1 PANEL FOR FLOATING COVERS FIELD OF THE INVENTION This invention relates broadly to a
buoyant panel for a floating cover for a liquid storage tank, a method of fabricating a buoyant panel for
a floating cover for a liquid storage tank, and a floating cover for a liquid storage tank. BACKGROUND
OF THE INVENTION Storage tanks are in common use at storage terminals or processing plants
where huge stockpiles of liquid raw materials are necessary for their continuous operations. These
storage tanks usually employ floatingR&NELSFRRIFNOAE NG RO VGHIT

provide protection against contamination to/from the external environment or weather and against
evaporation losses. The 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 toFhRiffaiHES ERIRRIM 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 conten{.in the tanks. Thege tan qgeaugggklilaymv%r ngilr%(; gnfg g%ﬁ% range ff(gpry %L@AN metres to

LS relnies braaan > 10
about a hundredhﬁs”lé??leesn I diameter. Before constructio egins, a platform supported on scaffolding is

erected and theseeasr Rthéneihnd PolrtrieiEtfopir Bt i thP s dufinrecesvel thidWpe of
construction is swagakdyicaricslfeatsitecdavingdddiie siatauge mhkvork, 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 ventilaf¢ RFQEMRE %géﬁ KRR {5 hake such covers from sheets of glass fibre, which

overlap at their edges and which are supported on their undersides by buoyant urethane foam frames,

for instance as igfliselased inBURlishad RateRt AR LARNAR3of Hocessing plants where

huge stockpiles of liquid raw materials are necessary for their continuous operations,

These storage tanks usually empioy floating covers that move as the liquid levels
change, and these covers provide protection against contamination toffrom the

external environment or weather and against evaporation losses.

The covers are typically made of steel or aluminium, mainly due to their ease of
welding and their availabiiity as construction materials. However, stes! 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 sieel. The materials of

these covers or their coatings must also be compatibie 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 diameter. Before consfruction begins, a platform supported 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 1o 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.

It has also been known to make such covers from sheets of glass fibre, which overlap
at their edges and which are supported on their undersides by buoyant urethane foam
frames, for instance as is disclosed in published patent document GB 983,797.



2 WO 2004/06.7408 describes a floating cover for a liquid storage tank made from a plurality of
prefabricated panels. Each panel has an upper glass fibre composite layer portion, a honeycomb layer
the same size as the upper composite layer portion, and a lower fibreglass composite layer portion

that exteY4& #60HEGRE8dgescEPBiseh HRElRBNSBUEN &hY ARGt 6lerRge Hansaf@deafeBid adjacent

and abutingRachothaapnasupresiag Rioh warkiand the gaps araerihe esiapestiayer layered
portion are Eilled in.with sectigri\s simjlar to the struct%al I?éers of the p{aqels. Th .u%per parts of the
a as and a

in-filled s8liGhs 8v%%§5?%@ uereerr Itahfe?g@ %osr’ﬁ%ns of the prefapricated pa heerlg%yioa out 0.1m. In such

a construlenet, fisegiasgy pempesiteelayenapesigestiehregagasionretfide tihipdors flohtihg cover.
More parfighiarshavis ey Risalvollammehie,Bapgysambdaves eaichira slugnt darexameple damage

to the upper, typically fire-retardant glass fibre composite layered gortion in one of the panels, there

may be a¥isk ﬁ‘ré?t”{?{)érﬁré"mb%%ﬁgﬂa%e@%ﬂ% A K S HEREGE MY TaFEPESE BRI At panels. A
need thefikatérexittstotipreydaipane héostfladtng lepsers! fteapmgetovéns, ameknpettdsther making the

same tha saek; to.address atlsast ORe & iR ANpS REDISMR. SLMWARY QF. LG, NYENTION

In accordance with a first aspect of the present invention, there is provided a buoyant panel for a
floating cBVER folnaSHERiR SoRys iankinee FaYePe GnipRsHIY BaLIRRIEBIL PraraRateerEbARand an
fire-retardamimaierinasatiesvencappitatiactisaig fiepmalile matedn partioasuchdhaicaviten the panel
is assembled for formatign of the cover, said fire-retardant material portiop extends laterally between
ncent BAREE AU D g S TR e i Ry Peeel,

fire-retardéng eritegaiip YR ionipase of firstgnelsonthreidnpare adak ihaht plisahthe panel

and a firshgigedfaeingiHentammablpdnaiesiabiarienspaddbe-flagragble material portion has an extent
in the plane of the panel, which extent is less than the extent of the first portion and the first portion

has an exposed portion on said first side. The exposed portion may extend around an edge of the
flammabl& meteridihgreftion exists to provide panels for floating covers, floating covers, and

rethods for making the same that seek to address at least one of the above problems.
SUMMARY OF THE INVENTION

In accordance with a first aspect of the present invention, there is provided a
buoyant panel for a floating cover for a liquid storage tank, the panel comprising a
flammable material portion; and an fire-retardant material portion encapsulating said
flammable material portion such that, when the panel is assembied for formation of the
cover, said fire-retardant material portion extends laterally between adjacent panels in a

plane of the cover for providing a firewall between the adjacent panels.

Said fire-retardant material pbrtion may comprise a first portion having an extent
in the plane of the panel and a first side facing the flammable material portion, and the
flammable material portion has an extent in the plane of the panel, which extent is less
than the extent of the first portion and the first portion has an exposed portion on said

first side.

The exposed portion may extend around an edge of the flammable material

portion.



3 The first portion may be a laminate structure. The first portion may be a glass reinforced structure.
The flammable material portion may be buoyant. The fire-retardant material portion may further
comprise a second portion in contact with the flammable material portion on the other side of the
flammable material portion from the first portion. The second portion may comprise wall segments
disposed around an edge of said flammable material portion. The second portion may have a laminate
structure. Layers of the second portion may each have an extent in the plane of the panel and the
extent of a layer of the second portion furthermost away from the flammable material portion is less

than the extent of the*ggar{s f the second polrtion ea es% the flammable material portion. The
r

fire-retardant material pr%rtaiglnfﬁr?ﬁgre (‘:"‘orar%ﬂgee vsv%ffsué%ments disposed around an edge of said

flammable material portion, and a capping structure disposed over the wall segments and adjacent
sections of the first anths@arpRd-RattignsBh serdisgthewatsegaents.

The flammable material portion may be buoyant.

The fire-retardant material portion may further comprise a second portion in
contact with the flammable material portion on the other side of the flammable material

portion from the first portion.

The second portion may comprise wall segments disposed around an edge of

sald flammable material portion.
The second portion may have a laminate structure.

Layers of the second portion may each have an exient in the plane of the panel
and the extent of a layer of the second paortion furthermost away from the flammable
material portion is less than the extent of the layer of the second poriion nearest the

flammable material portion.
The fire-retardant material portion may further comprise wall segmenis

disposed over the wall segments and adjacent sections of the first and second portions

for securing the wall segments.
The second portion may be a glass reinforced structure.
The second portion has the same construction as the first portion,

in accordance with a second aspect of the present invention, there is provided
a method of fabricating a buoyant panel for a floating cover for a liquid storage tank,
the method comprising providing a flammable material portion; and encapsulating said
buoyant material portion with an fire-retardant material portion such that, when the

panel is assembied for formation of the cover, said fire-retardant material portion



The second portion may be a glass reinforced structure. The second portion has the same
construction as the first portion. In accordance with a second aspect of the present invention,
there is provided a method of fabricating a buoyant panel for a floating cover for a liquid storage tank,
the method comprising providing a flammable material portion; and encapsulating said buoyant
material portion with an fire-retardant material portioﬁ such that, when the panel is assembled for
formation of theegeves, baichfiycheaiardantjmatdrigdpdstiona plextentishatereadly etweddirgdpcent panels

in a plane of thqi@%%grbmgggmgiQ&&é@qgg%lésggtween the adjacent panels. In accordance with a
third aspect of the present invention, there is provided a cover comprising a plurality of panels as

defined in the first aspect. BRIEF DESCRIPTION OF THE DRAWINGS This invention will now be
described by way of noreliseititive eithraphis, gsithotafelenpeesethieveobompaaigisgedrdadangs, in which:-

cover comprising a plurality of panels as defined in the first aspect.

BRIEF DESCRIPTION OF THE DRAWINGS

This invention will now be described by way of non-limitative examples, with reference

to the accompanying drawings, in which:-

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 iliustrates cross sectional details of a sandwich panel making up the ficating

cover according to an embodiment of this invention;

Fig. 3 illustrates cross sectional details where two prefabricated sandwich panels of

Fig. 2 join together; and
Fig. 4 is an exploded view of the component parts of Fig. 3.

Fig. 5 illustrates a portion of the ficating cover of Fig. 3 with & test port for testing if the
sandwich panel joints are airtight.

Fig. 6 illustrates a portion of the floating cover of Fig. 3 with another test port and &
drain port.

Fig. 7 illustrates cross sectional details of a sandwich panel making up the floafing

cover according to another embodiment of this invention;

Fig. 8 illustrates cross sectional details where two prefabricated sandwich panels of
Fig. 7 join together; and



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 illustrates cross sectional details of a sandwich panel making up the
floating cover according to an embodiment of this invention; Fig. 3 illustrates cross sectional details
where two prefabricated sandwich panels of Fig. 2 join together; and Fig. 4 is an exploded view of the
component parts of Fig. 3. Fig. 5 illustrates a portionf the floating cover of Fig. 3 with a test port for

testing if the sapgwich Rasghiviis BIe Ao rpichdp gl atesqagrortion of the floating cover of Fig. 3
with another test port and a drain port. Fig. 7 illustrates cross sectional details of a sandwich panel

making up the floating cover according to another embodiment of this invention; Fig. 8 illustrates cross
sectional detail§ @httdlvgirinempeidarcef mbodtropavelobfBigd wibia egjameéfoatpsting if

the sandwich panel joints are airtight.

Fig. 11 illustrates a portion of the floating cover of Fig. 8 with ancther test port and a

drain port.

Fig. 12 shows a flowchart illustrating a method of fabricating a buoyant panel for a

floating cover for a liquid storage tank according to an exampie embodiment.

DETAILED DESCRIPTION

Fig. 1 iliustrates 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 inciudes other components for operation of the siorage tank. For
example, a ring fiange, 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
flange to co-operate with the internal wall of the tank to keep the content of the fank
beneath the cover 12 and fo prevent external contaminants from entering. A plurality of
vents is equally spaced along the ring flange is o allow for expansion or contraction of
vapour that may be present in the tank as its temperature varies during the day. Gther
types of vents may also be provided, for example a vacuum breaker vent to allow the
Haguid in the tanks to be emptied, when the cover is resting on the tank floor and is no
longer floating. This is fo prevent damage to the cover caused by negative pressure

when the balance of the content is pumped out.

Draining or sampling points are arranged in order to allow sampies of the contents of a
tank to be taken. Further, a gauge pole well is aiso provided for determining the

guantity of the content in the tank.



5 Fig. 9 is an exploded view of the component parts of Fig. 8. Fig. 10 illustrates a portion of the floating
cover of Fig. 8 with a test port for testing if the sandwich panel joints are airtight. Fig. 11 illustrates a
portion of the floating cover of Fig. 8 with another test port and a drain port. Fig. 12 shows a flowchart
illustrating a method of fabricating a buoyant panel for a floating cover for a liquid storage tank
according to an example embodiment. DETAILED DESCRIPTION Fig. 1 illustrates a large storage

tank 10 having gigayerrfleating.pe Hpdd 8 4icantsinatin e tankantiNisdlogting aameraba is made up
of a number ofﬁrefabriﬁgg%%ﬁ deich anegﬁ 'oipo%%rt%;?ther. The cover 12 includes other

ass;ng cover preven iOm I"Oiatiﬂﬂ. . .
components for operation e storade 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 thiy #aingey exeodperaie Mithrdhpdaternabivaliol tive tankrtioXKeepdherceotmentsof the tank

beneath the covepd2 @Ad 10 IEYSLKCIBbERAMIBAIS S IREBaAoiHER iRk abaa s s

equally spaced along the ring tlange is to allow for expansion or contraction of va}[?r(%ur that may be

present in the tSHRAEHERERTPR ARYRR ¥ SIBC I heRY. BRnEPEy HLL HGE WEhAYSRY be
provided, for exXamwigi@rathvaconaniBroaket ve kpalfdveitoenliopiis reddeotankeityleectpystiicd, when the

cover is restinggniBedanicdlopsanskis Aedenass patingicthinisdoaRrevan famage 19 4ke cover

caused by ”egat,!g\?d%'@.e%?%em QegngUQaI%Qge of the content is pumped out. Draining or sampling
points are arrarPged In"order to allow s%nﬂ()]les of the contents of a tank to be taken. Further, a gauge

pole well is also provided for determining the quantity of the content in the tank.
These provisions for the operation of the tank, such as the vents, sampling and drain

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

components already instailed.
A roof 22 covers the whoie tank 10.

