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3 Claims.
1

This invention relates to floating tank roofs,
and has for its main object to provide a floating
roof, which is of such design or construction that
large quantities of air cannot become trapped be-~
tween the underside of the roof and the liquid
on which the roof floats, and thus cause rapid
and destructive corrosion of the metal plates of
which the liquid contacting portion of the roof
Is constructed in instances where the stored
liquid consists of “sour” or highly corroswe crude
oil, :

Another object is to attain the result above re-
ferred to, without increasing the quantity of
metal used in the roof, or increasing the cost of
building the roof.

To this end I have devised a floating tank roof,
which, briefly deseribed, consists of the following
elements, to wit: (@) a bottom portion con-
structed from a limber metal diaphragm hav-
ing radially-disposed, downwardly-sagged por-
tions that constitute air circulating passageways
on the underside of the bottom of the roof ex-
tending radially from the center of same, which
provide for the escape of air that collects at the
surface of the liquid on which the roof floats,
thereby eliminating the possibility of air becom-
ing trapped on the underside of the roof; (b) a
top portion formed by a metal digphgram that is
arranged in superimposed, spaced relation with
said bottom diaphrgam so as to serve as a rain
and snow shield for same; and (¢) a means in
terposed between and engaged with said top and
bottom diaphragm for stiffening the rcof and
for causing the top diaphragm to act as a weight
or load which exerts a downward thrust or force
on the downwardly-sagged portions of the bot-
tom diaphragm, and thus prevents said portions
from flexing upwardly when the roof is floating
on the liquid in the tank.

Figure 1 of the drawings is g fragmentary
radial sectional view of a floating tank roof con-
structed in accordance with my invention, and
composed of a top diaphragm and a bottom dia-
bhragm arranged in spaced, superimposed rela-
tionship, and attached at their peripheral edges
to an annular member which constitutes the
peripheral wall of a large circular pontoon, said
view being taken on the line {—1{ of Figure 1s.

Figure 12 is a fragmentary top plan view of the
roof shown in Figure 1.

Figure 1b is g vertical segmental sectional view
of the roof shown in Figure 1, taken on the line
1b—1b of Figure 12.

Figure 2 is a fragmentary vertical sectional
view of a roof embodying my invention and com-
posed of a circular center pontoon and an outer
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2
annular pontoon which surrounds said center
pontoon, said view being taken on the section
line 2—2 of Figure 3.

Figure 3 is a fragmentary top plan view of the
roof illustrated in Figure 2, with the top dia-
phragm of the roof broken away, so as to show
the structure between the top and bottom dia-
phragms of the roof that is relied upon to impart
strength and stiffness to the roof and to main~
tain the radially fluted form of the bottom dia-
phragm of the roof.

Pigure 4 is a fragmentary radlal sectlonal view,
taken on approximately line 4—4 of Figure 3.

Figures 5 and 6 are vertical sectional views,
taken on the lines §5—5 and 6-—6, respectively,
of Figure 3.

Figure 7 is an enlarged sectional ver, taken

on the line T—1 of Figure 3.

Figure 8 is a fragmentary top plan view of the
erection framing on which the bottom dia-
phragm of the roof is fabricated.

Figure 9 is a fragmentary radial sectional view
of said erection framing, with the roof shown
in broken lines; and

Figure 10 is a fragmentary radial sectlonal
view, showing the roof partially completed and.
supported at key points by posts.or uprights after
the erection framing has been dismantled or torn
down.

In the drawings whiech illustrate the preferred
form of my invention, A designates a tank that
is adapted to hold liquid which is protected from
the air by a roof that floats on said liquid, B
designates the bottom portion or bhottom  dia-
phragm of my improved floating -tank roof, C
designates the top portion or top diaphragm of
the roof, which is in spaced relation with said
bottom - portion, and D designates an annular
member, preferably of girder construction, at-
tached to the perinheral edges of the top and
bottom portions of the roof, so as to form a rim
that projects upwardly around the edge of the
bottom portion B; any preferred type of sealing
structure may be used to close the annular space
between the side wall of the ta;qk and the rim
D of the roof.

