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Background of the Invention

The present invention relates in general to full
contact floating roofs, and in particular to full contact
5 floating roofs that are constriicted of composite panels.

Many industrial processes involve large quantities

. of wvolatile liquids such as water, gasoline, alcohol,

etc. The industries practicing these processes store a

wide range of liquids in large storage vessels located

10 throughout the world. These vessels are typically
constructed of metal (steel, stainless steel or aluminum)

or reinforced concrete, depending on the size, location,

the material stored and the industrial process generating

or using the liquid. The petroghemical industry alone

15 stores hundreds of millions of gallons of oxrganic
chemicals, including alcohols, gasolines, jet fuels,
oxidants, solvents and process products. Many of these
storage vessels have a fixed roof either integral with

_the vessel or retrofitted over the vessel for the dual

20 purposes of keeping contaminants (such as water and dust)
out of the stored product and for reducing evaporative
losses of the stored product (for economic and regulatory

reasons). Vessels with a roof are commonly referred to
as "covered storage tanks".

25 If the physical and chemical properties of the
liquids stored in these vessels are such that the liquid
will evaporate . readily at ambient pressure and

temperature,: an additionél control device is often used

to minimize the losses from evaporation. For many
30 ° hydrocarbon based liquids, the escaping vapors can
present a Ebalth, safety or fire hazard. Vapors from

flammable liquids will form an explosive mixture with air
when the appropriate blend of vapor and oxygen exists.
Many liquids, particularly those containing sulfur,
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~additional evaporative control device commonly
used is an impervious buoyant structﬁre which floats on
the 1liquid surface. These structures are coﬁmonly
referred to as "floating roofs". :If the vessel is a
"covered storage tank“; then the floating roof is called
an "internal floating roof". If the vessel does not have
a roof over it, then the floating roof is called an

Mexternal floating roof". External floating roofs serve

the dual purposes of keeping weather and airborne

contaminants out of the stored product and reducing
evaporative losses.

Many different types of floating roofs have been
manufactured and most can fit into one of two broad
categories: vapor-space and full-contact floating roofs.
Vapor-space floating roofs typicaily have a plurality of
buoyant members supporting an impervious membrane above
the liquid surfaée. Any wmechanical joints, seams or
holes in the méembrane can leak vapors from the vapor

. space below the membrane to the ambient atmosphere above

25

30

the membrane. Leaks in the membrane allow vapors to
escape from the entire reservoir of vapors under the
floating roof. Full-contact floating roofs have the
vapor retention membrane on the liquid surface.
Full-contact floating roofs do not have a vapor space
underneath the membrane and are an improved method of

controlling evaporation losses and minimizing explosive
mixtures.

~ Existing Qesignshfor full contact floating roofs fall

_ into ‘two broad catééories: monolithic and segmented.

' Monolithic full contact floating roofs are constructed

35

inside the tessel in one large unit with no mechanical
joints, seams or breaks in the part of the roof in
contact with the product. One example of this design is
an all we}ded steel floating roof resembling a frying
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that 11qu1d cannot flood over the top edge and sink the
roof. Segmented full contact floating roofs are shop
fabricated into modules that are field assembled inside
5 the vessel. Each segment typically comprises a composite
panel with edge closures that facilitate assembly. A
composite panel is a structural component comprising two
strong relatively thin skins (usually metallic) separated
by and bonded to a lightweight material of a thickness
usually many times greater than the thickness of the
"skins. For segmented full contact floating roofs, the
skins are commonly aluminum of 0.015 to 0.050 inches

10

thick and the core is commonly 1 1/2" to 3" thick
polyurethane foam or 1 1/2" to 3" thick aluminum

15 honeycomb made from 0.003" to 0.005" thick aluminum foil
in 3/4" to 1" hexagonal cells.

Previous designs for segmented full contact floating
roofs made from composite materials each have one or more
of the following seven perceived flaws which are

20 eliminated by the present invention:

.1. "Full contact" is not -achieved due to gaps between

composite panel modules.

It is common knowledge in the floating roof industry

and has been documented by the federal EPA (Environmental

25 Protection Agency) that seam losses account for
approximately.1/3 of the total evaporative lossés in a

Eank equipped with a "vapor-space" floating roof. This
"seam® loss occurs because mechanical joints are less

than 100 percent effective. If a full-contact floating

30 'yroof is to ellmlnate the - "seam" source of evaporation

i loss, the design must eliminate any vapor-space at the
joints between modules. Inter-module joints having no
vapor space:are a feature of this invention.

2. The modules have adhesives exposed to and in direct
3S contact with the product.
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roofs have
d pharmaceutlcals materials, clothing and many other
basic needs. The chemical industry is constantly
5 deriving new chemicals and using new chemical

combinations with new properties that are used_and.%tored
in large quantities. Many of these’ chemicals are stored
in vessels that have floating roofs. If the floating
roof uses chemical adhesives as a sealant or in an

10 exposed structural joint, the compatibility of the
.adhesive with these new chemicals must be investigated.
Long term compatibility is essential for safe, economic
and environmentally sound operation of the floating roof.
Unfortunately, it is impossible to know if a given

15 chemical will attack an adhesive without actual long term
experience. Failures of state-of-the-art adhesives used
on full contact floating roofs have resulted in the
expensive removal de-gassing and consequent hazardous
dlsposal of the failed roof. The elimination of

20 adhesives which are exposed to the product and to product
vapors is a feature of this invention.

3. The modules utilize adhesives in structural
applications.

The critical area of many structures, and floating
25 roof structures in particular, is the joints between
structural modules. If the joint does not develop the
full strength of the adjoining modules, the ‘overall
strength, durability, safety and useful 1life of. the
floating roof is compromised. The tensile, compressive,.
30 shear and bearing .strengths, toughness; creep, hardness,
ductility, temperature resistance, permeability and
- electrical conductivity of the adhesives used to join
h together existing-state—of-the-art modules has not been
demonstrated to be equal to that of the parent materials
35 used in the module: This is particularly evident when
adhesives are used to join metallic members together.
Adhesives are chemical materials and are less resistant



15 . manufactured and nost can fit into one of two broad categories:
vapor -space and full-contact floating roofs. Vapor-space floating roofs
typically have a plurality of buoyant nenbers supporting an inpervious
menhrane above the |iquid surface. Any nechani cal joints, seans or 20
holes in the nenbrane can | eak vapors fromghe vapor space bel ow the
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aggressive chemicals. This invention eliminates
S structural joints in modules using adhesives where the
adhesive directly resists the applied forces. . This
invention also eliminates struqturélly joining together
modules using adhesives.

4. The use of adhesives in joining the modules to their
10 *connecting members using existing state-of-the-art
technology and practice undesirably eliminates the

possibility of pressure testing the completed module for
leaks.

The current state-of-the-art fabrication and

15 adhesives application methods use ambient temperature,

slow-curing, hand-applied adhesives that remain

permanently. pliable. To maintain marginal dimensional

stability during preliminary adhesive curing, fasteners

are placed into drilled holes in the mwmodules. In

20 addition, adhesive is manually spread along the joints

.and along the outside corners of the modules. If air

pressure were to be applied during fabrication of the

modules, leaks would be created through the still pliable

adhesive, weak sections of adhesive joints and drilled

25 holes. It is therefore not possible to leak test each

module during current state-of-the-art fabrication. Leak

testing each module is critical to guaranteeing that the

module will not fail during use by allowing the ingress

of stored product into the interior of the module. If

30 liquid gets inside a mddu;g, buoyancy and freeboard are

,;fedgqed and the product can and has been shown to attack

i; the skin-to-cbre bond resulting in partial or complete

delaminatiog of the skins from the core. Failures of

this type result in excessive emissions, compromised

35 safety, and expensi&e and hazardous removal and disposal

work. This inventioﬁ makes it possible to leak test each
module using air pressure during standard fabrication.



controlling evaporation | osses and m nim zing expl osive m xtures. 30
Exi sting designs for full contact floating roofs fall into two broad
categories: nonolithic and segnented. Monolithic full contact floating
roof,s are constructed i'-nside the vessel in one large unit with no
- mechanical joints, seans or breaks in the part of the roof in 35 cont act
with the product. One exanple of this design.is an all wel ded steel
floati ng roof regenbmpﬁguaef¢§ique912q§ in joining the modules to their

connecting members using -existing state-of-the-art
technology and practice does not result in sufficiently
dimensionally accurate and stable modules to allow
S complete shop fabrication of all modules without field
modifications and application of adhesives or seaiants;

Adhesives exhibit shrinkagé and creep during curing,
during variations in ambient conditions and when under
mechanical stress. Some mechanical stress is unavoidable

10 -during normal handling of a module when fabricating,
packaging, shipping, unloading, field assembling and
normal usage. This shrinkage and creep is of different
magnitude than that of the materials being joined. The
degree of motion possible in the adhesively bonded joints

15 of current state-of-the-art floating roof modules makes
it impossible to shop fabricate uniform modules for
assembly in large quantities without field adjustment.
Field adjustment involving adhesives and/or sealants is
typically less uniform and successful than applications

20 in a controlled shop environment and is therefore subject
to premature ieakage or structural failure. This

_invention eliminates field adjustment of modules.

6. The modules do not form a continuously conductive
surface.
25 During normal operation of storage vessels containing

liquids, static electric charges are generated. - These
charges can be anywhere in or on the liquid surface. If

the liquid or vapor is flammable, these static electric

- charges must be conducted safely to ground to avoid a

20 ‘spark and'possible;@xploéion. The use of gaskets or
- Adﬁééives'between metallic modules insulates the modules
" from each other and compromises the ability of a floating
roof to conduct stray static charges from their place of
generation to a suitable ground shunt or cable.