A prefabricated sandwich pane! 30, used to 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 distoried in Fig. 2 and other figures. Likewise,

there is a distortion in the relative thicknesses of the different layers.

Each panel 30 has a lower fire-retardant glass-fibre reinforced composite layered
portion 32, an upper fire-retardant glass-fibre reinforced composite layered portion 34
and a flammable honeycomb section (portion) 36, to provide buoyancy, sandwiched
between the lower and upper layered portions 32,34. in an embodiment, the lower
fire-retardant glass-fibre reinforced composite layered portion 32 is a first portion. In
an embodiment, the upper fire-retardant glass-fibre reinforced composite layered
portion 34 is a second portion. Each portion is preferably continuous, in that there are
no holes or gaps all the way through them.

Both the lower layered portion 32 and the upper layered portion 34 are themselves
composite, laminar structures of several layers, each of which contains a liquid
polymerise resin such as an epoxy resin, for instance epoxy vinyl ester resin, and
giass fibres. The glass fibres are orientated in different patierns or directions, at least
relative to immediately adjacent layers to provide each panel with required strength
and other desired mechanical properiies.



6 Fittings, such as a wire rope 18 fixed between the roof and floor of the tank and passing through the
cover prevent the cover 12 from rotating. Vertically extending legs 20 are spaced apart below the
cover 12 at regular intervals. These legs are provided to support the cover 12 when the scaffolding has
been removed after the cover is completed and before the tank 10 is filled with sufficient liquid for the
cover 12 to float. The legs 20 also provide headroom below the cover 12 for maintenance purposes. A
hatch-cover complete with seals over a man-hole is also provided for maintenance purposes. These

provisions for the operation of the tank, such as the vents, sampling and drain paints, anti-rotation
fittings, legs orqrﬁgn-%%%%gtﬁaéo%%rl%%em%%r{otrﬁat some o%?he panegs have %gertures oar flanges to

allow them to bnfittétl dPégedipenrl AR s rivRIECHAIIOReRTS fReansHRbidIdE AFBBrDE covers the
whole tank 10. Kopsetabiticadetbsaasdviddhieoanehd0,seged tts IBake3dp dhe stoatmig Eavee P2 jtis shown in

cross-section i, hig, 2. BECAREECASH BRNGIIF Wb amehInReL AR IS IQRgOTAdRathe relative

depth and width is distorted in Fig. 2 and other figures. Likewise, there is 2 _dist]prtion in the relative

thicknesses of TS HFREPENETEYEs & 8L GaRI%S0 &% SN fife P RIS %128 A5 N forced
composite layeredapgrtianrsBathapperaficiat efdedamed leegfibite 2etnfdingd domisodsastagered portion

34 and a flammagla J19 BRNERIFR RE LR HIRN haf i RO Yidausy atiissadpdchest hgtween the
lower and uppeg, layere rtions . 32,34. In an embodiment, the_lower fire-retardant glass:fibre
reinforced comé‘&%g Irae?/agrgg %%?%%ﬁapﬁt}%eél hibst E%ﬁf%.p%ﬁgﬁ 8%6“851%8&%%‘%%%8% ﬁ(tes-retardant

glass-fibre reinff@edfeciiforitesaiEte R poihsiossidaysed s ipdim AN tic AR rhdRfisiiteferably
continuous, in thatditereargynodvalieg arfigaps akthewayjsbeot ghnthe m aB etz dhdilaiventmgered portion

32 and the uppgr jayesad paltion 3¢, are neINseiues GUTROBIS,amiBak SIHGIHRs.RiagyRral layers,

each of which contains a liquid polymerise resin such as an epoxy resin, for instance egoxy vinyl ester

resin, and glas<aHBreS PPAOYAELSrBREEErd SHIENTRRY Irrifrrei PhR L BR U SHEHOEY least
relative to immeseidimhBadiatentddythes derprosddepedhypaatebaidn i e cestrierigeh thernl theher desired
mechanical properi@santageously will not “jump across” to the flammable honeycomb section of an

adjacent panel, even if sufficient oxygen is available for migration of the fire from the

damaged area o the periphery of the honeycomb section 36.

In general composition, in. this exemplary embodiment, the lower and upper layered
portions 32, 34 are mirror images of each other, although extending different amounis

in the plane of each panel 30.

in the lower layered portion 32, the lowermost (outer) layer 42, is a V-layer. Above the
V-ayer 42 is a first mat or M-layer 44. An R-layer 46 is disposed above the first M-
layer 44. A second M-layer 48, of a similar composition to the first M-layer 44 is
provided on top of R-layer 46. This is the topmost layer of the lower layered portion 32

and is adjacent the underside of the honeycomb seclion 36.

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-fayer 58 of the upper layered portion 34
have the same general composition as their corresponding layers in the lower layered

portion 32.



7 The upper fire-retardant layered portion 34 includes extensions or wall segments 34a and 34b
extending substantially vertical along and encapsulating the flammable honeycomb section 36. While
two wall segments 34a, 34b are shown in Figure 2, it will be appreciated that the wall segments extend
around the entire flammable honeycomb section 36 of the panel. For example, if the panel is of a
generally rectangular shape, there is a total of four wall segments accordingly. In this described

example em bOd‘!ﬁBG\VﬂIa%% f[@mﬁ‘@blﬁéih%}@?@afﬁbﬁeﬁﬂw SugibMg escaprsylated hyithe dre-retardant
material of the upggr Ia#ere%ggt{ti%n 4 inclu(?)in the qul segqmmeenrt% %40%'3%' on the.one hand, and

the lower Iayerecf(f1 poFﬁ'onorézf on the 0 hheérV Ranc ,Oth&%ngé:\?frﬁ% ousnly providin %nﬁrgcﬁ%eetween

adjacent paneld 8rfasedinBhe@siosingsc BRI (RRAIREr 1)rHamiPh & At SREEIEIRY Bt aR or example
the upper fire-retapaeatislayepechipoiinesd dsqoiedtedodeety eaine dcidensndrthdbedimmmeable

honeycomb secfign, 36 UpgrIAAINIDE damaoed Unpeplaxeiar ROMIARGhHASSaUAMHIre, then the fire

advantageously will not "jJump across" to the flammable honeycomb section of an adjacent panel, even
if sufficient oxygen is available for migration of the fire from the damaged area to the periphery of the
honeycomb sedtien\8&ykisgemsrslyea pbsitforbdinbthisrexensptamyed reibadimenitoedevibreand upper
Ie;yeredfportiﬁn%{é@?éégn&;@?iﬁrwniéml%g&ﬁ gjee%%&ﬁhg&iﬁma].@wh@@@ﬁgﬂtﬂgyoﬂff@%ehzﬁmour{t/sl in the
plane of each p . In the lower layere rtio t W t (outer) layer 42 is a V-layer.
Above the v-lag D ATt bR P 1A A o) o LT ShoSe ABEAE RS N Alayer 44,
A second M-layBeragesi RRengile ChihsieRCIoIREINSE KA-REFEISION (1§ Hie FRBEPSIFtSYBeP-layer 46.
This is the topmesidayesnf tae Ibweklay ered portiamid2andssnadjpeesit the undesideainthe
honeycomb section, 36, 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 P-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-[ayerb8&arthénupper tayegeyeosiicts 34thdevdhe savengeneal teimgositiem as their

corresp(_)nding_ ':%M%’?c%ﬁs‘%%rl@w\% WQBéﬁé’en&éﬂﬁh@ YrlRysks. (Buiane vel W%@tﬁz’ 52 have
a surfacing veil %Iasg g@re mat o%‘ % gflass r m%or(%e1 en]is and hg.ve csrb n (and.co otur gl(?pents if
desired) and enhan 8 %Vs\'ﬁ?f%’éeo intah 88Wel s prc")wcﬁHBn{’N é‘i‘ﬁ‘er fo eE for"'&Nd Cortdsion resistant
properties. Typibalettieserebéin Bdayesosbyideciprhenicaliatindtaboiivo drectienmmlitbck. Different
V-layers within fhecsammarpapebeaprbenhsifieriageonstrustian. the glass to resin ratio with

consequent increased mechanical strength. Different R-layers within the same panel

can be of differing construction.

The honeycomb layer 36 is made of a polypropylene core, with two membranes on
each side. An inner membrane permanently attaches to the core and acts as a seal to
prevent resin penetration into the cells of the core. An outer membrane of a non-
woven thermoplastic mat is porous and aliows the resin of the composite layered
portions (when wet) to penetrate and bond to the membrane's surface. The resulting

bond contributes 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



The M-layers (mat layers) 44, 48, 54, 58 have a chopped strand mat of glass fibres that are of certain
lengths but are randomly orientated. Typically they are about 60 - 70% by weight of resin and about
1.1 - 1.2 mm thick. The M-layers absorb relatively more resin and give relatively higher resistance to
corrosion to the composite layered portions 32, 34. Different M-layers within the same panel can be of
differing construction. The R-layers (woven roving léers) 46, 56 have a woven roving mat of glass
reinforcementsybhatanewoves indues Respendisulpsdikcations. dyrieallytheyraraevabauieAd- 50% by
weight of resin and abhout 1.1 -1.2 mm thick. Due to t I ions of the reinforcement, the R-layers
provide mechamgg?%sar%r?&ﬁciﬁo \%/lggdll?e{@%gﬁesﬁ.aﬁ?‘ﬁ%%%%v%éf%ge%?ébsorption of these layers increases the
glass to resin ratio with consequent increased mechanical strength. Different R-layers within the same
panel can be ofdiftetingloonstipetienis Tield one yogmiotdpen 36 dsdnaderof hed lypidpilente core, with
two membraneg,gn.each side, An,INpErdROHLENG RErRAREA L AIAFDERIP HiscsaieRRAACtS as a

seal to prevent resin penetration into the cells of the core. ren qQuter mem ranﬁ 0;1 a nonwgven
thermoplastic NRPREEHIOAYRAG SIRERRCHE e &F SO IR B Mg ositd 185 SR hotbRY Rl FE R wet) to
penetrate and IseriibtodtherenembrandisisunfaceThesvesiittirrpiond donuibetdayesethedierall structural
:ntﬁgrity ?]f eacfszp%a@Itr%roomﬁah@eﬁmn&t@m&@rai@mcwadmy me@?bam@aadtwmm;ther types of
ightweight core materials as jred qr.appropriate. T n re prefabri t a factory.

Each panel is @?ﬁ&ﬁ {/Sﬁ?lé“r%“gﬁ)’é"‘rgf’%ﬁg %izﬁ%gﬁ%sgglﬁﬁgsd%%’g%v%efgnggfth&égﬁ%%-%@aﬁg per panel

and general cuRfRlYssmEfdssinELih SaABPIS RsPReEmealvyAsidiipgatior Bigyrstimrstiotlr B8manhandle.
As most storagroiaiykssraseselineidcaing emag for Bech:Al tatkmamsldalsomdOe tirpattrmedis means

that not all pane|awill he 3apare. Bt S0rsWll BavgerRuRdedaAge aqgewlinghtoiae gygrall radius of

the tank. Generally the compasite is made in a large continuous and uniform sheet which is cut into

appropriately siZ¥e FaREIE30 3P FHRSHVEIN SIRE R oA TePHBRY H9URE 1Y J4g8510 give it a

stepped form, atréstimowtnenpine 2f trepartid Gér, ~ibehche yep Mirgerchidis SEikmedreanloddtt to form an
undercut with regag 19 ihe.spReldaNRgash RKEeB:34mnd thenovsshang/nbile smndegeit wpper layered
portion 34 is thetn_fold gPI in tg fonr%ghgxwmalggegments 34a and 34b. The wall segments 34a, 34 b are
secured using g.apa'sc 'té?y‘%’é& rRSIF i Eis éxample embodiment. Additionally, the removal of the

honeycomb section 36 and folding of the wall segments 34a and 34b is performed such that the lower
layered portion g&xteeasdarexampletine heygand theosppesrlayesscdartiordédtahdriioneycomb

section 36 n an pasecpRTHON SMB R ALECIPRINANG PIROS Al e ) B FyHfeln the top

V-layer 52 is stﬁppe It further at its edges, leaving an exposed strip 40 of the top first M-layer
54. Again this Sl?ﬁldqg @}{zﬁn{iwi&@q}igwgseg%}tﬁaé)_@hwen the edges of the lower layered portions

32. In the spaces above the extended edges of the lower layered portions 32, the
upper, horizontal surfaces are roughened with sandpaper, emery cloth or similar
abrasive (for example having a grade size of about 30), if this has not been already
been done. The resulting dust is removed by vacuum cleaning, otherwise the residue

may cause weak bonding and joint failure.