My improved roof is distinguished from float-
ing tank roofs of conventional construction in
two prinecipal respects; as follows: -

(1) The diaphragm which constitutes the bot-
tom portion or liouid contacting portion B of the
roof is fabricated in such a way that it comprlses
radially-disposed flutes or corrugations on the
underside of .same which effectively prevent- air
from becoming trapped between the underside of
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the roof and the liquid when the roof is floating;
and i
(2) A structure is interposed between the two
diaphragms constituting the top and bottom por-
tions C and B, respectively, of the roof, so as to
impart stiffness to the roof and also to hold the
bottom diaphragm against flexing and maintain
it in a radially-fluted or corrugated condition,
So far as my broad idea is concerned, any pre-
ferred procedure or method may be used in fabri-
cating or combining the co-acting parts of-the
roof and producing the radially-disposed flutes
or corrugations on the underside of the bottom
diaphragm, and any suitable type or kind.of
structure may be used between the top and bot-
tom diaphragms of the roof to stiffen.the:roof
and to prevent the fluted bottom portion of the
roof from flexing out of shape when the roof
is floating. The bottom portion of the roof con-
sists of a circular diaphragm B, made up of
‘metal plates that .are preferably fabricated.or
connected-together:in such:a.way as. to produce
a continuous limber diaphragm that-has:a slight
downward pitch from ifs:peripheral edge towards
its-center, -Said diaphragm-may form-the bot-
tom.of-a large -eircular- ponteon. of-only slightly
less diameter than-the:-tank in.which the. roof
is .used, or it-may:form the: bottom-of .a eircular
center pontoon.and .one-or.-more. annular pon-

toons..arranged:in coneentric-relation with said :

center pontoon. The top portion.C .of the roof
may. be of any-preferred- construection,. so-long
as it is -of considerable -weight.and.is.ef-such
shape or-form -that:it:will insure-rapid: and efi-

cient -drainage of rain: or.snow that:falls.on.the 3

roof.

I -have -herein: illustrated -said- top .portion C
as consisting of a diaphragm that.comprises an
-annular-shaped, peripheral:-portion which: slopes
downwardly and -inwardly from-the-rim D:to:a
collection trough'E onithe top surface of: the roof,
and a cone-shaped. central--portion -that:slopes
outwardly: and :downwardly towards -said-collec-
tion trough E. The structure that s -used to
stiffen :the -roof and-also to -maintain: the fluted
shape.or:form of-the bottom «diaphragm -of -the
roof, -consists -of radially-disposed -trusses .and
vertical hold-down:struts, arranged between the
top and bottom diaphragm C and B of the:roof,
and rigidly attached-to:said bottom. diaphragm.
Usually, said trusses-and hold-down: struts will
be heldin engagement with-the top diaphragm
of the-roof, ‘due -to-the friction produced by the
weight-or lead of said-top diaphragm, but:if:de-
sired,- the -top -diaphragm --of the roof :can tbe
welded ‘or attached in-any-other-preferred man-
ner-to-said trusses and-hold-down strufs. :‘Pref-
erably, -the procedure -of - building -the reof -in-
volves-fabricating the-bottom diaphragm:B from
metal -plates -that 'are -joined -together in-any
preferred-manner-so-as-to produce-a continuous,
limber -sheet then -causing -radially-disposed
portions -of :said diaphragm 1o sag-downwardly,
subsequently, combining the previously ‘men-
tioned radial trusses with:said bottom: diaphragm,
so that said trusses hold certain radii of-the
bottom-diaphragm- in:a-straight line and:stiffen
the parts of -said- diaphragm lying-hetween the
downwardly-sagged portions of the. diaphragm,
then -fabricating - the .top .diaphragm.C -of the
roof-while the metal plates constituting.said dia-
phragm are-resting upon or .supported. by the
above . mentioned radial trusses, and .thereafter
interposing the. previously mentioned hold-down
struts between-the top-diaphragm C- and hottom
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4

diaphragm B in such a way that said hold-down
struts acting in conjunction with the top dia-
phgram C, exert a downward thrust on the down-
wardly-sagged portions of the diaphragm B and
prevent them from flexing upwardly when the
roof is floating. In other words, the preferred
method of constructing the roof is to attach the
radially-disposed trusses to the top sides of the
ridges of the flutes formed by the downwardly-

sagged;portions of the bottom diaphragm B, and

attach-the -hold-down struts to the top sides of
the valley-like portions formed by the down-
wardly-sagged portions of said diaphragm.