35 Nonmetallic modules must have distinct conductive paths

throughout the roof. This invention maintains complete



pan. The edge of this style "pan" roof:is high enough so that |iquid cannot
fl ood over the top edge and sink the roof. Segnented full contact floating

roofs are shop fabricated into nodules that are field assenbled inside 5

the vessel. Each segnent typically conprigses a conposite panel w th edge
closSures that facilitate assenbly. A con%dsite panel is a structural
conponent conpri Sj two .stro el y.thi LS I|c
separ at ed by an(foﬁ'gﬂ’tfé:d"’tl ¥ Iqﬁ%d:l% |é’;1£t % eerlréel{’l%h% 4“tltgh%l" en)é:sos %gh )

usual ly many tinesirgr.eater than the thickness of the skins. For segnented

full contact floating roofs, the skins are commonly al unminumof 0.015 to
0. 050 inches thick and the core is commonly 1 1/2" to 3" th

7. Liquid product can pour over t e top o% existing
modules and flood the floating roof.

5 During operation and maintenance of a floéting'roof,
concentrated and distéibuted loads are imposed on the
floating roof. Existing module designs provide excess
buoyancy (freeboard) by virtue of the overall thickness
.of the composite material formlng the modules being

10 somewhat greater than the dlsplacement of the module when
floating. When a load is placed on the interior of a
floating roof, the load is distributed 360 degrees around
the load point and is supported by buoyant modules all
around. When a load is placed at the edge of the

15 floating roof, buoyant support is provided by modules
only behind the load, toward the center of the vessel.
Considerably less support is available for safely
supporting edge loads. Edge loading occurs at the
periphery of a floating roof and alsoc at penetrations

20 through the floating roof. Penetrations are often

_required for storage vessel structural members and
operation or maintenance equipment. The buoyancy of
existing state-of-the-art designs is limited by the
composite panel part of the module's thickness. This

25 invention makes available additional buoyancy over and
above the composite panel part of the module's thickness
for safe operation of the floating roof.

Summary of the Invention

It is an object of thé. present invention to provide
30 Ta fall contact floatlng roof which overcomes the above-
‘i discussed problems of prior floating roofs.

This and other objects and advantages of the
invention are achiewved by a full contact floating roof

comprising a plurality of panels, each panel comprising



pol yuret hane foamor 1 1/2" to 3" thick alum num 15
0.003" to 0.005" thick alumnumfoil in 3/4" to 1"
Previ ous designs for segnented full contact floating roofs nmade from
conposite materials each have one or nore of the follow ng seven perceived
flaws which are 20 elimnated by the pregent invention: 1. "Full
contact" is not achieved due to gaps betweeh conposite panel nodul es. It

honeyconb nmade from
hexagonal cells.

S
comon know edge _in L.Ng.r d do nent ed_by
the federal EPA ﬁn&%?gnngggé?sgg Og?éwé'o%gc“ ealnAagloﬁéy %ngsm
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perimeter edges of a panel by welding the closure to at
least one of the upper and lower skins; and a plurality
5 of fasteners for coﬁnecting adjacent closures.
Preferably, each- closure includes a generally
vertical section extending above the upper skin and below
the lower skin and at least one generally horizontal
section extending substantially parallel to one of the
10 ‘upper and lower skin wherein the horizontal section is
welded to the one of the upper and lower skin.

More preferably, each closure includes another
generally horizontal section extending substantially
parallel to the other of the upper and lower skin and

15 welded to the other of the upper and lower skin.

In one embodiment, the plurality of closures includes
a first and second plurality of closures, each closure of
the first plurality of closures having a hook in a.
portion of the vertical section that extends below the
20 .lower skin, each closure of the second plurality of
closures having a pin in a portion of the vertical
section that extends below the lower skin wherein the pin

is disposed in the hook.

In another- embodiment, the roof further comprises a
25 cap channel fitted over portions of the vertical sections
of adjacent closures, which extend above the upper skin.

In yet another embodlment, each closure of the first
*.'plurallty of : closutes lncludes a second pin in the
portlon of the section that extends above the upper skin

30 and. each closure of the second plurality of closures
includes a second hook in the portion of the vertical
section that extends above the upper skin and wherein tl’le
second pin is disposﬂed in the second hook.



tank equipped with a "vapor-space" floating roof. This "seant |oss occurs
because nechanical joints are |l ess than 100 percent effective. If a
full-contact floating 30 roof is to elimnate the "seam' source of
evaporation | oss, the design nust elimnate any vapor-space at the joints
between nodules. Inter-nodule joints havigg no vapor space are a feature
of this invention. 2. The nodul es have adhesives-exposed to and in direct

35 contact with tfhe BEQJUCt anothe#- embodiment, the roof further
comprises a midbeam disposed between vertical sections of

adjacent closures wherein the fasteners extend through
the midbeam.

S Preferably, the midbeam extends vertically above the
vertical sections of the adjacent closures.

In a further embodiment, the plurality of panels
includes a first and a second plurality of panels and é
‘thickness of the first plurality of panels is greater

10 than a thickness of the second plurality of panels.

In another embodiment, the vertical section of each
of the plurality of closures includes a recess formed
therein for receiving part of a gasket.

In another embodiment, a full contact floating roof
15 comprises'a plurality of panels,.each panel comprising a
core -disposed between upper and lower skins; a plurality
of closures wherein each closure is secured to perimeter
edges of a panel by welding the closure to at least one
.of the upper and lower skins; and a cap channel for

20 connecting adjacent closures.

In one aspect of the invention, the plurality of
panels are connected in a running-brick pattern.

In another aspect of the invention, the plurality of
panels are connected in a herringbone pattern. -

25 In yet anothet.aspect of the invention, the plurality
. of:panels includes a-first plurality of panels of a first
;lthiékﬁessland a second plurality of panels of a second
thickness which is .greater than the first thickness and
wherein the second plurality of panels are arranged

30 around a perimeter of the first plurality of panels.



Modetn society is dependent on a wi de variety of hydrocarbon-based

chem cals for energy, transportation, food, pharmaceuticals, materials,

cl ot hing and many ot her basic needs. The chemical industry is
constantly 5 deriving new chem.cals and -using new chemi cal

conbi nations wth new properties that are w3ed and stored in |arge
quantities. Many of these chem cals are stored in vessels that have
floating roofs. |f th8 $tbhliadyntdien aspesttentchheatimesntvizsn astle serjmnt

or in an 10  expeSpllcrSheULi#! &he 'ﬂal_iw%f%&}?édi&iééé Xiégtar{&ﬁar

adhesi ve with these_new chenjcals nust he investigdated. Long term
conpatibility is SRAATANIGY AN ZPWS BB AU BRd A onGnRENEAE | Jows i
operation of the ébbammsGré®@eparated by a plurality of midbeams disposed

5 between vertical sections of adjacent closures.

A method of making a full contact floatiﬁé roof for

a vessel comprises the steps of providing a plurality of

panels, each panel comprising a core disposed between

upper and lower skins; providing a plurality of closures;

10 . securing the closures to perimeter edges of the panels by

welding the closures to at least one of the upper and

lower skins; and connecting together the plurality of
panels by fastening adjacent closures.

Preferably, the securing step is performed external

15 to the vessel and the connecting step is performed inside
the vessel.

Further objects, features and advantages of the
invention will become apparent from the following
detailed description taken in conjunction with the

20 . accompanying drawing.

Brief Description of the Drawings

The drawings are hereby expressly made a part of the
specification.

Figure 1 shows a first embodiment of the invention;
25 Figure 2 shows a second embodiment of the invention;
Figure 3 shows a third embodiment of the invention;
Figure 4 shows.a fourth embodiment of the invention;
.. Figure 5 shows q_fiféﬁ embodiment of the invention;
" Figure 6 shows a sixth embodiment of the invention;
30 ; Figure 7 shows a seventh embodiment of the invention;
Figure\é is a fragmentary sectional view taken along

the line 8-8 in Figure 1;

Figure 9 is an enlarged view of the cap channel of
Figure 1;



Unfaqrtunately, it is inpossible to knowif a given 15 chem cal wll
attack an adhesive w thout actual |ong term experience. Failures of
state-of-the-art adhesives used on full contact floating roofs have
resulted in the expensive renoval, de-gassing and consequent” hazardous

di sposal of the failed roof. The +<€li+mination of 20 adhesi ves
whi ch are exposed to the product and to product vapors is a feature of this
invention. 3. The FigHreslOutisian enbrxgacdsvieN af r gcteAml channel

applications. Thihdwildd @Igayj&_ac glar&@y therdghures, and floating 25 r oof
structures in particylar, ~is_the éoints betveﬁn structyral nodules. If the
joint does not devel%&gﬁ¥ﬁe 11 shows an eighth embodiment of - the

invention; ‘
S Figure 12 shows a ninth embodiment of the invention;
Figure 13 shows a running-brick pattern of pahels;
Figure 14 shows a herringbone pattern oftpaneis;
Figure 15 shows a ﬁerringbone pattern of panels with
thicker annular panels;
10 Figure 16 shows a rectangular shaped roof with
.midbeams; and

Figures 17 and 18 show a tenth embodiment of the
invention.

Detailed Description of the Preferred Embodiments

15 Referring now to Figure 1, a first embodiment of a
basic module for the invention is a rectangular composite
panel 20, preferably 60" x 120" and 1 1/2" to 3" thick
with upper and lower skins 22, 24, preferably 0.040"
thick aluminum, attached to a core 26, preferably 1"

20 hexagonal aluminum foil, using heat cured epoxy. The

.panel edges have attached to them extruded modified
channel type shapes or closures 30, 32. Closures 30, 32
are preferably metallic, and more preferably aluminum.
The closures 30, 32 are attached to the perimeter of the

25 panel 20 by weld beads 28, preferably formed using rapid
continuous MIG welding at 60 to 80 inches per minute, and
include manual seal welds (TIG welding) at the four
corners. The structural integrity of the composite panel
20 depends on the interior bonding system between the

30 skins and the core being undisturbed, except directly
under the weld bead_zs.““ In this regard, it may be

:fneééésary'to utilize weld wire with a lower than usual

=;melt:ing' temperature.

