ers, o r

,bsom PoectiNnRlr el e PHEY) ‘Hffﬁmomcgf%aﬂ%ge" IYHE then i

bR@nH@MﬂIﬁerﬂﬁalﬁﬁ@haﬁr of base opinbed paridls fumBEMSt aNesfrom the

fromthe, second portion. 20 22. A plurality of panels

SEEBIRWPY 0 any one of clainms 17 to 21 when dep on
at | east clalmO wherein each infill first portion

B%S t I)\ plura &op%%‘érs accordn ing to any one of claims 17 to 21 when deps
on at least claim10, wherein each infill first portion has the same constructior
panel third portion without the layer furthermost away from the panel second |
and inverted.

23. A plurality of panels according to any one of claims 16 to 22,
comprising:
one or more drain ports extending from a boundary between said infill p

and one of said panel second portions.

A A mhivalibiy AF nanAale Aannnrdina $a Alaim 22 uwihoan Aanandant Aan at laact ~
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panel third portion wi thout the |ayer furthernost away
fromthe panel second | and inverted. 25 23. A

w740y of panel s according to any one of cPkarise2008/000029

to 22, conprising: one or nore drain ports extending
froma boundary between said infill pi and one of
sai d panel second portions. 3¢ WO 2004/067408

PCT/ SG2004/ 000029 19 25. A pIuraIity of panels

cor e of la ms_15 to .
36nel & BB B el aberSidr Br b ahd of g alii\q ahniherein the
bansts es prédfstiritatdaeheforechding Bid ang ésined taifetheh wWHens dthdyt yre to be
of%cganel s according to any one of clains 16 to 24 or

rding to claim25 when dependent on at | east
claim16, furt her conpri Si ng at | east one testing

xt.endj n a bo r betvventhe

B8 ¢ i POl Gl SsErin b1 aeBuA e plaITs dRdo 24 gpocording to

%Pgtrggﬂ&}heglﬂebéﬁfbrﬁf)n @mfa@tfclénhmmmrredﬂer:;bmpdsm@ort i ons.
uoyant .cover uid s

conpr iaEﬁ ?Jlt%ﬁt'ag POl *r %Eemﬂlﬂfﬁg {”‘@eﬂrﬁ)e il portion
ahd Q)h@ldﬁhelﬁaﬁél’ sgéonﬁﬁonlﬁnmtéiﬂdxt@ﬁnal Sirfice®fane of the panel third

plurality of generally planar buoyant panels together,
P8Ft‘°n§5 use in forming a floating cover, wherein each

panel conprises fi rst and second portions in contact

th each oth
Biui ng BHotet v’k % WBOBI SAS8 B0k SORREInSa ANy of panels

fabécﬁﬂlnglt@ian)?@ﬁéﬁgclélhﬁ isae@ad portion, the second
portion of each panel having an extent in the plane

of the panel, which extent is less than the extent of
Qbe f A gletheardfij@hing anslutalie dfigedéran® blananbli@éhngaridls together, for

SRR RrBRGt 4 et Tav b Pt Seie " hch el BAF secone
@@ﬂ@h§ in edHiddt wWitel eRials bihel, héith the Miest @agiea dﬁfeaél’nparfell hé‘hng an extent
k5 2 R RPLE e Y el DA R o orton
@PBREH Sarg htfiAg an extent in the plane of the panel, Wthh extent is less than the
extent of the first portion; and the first portion having an exposed portion on said first
side, and wherein the plurality of panels are placed together, with adjacent panels
abutting each other, the edges of the first portions of adjacent panels which are
orthogonal to the planes of the panels being in contact, the method comprising the
step of:

inserting infill portions between adjacent panels, the infill portions extending in
contact with the exposed portions of adjacent and abutting panels.