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 appilied 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 inveried panel with the top V-layer 52 completely removed.

That is there is a reinforcing infill composite 60, having a first M-iayer 62 in contact with



Before installation of the cover 12 (Figure 1), form work scaffolding is erected and a platform is
provided so that the panels 30 making up the entire cover 12 (Figure 1) can be laid out with contiguous
contact between the edges of the lower layered portions 32. In the spaces above the extended edges
of the lower layered portions 32, the upper, horizontal surfaces are roughened with sandpaper, emery
cloth or similar abrasive (for example having a gradéGize of about 30), if this has not been already

Eeeg done-dTher@fggdﬁiﬂn@ @a@é&&bwm%dx%wmmgm ;@@rq;h M@ag@raﬂi&@tﬁfl@(ﬁj %ause w?ak
onding and joint failyre. A jqint between adjacent panels 30.is shown in Fig. 3. An exploded view o
this is shown inal'—%}'E;Sa.T I‘i\)." I%eé Jrs(ég{lpr’ieﬂs&’:'es " ?ﬁ?’%lsf;eé;é?s%% ied To t %nee%?gwges(? ?g{culf]@g)égd%%s 38 of the
lower layered poRiehatch waireM-arRer hiisjussaImY R-egap Bemp&rdyMdamndneycomb
structures 36 withamesg, Baaeyesrmbagéraaforcing 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 inf ill composite 60, having a first
M-layer 62 in cOHER! WRPOES IR ARSI dhE WY RRepe 8P anE” dBatEH Iémgfgyéfsportions 32.
Above this is a firgeRethttert Gkythemade gonitiM-tapertié@an o pataigssdarerim éy eopiidsteubture 68, on
top of which is @t MWL rtER AR davsid fd1dhen adanithMrayesndoainddinally a
topmost V-layer 76. \éVhiIst itis p ssible to. refabtgcatehtrile irr1 il cfogr;ﬁgtsictieo60mf053 in}g{gr\a/gp strength it
is preferred thaf theS be m&de iR <itd R ﬁér fcu z':lr, geatangel fesin |L~7eétpp[ie0Q {5 the expgsed and
roughened surfeeds ayehaaéedhdivi-kiffesoag ahihenesiinaeping cisite isdpptiederYsr at a time,
either with each:tersorefalsipated @ Rl gopl eferaly-taah layear enadrijersiusiwibwaqnie of the resin
seeping down betwe i t |pi r each layer
is laid down, it ig%inor%%p%gl%ﬁ gﬁ%%%ﬁ%ﬁe@%ﬁt& %gaes%}eealp%e%é%? %lrlg %ﬁ%%gpghng 0%?1 g(%f%n%‘?le using
metal rollers. BEIB#& the resin bonding the infill second M-layer 66 to the infill first R-layer 64 in this
lower fire-retardant infill portion 78 has hardened or cured, a catalysed resin is applied to the

underside of the Jfill hanexcrRBAi iRt arddnsdsarpligdie Hin ipa alithe eillsegond M-layer
66. It is held down by weight untlhﬂt has com%t%ﬁure A t%%) fire-retardant infill portf,og 80, with the
g‘[&ﬁe i i

remaining layerS™g g?f ARG R8P bt 1RS NFFHHSAS) Sty &FGRUPE SBSKYRIAPHIEis done on a
layer by layer bissike congssiseshidhgéntlyraserermp g e ifecald BubisieseigdHqithe ton e example
embodiment, thediRal Yetayem &isfesnadssua dbah ibexiands and ineegesnwishiheutep. klayer 52 of

the joining panels, as shown in Eigure 3. This.completes the joint. Once all t ver joints have been
comminto e e e R B R B
composite 60 réfediétHoerserBh SiHsBIRifal cAPRDSHIS foMRhiER hdyanals 'BYeTTeRMEd. Thus if

there are additiooabarstevwiethprizgessesdrdiagting thatatheybos|ddod ridfiecten thetaaeneition of the

infill. This meanghatithe.infill has IR RPRSUIRRIGIRG BARgIe RAdiignallelaenns fpat the
heights of various layers of the infill correspond to hel?ﬁvhts_ o% other Ia)ﬁ_e[s in th? garflﬁgls, In particular,

the top of the inff NORESCBMY RRIXIFI B e TIHRHE FIP 6} the 'S¥hELBR'ESH P& R tayer 54 and
the infill third MJagerly résdexes|iviith treadper-tayanaad, the top surface can be finished off with

any required top coat.

The creation of the infill composite 60 reflects the creation of the initial composite from
which the panels are formed. Thus if there are additional or fewer processes in
creating that, they could be reflected in the creation of the infill. This means that the
infill has similar properties to the panels. Additionally it means that the heights of
various layers of the infill correspond to heights of other layers in the panels. In
particular, the fop of the infill honeycomb structure 88 is level with the top of the
exposed top first M-layer 54 and the infill third M-layer 70 is level with the top V-layer
52.



11 Further, in this embodiment, the top infill 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 for example about 0.2m, or a little less wide (to allow resin between the panels 30 and the
infill composite 60. This means that the fire-retardarit'top infill structural portion 80 extends as far as

the exposed top fistMriaveerbotitadndiththios MrlaysetiotOsoonging te thedap gy asedssurace 40 of the
top first M-layer, 54 Thet layer 76.ex s do he exposed s of the tonp fir retardant infill
portion 80, to join Jp vﬁh?fﬁey !toﬁy\/yﬁaleregrs@g e/¥ Qatir?gﬁs Eeeln ete&ét(iﬁ%r 88%"8[%?&? é outer

protective IayertOAh%f%r?fﬁlﬁtltﬂff‘thfH@‘&@\fé} ﬂﬁ@f%‘?ﬁ‘r“v@o‘tli‘@”t’é’rn‘%@& fiervithaqnsdeEeiBle and
exposed edgessoudihe: bdersidevareneales arid laminated witlkahypthebdddyan, Bhis it improve

corrosion resisignoc, U i RENGBRASSOHY fahsiioRgthTh sanstbstian ot saver 12

(Figure 1) from separate panels 30 by this method can be carried out from just one side, the top side,

although the pr%?éd@ﬂéﬁﬁt@@t?ﬁaﬁt?&t 5%%}5‘feltl8ﬁl‘i‘§t[i{3rrPé3(§t'80t%Oel%x\ﬁmﬁﬁlsaf’s Bafly fise to the fact
that the panels aneosenher fod ddidpy¢o Btlgbs infll Veirt ddtedigednextdioe tichother expdseithout

overlap. This mgang dhay melegﬂ@ptahaya sy Wik ipcraijedengdrdvaentiiatedeeadlitions

underneath, thereby i row safet Bre eq ent IS therefore no ecessar rdoes not
need to be usea %og/mﬂcﬁﬁ (Fr ef ap&raéﬁr!ﬂpr \(/)(geltr'rc')trerkzlé%P in ¥ rﬁpc\g'rg%lgortgpa{r/ﬂ dLoSte: \%}It this method

of constructlon,W‘ﬁr@@@d@ﬁ?@d%&ﬁ@l@%ﬁ*}@|?|‘é8ft@f@§§tﬁé/|9t@f%rrm an entire cover having similar
structural layers. This method provides a cover that is mainly prefabricated at the factory and minimal

work is carried gyt on 5. theweking caadfinns.and gualiv e faranueRply gpntolled. tis

means that the structural integrity of the cover thus formed is relatl\geﬁtlg superior to that if formed on

site. With this n‘f'é‘ﬂﬂﬁﬂdﬁf@%?tﬂ?éﬁ%b’rfﬁ?ré@ﬁﬁt@ﬁﬁ@’%d(%\%?“é’%?@ RdriRih AN Bost savings.
The lower and igfoemfirevestandaint [epétedoportibast3a) Bergredasnad faygrdogtayer in the factory to
suit each application. The resins binding the fibres in each layer may also differ from the adjacent

layers, and togerﬁ:lé—:‘ E:g\!tlggggt?o gfs t%g”?:g%esai’ qgc(piglga g r1 )lt%om separate panels 30 by this method
can be carried out from just one side, the top side, although the preferred finishing step
after completion is carried out below. This is partly due to the fact that the panels are
connected edge to edge, with vertical edges next to each other and without overlap.
This means that people do not have to work in cramped and badly ventilated
conditions underneath, thereby improving safety. Breathing equipment is therefore not
necessary, or does not need to be used so much and there are improvements in work

conditions and costs.

With this method of construction, the prefabricated panels are joined together to form
an entire cover having similar structural layers. This method provides a cover that is
mainly prefabricated at the factory and minimal work is carried out on site. As the
working conditions and quality at the factory is easily controlled, this means that the
structural integrity of the cover thus formed is relatively superior fo that if formed on
site. With this method, the entire job for compiefing a cover is aiso shorter, which

means cost savings.

The lower and upper fire-retardant layered 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 strength of the resin and glass fibres, the rigidity of the cover, the composite plate thickness
or the number of laminates may vary, all relative to each other. Similarly, the honeycomb thickness or

number of honeycaml laver mavche skease orarealelpenau.ar it Yehfs alsg possivle to
maintain a common composite thickness and'strengt b)_/%%lr1 viding more su {zfgr_tlng legs at the lower
side of the covelMifE ehprae @RISR R Hesdrb&ImBBmEnBEree PR WREE e invention
covers other possibilities as required. For example, they could range from 0.05 to 0.2m or to other

widths. The extengign.f the. lQWer |BYEre PaFIAR Bgerelatiyaidn e MPRES IaYeTREIPaion.34 and core
36, and the overlap of the top infill structural portion 80 need not be 0.1]['n but could &e different from

each other and CRRYGETRAHRFRS F5iPUR, i instAPRE URDERaing SKIHE {15 8Y FEsiiCuSds and the
shear forces inthidewst. theswioingshaedndrearanatiosteps e ot weiahtoheevestidhbfaces, but
can be sloped. Fhagnaterials cbasenTonteBrE e BraipEhhe camRatinieositbdiie lisutsl in the tank.
The completed IE»PEHQ& coyer 12 (Floure, 1) may heed to b ins .\‘?é?%%degmd&%&e& t‘?ﬁé’r?é”%ethat the
floating cover 12'(Eigure 1) formed accoraing to the specitication of work meets the intlustry or
regulatory stanGeRE¥cal MG ISP Rr PRt ARRYCTH AIRYR ERINBRRA FReH0REiIBGHEthe layers of
the fibreglass agiebrgginoangijaintssareisniegrabstesiing paitsa80araynbeprondesiatiivgriaddl composite

section 60 neal, e, ik 695544 A NORISAA. AR 8 SUPHDIIEIS s e Bfihoneycomb sections

68 are generally slightly'smaller than the space between two adjacent wall segments 34a, 34b. This is
to allow for dimensional tolerances in the fabrication of the panels 30 and honeycomb sections 68. As
a result there isThgyaprdgen botiweeintiie clasediges ehtdineneysombreevtden 68eandetiizngap 92 runs
along 13 the falyjeatedHoinissbeinesnihepansls 86: landetegeglycensingetedHoatipgcover, the

oD o Sealet o 5 KR YRS M L ol RN 8- hanrusombse L gp. o8 and vl

upper layered portion 34 and core 36, and the overlap of the top infill structural portion
80 need not be 0.1m but could be different from each other and can be varied as
desired, for instance depending on the type of resin used and the shear forces induced
at these joints, etc. Moreover, the steps do not need to have vertical faces, bui can be

sloped,

The materials chosen for the cover are preferably compatible with the liquid in the
tank.