Preferably, the panels 20 are pressure tested at 15
35 to S0 psig after welding to insure liquid tightness.
Close manufacturing tolerances, preferably plus or minus



full,strength of the adjoining nodules, the over al

strength, durability,
safety and useful life of the floating roof is conprom sed. The tensile,
conpressive, 30 shear and bearing strengths, toughness, creep, hardness,

ductility, tenperature resistance, perneth%Lty and el ectrical conductivity
of the adhesives used to join together exi$sfing state-of-the-art nodul es

L2270 el e prases ikd euzuinkel gidgl ol ol BRRCRLBACE A 7Y,

“to join metalli cfhEer\éFéngo§b§héﬁsembﬂt¥sP\feé-aé‘lg@ dHoutdag meads.al Suchl are

- less resistant close manufacturing tolerances may be obtained by rigidly

' clamping the panel 20 and all four closures 30, 32 in a

S steel fixture, and then welding the closures to the
panel. The steel fixture includes:a support. frame and

machined steel blocks that are aligned and shimmed to fit

the particular size of. panel being welded.

The design of the closures 30, 32 maintains a clean

10 'vertlcal surface for the full height of the panel 20 to
facilitate metal-to-metal module joints. The closures

30, 32 then extend above the panel 20, preferably at

least 1 inch above the panel. Fasteners, for example,

stainless steel bolts 34, are placed through mating

15 holes, preferably punched, in the vertical flanges of the
closures 30, 32 of adjacent panels 20. The lower edges
of the closures 30, 32 are preferably designed with an
interlocking hook 38 and pin 40 labyrinth type mechanical
seal that develops the full strength of the panel 20. By

20

not requiring fasteners below the panel 20, the invention
eliminates contact between fasteners and the stored

.product. The approximate product level in the tank is
shown at 42.

Preferably, a cap channel 36 is placed over the
25 completed panel joints. The cap channel 36 may be made

of an elastomeric or metallic material. The cap channel

36 helps seal the joint and adds structural streﬁgth to

the joint. If of sufficient strength, the cap channel 36

may be used w1thout bolts 34. In such a case, the term
30 "fastener" used in the claims would include structure
. such .as the cgp channel 36.

3 .
» -

The outer panéls 112 on a floating roof designed to

fit inside a non-rgctangular vessel (See Figures 13-15)

are preferably shop cut to the appropriate shape and have

3s ~closures 30, 32 6-1"5' a similar design welded on in a

similar manner as rectangular panels. For the



to attack by chenmicals than netallic or nmineral materials. Adhesi ves

can lose their nechanical properties as they age and are subject to
attack by aggressive chem cals. This invention elimnates 5

structural joints in nodul es using adhesives where the adhesive directly
resists the applied forces. This inventib¥ralso elininates structurally
j oi ni ng together nodul es using_adhesives. 4. The use of adhesives in

j 0i ni ng the nod@nErandandpangds 112yn48€: FlgsurenBarsbeysixgd &Rri apgng

st at e- of - t he- arfl dxeinohegy thed desitdd eshagesiimbay fekiclireatigvid® a
possibility of DIessire 'eemidfhy "Safoilhsied (R Ged bupports. The
closure is clamped to the supports and each of the

S supports is threaded out to conform the closure to the

desired shape. A shop cut panel 112 is then:welded to
the closures. -

Figure 2 shows a second embodiment of the invention.
Throughout the Figures, like reference numerals refer to
10 "like features. In Figure 2, the closures 44, 46 include
a hook 38 and pin 40, respectively. The vertical
sections of the closures 44, 46 extend further above the
upper skin 22 than the vertical sections of the closures
30, 32 shown in Figure 1. The advantages of having the
15 vertical sections of the closures 44, 46 extend further
above the upper skin 22 are to: 1) provide additional
buoyancy and freeboard for safely supporting higher
loads, 2) provide additional buoyancy and freeboard when
floating on 1liquids of 1lower than normal specific
20 gravity, 3) provide additional buoyancy and freeboard
when used in conjunction with higher than normal product
_.turbulence or wave action, 4) separate the fastener
and/or sealant and/or gasket further from the liquid and
vapor to minimize any deleterious chemical effects, 5)
increase the section modulus and strength of the module
at a modest material cost, and 6) enhance the ease of
fabrication and field assembly.

25

Figure 3 shows a third embodiment of the invention.

fn this embodiment, a closure 48 has a hook 38 at the

30 bottom and a pin 46 it the top and a closure 50 has a pin.
*,40 at-the botgom and*a hook 38 at the top. The pins 40
“are .inserted in the féspective hooks 38. A fastener, for

: example, a self-loéking, self-tapping sheet metal screw

52 may be used to quten together the adjacent closures.

35 A benefit of this eﬁbpdiment is that this fastener is not
required for the structural strength of the module-to-

module joint and merely serves to align the modules '



| eaks. The current state-of-the-art fabricati-on and 15 .. adhesives
application nethods use anbi ent tenperature, slowcuring, hand- appl i ed
adhesi ves t hat remai n permanently pliable. To nmaintain marginal

di mensi onal stability during prelimnary adhesive curing, fasteners are

pl aced into drilled holes in the nodul es. In 20 addi tion, adhesive is
manual | y spread al ong the joints and al ongi%te outside corners of the
nodules. If air pressure were to be applied during fabrication of the
nodul es, | eaks w¥BF8iE8liveat Bhe thavhiRfie iy thergfioxs beadpssi Gestivak

- sections of adheghiwplie®, NEFewardafddi 5hallah. ’ holes. It is therefore not
possible to | eak test each '

Figure 4 shows a fourth embodiment of the invention.

The closures 54, S4 in this embodiment do not include a

5 hook. Rather, the closures are fastened together by, for
example, stainless steél bolts 34 located above and below

the panels 20. Optionally, cap channels 36 may be placed
over the closures 54, 54 at one or both ends of the

vertical sections. If one or both of the cap channels
10 "are of sufficient strength, the bolts 34 may not be
needed.

Figure S5 shows a fifth embodiment of the invention.

The closures 54', 54*' of this embodiment are similar to

those of the fourth embodiment except they do not extend

15 as far below the lower skin 24. A midbeam 58 is inserted

between the closures 54', 54' to add structural strength

to the floating roof. The midbeam 58 may be an extruded

bar, for example, 1/4" by 7", or could be a channel or I-

beam shape. A protective coating 60, for example,

20 urethane may be applied to the surfaces of the panels 20,

.closures 54' and midbeam 58 prior to assembly to further

guard against attack from chemically active stored
product. Note the product level at 42.

Figure 6 shows a sixth embodiment of the invention.

25 In this-embodiment, a panel 66, for example, a 3" panel
is joined to a thinner panel 68, for example, a1 1/2"
panel. A closure 62 having a hook 38 and a pin 40 is
welded to the panel 66 and a closure 64 having a hook 38

and a pin 40 is wéidéd to the panel 68. The closures 62,

30 . 64 “are joined'by fégteners, for example, self-locking,
: self-tapping sheet metal screws 52. The pins 40 of the
closures 62,. 64 afé inserted into the respective hooks
38. This design is especially effective where a thicker
panel 66 is desired'around the periphery of the floating
35 roof to add extra buoyancy to accommodate edge loading.



nodul-e during current state-of-the-art fabrication. Leak testing each
nodule is critical to guaranteeing that the nodule will not fail during use
by allowi ng the ingress of stored product into the interior of the nodule.

If 30 liquid gets inside a nodul e, buoyancy and freeboard are reduced
~and the product can and has been shown to-&#tack the skin-to-core bond
‘resulting in partial_or conplete delam nation of the

skips frogmthe core.
Failures of this typEt9REs ?RP’@(@e§§P’§QtE‘q?§§?‘3H§?nEO‘H€r% dayession
safety, and expestsowingiral dbFSUED UR0 ey Sittbak B0l v botbBoms and
I nvention nmakes jt ssible 1.0 leak test each nod usi.ng air_.pressure
during standard ?a%le?céaéi \h.the top and 'a QLIRS U}Ze HEV a pin 4% at

P
the bottom and a hook 38 at the top. 'The closures 70, 72

5 include fasteners, for example, stainless steel bolts 34

at portions both above the upper skin 22 and: belew the
lower skin 24. '

Figure 8 is a fragmentary sectional view taken along
the line 8-8 of Figure 1 showing a portion of a honeycomb
10 ‘core 26. The size of a single cell is shown by the

dimension 74. The dimension 74 is preferably between
3/4" and 1".

Figure 9 is an enlarged view of the cap channel 36
of Figure 1. Reference numeral 76 refers to the tight
15 fit between the closures 30, 32 and the cap channel 36.

Figure 10 is a view similar to Figure 9 but also
showing a gaéket 78 interposed between the cap channel 36
and the closures 30, 32. The gasket may be made of, for
example, silicone, urethane, neoprene, surlyn, teflon or
20 .other suitable materials, preferably elastomeric.

Figure 11 shows an eighth embodiment of the
invention. In this embodiment, the closure 82 is
provided with a hook 38 and a recess 86.
is provided with a pin 40 and a recess 88. The recesses
86, 88 receivé a gasket 80, for example, silicéﬁ, for
sealing the joint between the closures 82, 84. As shown
in Figure 11, 2/3 of the gasket 80 may be received in the

recess 86 and the remaining 1/3 may be received in the
-. redess 88. -

¥ -, ’

The closure 84

25

30 Figure 12 shows a ninth embodiment of the invention.

In this embodimenﬁ, the closure 90 is prévided with a
hook 38 and an extgpded vertical section above the upper
skin 22 which terminates in a one-half reservoir shape

94 . The closure 92 includes a pin 40 at the bottom



-6- 5. The use of adhesives in joining the nodules to their connecting
menbers using existing state-of-the-art technology and practice does not
result in sufficiently dinmensionally-accurate and stable nodules to allow 5
conplete shop fabriccation of all nodules wfhout field nodifications and
application of adhesives or sealants. Adhesives exhibit shrinkage and creep

during curing, dypdikor haki OPfie! " eindcoBgi tERES @%1\@%&“
nechani cal stress. Sone nechani cal ress i s.,unavoi dabl e 10 urlng né?
handl i ng of a nodRERMpANES &E‘r?c%??h’@a reservolr 96. When the closures

90, 92 are joined, the one-half reservoirs 94, 96 form a
full reservoir for field application of a sealant 98 made

S of, for example, silicone, urethane, Thiokol or.other
suitable material.