The roof shown in Figures 1, 1# and 1P is con-
structed in the form of a large circular pontoon

-of -only :slightly less diameter than the tank A.

‘As shown in Figure 1%, the bottom portion of said
pontoon ‘is formed by a diaphragm B, which is
provided with radially-disposed flutes or corru-
gations that form air circulating passageways
on the underside .of .the bottom of the roof,
when the reof is floating. . As. previously stated,
and as .shown .in Figure 1, the diaphragm B
is -pitched downwardly slightly frem. ifs .pe-
ripheral edge towards the . center of the dia-
phragm, and consequently, the radially-disposed
flutes in the diaphragm.B have a slight upward
pitch from the center towards the peripheral
edge. of the roof, thereby increasing .the tend-
ency of the air to flow outwardly towards the rim
or outer edge portion of the roof. A trussing
structure that is arranged on the interior. of the
roof, in engagement with -the fop and- bottom
diaphragms of -same, imparts suffieient -stiffness
to the roof to enable the roof -to .successiully
carry an abnormal rain-or .snow:load. -I have
herein illustrated said. trussing structure as com-
prising -or: being .composed-of top -cord members
{ -engaged with the-underside of-the fop -dia-
phragm C,.and-extending radially from the cen-
ter of -the roof-to the:rim D,-as-shown in broken
lines--in Figure 12, -vertical:truss-members 2 at-
tached -to -said 'radial -top.cords | and to the
top .side of -the -bottom -diaphragm B,.and in-
clined braces 3 attached to satd above mentioned
parts, as shown in Figure 1. By building the roof
in this manner, I reduce the cost:and weight of
the roof and. simplify the construction of same,
due to the fact that the bottom -diaphragm B
serves as the bottom -cords of radially-disposed
trusses which are relied upon to stiffen the roof
and hold certain radii-of the bottom diaphragm
of the roof-in .a -straight line. Preferably,-as
shown in Figure 1b, the -above mentioned radi-
ally-disposed -trusses -are-arranged- in -longitudi-~
nal alignment with the-ridges -z of the flutes
in the bottom - diaphragm ‘B that form air cir-
culating passageways -on the underside of -the
roof, when the roof is floating. The fluted -or
corrugated shape or condition-of the bottom dia-
phragm B is maintained-by a means or struc-
ture interposed between the t0p and bottom por-
tions of the roof and illustrated herein as being
composed of or comprising vertical hold-down
struts 4 interposed between the top diaphragm
C and bottom diaphragm B, and arranged in
spaced. relation along the valley-like. portions in
the top face of the bottom diaphragm B formed
by the downwardly-sagged portions .of said bot-
tom diaphragm. Usually, circumferentially-dis-
posed supporting members 5 for the top dia-
phragm C of the roof will be. attached to the
top cord members 1, so as to bridge the spaces
between said top cord members, and the upper
ends of the hold-down struts 4 will be attached
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to said supporting members 5, as shown in Fig-
ure 1b, In a roof of the construction above de-
scribed, the internal structure interposed be-
tween and engaged with the top diaphragm C
and bottom diaphragm B, effectively trusses the
roof from one side to the other and holds the
bottom diaphragm of the roof in such shape or
form that certain radii of said bottom diaphragm
are held rigid in a straight line, and downwardly-
sagged portions of the bottom diaphragm lying
between said radii are prevented from fiexing
upwardly when the roof is floating. In such a
roof the downwardly-sagged portions of the bot-
tom diaphragm form flute-like air ecirculating
passageways on the underside of the roof which
gradually increase in width from the center to-
wards the peripheral edge of the roof, the ridges
of said flute-like air circulating passageways be-
ing held in a rigid condition by the radially-dis-
posed frusses attached to the top side of the
bottom diaphragm. The previously mentioned
annular water collection trough in the top sur-
face of the roof is herein illustrated as being
formed by an annular member positioned be-
tween' the oppositely-inclined drainage surface
on the top side of the roof and welded or per-
manently attached in any other way, to the metal
plates, which form the cone-shaped central top
side of the roof and the downwardly-pitched,
peripheral part at the periphery of the top dia-
phragm C of the roof. As is obvious, suitable
outlet drains 6 are provided for the annular
collection trough E, and the top portion C of the
roof will be equipped with numerous manholes
(not shown) that provide access to the interior
of the roof during the building of same, and when
the roof is in use.