The completed floating cover 12 (Figure 1) may need fo be inspected and tested to
verify that the floating cover 12 (Figure 1) formed according to the specification of work
meets the industry or reguiatory standards during and after commissioning. To allow
testing that the bonding of the layers of the fibreglass and resin and joints are integral,
testing ports 80 may be provided af the infill composite section 60 near the cut edges

of the honeycomb 68 as shown in Fig. 5.

The infill honeycomb sections 68 are generally slightly smaller than the space between
two adjacent wall segments 34a, 34b. 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 section 68, and this gap 92 runs along



To provide a testing port 90, a hole 94 is drilled through the upper infill portion 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, preselected to suit the hole 94, is inserted into the
hole 94, and the gap, if any, between the hole 94 and the sleeve 96 is further filled with epoxy and
catalyst so that there is no void between the hole 94&nd the sleeve 96. The bonding between the
upper infill portiag @8-rA86IRe B8 ¢Re shesriBobe as Bieyrglasdhearugperbalihgpostion 80 itself.
The sleeve 96 has a through hole wi Int 16 insert eeve 96 in
the hole 94, pret&c\:%aﬁ%%?g%esnr%@ aﬁl%%gﬁggrﬁrﬁ)%ti%i%%% e¥ %%g@%gg’(%: Fi!r?{géerg%gInﬁ)oIe of the
sleeve 96. The 175pe? EhaortRb KeB¢ate84nalBe temporary closed with a plug (not shown) (which
may extend all the way to the bottom of the sleeve 96). A number of test ports 90, for example, are

provided at spaged apaLt Pesiions.R88, SUhPestQQRRaUdRRIMAL P sfisisstioassthe gaps 92 are
all joined together. However, more than one_is provided toggpve th(% tester %Cqﬁ%ﬁ of t{e?téqg positions
e

h ]
or in case somd'§rotiFEes fF‘feﬂbGa‘E)%ng}(g%Blg%(%%ﬁ%ﬁﬁ'g AVES B8 QBT HE Eomposite

eeves B%t are po
layer 80, all theusest ipdatwiexttepthornanaie pluggediion nipplad oelis diteehelg & thestedtpdFt 90 which is

not plhugged- Thﬁe@mé%%é;ﬁ@ is BRSO, t@iﬁé&;’f&ahﬁw&ﬂé QBI@@@]{%\?M&% §80a% tarfgrm ﬁn
airtight joint. A f{irst en -jint 102 is conn { er.en [ 0Q. [Ihe other two
distal ends of t&gifﬁ%?n&gfsﬁ;{gjr%ﬂ%nr%%gtsé %%e%?gég%éggf%%%g E%O%pgﬁ%gggr%%?%%g vé%oa. The
shutoff valve 1d8eraé ehreiobeieerd dhndiste 4t esiirteis &GinE &AM dHuART58. MSuring
commissioning ipdrergiivertitregoump 2R0siscopedateath thetehydraagasciar axdmplepair iofilnitrogen, to
the enclosed s%%%grﬁgﬁgglfby the gap 92 between the panels 30 in the floating cover. The gas is
delivered with a positive pressure, for example 0.005 bar gauge (or 50 mm water head), and the
shutoff valve 106 is closed once a predetermined pressure is attained. The pressure in the enclosed
space in the 14 floatawyacofewris aibrrvghetbbyeita peideiof fimeadon diampkesytdeagrtinthis

pressure is maipiained o venihic e erirdhrdeinis fasraediindis pang) alnaiitia:lf the pressure
's not maintained ong or more Joipts s ot ke actuallealing jpints. mavdae dejagted by
applying a liqui Stth'8s'a soap Soiutionto’a portion o ?hepﬁoatlng cover and observing air bubbles

from a defectivéepmarery slogrs! xdied. Piuse IV HUMIGMEM ALV BanvteR K kréiffied, repaired

and tested agaisr treasisetre 3ot the joints formed in the floating cover are not defective. To test for
leaks in the joints, a vacuum pressure may be used instead of a positive pressure. Accordingly, the
pressure gauge must be suitable for vacuum sensing. However, to identi%the defectiveﬁortion of the

cover with ease® A BBRRIVE R Whdos RRRE'Suar K483 Bl etrsh 3R ROsE0Fh&R%he floating
cover is put intcuse pthe 86 testind) ponsi®areyiiciggtdeipho prev@at entsl gbivagdogaihdiquid into the
cover. However, more than one is provided to give the tester a choice of testing positions or

in case some groups of the gaps are isolated. After the sleeves 96 are bonded to the

composite layer 8G, ail the test poris except one are plugged. A nipple 100 is attached

to the test port 90 which is not plugged. The nipple 100 is screwed into the internal

thread of the sleeve 86 so as to form an airtight joint. A first end of a T-joint 102 is

connected to the other end of the nipple 100. The other two distal ends of the T-joint

102 are connected to a pressure gauge 104 and a shutoff valve 106. The shutoff valve

106 has a thread that is suitable for connection to a line from a pump 200.

During commissioning of the cover, the pump 200 is operated to deliver a gas, for
example air or nitrogen, to the enclosed space created by the gap 92 between the
panels 30 in the floating cover. The gas is delivered with a positive pressure, for
example 0.005 bar gauge (or 50 mm water head), and the shutoff valve 106 is closed

once a predetermined pressure is attained. The pressure in the enclosed space in the



Although the hole 94 is smooth in the above embodiment, alternatively, the hole 94 may be threaded
to fit an externally threaded sleeve. Another alternative is to locate the sleeve 96 in the upper infill
portion 80 as the infill composite section 60 is made. A further alternative for the test ports is to provide
the sleeve 96 with a flange 300 having an internal hole through which the sleeve 96 is positioned and
to which the sleeve 96 is welded, to form a test port'@1 as shown in Fig. 6. The flange 300 is anchored
between the upnRREN-tayer i mehitbe dppardpiieosionsdGosstahe i pseclianSfbssoauding an
MHayer 70b on/jopaltheMdayer (el wapalinfileqdinn P s lanasSonand plggve 96 may
both be made of metaﬁ or example, steel or aluminium. he ange 300 Is toroidal, for example with an
outside diamet@FSPHISIat?H HRRaReda ARFcRhBSEEIBRiSIBAGT 8iighttd Mbdtitd 1HRrINGIRBshapes of
the flange 300 arayaisodetstadichaltpplygly @rditerdbdydh ey canditpascinsoribed gietenithithéhem, for
example of at lgsk 70 VB iAMEEREANE SIoSHBRE has andoieinal teas andandaeriabbore of

12-mm, for examPIe, nominal diameter. In the preferred embodiment, 15 the internal pressure is to be
Er ﬁ?ﬁﬁ 1;'I;’he diameter

0.005 bar gaug®® TS e nLrdrRNEEPLITRR BRSOy, R/ Bieds?

of the flange throagts Heietmdettie i thedktts dpalinarestes ghehwishetagdves. 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 I?O|F's-tr (gésgggs.oftglhe sleeve 96 and flan&gGSOO are not |iemn|sst%dcprthese. xamples, and

the sizes of the Sleeve 86 and Wanaelo 0 gréar%uel"rrglfj)ra?aggn%ﬁ%lc%g.s eeve 9a6pa(i)ﬁi foange 300,

which are prejoRiRs$#tyetiveprdingindbptetiea Bt g fomNatids Srilkéie gpe At BoPRBR0. After the
structural layersideve?, itdiddrife pperiafiepartion 80tesectoemed, thedalepdditisedsiedu€atalysed

epoxy is appliegr;&)grﬁgl}%agl%gfa@gs}g)glgs%ﬂj%dapg%gégeve 96 is inserted such that there is no void

between the hole 94 and sleeve 96, as done in the previous embodiment. Catalysed epoxy is also
applied to the upper, lower and edge surfaces of the flange 300. With the test port 91 fully inserted, i.e.
with the sleeve Wégpottioriiqaisiechedt tepvainowss inbeshdestitg PPtmBPtlaecflalingece80arigan contact

with the top M-layeefibrminahset afisilichwahiiRirglass layers 70b, 72b, 74b is formed over and
around the flange 300 to secure the test port 91 to the floating cover 12, and also to strengthen the

structural layers of the cover around the test port 91. Once all the structural work is completed, the
V-layer 76 is foffifevalvdrarieie@ibsesmagirédhenadappenhsitiperiorisnaivab uhedipisettion 80b to
complete the finighing tanshdrotective Byandl§. tidhdsesmzodiment as shown in Fig. 6, a plurality of
drain ports 191 are provided on the lower side of the panel 30. These drain ports 191 are provided so
that any liquid that has entered the cover 12, such as the liquid from the storage tank (which entered
during maintenAREE'Sr FTARISE didTIS5RITRDIIERY? STBrilR PR e RIS A dtilthe
uncompleted fleatmysevercterifg igsntalerication, can be drained out. Each drain port 191 is fabricated
in the same manner as a test port 91, i.e. having a flange 302 welded to a sleeve 97. Again, the flange

302 Is anchoreq Ualng A e Xl SR e 32PN e Y ST POEIOR 32 1ange 300
having an internal hole through which the sieeve 96 is positioned and fo which the
sleeve 96 is welded, to form a fest port 91 as shown in Fig. 6. The flange 300 is
anchored between the upper M-layer 74 of the upper infill portion 80, and a built-up
section 80b, including an M-tayer 70b on top of the M-layer 74 of the upper infill portion
80.

The flange 300 and sleeve 96 may both be made of metal, for example, steel or
aluminium. The flange 300 is toroidal, for example with an outside diameter of about
70 mm and a thickness from about 3 mm to about 5 mm. Other shapes of the flange
300 are aiso suitable, although preferably they can fit an inscribed circle within them,
for example of at ieast 70 mm diameter. The sleeve 96 has an intemal thread and an

internal bore of 12-mm, for example, nominal diameter. in the preferred embodiment,



After the floating cover is formed and the supporting formwork is removed, a plurality of positions
directly below the gap 92 are marked on the lower surface of the cover. These positions are spaced
apart as desired. At each position, a hole 95 is drilled through the structural layers 42, 44, 46, 48 of the
lower layered portion 32. The V-layer 16 42 in the area around each hole 95 is removed, if not
previously done, over an area extending beyond the &ize and shape of the flange 302. The flange 302

is positioned onrhe:aleaye QL they ssomeioiedigethesyeh shahuhanebitesigare 99 is
inserted into the hole 95 uptrl th flan% %92 IS i contact Wltf} tpifwosta%geg (Tf the, g guter M-layer 44

and the upper enc(f ‘ot the's e"é()“é s Aboul tilis WI natheteirn?rer a er sed epoxy is applied

onto the exposéi searpphitiamaer W Ifirosieaverite thBusuifat «iigrahe HBRSWS &’r‘tﬁ%l’é’@"@n the upper,
lower and edgereyifacemobiteflangendti. of fe sleeve B/ risgitamangerted isdohedhiotesds until the

flange 302 Is InaUiachydh IR FYRRSSHILNEL 4y arlb el Rorhinsaontad abdisreyiy onto the

cover by formin t% a set of structural layers of fibreglass 70c, 72c, 74c over and around the flange 302
of the drain port"#&d %tﬁmateﬁo %rg?et‘%%ﬁe%EB‘%HW&%%&F%J’J@H%%%Q&? (SBFVA SBHEL the

structural work ¢d@osmpleted, a V-layer similar to layer 42 is formed over the exposed surfaces of the
newly laid structural layers 70c, 72c, 74c and the exposed area of layer 44 to complete the finishing
and protective ¢oat on the Iowe urfac 8f tl'h_I oatrn caver. Of ourse altho rté%h thrs etmbodrment

shows test port Sfﬁﬁed?grﬁ por g oge er 2o ZPSIEO AT %%. TRV HE S Hore test ports

91 without any &raiatigores i@l%ﬁ@fy@ﬁﬁmﬂﬁ@%ﬁ%éﬂﬁﬁé’?ﬁeswmdé%ﬁe@r roréfdPhiforts 191
without any teSh@%iSn@il pOriveEbaeaiathsandwicheangl 3R acaElisgteparpibepsisbaesiment, used

to make up the floafing COURL LeydSahan tncteaéesgst'em@eﬁa CubrPeiuPael (304135, lower

fire-retardant glassmfabre reinforced composite layered portion 732, an upper fire- retardant glass-fibre

reinforced comBS@YF@h%r@ﬂ‘%@ﬁr%Wﬁ??éﬁaﬁa ﬂ%ﬁﬂﬂ%ﬁ?é%?f@y%‘ﬁtﬁ’%‘éﬁl@ﬁ“{*pgﬁfa FS%6, to
provide buoyangy;sdndisichgdidtinvbenther|dwer andasigpeuliamered frerfiams: 7282, W34 .tha an

embodiment, t%é@%ﬁfdr%nﬁtﬁ% halasaifibie el erd cAmPealRRYR IR DA 34ds a first
portion. In an embodimen Bg) er fire-retardant Iass f%) Erernfﬂe?eﬁqgc mpos e Ia ered portion

734 is a second oM ELRH BEriBRE B ?8@%&%8%&.% e ikR oles or gaps all
the way throug htth@maEB@mmeSIdﬂMersléQeréabpéﬁbdﬁ mﬁzeénwmeﬂﬁp@@ﬂwefﬂeﬂﬁpﬂﬁtﬁﬂ@ 34 are

themselves corgpasiantmingbstonaliies wseyaialdayelsneanboobwhislyeentains ubgud
layers of the cover around the test port 91. Once all the structural work is completed,
the V-layer 76 is formed over the exposed layers of the upper infili portion 80 and built-

up section 80b 1o complete the finishing and protective layer 76.