- -
2

Figure 13 shows a full contact floating roof 110 in

plan view wherein the panels 20 are arranged in a
running-brick type of pattern. The floating roof 110

10 ‘does not directly abut against the vessel wall 100.
Various types of seals are available for sealing the gap

(not shown) which is present between the outer periphery

of the roof 110 and the vessel wall 100. The outer

panels 112 which form the periphery of the roof 110 are

15 not standard size panels. The outer panels 112 are

preferably shop cut to the appropriate shape and have
closures of a similar design welded thereto in a similar
manner as a standard panel 20.

Figure 14 shows floating roof 114 for a generally

20 circular vessel with a vessel wall 100. The floating

.roof 114 is comprised of panels 20 interconnected in a

herringbone-type pattern and includes outer panels 112 at
the periphery thereof.

Figure 15 shows a full contact floating roof 116
comprised of panels 20 arranged in a herringbone-type
pattern with outer panels 112. Roof 116 also inciﬁdes an
annular periphery of panels 118 having a thickness
greater than the thickness of the panels 20. The thicker
panels 118. increase .the buoyancy of the roof 116 at its

25

30 _‘perlphery thereby compensatlng for any edge loading which

. WAy occur.

Figure 16 shows a rectangular vessel 120 having a
rectangular floating roof 122 comprised of standard
panels 20 and custom size panels 112. The panels 20

35 which comprise the roof 122 are arranged in a row and



packagi ng, shipping, unloading, field assenbling and normal usage. This
shrinkage and creep is of different magnitude than that of the materials
bei ng joined. The degree of notion possible in the adhesively bonded joints
15 : of current state-of-the-art floating roof nodul es makes it inpossible
to shop fabricate uniformnodul es for assemty in |large quantities w thout
field adjustnment. Field adjustnent involving adhesives and/or sealants is

typically | ess umidlamn atgpéuatessérhat han Replshowni aixs FAgurei Me, the
controll ed shop en

or structural 'ﬁ§q4ﬁﬂ§ng¥ €$?s£$ﬁ%g§{?ég%bﬁiégéggégéqea%ng%?%g?ﬂéﬁggage

of
nodul es. 6. The rEhween ddjacentockpgureat (feeuBliy. conduditieymidbeams 58

add strength to the roof 122. ‘Alternatively, the

S midbeams S8 could be arranged between the rows of the
roof 122 or between both the rows and columns of the roof
122. :

Figures 17 and 18 show a tenth embodiment of the
invention including closure 124 having a hook 38 at its
10 *bottom end and a serrated edge 132 at its upper end.
Closure 126 has a pin 40 at its botﬁom end and a serrated
edge 132 at its upper end. The closures 124, 126 are
joined together by a serrated cap channel 128, which
functions as a "fastener" as that term is used in the
15 claims. Figure 18 shows a gasket 130 interposed between
the serrated cap channel 128.and the serrations 132 of
the closures 124, 126. The gasket 130 may be made of,
for example, silicon, urethane, neoprene, surlyn, teflon

or other suitable materials, preferably elastomeric.

20 While the invention has been described with reference
_to certain embodiments, it is evident that numerous
alterations, modifications and combinations of the
disclosed features may be made without departing from the
spirit and scope of the invention, as defined in the
25 appended claims and equivalents thereof.

Altérnate panel constructions include a foam ot wood
core; panels of varying lengths, widths and thicknesses;
varying degrees of extension of the closures above the
panels, and panels with gkin other than aluminum, for

30 . example, steél, stainless steel, fiberglass or plastic.



surface. 25 During normal operation of storage vessels containing
liquids, static electric charges are generated. These charges can be
anywhere in or on the liquid surface. If the liquid or vapor is flanmmable,
ggese static electric charges nust be conducted safely to ground to avoid a

spark and possible explosion. The ugg.of gaskets or adhesives
between netallic nodul es insulates the nodul es fr

conprom ses t he yalid Ity AQfaigudd qat:i ng roof to conﬂ[ﬂmgm"jll,ﬁmm m char ges

fromtheir placé of generation to a suitable ground sHunt of cabl®. 35

Nonmet al Ii c modul es nust have distinct conductive paths throughout the
roof. This invention meAnfwlDscamugdtetfloating roof, comprising:

a plurality of panels, each panel comprising a core
disposed between upper and lower skins;

a plurality of closures wherein each closure is
secured to perimeter edges of a panel by welding the
closure to at least one of the upper and lower skins;and

a plurality of fasteners for connecting adjacent
closures.

2. The roof of claim 1, wherein each closure includes
a generally vertical section extending above the upper
skin and below the lower skin and at least one generally
horizontal section extending substantially parallel to
one of the upper and lower skin.

3. The roof of claim 2, wherein the horizontal
section is welded to the one of the upper and lower skin.

4. The roof of claim 2, wherein each closure includes
another generally horizontal section extending
_substantially parallel to the other of the upper and

lower skin and welded to the other of the upper and lower
skin.

5. The roof of claim 4, wherein the plurality of
closures includes a first and second plurallty of
closures, each closure of the first plurality of closures
having a hook in a portion of the vertical section that
extends below the lower skin, each closure of the second
plurality of closures hav1ng a pin in a portion of the

. vertlcal section that extends below the lower skin
E_-:.whe_r_eJ.n the pin is disposed in the hook.

6. The rcof of claim 5, wherein the fasteners extend
through a portion of the vertical section that extends
above the upper skin. T T

This Sheet Has Been Rep laced
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-7- conductivity throughout the entire nodul e-to-nodule joint. 7. Liquid
product can pour over the top of existing nodul es—and fTood the floating

roof. 5 During operation and mai nt enance of ﬂm
concentrated and distributed | oads are |rrposed on ml Ifmlﬁl“m““ i
Exi sting nodul e desi gns provide excess buoyhfity (fr*eeboarLd)"by Vittue of

the overall thi ckness of hhe roorgoos&tglgg"g‘erl alfur% erngcéggr{rgfgglieg té(;lpng

channel fitted over portions, of the vertical sectlons of
adjacent closures, which extend above the upper skln

Ay

8. The roof of claim 7, further comprising a gasket
disposed between the cap channel and the closures.

-
-

:
9. The roof of cleim 5, wherein each closure of the
first plurality of closures includes a second pin in the
portion of the section that extends above the upper skin
.and each closure of the second plufality of closures
includes a second hook in the portion of the vertical
section that extends above the upper skin and wherein the
second pin is disposed in the second hook.

10.The roof of claim 4, wherein the fasteners extend

through a portion of the vertical section that extends
above the upper skin.

11. The roof of claim 10, further comprising a second
plurality of fasteners that extend through a portion of
the vertical section that extends below the lower skin.

12. The roof of claim 11, further comprising a cap
channel fitted over portions of the vertical sections of
adjacent closures, which extend above the upper skin.

13. The roof of claim 11, further comprising a cap
channel fitted over portions of the vertical closures of
adjacent closures, which extend below the lower skin.

14. The, roof of cldim 10, further comprising a
mldbeam dlsposed between vertical sections of adjacent

closures wherein the fasteners extend through the
midbeam.
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10 . sonewhat greater than the displacenent of the rmodul e when floatlng
When a load is placed on The interior of a fl oatThisghéeoBds Betdeplag@ad i S

di stributed 360 | oad point and by buoyant
nodul es al | ar ouﬂmmﬁmél"m“ﬂ‘umg pl aced at the H!EH m mlgT !’ floating
roof, buoyant support® i$ plovéd by nndulga only toward

the center of the vessel. Considerably | es§ Support is avail able for safely

supporting edge | oad d | [ S [ f atlng
roof and al so at penz?l’a'{.lge %%02;‘839 g?%‘?'gﬁl tw%terteltlﬁo é 'Pﬂg%% o exat
Penetrati ons areVthtﬁalbmuabeuefDhesverageaie§§€F1995u9¢um@b restisarentand

operation or nai&i&HIASE. €qui pnent . The buoyancy of

16. The roof of claim 15, further comprising a
protective coating applied to external surfaces of the
panels, closures and the midbeam.

17. The roof of claim 10, wherein the plurality of
panels includes a first and a second plurality of panels
"and wherein a thickness of the first plurality of panels

is greater than a thickness of the second plurality of
panels.

18. The roof of claim 9, wherein the fasteners extend

through a portion of the vertical section that extends
above the upper skin.

19. The roof of claim 18, further comprising a second
plurality of fasteners that extend through a portion of
the vertical section that extends below the lower skin.

20. The roof of claim 1, wherein the core of each
panel comprises honeycomb type cells.

21. The roof of claim 6, wherein the vertical section
of each of the plurality of closures includes a recess
formed therein for receiving part of a gasket.

22. The roof of claim 21, wherein the recess of one
of the first and second plurality of closures is of a-
size to recelve one third of the gasket and the recess of

»;the other of ‘the first and second plurality of closures
i.is of a size to receive two thirds of the gasket.