29. A method of joining a plurality of generally planar buoyant panels together, for
use in forming a floating cover, wherein each panel is as defined in any one of claims 1
to 14, and wherein the plurality of panels are placed together, with adjacent panels
abutting each other, the edges of the first portions of adjacent panels which are
orthogonal to the planes of the panels being in contact, the method comprising the
step of:

inserting infill portions between adjacent panels, the infill portions extending in
contact with the exposed portions of adjacent and abutting panels.
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step of: inserting infill portions between adjacent
panels, the infill portions extending in 25 contact

woi20d/06es exposed portions of adjacent and abuPCir18G2004/000029

panels. 29. A nethod of joining a plurality of
general ly planar buoyant panels together, for use in
formng a floating cover, wheggein each panel is as
defined in any one of claims | to 14, and wherein the

uralit ane re gether., wth j acent
Bner & 610, Fotpriiie Kt menmar or S g ‘Aay o Genels are
prsfabrica®daffi-sie) ters tbepgpisitiondd foh jakting tdgletﬁmgonal to
the planes of the panels being in contact, the nethod
conprising the step of: inserting infill portions
bqet \Neﬁnméﬂjoacmbrdﬂ‘;‘]yl&i 8lairh hBE) lfmﬁhdrlcom“shg Mthe estds rpiemimg the

contact _with the ex ortions ent .and

SBRE Ao 2hEOReiaS oBGRD LR B PanekoBl SBcas cway dust
g@n&ated/théfgbinod according to claim28 or 29, wherein

the plurality of panels are prefabricated off-site
bef ore being positioned for joining together. 31. A

BBt hod memet tcberding telmyrondlof didimt I8 toCITWhesdim thd idgerting step
st egg%(%recedl ng the 5 inserting step, of roughening

surfaces of said panels and cl eani ng away dust

gener plaeihgt A EFse mfill [Bver dverehd estpeeiopshiois bDadiByer®id abutting
of clains 28 to 31, wherein the inserting step

PRRIFi&Ws: 10 placing a first infill layer over the

expos @hcierdne@rsndré fidthen AN layarovab tid firsgnfiliaye| She &ntltime.
pl acing one or nore further infill |ayers over the
first infill layer, one at a tinme. 33. A nethod

&acor ¢ Methba a@b@dmywclafnw B2 hefh&dtpiprsingghé B&psdf edllimf each infill

ol i ach infill 15 layer after placing it to
ﬁaé/ﬁbegegrafﬁ C'”%‘HE’ TBMP¥EA8d according to claim32 or 33,

V\,hereln at least the first infill layer is a

g%g" g‘t ﬁga L2 er tgi:?alss 3 ]{get gﬁgcﬁg?{a%gﬁ‘% ﬁrgt i%{ﬂylayer is a

ﬁeﬁ.wgrmhatejdq)ayee_d toget her by peopl e working on just one

side of the cover. 36. A nethod according to any one

of clains 28 to 34 used to produce a buoyant

35. A method according to any one of claims 28 to 34, wherein the panels are

securely joined together by people working on just one side of the cover.

36. A method according to any one of claims 28 to 34 used to produce a buoyant
cover as defined in claim 27.

37. A method according to any one of claims 28 to 34 being a method of forming a
floating cover.

38. A method of constructing a floating cover for a liquid tank from a plurality of
panels, wherein the panels are securely joined together by people working on just one
side of the cover.

39. A method of constructing a floating cover for a liquid tank from a plurality of
panels, comprising the steps of:

placing said plurality of panels on a form work;
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cover as defined in claim?27. 25 37. A nethod
according to any one of clains 28 to 34 being a nethod

wohodimemiong a floating cover. 38. A nethod of PCT/SG2004/000029

constructing a floating cover for a liquid tank froma
plurality of 30 panels, wherein the panels are
securely joined together by pepple working on just one
side of the cover. 39. A nethod of constructing a

fl oatrn cover idtank froma plurality of
panel 4° gegﬁﬁ\drpﬁnﬁét?%h% of : 35 placing said

pl ur alremyving s@idiemnswork; a for m wor k; WO 2004/ 067408

SRS B Shn Bt B RS 55 abiaGrd gl o

[phk Glidet of th€ovegnovi ng step i s acconplished solely from
one side of the cover. 5 40. A nethod for testing the