In Figure 2 of the drawings I have illustrated
a roof that embodies the novel characteristics
and features of the roof shown in Figure 1, but
which is distinguished from same, in that in-
stead of being constructed in the form of a single
large pontoon, it is composed of a circular cen-
ter pontoon that constitutes a large portion of the
area of the roof, and an annular peripheral pon-
toon that surrounds and is attached to said cen-
ter pontoon, the bottom portion B of the roof
being formed by a circular, radially-fluted dia-
phragm of the kind previously described, which
constitutes the bottoin of both of the above men-
tioned pontcons. In the roof shown in Figure 2,
a second annular member D', preferably of gird-
er construction, set inwardly some distance from
the rim D of the roof in concentric relation with
same, is interposed between and attached to the
top and bottom pertions C and B of the roof, so
as to separate the central portion of the interior
of the roof from the peripheral portion of the
interior. As shown in the drawings, the annular
member which constitutes the bottom of the
drainage trough E is attached to the web of said
second annular member D', so as to form, in
effect, the top flange of an annular girder. The
top cord members | in the center pontoon ter-
minate at the girder D', but the bottom dia-
phragm B of the roof extends outwardly to the
peripheral girder that constitutes the rim D of
the roof. The interior of the peripheral pontoon,
formed by the two annular girders D and D’ and
the peripheral parts of the top and bottom por-
tions of the roof attached to said girders, is divid-
ed into a plurality of compartments by radially-
disposed bulkheads 7, arranged preferably in lon-
gitudinal alignment with the cord members |.
The compartments of the peripheral annular
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6
pontoon located between the bulkheads T are pro-
vided with radially-disposed rafters 8 that sup-

‘port the top walls of said compartments, and

hold-down struts 9 are arranged between said
rafters 8 and the downwardly-sagged portions of
the bottom diaphragm that constitute the air cir-
culating passageways in the underside of the
bottom diaphragm, so as to prevent upward flex-

.ing or deformation of the bottom diaphragm B

adjacent the rim of the roof.

The co-acting parts of the roof may be assem-
bled or connected together by any preferred pro-
cedure or method. One simple method that I
have devised involves the following procedure,
to wit: Forming the bottom portion B of the roof
from metal plates that are joined together so as
to produce a substantially dish-shaped or in-
verted cone-shaped diaphragm, causing or per-
mitting radially-disposed portions of said dia-
phragm to sag downwardly so as to impart a ra-
dially-fluted shape or form to the diaphragm,
attaching radially-disposed trusses or truss mem-
bers to the top side of the diaphragm at points
between the downwardly-sagged portions of the
diaphragm so as to stiffen and hold certain radii
of the diaphragm in a straight line, such, for ex-
ample, as the top cords 1 and vertical truss mem-
bers 2, previously referred to, fabricating the top
portion C of the roof from metal plates supported
by and engaged with the top cord members on
the underside of the top portion of the roof, and
attaching the top and bottom portions C of the
roof to an annular member that constitutes the
peripheral rim of the roof, as shown in Figure 1,
or attaching the top and bottom portions of the
roof to an annular rim, and to a second annular
member set some distance inwardly from the rim,
as in the rocf shown in Figure 2. In Figures 8, 9
and 10 of the drawings I have illustrated in detail
the preferred procedure of construction the roof
shown in Figure 2. Preparatory to starting the
fabrication of the bottom diaphragm B, I build an
erection framing in the tahk A on the bottom of
the tank, said framing being composed of two
groups of radially-disposed rafters 12 and (3
supported by uprights or legs 14, as shown in Fig-
ures 8 and 9, the rafters 12 and (3 being pitched
downwardly slightly from the tank side wall to the
center of the tank, as shown in Figure §. Metal
plates are then 1aid on said erection framing and
joined together, so as to produce a continuous
limber diaphragm, whose central portion is
pitched downwardly slightly from its peripheral
edge. Certain of said radially-disposed rafters
are then remoeved, such, for example, as the raft-
ers (3, shown in Figure 8, with the result that ra-
dially-disposed portions of the diaphragm whici
lie between the rafters 12 will sag downwardly.
Subsequently, in any preferred sequence, the
members that constitute the outer and inner
girde‘rs D and D’ are attached to the diaphragm
B that rests on the erection framing formed by
the rafters 12 and the previously-described radial
trusses, bulkheads and holddown struts are at-
tached by welding or in any other suitable man-
ner to the top face of said diaphragm B, thus
producing a supporting structure on which the
plates constituting the top portion C of the roof
can he laid while said plates are being joined
together. If desired, prior to fabricating the top
portion C of the roof, while it is supported by the
previously described trusses, bulkheads and hold-
down struts, the erection framing on which the
bottom diaphragm of the roof was fabricated can
be dismantled or removed progressively and re-
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7
.placed. by legs. or -vertical uprights 14,-shown.in
Pigure 10, that:support-the partially- completed
-roof at key-points, as, for example, at the periph-
-eral edge of the roof, at the center of the roof, and
-at. the inner circular; glrder D’