In this embodiment as shown in Fig. 6, a plurality of drain ports 191 are provided on
the lower side of the panel 30. These drain ports 191 are provided so that any liquid
that has entered the cover 12, such as the liquid from the storage tank {(which entered
during maintenance or repair of the floating cover or otherwise) or rain water collected
on the uncompleted floating cover during its fabrication, can be drained out. Each
drain port 191 is fabricated in the same manner as a test port 91, i.e. having a flange
302 welded to a sleeve 97. Again, the flange 302 is anchored using an exiension

segment 32b to the lower layered portion 32.

After the floating cover is formed and the supporting formwork is removed, a pluraiity
of positions directly below the gap 92 are marked on the lower surface of the cover.
These positions are spaced apart as desired. At each position, a hole 95 is drilled
through the structural layers 42, 44, 46, 48 of the lower layered portion 32. The V-layer



16a polymerise resin such as an epoxy resin, for instance epoxy vinyl ester resin, and glass fibres.
The glass fibres are orientated in different patterns or directions, at least relative to immediately
adjacent layers to provide each panel with required strength and other desired mechanical properties.
17 In general composition, in this exemplary embodiment, the lower and upper layered portions 732,
734 are mirror images of each other, although exteriding different amounts in the plane of each panel

730. In the |0W%"2|WW@QrQ@@P@Dn@%&h%J%@@@%@HIﬁH} IR AZudly cYidayes: Abams the V-layer
742 is a first mat or Iag 4, An R-layer, 746 |§ gj:s;?osed ?&O\ﬁ%e'}%f'rSt Iag/er 744. A second
o]

M-layer 748, of &€ “P r Otgﬁlg d SF FEEMCI ayer s prowde(f'ge Fﬁsfa erd746 This is
the topmost laye? Bktikisdoer Iﬁ%#@@@?ti@fﬁfcﬂsgddﬁ@e%%fdj?a@éﬁh%é/?ﬂﬁm@ffﬁ’é@@ﬁﬂ%‘?ﬂﬁeycomb
section 736. Thagéﬂ@@rd@mée@bmmmﬂ%iﬁaﬁk@ismsrm ebthetoviartiRyeiestoaienct 32 with a

V-layer 752 uppegmagst, 8%??%&%'\@ (SEnteh tﬂ‘g%}é%\?e%‘) %535&@198%%%&%9’ M-layer 758,

which is adjacent the to S|de e ho com section 736. The V-layer 752, first M-layer 754,

R-layer 756 andf¥cthdpiakyed ?B@"Eﬁf*ﬁf?é’@l@ﬁe‘?ﬁ'ﬁy@?eﬁxﬁfﬂ?ﬁar?'??4°ﬁ§%%’€%’ﬁﬂ?é%e"ﬁ%ral
composition asdhieifrecsueispandlitice layierssiatteltoveertiayaned, porto and3igesertAdayefshesurface vell

layers) 742, 75%4?1%}493@25Wﬁé%@@x)éeéﬁl@%ﬂhﬁ%éﬂéé phCrlassidainforaements ahddavecarbon (and

colour pigments if desired) and enhance th face finish as well as Erowdlng weather rotection and

corrosion reast‘é?ﬂ?)%‘ﬁ’éqtfgg 91‘98?83||&?¥ﬁey A AbSBB oS By (FligAT SPYESR 8WE DSout 0.5 - 0.6
mm thick. Diffesnerbiciparingigiatibicsugtisab avercaifibedsehiféieng2constrotiomndredwriayers (mat

layers) 744, 74&c/ishgbSdhavena ehapped straashimalolglass/iibresthatare of mﬂa&&umgths but are
randomly orientated, Bg’&b@ﬂ'y&ﬁ‘?&’ {ALe Ao B0 -/ %O{%’OR}’Pe?%@ hatl gfssinand abodt ] bl-2 mm

thick. The M- Iayers a relatively more resin and give relatively higher resistance to corrosion to
the composite [EyERSHBItishexpesedrantachfi<ldhe NRMYENS MittH ¥ aihdSandt-cHs Beof differing

construction. the exposed area of layer 44 to complete the finishing and protective coat on the lower

surface of the floating cover.

Of course, although this embodiment shows test ports 91 and drain ports 191 together,
other embodiments may have one or more test ports 91 without any drain poris 121
and yet further embodiments may have one or more drain ports 191 without any test
ports 91.

A prefabricated sandwich panel 730 according 1o another embodiment, used to make

up the floating cover 12, is shown in cross-section in ¥ig. 7.

Each panel 730 has a lower fire-retardant glass-fibre reinforced composite layered
portion 732, an upper fire-retardant glass-fibre reinforced composite layered portion
734 and a flammable honeycomb section {portion) 736, to provide buoyancy,
sandwiched between the lower and upper layered portions 732, 734. In an
embodiment, the lower fire-retardant glass-fibre reinforced composite layered portion
732 is a first poriion. In an embodiment, the upper fire-retardant glass-fibre reinforced
composite layered portion 734 is a second portion. Each portion is preferably
cantinuous, in that there are no holes or gaps all the way through them.

Both the lower layered portion 732 and the upper layered portion 734 are themselves

composite, laminar structures of several layers, each of which contains a liquid



The R-layers (woven roving layers) 746, 756 have a woven roving mat of glass reinforcements that are
woven in two perpendicular directions. Typically they are about 40 - 50% by weight of resin and about
1.1 - 1.2 mm thick. Due to the orientations of the reinforcement, the R-layers provide mechanical
strength in two directions. The 18 lower resin absorption of these layers increases the glass to resin
ratio with consequent increased mechanical strength. Different R-layers within the same panel can be
of differing construction. The honeycomb layer 7361isamade of a polypropylene core, with two
membranes on.aaeh side, 4 NS ebiane perimaRPhibAtadeR IO Mg cols Alhagiyas a seal to
prevent resin pgn(\’étratlon into the cells of the core. n outer membrane of 'a nonwoven thermoplastic
mat is porous #erafiBws thesesss dbme ¥ERUAE I it T RASE R M ENHEY S &i8lrate and bond
to the membranestsartadendiares utingdooidesrtributédd@she prashllétrmsiuratisteguty of each
panel 730. Thisapgg%g:(ag%%gw&@ﬁﬁ@ﬁgrrggeq%g may be substituted with other types of lightweight
core materials as desired or appropriate. The panels 730 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.
Generally the composite is made in a large continuous and uniform sheet which is cut into
appropriately sized panels 730. Portions of each panel are then removed around its edges and
additional layers added to give and embedded a stepped form, as is shown in Fig. 7. In particular, the
upper layered portion 734 and honeycomb section 736 are removed from a strip around every edge, in
this example the strip is 0.1m wide. Thus the lower layered portion 732 extends 0.1m beyond the
upper layered portion 734 and honeycomb section 736 in each direction in the plane of the panel 730.
Further, the top V-layer 752 is stripped back a bit further at its edges, leaving an exposed strip of the
top first M-layer 754. Again this strip is 0.1m wide in this example. Next, prefabricated fire-retardant
wall segments 734a and 734b are provided substantially vertical along and encapsulating the
flammable honeycomb sections 736. While two wall segments 734a, 734b are shown in Figure 7, it will
be appreciated that the wall segments are provided around the entire flammable honeycomb section
736



19 of the panel. For example, if the panel is of a generally rectangular shape, there is a total of four
wall segments accordingly. The wall segments 734a, 734b are composed of two M-layers in the
example embodiment. Next, additional capping layers 735a, 735b are secured around the edge of the
panels, securing the wall segments 734a, 734b in place. Catalysed resin is used in this example
embodiment to mount the capping layers 735a, 735b/ The layers 735a, 735b are prefabricated in a
stepped shape, and as one unitary piece in the example embodiment. In this example embodiment,

the flammable honeycomb section 736.is thus again encapsul eg_'fby an firearetardainté’p%terial, more
particular by thienfﬁge(%?g:c&énrﬁorsr%% eria tcb\éstheé( %nﬁggplg%%roﬁbngﬁgﬁs 3 :Nt rea\?valf%%eémagntg 734a, 734b,

layers 735a, 73%Wtield 1R |6k rrsy BHEGHERAERST 3D 2atlls Yokt stis K g Bt wall
between adjacemiqpaneis the akesseaablepfioals® cover 12 (Figure 1). Before installation of the cover
12 (Figure 1), form work scaffolding is erected and a platform is provided so that the panels 730
making up the entire cover 12 (Figure 1) can be laid out with contiguous contact between the edges of

the lower layerdd BoraYRS P fPIECO At dNRHBYE TR LIGREHAYBLGES & the B(FE 18 ed portions
732, the upper thoiiZeytal s2ifaciistareroudHeyrd 4ith s Brdpapdt srisnpetdthborsintltiishbrasive (for
example havingagkadesizesataoutizR)y Hahisthasinel-beapalirady bremdane, dheegulting dust is
removed by vacuum c(!e%nin bp&grv&s&gherrhesiid%ge@cg c%y%ee\{yg% b%r\}?eiP% aer}g join .Eg%ilure. A joint
between adjacé)rrl?\ba%e?s is'SHOWnN'in Fig. 8."An exﬁf@&ed Iew o this s ShOWR i Ig. 9. The resin
used in the V-l&#2rd8Hpshasentthe wdermirtarfdemapasiges 7 38cspthefower layered portions 732.

However, rather than just filling in the gap between adjacent honeycomb structures 736 with more

honeycomb, a ﬁ%i@f&%ﬁfﬁﬁtysﬁi&% povted WSFSQ‘&R@M%{?‘?&%%%%E?\ﬂﬁksa@(’- In

particular, the gap is ith what amounts to a narrower inverted panel with the outer V-layers

completely remBVeH7 FhERRE TR Y AT b APYSGER Fetyhdrh et R9Er 762 in
contact with thevalayiigdaybish 7352738 heftopsidemitidg towmecayeegonidas. 78% Wiyee

752, first M-layer 754, R-layer 756 and second M-layer 758 of the upper layered
portion 734 have the same general composition as their corresponding layers in the

lower layerad portion 732.

The V-layers (surface veil layers) 742, 752 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
properties. Typically they are about 80 ~ 95% by weight of resin and about 0.5 - 0.6

mm thick. Different V-layers within the same panel can be of differing construction.