23. The roof of claim 6, wherein an upper end of the
vertical section of each of the plurality-of closures
terminates in a one half shape of a sealant reservoir



———

exi st.i ng state-of -t he-art designs is limted by t he cqmg

C gg anel part of
t he nodul e' s thickness. This 25 I nventi on makes av Iamm

buoyancy over m ”ﬂ osite panel part of th m kness
for safe operatn mllﬂm mgmng roof. Summary of th |s an
obj ect of the pré&seht 4 nYenfi oh to provi de230 a full contact float| ng

roof which overc t he above- scussed ns of r|or | oat.i ng roofs.
"This and ot her d’g}ee%?téy aHBpﬁﬁva‘?ﬂ e® ofv?ﬁ ‘?‘f@eﬁﬁF&ﬁ e %’Ic F‘g\?é‘ﬂ:gew a
full

contact fl cakosuresdHomw rgrseslanta rpdsamia:.tzy of panels, each panel
conpri sing '

24. The roof of claim 1, wherein the plurality of
panels are connected in a running-brick pattern.

25. The roof of claim 1, wher;in the plurality of
panels are connected in a herringbone pattern.

26. The roof of claim 1, wherein the plurality of
"panels includes a first plurality of panels of a first
thickness and a second plurality of panels of a second
thickness which is greater than the first thickness and
wherein the second plurality of panels are arranged
around a perimeter of the first plurality of panels.

27. The roof of claim 26, wherein the first plurality
of panels are arranged in a herringbone pattern.

.28. The roof of claim 10, wherein the roof is
rectangular, the plurality of panels are rectangular and
arranged in rows and columns, and one of the rows and

. columns are separated by a plurality of midbeams disposed
between vertical sections of adjacent closures.

29. A method of making a full contact floating roof
for a vessel, comprising the steps of:

providing a plurality of panels, each panel
comprising a core disposed between upper and lower .skins;

providing a plurality of closures;

securing the closures to perimeter edges of the
panels by weldlng the closures to at least one of the

. upper and lower skins;and -

- connecting together the plurality of panels by
* fastening adjacent closures.

30. The method of claim 29, wherein the securing step
is performed external to the vessel and the connecting
step is performed inside the vessel.



a care disposed between upper and |ower skins; a plurality of closures:
wher ei n each ctosure S secured to perineter edges ofrh@spaingk by Reshddi N

the closure to 'm he upper and | ower ski ality 5
of tasteners foﬂ“‘wmn“ﬂm‘m ll cent cl osures. Preferagml”mﬂtmlﬂgmsure
includes a generally verttcal Section extgndi ng above and
bel ow the | ower skin and at | east one.generally horizontal section

extendi ng substanti ghly Tpar dldctlod @Ore1Pimt Be, 1@here¥AP@hedPrdwiEimsKi n

wherein the horizontal 58 tion |s,gglded to,.the one of the upper and 1 ower

skin. step 1includes providing a plurality of closures, each
closure having a generally vertical section extending
above the upper skin and below the .lower skin and at
least one generally horizontal section extending
substantially parallel to one of the upper and Jlower
skin, and wherein the securing step ‘includes welding the

horizontal section to the one of the upper and lower
skin.

32. The method of claim 31, wherein the providing
step includes providing a plurality of closures, each
closure having another generally horizontal section
extending substantially parallel to the other of the
upper and lower skin, and wherein the securing step
includes welding said another generally horizontal
section to the other of the upper and lower skin.

33. The method of claim 31, wherein the connecting
step includes fastening adjacent closures through

portions of the vertical sections that extend above the
upper skin.

34. The method of claim 33, wherein the connecting
step 1includes fastening adjacent closures through

portions of the vertical sections that extend below the
lower skin.

35. The method of claim 31, wherein the connécting
step includes placing a midbeam between vertical sections
of adjacent closures.

;7.~i.36. The method of claim 35, further comprising the

z;step of applying a protective coating to external
surfaces of the panels, closures and midbeams.

37. The method of claim 29, wherein the connecting
step includes connecting the plurdlity of panels in a
running-brick pattern.



Mor e -pref erably, each closure includes another generally'horlzontar—Section

extendi ng substantially parallel to the other of thensfiRa skin
and 15 wel ded—to—tteother of the upper and | ower 20860 k

enbodi nment , the “ |ures i ncludes a fi r%mmmw% EI urality
of closures, eac Le“m“l “IH““ u irst plurality of a hook
In a portion of t verti ctl Section that €x3ends bel ow the 20 | ower

skin, each closure of the second plurality of closures having a pinin a
portion of the vertic38. sBeeiethodtofxchaim. B8l owlekneinonke sbnnechéngi n

the pin is di sposgdd niAdRud9kcohfle@PLhSEREMALR Ly (18 saRd1d VLS

conprlses a
herringbone pattern.

39. The method of claim 29, wherein the providing.
step includes providing a first plurality of panels of a
first thickness and a- second plurélity of panels of a
second thickness which is greater than the first
thickness and wherein the connecting step includes
connecting the second plﬁrality of panels around a
‘perimeter of the first plurality of panels.

40. The method of claim 39, wherein the connecting
step includes connecting the first plurality of panels in
a herringbone pattern.

41. The method of claim 29, wherein the vessel is
rectangular, the providing stép includes providing
rectangular panels, and the connecting step includes
connecting the panels in rows and columns and separating
one of the rows and columns by placing midbeams between
vertical sections of adjacent closures. |

42. A full contact floatiné roof, compriéing:

a plurality of panels, each panel comprising a core
disposed between upper and lower skins;

a plurality of closures wherein each closure is
secured to pefimeter edges of a panel by welding the
closure to at least one of the upper and lower skihé; and

a cap channel for connecting adjacent closures.

43. The roof of clalm 42, wherein each closure

' lncludes a generally'vertlcal section extending above the

}Eupper skin and below the lower skin and at least one

ggnerally horizonﬁal section extending substantially
parallel to one of the upper and lower skin.



25 .. cap channel fitted over portions of the vertical Sections of—adjaeent
cl osures, which extend above the upper..skin. In yet anomghegrﬂp I

odi nent ,
each closure ef—the fiTst plurality of closures includes <h Replaced
t he-portion of . ' m“m‘ extends above the upper iﬂMﬂ ’l each
cl osure of the‘ mﬁmuﬂ [ of closures includes a s he

portion of the wertc cal 3ectioh that exterdfs above the upper skin and

wherein the second pin is disposed in the second hook. - 9-
44 The roof of claim 43, wherein an upper end of

the generally vertical section includes a serrated edge.

45. The roof of claim 44, wherein the cap channel
includes internal serrationms.



In .still another enbodinent, the roof further conprises a m dbeam

di sposed between vertical sections of adjacent closures wherein the
fasteners extend through the .m dbeam 5 Preferably, the m dbeam
extends vertically above the vertical sections of the adjacent closures. In
a further enbodinent, the plurality of panels includes a first and a second
plurality of panels and a thickness of thedg4drst plurality of panels is
greater 10 than a thickness of the second pIurallty of panels. In

anot her enbodi nent, the verti G o 3 i @ plurality of
closures includes a recess forned t herei n for rece|V|ng part of a gasket.

A full contact floating roof for a storage vessel .
includes a plurality of panels wherein each panel
includes a core disposed between upper and lower skins.

5 A plurality of closures are provided wherein each closure
is secured to perimeter edges of a:panel by welding the
closure to at least one of the.ﬁpper and lower skins. A
plurality of fasteners connect adjacent closures thereby
forming the floating roof.

This Sheet Has Been Reﬂlaced




I n anot her enbodi nent, a full contact floating roof -15 conprises a
plurality of panels, each panel conprising a core -di sposed between upper
and |l ower skins; a plurality of closures wherein each closure is secured to
peri freter edges of a panel by welding the closure to at | east one of the
upper and | ower skins; and a cap chanrﬁ for connecti ng adj acent

cl osures. In one aspect of the invent H7 the pIurallty of panels are
connected in a running-brick pattern. In another aspect of the invention,
the plurality of panels are connected in a herringbone pattern. 25

In yet another aspect of the invention, the plurality of panels includes
a-first plurality of panels of a first
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thi ckness and a second plurality of panels of a second thickness which is
greater than the first thickness and wherein the second plurality of panels
are arranged 30 around a perinmeter of the first plurality of panels.

-1Q- In still a further aspect of the invention, the roof is rectangul ar,
the plurality of panels are rectanddfbf and arranged in rows and col ums,
and one of the rows and columns are separated by a plurality of m dbeans

di sposed 5 bet ween vertical sections of adjacent closures.
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A met hod of making a full contact floating roof for a vessel conprises the
steps of providing a plurality of panels, each panel conprising a core

di sposed between upper and | ower skins;y providing a plurality of closures;
10 - securing the closures to.pgﬁinetésrﬁﬁges of the panels by welding the
closures to at |east one of the dpper and | ower skins; and connecting
together the plurality of panel g byybastening adjacent closures.