integrity of joints in a floating cover formed by a
plour alA rn)étr@tr f@ete@ﬁr@ A6 mégﬂtylef metsama f@aﬁn@&o\fér%rﬁfedlﬁl a

endent, on at or accord
bnaity PRSI ACoR Mg oy e i Sl 16 f 51 wash cgpartopt @ at east
@i Bor acGErAMg t6 icReh 25Qr QVQ\)HeﬂldéEeﬁderh 8A 3t leaBECIAifRE!E A 16,
port externding froma boundary between the infill

F8FPI8IR%and one of the panel second portions to the

ext er lﬁd)vrcﬁh'g Eﬁl@ésthneQélﬁrn@fpoﬁfe&terﬁ(@.ﬁ@f rofnd bSLIRRA b&W8én the infill
F‘to){‘ a pressure differential between the testing

ANUSHE Bbfhe RO BGaNAGOrtioRP (S tharfxianarl syless aleongrof the
tpbﬁenﬁw@pom@ﬁs determining if there is a | eak between

the one festin ort sajd one of the testing ports
g ¢ Aorlvies HEsBI KiBeriabieasherogingron & sl S e esting

ip@ﬁ@ra'ga rﬂdﬂ@.rt&ube of “Z"g"é"ih A nethod of testing 20
accor {Q cC erein a ressure
i 11 e et fisre Sakiepk Reagn Jeae o BbogHs one of the
tt@sihg partd ahdl thy oisitig obihe calert Bgd t est i ng

if there is a leak, identifying the leak.

41, A method of testing according to claim 40, wherein applying a pressure
differential comprises pumping a gas into the one testing port or said one of the testing
ports at a predetermined pressure.

42, A method of testing according to claim 41, wherein said gas is air or nitrogen.

43. A method according o any one of claims 40 to 42, wherein applying a pressure
differential further comprises sealing said one testing port or said one of the testing
poris at a predeterminad pressure.

44, A method of testing according fo claim 43, wherein determining if there is a
leak comprises detecting if there is a change in pressure over time in said one testing
port or said one of the festing ports.

45, A method of testing according to any one of claims 40 to 44, wherein identifying
the leak comprises applying a liquid to portions of said floating cover and observing
bubbles formed in the liquid due to a leak.
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ports at a predeterm ned pressure. 42. A nethod of
testing according to claim41l, wherein said gas is air

wonrow@ioero8en. 25 43. A nmethod accordi ng to anpCose2ait/000029

clainms 40 to 42, wherein applying a pressure
differential further conprises sealing said one.
testing port or said one of the testing ports at a
predeterm ned pressure. 44. A nmethod of testing
according to claim43, wherein determining if there is
a 30 | eak conprises detecting if there is a change in
48, €S SN hfetiBERsf tétif acBordiigdo ez U8sWha@in guid tiquid issasahp
one of the testing ports. 45. A nethod of testing
$R¢Pdi ng to any one of clainms 40 to 44, wherein
identifying the | eak conprises applying aliquidto

ortions of said floati cover and opse

Bibbl atar@desiputeoriTip g o80 b BAY o fiplirther comprising

BRANGG& E R 54 G R4t HUREEhg ot thapply thetdhesbund differential to

testing accordln% to claim45, wherein said liquidis

%@@abbaﬁ§mpa%ﬂwa of- 47. A nethod of testing accor di ng

to any one of clainms 40 to 46, further conprising

providin sl eeve in said at eas one ti

#% appl %h%ofﬁﬁgwmceowmgfte@@wa e 47T %f Ypigip there is a

ﬂﬂ?antﬁﬁtth@&sw bortstihd o BIR bR & Sfaldksd thapresaved difential is
one of clainms 40 to 47, wherein there is a to

ﬁPR!'ﬁQIt‘P fhat@fe-t he testing ports and all but one is

sealed as the pressure differential is applied to

t hat one.