The M-layers (mat layers) 744, 748, 754, 758 have a chopped strand mat of glass
fibres that are of certain lengths but are randomly orientated. Typically they are about
60 — 70% by weight of resin and about 1.1 — 1.2 mm thick. The M-layers absorb
refatively mote resin and give relatively higher resistance to corrosion to the composite
layered portions 732, 734. Different M-layers within the same panel can be of differing

construction,

The R-layers (woven roving layers) 746, 756 have a woven roving mat of glass
reinforcements that are woven in two perpendicular directions, Typically they are about
40 - 50% by weight of resin and about 1.1 — 1.2 mm thick. Due to the orientations of
the reinforcement, the R-layers provide mechanical strength in two directions. The



20 this is a first R-layer 764, then a second M-layer 766. Atop this is a honeycomb structure 768, on
top of which is a third M-layer 770, then a second R-layer 772, and then a fourth M-layer 774. Whilst it
is possible to prefabricate the infill composite 760, for improved strength it is preferred that they be
made in situ. In particular, a catalysed resin is applied to the exposed and roughened surfaces of the
layers 735a, 735b and the infill composite is applied!'8ne layer at a time, either with each layer
Erefabrica:]ed %row&r&%ﬁﬁf%@?%wwﬁm&mmm Site s &ﬁ@@f@@fh% reﬁmlsaﬂmn@'imov;n

etween the abutting edges of the panels to help join t together. After e ayer is laid down, it is
compacted and” 8?rsgq&%% X (fT1eaatSr‘c"ﬁja?/1 021 ?)[}lgggﬁl[%r tﬂbﬁé%m EJGSE %6%%?3%%@“35%8%1“&3??8 lers. Before
the resin bondisgnke mAifeaedaerrItalet 766 to the infill first R-layer 764 in this lower fire-retardant
infill portion 778 has hardened or cured, a catalysed resin is applied to the underside of the infill

honeycomb stryguire, 768 Ans his is-anplieckiodne 198 bR IBTLAEcRE Mo IaUeTAERkd s held down

by weights until it has completely cured. A top fire-retardant infill g;rtion 780, with the remaining layers,
|

is then applied F6TAE'85p B tABSHIFTBRES SIRRPREIMAHE Y88 AR AR ETS A6REDA SCRYRr by layer
basis, compresgingetiiedaiyepsratrdtiailing doe thelairbibbbies eath tnte. Farabhana Vilaywn776 is
formed such thagj i sxigBessRAeIsER Wik thedap Mdrvend 32 theyeining frene!syarghown in
Figure 8. This corﬁiplet?s ghe \j\gcifﬂt On%e gl tg% Fover jt%ir%s irwn%v lr)a%%% com Cletqghtiht?3 15%9 surface can
be finished off Wit 0anﬁc’y ‘Pédaﬁiree )té)ppc?og{f. 8CreRhion of the mi composi 6760 Fefiacts the creation

of the initial coripasrentriviawitdhaserirEyAvetoresly Tireshmiret’dPe additional or fewer

processes in creating that, they could be reflected in the creation of the infill. This means that the infill

has simiar proRglies g {ne-asls: AdgitRpaly Kaneans Bat lEeIatS, Al varlgus et of the infl
correspond to heights of ‘other layers in the panels. In particular, the top of the infill honeycomb
structure 768 isIRVEPEIHCRTR BRIFHRIEFIARSET 953PHE8HD 1 rest of the infill structure 760. It is about

0.4m wide, whilst the infill honeycomb structure 768 and lower infill portion are about 0.2m, or a little

less wide (to alleyy resinbebyesn theRrpsiss’A0aaedRe ifilh CRMNGSIERiIEAR, 7hisTmgans that the top
infill portion 780 extends as far ag th(ﬁ? exposed,lwer; 7356t1, _703?5) the infill third M-Ig%vner 770 bonding
g6HiRte v r i

to the layers 7355 $%8n0%He P&SHIRTefOnoARECoVeP IE fOFim witkAE &R ' SR8 underside

and exposed edyederanensagerSidehapensédfedaingdahsimeatad Vgeai®irtheroptagefoThis is to
improve corrosigRrirsistance rMiatheothgnbete g rResairaacy far sivengitsuch a tank would aiso

be circular, This means that not all panels will be square, buf some will have a

rounded edge according to the overall radius of the tank.

Generally the composite is made in a large continuous and uniform sheet which is cut
into appropriately sized panels 730. Portions of each panel are then removed around
its edges and additional iayers added to give and embedded a stepped form, as i
shown in Fig. 7. In particular, the upper layered portion 734 and honeycomb section
736 are removed from a strip around every edge, in this example the sirip is 0.1m
wide. Thus the lower layered portion 732 extends 0.1m beyond the upper layered
portion 734 and honeycomb section 736 in each direction in the plane of the panel
730. Further, the top V-layer 752 is stripped back a bit further at its edges, leaving an
exposed strip of the top first M-layer 754. Again this strip is 0.1m wide in this example.

Next, prefabricated fire-retardant wall segmenis 734a and 734b are provided
substantially vertical along and encapsulating the flammable honeycomb sections 736.
While two wall segments 734a, 734b are shown in Figure 7, it will be appreciaied that
the wall segments are provided around the entire flammable honeycomb section 736



The construction of the cover 12 (Figure 1) from separate panels 730 by this method can be carried
out from just one side, the top side, although the preferred finishing step after completion is carried out
below. This is partly due to the fact that the panels are connected edge to edge, with vertical edges
next to each other and without overlap. This means that people do not have to work in cramped and
badly ventilated conditions underneath, thereby improving safety. Breathing equipment is therefore not
necessary, or does not need to be used so much angythere are improvements in work conditions and

costs. With this migthod of censtiuetion, fe prefabricaled paneis arglolned (ogether g form an entire
cover having simifar fuctural Iayer§). Trhis a6 provu?es Acover IS malﬁ?y pre?abrlcated at the

factory and minieili K isabseerentn araitngs The WaltispainesifdTidhs aME et aeR@ factory is

easily controlledy this veaas thaidkeastpictmabiegrity of the cover thus formed is relatively superior
to that if formed on site. With this method, the entire job for completing a cover is also shorter, which
means cost savings. The lower and upper fire-retardant layered portions 732, 734 are formed layer by

layer in the factoRFtFEHOBELFPRPIBACAIRSR /TP fEShEBRRANGHRE NS PEIA By ERRS also differ
from the adjacestdaymyshandaibgethemtsitiicte JlxEs-fibpbseedtdidayed pesividesutse donfiposite plate

!JniqU? meCha”&%hﬁ!@%ﬁ&&m@h@t&%mp%BH':g”lé%?@WQ%A?Y@S%,%{%QQ%%C%A@W%Om jobto
job, within the scope offFl he invention. 22 thickness, th spacing between the SL%E[})1 ortin egs, the

self-weight of tHETHVE ,E)trrilcé3 tgijeng?h%?QH% r&SPandads ﬁB?e%,m{ﬁgrPd?ﬁﬁy’%f e BV %the
composite plateethberiteedt.or the number of laminates may vary, all relative to each other. Similarly, the
honeycomb thickness or number of honeycomb layer may be increased for greater strength or rigidity.

honeycomb thickness or numbe may b ater stren
SUpporting lege Bt e A G o R R B L S SR et are

0.1m wide. TheSPRAATHEIFE D8 r&btHE SEEERitRE At e URFE AP RIEF E3a M B StHE EBTEF dnge from
0.05 to 0.2m ortaetix oiitthspEhaextpasions Giithehowelt kaopnecipdBden723B, relative 16the upper

layered portion 34;and ofe.36,neHarevesiam o shedrRr infllsinichia) ResiRmEdneedanot be 0.1m

but could be different from each other and can be varied as desired, forinstance depending on the
type of resin usBEAHH FUSRERABRELS TRATEERAPEHIELBiITR et FvsoVer, the steps do not need

to have vertical faces, but can be sloped. The materials chosen for the cover are preferably compatible

with the liquid iethsrdankaiidicompletedeaatirgcay ey, I3-(HgsHesdarry o ecerteibe snapected and
tested to verify thapf' the .floating cove 1gtg§i§ure 1)7%%3% acgor&i}i{gg D:to the S re&'fi tion of work meets

) i h | .
the industry or %%u?gpo'ri/%r%ﬁ ards dl?rlng Rd atter commigsi ning. 0 allow testing that the bonding

of the layers of A8 fiSrddjfasstanihresmiiefisorntae NRtEeRaI HestrPp st T (P YRy BESFbvided at the
infill composite gseditan 780 netethgaced atdgesibé thadndae eigpbof Gid:dsvahamye i FigrtihOs

732, the upper, horizontal surfaces are roughened with sandpaper, emery cloth or
similar abrasive {for example having a grade size of about 30), if this has not been
aiready been done. The resulting dust is removed by vacuum cleaning, otherwise the

residue may cause weak bonding and joint failure.

A joint between adjacent panels 730 is shown in Fig. 8. An exploded view of this is

shown in Fig. 9.

The resin used in the V-layer is appilied to the extended facing edges 738 of the lower
layered portions 732. Howaever, rather than just filling in the gap between adjacent
honeycomb structures 736 with more honeycomb, a reinforcing structure is mounted
over the joints between adjacent panels 730. In particular, the gap is filled with what
amounts to a narrower inverted panel with the outer V-layers completely removed.
That is there is a reinforcing infill composite 760, having a first M-layer 762 in contact

with the abulting layers 735a, 735b of two abutting lower layer portions 732, Above



The infill honeycomb sections 768 are generally slightly smaller than the space between two adjacent
layers 735a, 735b. This is to allow for dimensional tolerances in the fabrication of the panels 730 and
honeycomb sections 768. As a result there is a gap 792 in between the cut edges of the honeycomb
section768, and this gap 792 runs along the fabricated joints between the panels 730. In an integrally
constructed floating cover, the gap 792 is sealed by the lower and upper fire-retardant infill portions
778, 780, honeycomb section768, and layers 735a, 735b. 23 To provide a testing port 790, a hole 794
is drilled through the upper infill portion 780 to the Cuf edge of the honeycomb 768. Epoxy resin such
as that mixed with the catalyst used in fabricating the panels 730 is applied onto the walls of the hole
794. A sleeve 198, predBrcrea®y sﬂ?i‘fﬁtﬁ@ﬁcﬂes?%}qg’efﬁgé?fe@%toﬁ??@ ke iy P4 haRRYERE Ry ap, if any,
between the haleutQ4arsBihme steenfeviBe is futtine Millge Wit apaxy ancbodtBHesiesd thastbere is no
void between the hale 794 f@[_q%,gggﬁeeve 796. The bonding between the upper infill portion 780 and
the sleeve 796 can thereby be"as strong as the upper infill portion 780 itself. The sleeve 796 has a
through hole with an internal thread. In the process of inserting the sleeve 796 in the hole 794,
precautions are/{hisfistabiyotsitde natredebtioatettie dpbaptapbidek fife fertémmaisol stefngtt tlseve 796.

The upper end gtthecepMer SR AMLRE HEMBOTANsAiRsRe, Witkhaipidd 3 (Rajshewr fwhich may
extend all the wa% toetéwg tc)Jottom of theusr!egé/eoz?hG

LJAnu r st ports 7909, for example, are
provided at spaec 3 Sapar{1 pé‘éﬁﬁé‘ﬁg? .Sne %qc% poﬂr?)Jiéy(S2 rgfrl?)%le%’ 2%%%13[%/0 hg sgblgigi%rﬂﬁogagetr%e gaps 792
are all joined togstfst R REEBIAJIBLhaINBhe s SRshidREtPEReirrad SeMmerenyrie8Piesting
positions or in case sgMengesps Hihataapmare iselates Aftphihesieavasddttiaseabanogd to the

composite layey, (8Q, g, eﬁt&%@gﬁﬁg@o& SRUALS AE.hILO9RAAJRPIE,BPY it Aliaghedq the test port

790 which is not plugged. The nip IS screwed Into the internal thread of the sleeve 796 so as to
form an airtight§BirREASTEPEAY BPlesi iRt BALHE RENANALYTRYGH 8 B PEAGRI? HRL' RIS 800. The
other two distalreifsgls. of the T-joint 802 are connected to a pressure gauge 804 and a shutoff valve
806. The shutoff valve 806 has a thread that is suitable for connection to a line from a pump 808.