Preferably, the securing step jglgerforne gfternal 15 to the vessel and
t he connecting step is perfor insidg tht7vessel . Further objects,
features and advantages of th mygni;?n wi |1 becone appaeﬁpt fromthe

fol |l ow ng gﬁ
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detail ed description taken in conjunction with the 20 acconpanyi ng

drawi ng. Brief Description of the Drawi ngs The draw ngs are hereby
expressly made a part of the specification. Figure 1 shows a first

enbodi ment of the invention; 25 p ugpre 2 shows a second enbodi ment
of the invention; Figure 3 shows a third enbodi nent of the invention;
Figure 4 shows a fourth enbodi nent of the invention; Fi-gure 5 shows a fifth
enbodi rent of the invention; Figure 6 shows a sixth enbodi ment of the

i nvention; 30 Figure 7 shows a seventh enbodi nent of the invention;
Figure 8 is a fragnentary sectional view taken al ong

This Sheet Has Been Replaced
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the_ line 8-8 in Figure 1; Figure 9 is an enlarged view of the cap channel
of Figure 1; Figure 10 is an enlarged view of a cap channel show ng a

gasket placed therein; Figure 11 shows an eighth enbodinment of the
i nvention; 5 Figure 12 shows SkﬁLgth enbodi ment of the invention;
i f panels; Figure 14 shows a

Figure 13 shows a running-brick patt
herringbone pattern of panels;

™
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Fi gure 15 shows a herringbone pattern of panels wth thicker annul ar

panel s; 10 Figure 16 shows a rectangul ar shaped roof with m dbeans;
and Figures 17 and 18 show a tenth enbodi ment of the invention. Detail ed

Description of the Preferred Enbodingﬂﬂ 15 Referring now to Figure
1, a first enbodi nent of a basic nod or the invention is a rectangul ar

conposite panel 20, preferably 60" x 120" and 1 1/2" to 3" thick with upper
and | ower skins 22, 24, preferably 0.040",4hick alum num attached to a
core 26, preferably 1" 20 hexagonal ﬁqinunlfoil, usi ng heat cured
epoxy. The yo
e

§H
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panel edges have attached to them extruded nodified channel type shapes or
closures 30, 32. Cosures 30, 32 are preferably netallic, and nore
preferably alum num The closures 30, 32 are attached to the perineter of
t he-25 panel 20 by wel d beads 28, preferably fornmed using rapid
continuous MG welding at 60 to 80 inches per mnute, and include nmanual
seal welds (TIG welding) at the four corners. The structural integrity of
t he conposite panel 20 depends on thé7'm§brior bondi ng syst em between the
30 skins and the core being undisturbed, .except directly under the weld

bead 28. In this regard, it may be necessary to utilize weld wire with a
| ower than usual nelting tenperature.
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Preferably, the panels 20 are pressure tested at 15 35 to 50 psig after
welding to insure liquid tightness. C ose manufacturing tolerances,
preferably plus or mnus -12- 0.030", are required to allow for easy and
accurate field-fit during the assenbly of large floating roofs. Such close
manuf acturing tol erances may be obtained by rigidly clanping the panel 20
and all four closures 30, 32 in a5 steel fixture, and then wel ding the
closures to the panel. The steel flx%yy?7jncludes a support frame and

S ———
-1
L
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machi ned steel blocks that are aligned and shimed to fit the particular

si ze of panel being wel ded. The design of the closures 30, 32 maintains a
clean 10 vertical surface for the full height of the panel 20 to
facilitate.nmetal -to-nmetal nodule joints. The closures 30, 32 then extend
above the panel 20, preferably at Ieas?éigsnch above the panel. Fasteners,
for exanple, stainless steel bolts 34 pl aced t hrough mating 15

hol es, preferably punched, in the vertical flanges of the closures 30, 32
of adjacent panefgle The | ower edges of the closures 30, 32 are
preferably designed win\h an interlocki ng hook -38 and pin 40 | abyrinth type
nmechani cal seal that dewelops the full strength of the panel 20. By
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20, not requiring fasteners bel ow the panel 20, the invention elimnates
contact between fasteners and the stored product. The approxi mate product
level in the tank is shown at 42. Preferably, "a cap channel 36 is placed
over the 25 conpl eted panel joints: The cap channel 36 may be nade of
an elastoneric or netallic material. The gap channel 36 hel ps seal the
joint and adds structural strength to[ihqf'gint. I f of sufficient
strength, the cap channel 36 may be used without bolts 34. In such a case,
the term 30 "fastener” used in the clains would include structure such
as the cap channel 36 The outer panels 112 on a floating roof designed to
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fit inside a non-rectangul ar vessel (See Figures 13-15) are preferably shop
cut to the appropriate shape and have 35 closures 30, 32 of a simlar
desi-gn welded on in a simlar nanner rectangul ar panel s. For
t he. -13- nonst-andard panels 112,

3;‘#(}5ure may be fixed in and fl exed
into the desired shape |nﬁ§ flxture ha i d a series of manually adjustable
t hreaded supports. The

SOke is clanped to the supports and each of the1
5 supports is threaded out conformthe closure to the
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desired shape. A shop cut panel 112 is then welded to the closures. Figure
2 shows a second enbodi nent of the invention. Throughout the Figures, |ike
ref erence nunerals refer to 10 |i ke features. In Figure 2, the closures
44, 46 include a hook 38 and pin 40, _ rrespectively. The vertical sections
of the closures 44, 46 extend furthdﬂ/éﬁzee t he upper skin 22 than the
vertical sections of the closures 30, 32 shown in Figure 1. The advant ages
of having the 15 vertical sections of the closures 44, 46 extend further
above the upper skin 22 are to: 1) prqy}@e“additional buoyancy and
freeboard for safely supporting higher 1oads, 2) pr%gide addi ti onal
buoyancy and freeboard when 2

n
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floatiing on liquids of [ower than normal specific 20 gravity, 3) provide
addi ti onal buoyancy and freeboard when used in conjunction with higher than
normal product turbul ence or wave action } separate the fastener and/or
seal ant and/or gasket further fromthe Ifhz a and vapor to mnimze any

del eterious chem cal effects, 5) 25 I ncrease the section nodul us and
strength of the nodule at a nDdest mater{ab cost, and 6) enhance the ease
of fabrication and field assenbly. Figure 3 shows a Eiéd enbodi ment of the

invention. In this enbodinment, a clogure 48 has a 8 at the 30
bottomand a pin 40 at the to 50 h a pin 40 at the bottom

and a hook 38 at the top. l a5 40
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are inserted in the respecti ve hooks 38. A fastener, for exanple, a
sel f-1ocking, self-tapping sheet netal screw 52 may be used to fasten
t oget her the adjacent closures. 35 A benefit of this enbodinment is that

this fastener is not required for th ugtural strength of the nodul e-to-

nodul e joint and nerely serves to align'the nodul es -14- vertically. The
fasteners may therefore be |ess costly,

sigpler, %E% and smaller. Figure
4 shows a fourth enbodi nent of the inventdP&n
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The closures 54, 54 in this enbodi nent do not include a 5 hook. Rather,
the-cl osures are fastened together by, for exanple, stainless steel bolts
34 kocated above and bel ow t he panels 20. Optionally, cap channels 36 may
be placed over the closures 54, 54 at one or both ends of the verti cal

sections. If one or both of the cap gg s 10 are of sufficient
strength, the bolts 34 may not be th ded.!” Figure 5 shows a fifth

enbodi nrent of the invention. The closures 54', 54' of this enbodi ment are
simlar to those of the fourth enbodi nent except they do not extend 15

as far below the lower skin 24. A mdbeam 58 is inserted between the
closures 54', 54' to add structural strength
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to the floating roof. The m dbeam 58 may be an extruded bar, for exanple, -
1/ 4" by 7", or could be a channel or |- beam shape. A protective coating
60, “for exanple, 20 uret hane nmay be applied to the surfaces of the
paneks 20, closures 54" and m dbeam 5 JF to assenbly to further guard
~against attack fromchem cally active st product. Not e t he product

| evel at 42. Figure 6 shows a sixth enbodi nent of the invention. 25 I n
this enbodi ment, a panel 66, for exanpl'e, a 3" panel is joined to a thinner
panel 68, for exanple, a 1 1/2" panel. A closure 62 having a hook 38 and a
pin 40 is welded to the panel 66 and a closure 64 having a hook 38 and a
pin 40 is welded to the panel 68. The cl osures 62,

2%
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30 . 64 are joined by fasteners, for exanple, self-locking, self-tapping
sheet: netal screws 52. The pins 40 of the closures 62, 64 are inserted into
t he fespectlve hooks 38. This design is pecial ly effective where a

t hi cker panel 667 is desired around the é? hery of the floating 35 r oof
to add extra buoyancy to accommodat e e ading. Figure 7 shows a
sevent h enbodi nent of the invention shomﬁng a closure 70 having a hook 38
at the bottomand a pin 40 .at .the top and a closure 72 having a pin 40 at
the bottom and a hook 38 at the top. The closures 70, 72

| % 2% 2% 24
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5. include fasteners, for exanple, stainless steel bolts 34 at portlons

bot h above the upper skln 22 and bel ow the | ower skin 24. Z q bs a
fragnmentary sectional view taken along the line 8-8 of Figure 1 showi ng a
portion of a honeyconb 10 core 26. The size of a single cell is shown

by the dinension 74. The dinension 74 is preferably between 3/4" and 1".
Figure 9 is an enlarged view of the cap_gkannel 36 of Figure 1. Reference
nuneral 76 refers to the tight 15 fit between the closures 30, 32 and

the cap channel 36. Figure 10 is a viewsimlar to Figure 9 but also

showi ng a gasket-78 interpossgLEeégﬁ?Rc*hFLgﬁplﬁgqﬂﬂﬁ; 36

Abstract of the Disclosure

A full contact floating roof for a storage vessel
includes a plurality of panels wherein each panel
includes a core disposed between upper and lower'skihs.

S - A plurality of closures are Erovided.wherein each closure
is secured to perimeter edges of a panel by welding the
closure to at least one of the ﬁpper and lower skins. A
plurality of fasteners connect adjacent closures thereby
férming the floating roof. '

FIGURE 1 - REPLACEMENT SHeeT |
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and the closures 30, 32. The gasket may be made of, for exanple, silicone,
uret hane, neoprene, surlyn, teflon or 20 ot her suitable mat erig So”le‘f'f
preferably el astoneric. Figure 11 shows an ei ghth enbodi nent of t é

i nventi on. In this enbodinment, the closure 82 is provided with a hook
38 and a recess 86. The closure 84 is ﬁfovided with a pin 40 and a recess
88. The recesses 25 86, 88 recei vel gasket 80, for exanple, silicon,

for sealing the joint between the closures 82, 84. As shown in Figure 11,
2/ 3 of the gasket 80 may be received in the recess 86 and the remaining 1/3
may be received in the recess 88. 30 . Figure 12 shows a ninth

enbodi ment of the invention. REPLACEMENT SHEE'FT
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In this embodiment, the closure 90 is provided with a hook 38 and an
lextended vertical section above the upper skin 22 which termnates in a
“‘one-hal f reservoir shape 94. The closure 92 includes a pin 40 at the

" "hottom -16- thereof and the upper end of the vertical seetion

termnates in a one-half reservoir 96. W]efllzhe cl osures 90, 92 are joi ned,
‘the one-half reservoirs 94, 96 forma full~reservoir for field application
of a sealant 98 nmde 5 of, for exanple, silicone, urethane, Thiokol or

éot her

. . REPLACEMENT.SHEET
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ui'table material. Figure 13 shows a full contact floating roof 110 in plan
“View wherein the panels 20 are arranged in a running-brick type of pattern.
."The floating roof 110 10 does not directly abut against the vessel wall
©100. Various types of seals are available for sealing the gap (not shown)
which is present between the outer peripher:m f the roof 110jfanmd-the
wal I 100. The outer panels 112 which formthe periphery of --tﬂEPLﬂong
are 15 not standard size panels. The outer panels 112 a
shop cut to the appropriate shape and have cl osures of a sin
wel ded thereto in a simlar manner as a standard panel 20.