In:Figure 1 and Figure.3 of the drawings, the
~arrows indicate the direction of flow. of the-air
.or-gases .which collect on the undersnie of the
.roof, the arrows in Figure 3 being in broken lines.

Having thus deseribed.my invention, what I
_claim .as new.and desire to.secure by Letters Pat-
_ent. is:

1. A -floating tank roof, comprising.a metal
dlaphx,aom that constitutes the bottom -portion

-of the roof, a top diaphragm arranged in.spaced

-relation. with said, bottom- diaphragm, said bot-
tom . diaphragm -having radiglly-dispesed - flutes
or -corrugations that form air circulating pas-
_sageways on the underside of the roof when:the
roof. is-fleating, radial trusses.arranged-in spaced
_relation-hetween said. diaphragms and -attached
to the-top sides of the-ridees of the flutes in the
-bottom diaphrasm to:stiffen-the same,-and hold-
-down struts -on-the interior of the -roof inter-
-posed between-said. top.and bottom diaphragms
for-causing part of-the weight or load of- the top
diaphragm to exert -a downward force on -the
-portions of the bottom -diaphragm intermediate
said.trusses so-as -to- prevent upward flexing-of
:seid intermediate- portions.

2. A-foating-tank roof,-comprising an annular
smetal diaphragm that -constitutes the -bottom -of
the roof, a roof .or top-portion.arranged in-spaced
relation with-said-bottom diaphragm, an annular

rim -of circular -construction attached to- the -

-bottom diaphragm and fo the top part-of the
roof -at the peripheral edges of samse, the bottom
diaphragm -being provided -with downwardly-
sagged portions that foerm flutes or corrugations
-on-the underside of said hottom diaphragm-which
-extend radially from the-center of said diaphragm
-tewards the periphery of same, trussing members
on-the -interior .of the roof attached -to the top
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side of the bottom. digphragm and engaged with
_the top part of the roof in_ alignment with fhe
ridges of the flutes in the bottom diaphragm,.and
“hold-down.struts on the interior of the roof ar-
ranged between the top part of the roof.and the
downwardly-sagged portions of the bottom.dia-
.phragm that constitute the above-mentioned

flutes .so .as.to cause the top part of the roof to
_act.as.a. load or downward force that is applied
to the dowwardly sagged portions.of the hot-

tom diaphragm.

2.. A floating tank roof, comprising. a top por-

_tion.and. a bottom .portion arranged. in spaced
superimposed. relation, an annular rim attached
to the peripheral edges of said top and. bottom
portions, stiff radial trusses between the top and
bottom , portions of -the roof attached to.certain

radii.of the bottom portion located between down-
ged- parts .of said bottem. portion, and

between.and engaged with the top portion of the

roof and the downwardly-sagged parts of the bot-

tom -portion for causing the-top portion of the

roof to function .as.a weight or load that exerts

a. downward: thrust on.the sagged portions and

thus.prevent .said sagged portions. from flexing

upwardly, the bottom portion of the roof being
pitched downwardly slightly from its peripheral
edge towards its center. '

) JOHN H. WIGGINS.
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