During commissioning, of the cover, the pump 808 i erated to deliver. s, for example air or
nitrogen, to thege‘?%?&gg% §5HLRG e"é?e% '?rg{]rgéegcgﬁgfggaﬁgf\?\%éﬁotrgéeﬁgﬁﬁe‘%%%%ﬁe{hz floating cover.
The gas is delivbiepwatiepeishtretorébsariofof/éxaan flarde0es Yapuietige @rBethisidter head),
and the shutoff yalne1806his wlasetioncaaipiiedeteraunedpresst mssSaatiained. apprepriessare in the

enclosed spacedh NG LAMINGLEONE TS TR e RYRIARRHN AR [Ah RARRISA TS I 1his

pressure is maintained over this time peériod, the joints formed in thé panel are airtight. If the pressure
is not maintainéd Bhefofom biesTRRTEeT Rt BATIGAL Sthe s RBRMEE GYeEnisy B Y&tiided by
applying a liquidbstie hoasoaitBe &fils blukgeotabas portion Witthég2i this is done on a layer by layer

basis, compressing the layers and rolling out the air bubbles each time. inally, a V-

layer 776 is formed such that it extends and merges with the top V-layer 752 of the

joining panels, as shown in Figure 8. This completes the joint. Once all the cover

joints have been completed, the top surface can be finished off with any required top

coat.

The creation of the infill composite 760 reflects the creation of the initial composite
from which the panels are formed. Thus if there are additional or fewer processes in
creating that, they could be reflected in the creation of the infill. This means that the
infill has similar properties to the panels. Additionally it means that the heights of
various layers of the infill corespond to heights of other layers in the panels. In
particular, the top of the infill honeycomb structure 768 is level with the exposed layers
735a, 735b.

Further, in this embodiment the top infill portion 780, that is the third M-layer 770,

second R-layer 772, and fourth M-layer 774, extend further outwards relative o the



floating cover and observing air bubbles from a defective portion of the cover. The defective portion of
the cover can then be identified, repaired and tested again to ensure that the joints formed in the
floating cover are not defective. To test for leaks in the joints, a vacuum pressure may be used instead
of a positive pressure. Accordingly, the pressure gauge must be suitable for vacuum sensing.
However, to identify the defective portion of the covét with ease, a positive pressure and a liquid such
as a soap solutigs @lfetwaﬁnw{a@m&ematim@@cmﬁuimimﬁwﬁhﬂbe&%teﬁﬂingop@y&sarﬁso are

plugged up to Rrevent entry RdYa %%ﬁﬂr Ilgywd é@éoaggut Ner. é'”l%@@é@%,ﬁg Pq‘g\hsg ooth in the

above embodlmen% alternative t reade to |t an exter threa ed sleeve.

Another alterna@ﬁié’%"tdh@d%i’t'ée{ﬁg Yerrre Hrodniil I‘F%“@B?J@r AP pdrioRerse ﬁ@ttﬁ%elf‘ﬁﬂl Bfinposite
section 760 is maden Xdtkienaitemn &tive ftetheptestijoytsds7TR5pravide tie isfidicbied7®Banith a flange
810 having an gmalfQletHongbwhieh thessleeve 796 is positioned and to which the sleeve 796 is
welded, to form a test port 791 as shown in Fig. 11. The flange 810 is anchored between the upper
M-layer 774 of the upper infill portion 780, and a built- -up section 780b, including an M-layer 770b on
top of the M-lay&teT bropitoumbehinfitvsortion 1080. ik flangad®0 dndsleevedgsdaanboth be

made of metal, Qs RxaroRies Siefl0lRENRIHRA s&l@oﬂa}fw@rﬁﬂqgt@mr@igmrw@paalerwah an outside
diameter of abou¥ 70 mm and a thlckne ) from %llt 3 mm to about 5 mm I]hr shapes of the flange

t b
300 are also suﬁa%fe, an eocﬁoé Osd{r)gfreer% v eeﬁza can fif aninscrbea e c e Wlt% i em, for example of at

least 70 mm diameter. The sleeve 796 has an internal thread and an internal bore of 12-mm, for
example, nominakdiametetioln shepreienad ghahadimeoh Swparierpahpredsitg ihitorbetihd05 bar

gauge. Thus the.exiernal diamatsr, Lébsn@@ﬂgetﬁg E%é”éftﬂ@ 68, B be g@mdm%g%ber of the

flange through hole matches the external diameter o t e sleeve hus if a different pressure rating
were required, & SABRIMN S rEERPOPH LR LK ﬂﬂ@ﬁtdéﬁatﬁdge facd B WsrTRE é)T?e 25

connected edge to edge, with vertical edges next to each other and without overlap.
This means that people do not have to work in cramped and badly ventilated
conditions underneath, thereby improving safety. Breathing equipment is therefore not
necessary, ot does not need to be used so much and there are improvements in work

conditions and costs.

With this method of construction, the prefabricated panels are joined together to form
an entire cover having similar structural layers. This method provides a cover that is
mainly prefabricated at the factory and minimal work is catried out on site. As the
working conditions and quality at the factory is easily controlled, this means that the
structural integrity of the cover thus formed is relatively supertior to that if formed on
site. With this method, the entire job for completing a cover is also shorter, which

means cost savings.

The lower and upper fire-retardant layered portions 732, 734 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 adjaceni layers, and together with the glass-fibres, each layer
provides the composite plate unigue mechanical properties. The composition and

number of layers of panels can vary from job {o job, within the scope of the invention.

In this example, each lower and upper layered portion 732, 734 is 4 mm thick and the

honeycomb layer is 60 mm thick. Depending on the size of the cover, the core



of the flange through hole. The sizes of the sleeve 796 and flange 810 are not limited by these
examples, and the sizes of the sleeve 796 and flange 810 are merely design choices. The sleeve 796
and flange 810, which are prejoined together, are inserted during the formation of the upper infill
portion 780. After the structural layers 770, 772, 774 of the upper infill portion 80 are formed, the hole
794 is drilled. Catalysed epoxy is applied to the walls of the hole 794 and the sleeve 796 is inserted
such that there is no void between the hole 794 andsleeve 796, as done in the previous embodiment.

Catalysed epoxy s also ARAIGHLIO NS MRRSHJUEKANL 002 P BRESATING 098, 1Gr Vi the test

port 791 fully msertedc’, i.e. WIﬁ'] the sleeve 796 portion pushed all the way down into the hole 794 until
the flange 810 RrareBrith gt thath g'Radisrsy 7ae ZQuthe Pt PRIl aT HBPaFIEsd R ers 770D,

772b, 774b is fornedsevetencharoemd theifdega81G:itp sécelrdithdotestipotiter 9itdaty tever, and also

to strengthen the, SruGiahiayRis of thenmavesataMRd RS tepbPriy/Bd ifRaR &l theyrianstural work is
completed, the V-layer 776 is fogme,d _oveLr the expo ed layers of the Ué)rper infill. og ;%ngSSSO and

t
built-up section B8O TSIHIEEThE Bt RGP orotet i 18 & 778" TS em NeSht as shown
in Fig. 11, a pluradisirefatrdis pordiad maresyipvidied leastatiievrresisideotiiie fioiing cover. These
drain ports 812 are provided so that any liquid that has entered the cover, such as the liquid from the
storage tank (whigh.entersdduiing mainienanee gruepallofihe Janina,faver aloiemise) o rain
water collected on th uncoPnp eted |?Ioating cover (furlng Its fabrication, can be drained out. Each drain
port 812 is fabriC¥&sd M aierearidiiRamtereaeigdest Bro?f‘?@?ﬁtéh%ﬁﬁi’édar RFREBA-QRied to a
sleeve 797. Aftertheflioating eosir isTiesregdrand tichsuppeartaygfalhmwiark 182 estmivedy &plurality of

positions directly, below.the GaRcrO% af e Ruthe IQuRESHItRESRN IR QRVEII Pe¥8POSItions are
spaced apart as desired. At each position, a hol$_ 95 is _drilled rngh thée strugtural ,Ia{yers 742, 744,

746, 748 of the BWEPTYErEE BoMioR B ALY JHGEF™ AP & MR B A Ine Bath RO 795 is
removed, if notquerddshinstaneecipeeadiraren bstndisfgdsiyosrf tird shasherl Ehegsdsiugas flange 814.
The flange 814 jspasitionadan thrslhryarddardithey Msedtcirinerkiogetaess altdhalwhen of the
sleeve 799 is ingerted Into the hole 795 until the flange 814 is in contact with the exposed area of the
outer M-layer 729°%80d the upper end of the sleeve 797 is about 26 flush with the inner M-layer 748.
Catalysed epoxy is applied onto the exposed area of the outer M-layer 744, onto the surfaces of the
hole 795 and afsgeondleadipprostowier &rdoetgesurfacesbftherfipatip:8dith Fleeliglédve T87 is then
inserted into th(?aHQ_le 795 until the flange 814 is in contact with the exposed layer 744. Each drain port
is mounted and secured onto the cover by forming a set of structural layers of fibreglass 770c, 772c,
774c over and around the flange 814 of the drain port 812 similar to layers 770b, 772b, 774b over and
around the test Pertc8pie@ddiptiestucuial (Takdsicomploted, ta Yeliypeesiediamnddddpdta 2 is

formed over the, gxpesadsuriasss Qe nendyiaid iretuabinyBEad FeGpEéRsatibrAs bk the
exposed area of Iaééer 744 Gﬁ't?ﬁ' ?omplete H{g fir%'smp rote%giv% coat on.the lo efosgm%e of the

an
floating cover. ol Sufr}%ee,ma o%é’h ths'emiko |meag?§s Svl%gtaes |c€3‘o?tr'5,c%]f1 and drain ports 814 together,

other embodimésatéeniagtibe evuing ohitrdaiese pbits TopdatsaicdRyHpath polRLELAEHE et further
embodiments mgstihaye@nesr maredisisypet Bl withatdnggusiteséqaucts 760 nEarther aiariations

include providin eﬁfﬁyﬁg&%ﬂg&gfﬁy%é%@%rﬁg%g yginwater drainage, which is particularly

suitable for a tan out a roof. The cover need not be round and it may be square, rectangular, or of
any shape for fitting into any storage tank or reservoir to function as a cover. Instead of forming the
in-fill sandwich Feetiofis borsifecrtiieseationtd 18 prefapeicatdy atghtyfzotelgr than the space

between two adjacent layers 735a, 735b. This is to allow for dimensional tolerances in
the fabrication of the panels 730 and honeycomb sections 768. As a result there is a
gap 792 in between the cut edges of the honeycomb section768, and this gap 792
runs along the fabricated joints between the panels 730. In an integrally constructed
floating cover, the gap 792 is sealed by the lower and upper fire-retardant infill portions
778, 780, honeycomb section768, and layers 735a, 735b.



Fig. 12 shows a flowchart 1200 illustrating a method of fabricating a buoyant panel for a floating cover
for a liquid storage tank according to an example embodiment. At step 1202, a flammable material
portion is provided. At step 1204, said buoyant material portion is encapsulated with an fire-retardant
material portion such that, when the panel is assembled for formation of the cover, said fire-retardant
material portion extends laterally between adjacent #anels in a plane of the cover for providing a

firewall bet_vveemd%aﬁ_jﬁgqggtp@rtﬁjﬁ.Md]iLe_rmdyrexae_ﬂu@il%@mbg.@mee_tswﬁaamfamirr@moaer and
method of its conafiuction favehieen deseiiaad And istyated in detall i BhbeqfeTiood that
many changes, modificationis and variations could be made to the present invention without departing

from the scopeGtahetivRrshiidRbrieatinavi panels) 730 i eRplie paiRe e g oG *IGePbra liquid
storage tank, thdepanedeamgptticigd doffamimabléeiade sdhpottiomtaiie hole firenetbedmnt material

portion encapsylatingsaicflammakisdnatiriab RRERSHGD L WheN e haRekis asesyabled for

formation of the cover, said fire-retardant material po

| - tign extends laterall di S
a plane of the VEPOIEIRVRIRGY HISFAIFBR g 0{%28586%&rﬁj%gkgerzeyﬁg%%e%%ﬁ@g%m Panes

fire-retardant mter=hgosigrpeoinirisesion gk portiba Havksg’ah esacheipbth8pRINErofRs panel and a

first side facingsthe faspmabie-eatesakagartion, and the flammable material portion has an extent in the
plane of the panel, which extent is less than the extent of the first portion and the first portion has an
exposed portion on said first side, wherein said fire-retardant material portion further comprises a

second portion The sy WRIh s fbioraaheamyieaa peraritsrthd ot Pt PR fERmable
material portionHsanedhe fosirpoOLinsie 219d, precautions are preferably taken not to allow the epoxy

to block the internal hole of the sleeve 796. The upper end of the sieeve 796 may be
temporary closed with a plug 798 {not shown) (which may extend all the way to the
bottom of the sleeve 796).