Fl6. 3



igure 14 shows floating roof 114 for a generally 20 circul ar vessel
‘Wth a vessel ‘wal | 100. The floating roof 114 is conprised of panels 20
“interconnected in a herringbone-type pattern and includes outer panels 112
“at. the periphery thereof. Figure 15 shows a full contact floati-ng roof 116
25 conpri sed of panels 20 arranged in a /ﬂrl ngbone-type pattern with
outer panels 112. Roof 116 al so includes an nul ar peri phery of panels 118
“having a thickness greater than the thickness of the panels 20. The thicker
panel s 118 i ncrease the buoyancy of the roof 116 at its 3 periphery

t hereby conpensating for any edge | oadi ng which may occur REPLACEMENT SHEET

15 FEB 1997




Figure 16 shows a rectangul ar vessel 120 having a rectangular floating roof
=1 122 conprised of standard panels 20 and custom size panels 112. The panels
7120 35 whi ch conprise the roof 122 are arranged in.a row and -17-
“ golum type of format. As shown in Figure 16, the colums of the panels
20 are separated by mi dbeans 58 between agyﬂcent closures (See Fig. 5). The
~m dbeans 58 add strength to the roof 1227. Alternatively, the 5
“m dbeans 58 coul d be arranged between the rows of the

Fl6. 5
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pof 122 or between both the rows and colums of the roof 122. Figures 17
:ahd_18 show a tenth enbodi nent of the invention including closure 124
~having a hook 38 at its 10 bottom end and a serrated edge 132 at its
‘upper end. Closure 126 has a pin 40 at its bottomend and a serrated edge
132 at its upper end. The closures 124, 12@pare joined together by a
serrated cap channel 128, which functions as a "fastener" as that termis
used in the 15 claims. Figure 18 shows a gasket 130 interposed between
the serrated cap channel 128 and the serrations 132 of
126. The gasket 130 may be made of, for exanple, silic

neoprene, surlyn, teflon Rt .‘MENT SHEE




for- other suitable materials, preferably elastoneric. 20

Wil e the

i nventi on has been described with reference to certain enbodi ments, it
nodi fi cati ons and conbi nati ons of the

“evident that nunerous alterations, _
- 'di scl osed features nay be nade wi thout departing fromthe spirit and scope

of the invention, as defined in the 25

?ended cl ai ms and equi val ents

constructions include a foam or wood core;
varyi ng degrees of extension of

t her eof .
of varying |engths,

Al t er nat e panel
wi dt hs and t hi cknesses;

the closures above the panels, and panels wth skin other than alum num

exanpl e, steel, stainless steel, fiberglass or

'REPLACEMENT SHEET
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Al MB 1. A full contact floating roof, conprising: a plurality of
anel s, each panel conprising a core disposed between upper and | ower
‘“skins; a plurality of closures, each closure having a plate-like vertical

" section and horizontal sections extending perpendicular to the-vertical
section; and a plurality of fasteners for'c&npecting adj acent cl osures;
wherein each closure is secured to perineter edges of one of the panels by
seal i ng engagenent of at |east one of the horizontal sections to at |east
one of the upper and | ower skins; and wherein adjacent panels are held in
abutting arrangenent.

REPLACEMENT SHEET |
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The roof of claim1l, wherein each vertical section extends above the
pper skin and bel ow the | ower skin and each horizontal section extends
“substantially parallel to one of the upper and |ower skin. 3. The roof
~of, claim1, wherein the plurality of closures includes a first and second
plurality of closures, each closure of the gAlTst plurality of closures
having a hook in a portion of the vertical section that extends bel ow the
| ower skin, each closure of the second plurality of closur having a pin

in a portion of the vertical section that extends below th

wherein the pin is disposed in the hook. 4. The roof of Jc

the fasteners extend though a portion ofgﬂﬁ?&¢;rtl sect}jo

above the upper skin. 5. The roof of rther c rild FEBX967P
cthannel fitted over portiond the vertical sections of thq adjacent

cl osures which extend above t-he\upper skin. 6. The rooff o

“further conprising a gasket dispdged between cap Lo,

EXe
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channel and the closures. 7. The roof of claim3, wherein each closure
of the first plurality of closures includes a second pin in the portion of

Zithe section that extends above the upper skin and each cl osure of the
-+ second plurality of closures includes a second hook in the portion of the

verti cal section that extends above th#/ffpper skin and wherein the
second pin is disposed in the second hook. 8. The roof of claim?7,

“wherein the fasteners include a first plurality of fasteners and a second
plurality of fasteners, and the first plurality of fasteners extend through

“a portion of the vertical section that aax ds ove the upper skin. 9.
:The roof of claim8, wherein the secorﬁE Ia;alﬁl of fasteners extend
‘through a

W
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portion of the vertical section that extends below the | ower skin. 10.

The roof of claim4, wherein the vertical section of each of the plurality

1 of closures includes a recess forned therein for receiving part of a

i gasket. 11. "The roof of claim 10, wherein the recess of one of the first
and second plurality of closures is of a fh?e to receive one third of the
gasket and the recess of the other of thé first and second plurality of
closures is of a size to receive two thirds of the gasket. 12. The roof

- of claim4, wherein an upper end of the vertical section of each of the

. plurality of closures term nates inﬁazaljghape of a seal ant reservoir
: wher eby upper ends of the verti cal ctfi &l he adj agen | osures form a

. seal ant reservoir. 13, The roof of claim1, wherein theRERACER e
»a first plurality of fastenersQ&h a second plurality o . 2567 the
i first plurality of fasteners extendXhrough a portion o

he ,vertical
14.  The roof oﬁ'ftFEBm;S,

end t hr ough

section that extends above the upper I n.

wherein the second plurality of fastene




1la portion of the vertical section that extends bel ow the | ower skin. 15.
1{The roof of claim 14, further conprising a cap channel fitted over portions
“lof -the vertical sections of the adjacent closures which extend above the
“fupper skin. 16. The roof of claim 14, further conprising a cap channel
fitted over portions of the vertical cl os%m of the adjacent closures
whi ch extend bel ow the | ower skin. 20 . The roof of claim 13,
- further conprising a m dbeam di sposed between vertical sections of the
‘adj acent cl osures, wherein the fasteners extend through e dbeam 18.
The roof of claim 17, wherein the mi dbeam extends vert{ cREFLACEMENE SHEEr
vertical sections of the adjacent closures.

F/G /3 15 FEB 1997
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7119 The roof of claim 18, further conprising a protective coating
“Happlied to external surfaces of the panels, the closures and the m dbeam
120! The roof of claim 13, wherein the pl urallty of panels includes a
first and a second plurality of panels, and wherein a thickness of the
first plurality of panels is greater than|3a/|7hi ckness of the second
plurality of panels. 21. The roof of claim13, wherein the roof is
‘rectangul ar, the plurality of panels are rectangular and arran LQWS
rand colums, and one of the rows and col ums are separated by WMAGEMEWT SHEET
:of m dbeans di sposed between vertical sections of adj acent cl 2

‘The roof of claim1, wherein the cor conpri ses fh ney
‘type cells. 23. The roof of clai mFm A%e plurality i[;ﬂngﬁoﬁgﬁﬂgw

‘connected in a running- brick pattern. 24. The roof of claimj, erein the
lurality of panels are connected in a |
p y p : 100 _‘
40
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Herringbone pattern. 25. The roof of claim1, wherein the plurality of-:
Planel s includes a first plurality of panels of a first thickness and a
second plurality of panels of a second thickness which is greater than the
first thickness, and wherein the second plurality of panels are. arranged
around a perimeter of the first plurality q#/ganels. E2] 198 21 26. The
roof of claim25, wherein the first pl urallty of panel s are greemged-ln.a
herri ngbone pattern. 27. The nethod of claim 1, wherein sdi BEEIEMEMENT SHEET

engagement is effected by
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o wel di ng. 28. A net hod of making a full contact floating roof for a

i vessel, conpr|5|ng the steps of: providing a plurality of panels, each

5 panel conprising a core di sposed between upper and | ower skins; providing a
plurality of closures, "each closure having a plate-like vertical section
and horizontal sections extending perpendggjl ar to the vertical section
securing the closures to perineter edges of the panels

. engagenent of at | east one of the horizontal sections t

~the upper and | ower skins; and connecting together the

: abutting arrangenent. 29. The nethod of claim 28, whefefn the secun
. step is perforned external to the vessel and the conne
- perforned inside the vessel.

