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ABSTRACT OR THE DISCLGSURE 
Adevice forreducingtherolingmotion ofthesurface 

of a liquid contained in a storage tank comprising a 
gratingmemberformed bya plurality oflongitudinaland 
transverSe stripsintersectingwith each otherto form a 1argenumberofsmalceHularsections,ashockabsorbing 
memberenvelopingthe grating memberand contacting 
theinner peripheralwallof thetankandfotation mem 
bers Secured totheinterSections ofthestripsandserving 
to Supportthe devicewith the grating projectinga prede 
termined distance abovethe liquid surface. 

The presentinvention relatesto aliquid storage tank, 
nore particularlytoadevicefordampingasurfacerol 
ingofliquid storedinaliquid Storagetank? 
Damages Sustained by a liquid storage tank at the 

time of an earthquake,includinga fracture of the tank 
Structure orleakage ofliquid storedinthe storagetank, 
are believed to be caused bytheimpact ofthe liquid, 
particulary the upperlayer of the liquid,Storedin the 
tank,whichiscausedtoroll bymeans ofthe earthquake? 
In this connection,itis desirable to damp the surface rolingoftheliquidasmuchaspossible? 
An object ofthe presentinvention,therefore,istopro 

vide a device fordampingsurfacerollingofliquid Stored 
in a liquid Storagetank,whichissimplein construction 
and positiveinoperation? 
Anotherobjectof theinventionisto provide a device 

fordamping surface rolling of liquid storedinaliquid Storagetank,whichisadaptedforuseinaliquidstorage 
tank ofeitherofthe cone-shapedfxedrooftype orfoat 
ingrooftype? Stilanotherobjectoftheinventionisto provideade 
vice fordampingsurfaceroling of liquid,whichis oper 
able withnoexteriorcontrolandwhichthereforerequires 
no labor for the operation thereof and is constructed 
ineXpensively. Accordingto the presentinvention,thereis provideda 
device fordampingthe surfaceroHofliquid storedina liquidstoragetank,whichcomprisesanannularperipheral 
member havinga diametersmalerthan thatofthetank 
inside disposed within said tank,a roldampinggrating 
memberSecured to andencircled by Saidannular periph 
eralmember,the gratingmemberbeingformed ofa plu 
rality of elongated strips of sheet material with their 
Planesperpendiculartothe plane ofthe gratingmember 
and dividingthe areasurrounded bysaidannularperiph 
eral member into a number of smaler areas,shock 
absorbing members mounted on the exteriorSurface of 
said annular peripheral memberand havinga substan 
tialy rectangularradial cross section and foat members 
secured to the lower side of the grating member for 
maintaining the rol damping grating device afoat On 
thesurface ofthe liquidsothattheroldampinggrating 
stripsofsaidroldampingdevice are disposedverticaly 
inthe liquid and projectingabove Said Surface of the 
liquida predetermined height? 
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With the devicefordampingsurfacerolofliquidac 

cordingto the presentinvention,itis contemplated that 
the surface of iquid storedin atankis divided both 
longitudinaly and transverseyinto a number of Smal areasbythecomponentstripsoftheroldampinggrating 
devicewhichare disposedwithin the annular peripheral 
member and project above the liquid Surface a prede 
termined height,sothatthe momentum of iquidin the 
surface layerisfinelydivided by,andisabsorbedbythe 
elastic deformation of Said component strips of the rol 
dampinggratingdevice.Inaddition,aliquid mass splash 
ing upin one section and faling down into the other 
wilinterfere with orgive animpacttoaliquid massris 
ing in the lattersections,whereby the surface roling 
oftheliquidisSuppressed? The presentinventionwilbedescribedinfurtherdetail hereinafterwithreferencetotheaccompanyingdrawings, 
in which: 
FIGURE1 isa vertical sectionalview showingthe 

device fordampingthesurfacerolingofiquidaccording 
to the presentinvention as providedin aliquid storage 
tankofthe cone-shapedfixedrooftype; 
FIGURE2isafragmentary verticalsectionalviewin 

enlarged scale,showingthe deviceasshownin FIG.1; 
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FIGURE3isa fragmentary plan viewshowingthe 
deviceasshownin FIG.1? 
FIGURE 4isa vertica1sectional view showingthe 

device providedin a liquid storage tank of the foating 
rooftype; 
FIGURE 5 is a perspective view showinga spacer 

memberwhichisusedwith the device shownin FIG.4; 
FIGURE 6is a fragmentary vertical section view 

showinga foatingroof type liquid storage tank with 
the device provided therein,in which gasis fledina 
space betweenthe floatingroofandthe dampingdevice; 
FIGURE7isaview,simiarto FIG.6,showingthe foatingroofelevated uptothe highest position: 
FIGURE8isadiagrammatic viewilustratingthefunc 

tion ofanindividualroldampingstrip ofthe device;and 
FIGURES 9a and 95 respectivelyaregraphs showing 