A number of test ports 790, for example, are provided at spaced apart positions. One
such port 790 should normally be sufficient, as the gaps 792 are all joined together.
However, more than one is provided to give the tester a choice of testing positions or
in case some groups of the gaps are isolated. After the sleeves 796 are bonded tc the
composite layer 780, all the test ports except one are plugged. A nipple 800 is
attached to the test port 790 which is not plugged. The nipple 800 is screwed info the
internal thread of the sleeve 796 so as to form an airtight joint, A first end of a T-joint
802 is connected to the other end of the nipple 800. The other two distal ends of the T-
joint 802 are connected to a pressure gauge 804 and a shutoff valve 808. The shutoff

valve 806 has a thread that is suitable for connection to a line from a pump 808.

During commissioning of the cover, the pump 808 is operated to deliver a gas, for
example air or nitrogen, to the enclosed space created by the gap 792 between the
panels 730 in the floating cover. The gas is delivered with a positive pressure, for
example 0.005 bar gauge (or 50 mm water head}, and the shutoff valve 806 is closed
once a predetermined pressure is attained. The pressure in the enclosed space in the
floating cover 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



wherein the fire-retardant material portion further comprises wall segments disposed around an edge
of said flammable material portion, and a capping structure disposed over the wall segments and
adjacent sections of the first and second portions for securing the wall segments. 2. A panel
according to claim 1, wherein the first portion is a laminate structure. 3. A panel according to
claim 1, wherein the first portion is a glass reinforceé?structure. 4. A panel according to any one of
the preceding glaimeg; wihereindhadlavmyahemaiesiabpodiasiistieoyanbn of ths. ddyeanehaccording to

claim 1. wherelg e, Scontbpo e samuriass wial sequurteraaned arundian sdge of said

flammable mateﬁaefport on. 2¢ . A'panel according to any preceding claim, wherein the second
portion has a |dfRERENat{hetgiats former in the HaptiRg ePURh G o IR Weherein layers of the second
portion each have an extent in the plane of the panel and the extent of a layer of the second portion

furthermost away framhe flammable;materiloorigrisiessHaptis.axiamiAf dhe lavaef the second
portion nearest the flammable materjal portion. . .
pressure. Accordingly, the pressure gauge must be suitable for vacuum sensing.

However, to identify the defective portion of the cover with ease, a positive pressure

and a liquid such as a soap solution are used.

When the floating cover is put into use, these testing ports 780 are plugged up to

prevent entry of vapour or liquid into the cover.

Aithough the hole 794 is smooth in the above embodiment, alternatively, the hole 794

may be threaded to fit an externally threaded sleeve.

Another alternative is to locate the sleeve 796 in the upper infill portion 780 as the infill
composite section 760 is made.

A further aliernative for the test ports is to provide the sleeve 796 with a flange 810
having an internal hole through which the sleeve 796 is positioned and to which the
sleeve 796 is welded, o form a test port 791 as shown in Fig. 11. The flange 810 is
anchored between the upper M-layer 774 of the upper infill portion 780, and a built-up
section 780b, including an M-layer 770b on top of the M-layer 774 of the upper infill
portion 780.

The flange 810 and sleeve 796 may both be made of metal, for example, steel or
aluminium. The flange 810 is toroidal, for example with an outside diameter of about
70 mm and a thickness from about 3 mm fo about 5 mm. Other shapes of the flange
300 are also suitable, atthough preferably they can fit an inscribed circle within them,
for example of at least 70 mm diameter. The sleeve 796 has an internal thread and an
internal bore of 12-mm, for example, nominal diameter. In the preferred embodiment,
the internal pressure is to be 0.005 bar 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 sieeve 796. Thus if a different pressure rating were
required, the external diameter of the sleeve 796 might change, and so would the size



8. A panel according to any preceding claim, wherein the second portion is a glass reinforced
structure. 9. A panel according to any preceding claim, wherein the second portion has the same
construction as the first portion. 10. A method of fabricating a buoyant panel for a floating cover
for a liquid storage tank, the method comprising: providing a flammable material portion; and
encapsulating said flammable material portion with &%ire-retardant material portion such that, when the

panel is assembledfasigenatioghaidbetrvarsaidifiteisetardastmalengd pediae axtandsdaterally

between adjaceDnt anels in a lane (gf the cov {for grovig' a i{ewalléq%tween th gdgacent panels,
) . by {hiese ex?m c%, ar]d he.sizes of the sleeve, 5}(‘393:1 fange 810 aré me{ex e {%n
wherein said fire=retardant material portion comprises a first portion having an extent in the plane of

the panel and &fiPéSide facing the flammable material portion, and the flammable material portion has
an extent in the plane of the panel, which extent is less than the extent of the first portion and the first

portion has an ¥gased oGion8%saId 1! Hien are SR SR rearetpiddantiatpy Hportion

further comprises a second portion in contact with the flammable material portion on the other side of

the flammable MERAAN S6HBHAPSHTHEPRIL b FflonTBHGS SUFHE! e fiPe &t afdA Miterial portion
further comprisespsaitfiegpriont8 isp fsedarberiary @t geloiashilaysatattematerpligsortion, and a

capping structuge.disnesgdrevesitheowalhsesngsis anteadiacgrtgestionsaf thedirstangdgecond

portions for securjng th wg\ll S ggnents %& A goatin cover for a qu)uigl storage t?nk the cover
g belvr%en (ﬁw okf and siee\fe?' as OFI_FI e Spi?wgus embodiment, Catalysel
comprising a plurality of panels according to any one of claims 1to 9.

epoxy is also applied 1o the upper, lower and edge surfaces of the flange 810. With the

test port 791 fully inserted, i.e. with the slesve 796 portion pushed all the way down

into the hole 794 until the flange 810 is in contact with the top M-layer 774, another set

of structural fibreglass layers 770h, 772b, 774h is formed over and around the flange

810 to secure the test port 791 {o the cover, and also fo strengthen the structural

layers of the cover around the test port 781. Once all the structural work is completed,

the V-layer 776 is formed over the exposed layers of the upper infill portion 780 and

built-up section 780b to compiete the finishing and protective layer 776.

in this embodiment as shown in Fig. 11, a plurality of drain ports 812 are provided on
the lower side of the floating cover. These drain ports 812 are provided so that any
liquid that has entered the cover, such as the liquid from the siorage tank (which
entered during maintenance or repair of the floating cover or otherwise) or rain water
collected on the uncompleted floating cover during its fabrication, can be drained out.
Each drain port 812 is fabricated in the same manner as a test pori 791, i.e. having a
flange 814 welded to a sleeve 797.

After the floating cover is formed and the supporting formwork is removed, a plurality
of positions directly below the gap 792 are marked o.n the lower surface of the cover,
These positions are spaced apart as desired, At each position, a hole 795 is drilled
through the structural layers 742, 744, 746, 748 of the iower layered portion 32. The V-
layer 742 in the area around each hole 795 is removed, if not previously done, over an
area extending beyond the size and shape of the flange 814. The flange 814 is
positioned on the sleeve 797 and they are prejoined fogether, such that when of the
sleeve 799 is inserted into the hole 795 until the flange 814 is in contact with the
exposed area of the outer M-layer 744 and the upper end of the sleeve 797 is about
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flush with the inner M-layer 748. Catalysed epoxy is applied onto the exposed area of
the outer M-layer 744, onto the surfaces of the hole 795 and also on the upper, lower
and edge surfaces of the flange 814. The sleeve 797 is then inserted into the hale 795
untit the flange 814 is in contact with the exposed layer 744. Each drain port is
mounted and secured onto the cover by forming a set of structural layers of fibreglass
770c, 772¢c, 774c over and around the flange 814 of the drain port 812 similar to
layers 770b, 772b, 774b over and around the test port 781. Once the structural work is
completed, a V-layer similar to layer 742 is formed over the exposed surfaces of the
newly laid structural layers 770c, 772c, 774c and the exposed area of layer 744 to
complete the finishing and protective coat on the lower surface of the floating cover.

Of course, although this embodiment shows test ports 791 and drain ports 814
together, other embodiments may have one or more test ports 781 without any drain
ports 814 and yet further embodiments may have one or more drain ports 814 without
any test ports 791.

Further variations include providing a cover having a slight camber and/or rainwater
dratnage, which is particularly suitable for a tank without a roof. The cover need not be
round and it may be square, rectangular, or of any shape for fitting into any storage
tank or reservoir o function as a cover. Instead of forming the in-fill sandwich sections

on site, these could be prefabricated at the factory.

Fig. 12 shows a flowchart 1200 illustrating a method of fabricating a buoyant panel for
a floating cover for a liquid siorage tank according to an example embodiment. At step
1202, a flammable material portion is provided. At step 1204, said buoyant material
portion is encapsulated with an fire-retardant material portion such that, when the
panel is assembled for formation of the cover, said fire-retardant material portion
extends laterally between adjacent panels in a plane of the cover for providing a

firewall between the adjacent panels,

While only example embodiments of a panel, a cover and method of its construction
have been described and ilustrated in detall, it is to be understood that many changes,
modifications and variations could be made to the present invention without departing
from the scope of the invention.
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CLAIMS:

1. A buoyant panel for a floating cover for a liquid storage tank, the panel
comprising:

a flammable material portion; and

a fire-retardant material portion encapsulating said flammable material portion such that,
when the panel is assembled for formation of the cover, said fire-retardant material portion
extends laterally between adjacent panels in a piane of the cover for providing a firewall between
the adjacent panels,

wherein said fire-retardant material portion comprises a first portion having an extent in
the plane of the panel and a first side facing the flammable material portion, and the flammable
material portion has an extent in the plane of the panel, which extent is less than the extent of the
first portion and the first portion has an exposed portion on said first side,

wherein said fire-retardant material portion further comprises a second portion in contact
with the fiammable material portion on the other side of the flammable material portion from the
first portion, and

wherein the fireretardant material portion further comprises wall segments disposed
around an edge of said flammable material portion, and a capping structure disposed over the

wall segments and adjacent sections of the first and second poriions for securing the wall

segments.

2. A panel according to claim 1, wherein the first portion is a laminate structure.

3. A panel according to claim 1, wherein the first portion is a glass reinforced
structure.

4. A panel according to any one of the preceding claims, wherein the flammable

material portion is buoyant.

5. A panel according to claim 1, wherein the second portion comprises wall

segments disposed around an edge of said flammable material portion.
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8. A panel according to any preceding claim, wherein the second portion has a

laminate structure.

7. A panel according to claim 6, wherein layers of the second portion each have an
extent in the plane of the panel and the extent of a layer of the second portion furthermost away
from the flammable material portion is less than the extent of the layer of the second portion

nearest the flammabie material portion.

8. A panel according to any preceding claim, wherein the second portion is a glass
reinforced structure.

9. A panel according fo any preceding claim, wherein the second portion has the

same construction as the first portion.

10. A method of fabricating a buoyant panel for a floating cover for a liquid storage
tank, the method comprising:

providing a flammable material portion; and

encapsulating said flammable material portion with a' fire-retardant material portion such
that, when the pane! is assembled for formation of the cover, said fire-retardant material portion
extends faterally between adjacent panels in a plane of the cover for providing a firewall between
the adjacent panels,

wherein said fire-retardant material portion comprises a first portion having an exient in
the ptane of the panel and a first side facing the flammable material portion, and the flammable
material portion has an extent in the plane of the panel, which extent is less than the extent of the
first portion and the first portion has an exposed portion on said first side,

wherein said fire-retardant material portion further comprises a second portion in contact
with the flammabie material portion on the other side of the flammable material portion from the
first portion, and

wherein the fire-retardant material portion further comprises wall segments disposed
around an edge of said flammable material portion, and a capping structure disposed over the
wall segments and adjacent sections of the first and second portions for securing the wall
segmenis.

11. A fioating cover for a liguid storage tank, the cover comprising a plurality of

panels according to any one of claims 1 to 8.