122
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The nethod of claim 29, wherein the connecting step includes
“fiasteni ng the adj acent cl osures through portions of the vertical sections
‘that extend above the upper skin. 31. The nmethod of claim 30, wherein the
“connecting step includes fastening the adjacent closures through portions
of the vertical sections that extend belomqanF | ower skin: 32. The et hod
of claim 29, wherein the connecting step includes placing a m dbeam between
the vertical sections of the adjacent closures. 33. The net hod of claim
32, further conmprising the step of applying a protective coating to
external surfaces of the panels, the closures and the m dbeans. 22 34.
The nmet hod of claim 28, wherein the connecting step includes connecting the

REPLACEMENT SHEET
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%plu?ality of panels in a running-brick pattern. 35. The met hod of claim
.28, wherein the connecting step includes connecting the plurality of panels
in a herringbone pattern. 36. The method of claim 28, wherein the

" providing step includes providing a first plurality of panels of a first

thi ckness and a second plurality of panel sjpgff a second thickness which is
.greater than the first thickness, and wherein the connecting step includes
~connecting the second plurality of panels around a perineter of the first

plurality of panels. 37. The net hod of claim 36, wherein the connecting
step includes connecting the plurality of panels in a herringbone pattern.
:38. The nmethod of claim 28, wherein the vessel is rectangular, the

providing step includes providing rectangul ar panels, and the connecting

'step includes connecting the panels in rows and col umms awdnsepara+++§?+ﬁmr“,
of the rows and col umms by placing ni dbeans between vert ik REPSACEMENTS SHEET
the adjacent closures.
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skins; a plurality

The roof of claimm28—wherein said sealin

panct 5 ach MMMNRMIRIREE <or "6 soocea

of ol osur

, each closujg

ertical

section and two spaced-apart horizontal sections icular to
the vertical sectCéAIMand a cap channel for con cljosures
such that adjacent c wher ¢i n each

closure is secured t

| ower skins.

| oSur | d gl .ingl engagenent ;
&%ﬂ;ﬁ%ﬁ@?ﬁ@?é&&f, %Fﬂ’g%p%nel Dy Seali ng engagenent of

at | east one of the a@kiralitnbfpanslseactopaneltcompiisiigrncte dispeserif between uppezrandind

lower skins; _

a plurality of closures, each closure having a plate-like vertical Section and
horizontal sections extending perpendicular to the vertical section; and

a plurality of fasteners for conpecting adjacent closures;

wherein each closure is secured to perimeter edges of one of the panels by
sealing engagement of at least one of the horizontal sections to at least one of the upper and
lower skins; and
| ‘wherein adjacent panels are held in abutting arrangement.

2. The roof of claim 1, wherein each vertical section extends above the upper
skin and below the lower skin and each horizontal section extends substantially parallel to one
of the upper and lower skin. '

3. The roof of claim 1, wherein the plurality of closures includes a first and
second plurality of closures, each closure of the first plurality of closures having a hook in a
 portion of the vertical section that extends below the lower skin, each closure of the second
plurality of closures having a pin in a pbrtion of the ‘vertical section that extends below the
~ Jower skin wherein the pin is disposed in the hook. '

4, The roof of claim 3, wherein the fasteners extend though a portion of the
vertical section that extends above the upper skin.

5. The roof of claim 4, further comprising a cap channel fitted over portions of
the vertical sections of the adjacent closures which extend above the upper skin.

6. The roof of claim 5, further comprising a gasket disposed between the cap
channel] and the closures.

7. The roof of claim 3, wherein each closnre of the first plurality of closures
includes a second pin in the portion of the section that extends above the upper skin and each
closure of the second plurality of closures includes a second hook in the portion of the vertical




23 41.

Th

e roof of claim40, wherein each vertical section extpnd':#above

t he upper skin and below the | ower skin and each horizontal section_ exten
substantially parallel to one of the upper and Iovveumm llumm Uﬂw roof
of claim41, wherein an upper end of the é(ertlcal

serrated edge. 43. The roof of clai m45 wherein tHe cap channel includes

internal serrations. The roof of claim40, wherein said sealing

ﬁggggegﬁ gt O%én@& mﬂmpwmluager skin afid whehiR teQeon® binds BispBséBim HOGLBhd an
hook.

8. The roof of claim 7, wherein the fasteners include a first plurality;of fasteners
and a second plurality of fasteners, and the first plurality of fasteners extend throngh a portion'
of the vertical section that exiends above the upper skin. :

0. The roof of claim 8, wherein the second plurality of fasteners extend through a
portion of the vertical section that extends below the lower skin.

- 10. - The roof of claim 4, wherein the vertical section of each 61" the plurality of
closures includes a recess formed therein for receiving part of a gasket.

11.  The roof of claim 10, wherein the recess of one of the first and second '
plurality of closures is of a size to receive one third of the gasket and the recess of the other of

the first and second plurality of closures js of a size o receive two thirds of the gasket.

12.  The roof of claim 4, whercin an upper end of the vertical section of each of the -

' phurality of closures terminates in a one half shape of a sealant reservoir whereby upper ends

of the vertical sections of the adjacent closures form a sealant reservoir,

13.  The roof of claim 1, wherein the fasteners include a first plurality of fasteners
and a second plurality of fastepers, and the first plurality of fasteners extend through a portion
of the vertical section that extends above the upper skin.

14.  The roof of claim 13, wherein the second plurality of fasteners extend through
a portion of the vertical section that extends below the lower skin.

15.  The roof of claim 14, further comprising a cap channel fitted over portions of
the vertical sections of the adjacent closures which extend above the upper skin.

16.  The roof of claim 14, further comprising a cap chammel fitted over portions of
the vertical closures of the adjacent closures which extend below the lower skin.

REPLACEMENT SHEET
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the generally vertical section intludes a serrated edge. 45. The roof of
claim 44, wherein the cap channel includes internal serrations.
7

o Y

17.  The roof of claim 13, further comprising a midbeam disposed betwiken vertical
sections of the adjacent closures, wherein the fasteners extend through the midbeam.

18.  The roof of claim 17, wherein the midbeam extends vertically above the
vertical sections of the adjacent closures.

19.  The roof of claim 18, further comprising a protective coating applied to
external surfaces of the panels, the closures and the midbeam.

20.  The roof of claim 13, wherein the phurality of panels includes a first and a
second plurality of panels, and wherein a thickness of the first plurality of panels is greater
than a thickness of the second plurality of panels.

© 21. - The'roof of claim 13, wherein the roof is rectangular, the plurality of panels
are rectangular and arranged in rows and cofumus, and one of the rows and ‘columns are
separated by a phurality of midbeams disposed between vertical sections of adjacent closures.

22.  The roof of claim 1, wherein the core of cach pane] comprises honeycomb type
cells.

23.  Tbe roof of claim 1, wherein the plurality of panels are copnected-in a running-
brick pattern. '

24.  The roof of claim 1, wherein the plurality of panels are commected in a
berringbone pattern. '

25.  The roof of claim 1, wherein the plurality of panels includes a first plurality of
panels of a first thickness and a second plurality of panels of a second thickness which is
greater than the first thickness, and wherein the second plirality of panels are arranged around
a perimeter of the first plurality of panels.
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26.  The roof of cléim 25, wherejn the first plurality. of papels are arranged in a
herringbone pattern.

27.  The method of claim 1, wherein said sealing engagement is effected by
welding. '

28. A method of making a full contact floating roof for a vessel, céfprising the
steps of:
providing a plurality of panels, each panel comprising a core disposed between
upper and lower skips;
providing a plurality of closures, each closure having a plate-like vertical
section and horizontal sections extending perpendicular to the vertical section;
secunngtheclomes 10 perimeter edges of the panels by sealing engagementof '
at Ieast one of the horizontal sections to at least one of the upper and lower skins; and
connecting together the plorality of pancls by fastening adjacent closures such
that adjacein closures are held in abutting arrangement.

29.  The method of claim 28, wherein the seciring step is performed external to the
vessel and the connecting step is performed inside the vessel. '

30.  The method of claim 29, wherein the connecting step includes fastening the
adjacent closures through portions of the vertical sections that extend above the upper skin.

31.  The method of claim 30, wherein the comnecting step includes fastening the
adjacent closures through portions of tbe vertical sections that extend below the Iower skin.

32. The method of claim 29, wherein the connecting step includes placing a
midbeam between the vertical sections of the adjacent closures.

33.  The method of claim 32, further comprising the step of applying a protective
coating to external surfaces of the panels, the closures and the midbearns.
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34.  The method 6f élaim 28, wherein the connecting step includes conneung the
plurality of panels in a rumming-brick pattern.

35.  The method of claim 28, wherein the connecting step includes connecting the
plurality of panels in a herringbone pattern.

36.  The method of claim 28, wherein the providing step includes providing a first
plurality of panels of a first thickness and a second plurality of panels of a second thickness
which is greater than the first thickness, and wherein the connecting step includes connecting
the second plurality of panels around a perimeter of the first phurality of panels.

37.  The method of claim 36, wherein the connecting step includes commecting the
plurality of panels in a herringbone pattern.

38.  The method of claim 28, wherein the vessel is rectangular, the providing step

includes providing rectangular paneis, and the connecting step includes connecting the panels

in rows and columns and separating oneofthemwsandcohxmnsbyplacingmidbmms
between vertical sections of the adjacent closures.

39.  The roof of claim 28, wherein said sealing engagement is effected by welding.

40. A full contact floating roof, comprising:
a phurality of panels, each panel comprising a core disposed between upper and lower
skins;
a phurality of closures, each closure having a plate-like vertical section and two
spaced-apart horizontal sections extending perpendicular to the vertical section; and
~ a cap channel for conpecting adjacent closures such that adjacent closures are
held in abutting engagement;
wherein each closure is secured to perimeter edges of a panel by sealing
engagement of at least one of the horizontal sections to at Ieast one of the upper and lower
skins.
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41.  The roof of &laim 40, wherein each vertical séition extends above the upper
skin and below the lower skin and cach horizontal section extends substantially parallel to one
of the upper and lower skin. '

42.  The roof of claim 41, wherein an upper end of the vertical section includes a
serrated edge. '

43.  ‘The roof of claim 42, wherein the cap chanmel inclndes internal serrations.

44.  The roof of claim 40, wherein said sealing engagement is effected by welding.
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