the experimentalresult,which show the relationship be 
tweenampitude andfrequency of the surface rolingof 
liquidinaliquidstoragetank? Referringtodrawings,particularlyto FIGS.1,2and3, 
a liquid storage tank having a fxed roof is generaly 
indicated by T,in which a shalow annular peripheral 
member havinga diameter slightly smaler than that 
of the tankis disposed within saidtank,On theinterior 
of the annular peripheral member Lthere is disposeda 
roll damping member whichiscomposed of1ongitudinal 
andtransverSeroldampingstrips2,3arrangedin cross 
ingrelationina1attice pattern and projectingverticaly 
from the liquid surfaceto a predetermined heighth.As 
wil be appreciated from FIG.8,this height hisab 
Sohuteynecessary forthe roldampingstripsto fnely 
divide and absorb the momentum of the surface layer 
oftheliquid,as wellastocausetheliquid massrisingin 
one section to interfere with thatrisingin an adjacent 
section,atthe time of an earthquake. Floats 5are pro 
videdinapredetermined number belowtheintersections 
of the longitudinaland transverse rolidampingstrips2, 
3 So as to maintain the rol damping device afoat on 
the liquid surfacewhie bearingthe weight oftheentire 
device. Mounted on the exterior surface of the annular 
peripheral member1 are shock-absorbing members4 
which serve to alleviate the impact of the roldamping 
device against the inner Surface of the tank Wall,The 
buoyancy of the individualfoatand the totainumber 
of the foats required are determined such thattherol1 
damping strips2,3 may be projected above the liquid 
surface,for eXample,by about 33 of their height,The 
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dotted inesin FIG,1indicate the position of the device 
when1oweredtothe proximity ofthe bottom ofthetank, asthelevelofliquiddescends? 

Description wilnow begiven asto the case wherein 
the deviceisusedina iquid storagetank ofthe foating 
rooftype.Afoatingroofisnormalykeptafoat directly 
on the surface ofliquidinatank?Therefore,when the 
liquid rolsintensey in the tank due to an earthquake, 
the foatingroofalsorolsand colidesagainst the other 
structural members of the tank,causinga fracture or 
malfunction ofthe foatingroof perse orthe otherstruc 
turalmembers ofthetankand possiblyresuitinginfre 
in the worst case?In orderto deal with such problem, 
when using the device accordingto thisinvention in a 
foating roof type liquid storage tank,spacer members 
areinterposed between Said device andthe floatingroof 
ofthetank.These spacermembersare designated bynu 
meral 19 in FIG?4,and,asis best shownin FK},5, 
are composed of concentric rings of lattice structure, 
These spacer membersare required forthe purpose of 
not only preventingthe roling motion of the surface 
1ayer ofthe liquidfrom beingtransmitteddirectiytothe 
foatingroof as described above,butalso providinga 
Space forenablingthe liquid mass,whichisrisingfrom 
the liquid Surface in one Section duetoanearthquaketo 
overfow the roldampingstrip2,and to dropinto the adjoining Section? 

In other words,in mountingthe device on afoating 
roof type tank,the Spacermembers10are usedforthe 
purpoSe of(1)preventing the bottom surface of the 
foatingrooffrom directycontactingthesurface ofliquid 
in the tank,(2)maintainingtheroldampingstrips of 
the device projectedabove the liquid surface,and(3) providingaspaceforenabingthe iquid massrisingat 
the time of an earthquake to drop into the adjoing Section? 

In ordertoachievetheforegoingobjects,inthefoating 
rooftypetankas shown in FIG.4,the arrangementis 
made Such that the foatingroof11isspacedfrom the liquidSurface byadistanceiandtheroldampingstrips2, 
3are projectingabovetheliquid surface byadistance h? 
Inthiscase,the foats5are obviouslydesignedsoas 

toachievethe objectssetforth previouslywhiebearing 
?ot onlythe weight of the roldampingdevice perse 
butalsothe weight of thefoatingroofandthe spacer 
members.If necessary,thefoats5maybe madesothat the buoyancythereofisadjustable. 
ItShouldalsobe understoodthatthespacermember10 

may be of the type wherein itisassembled out of a 
plurality of component partsin atankoralternatively 
of the type in which spacerelements of thesame con figurationareplacedoneabovetheother, 
Anotherembodimentin whichthe devicefordamping therolliquid Surfaceisinstaledin afoatingrooftype 

tankis shown in FIGS.6and7.Inthisembodiment,a gaseous Spacerisemployedin place ofthe spacermem 
ber10 of lattice structureasshown in FIGS.4and5? 
More Specificaly,in this embodiment,the surface rol1 
damping deviceismaintainedina predeterminedspaced 
relation to the foatingroof by means ofgas whichis 
Sealedin the Space defined betweenthefoatingroofand 
the Surface of iquidinthetank,andthe weight ofthe 
foatingroofis borne bythe pressure of the gasand notbythefoats. 

Asbestseenin FIG,6,thefoatingroof11ismaintained 
afoatata desired levelby Suitablegas whichisinjected 
under pressure into the space enclosed by the foating roof11,anelasticsealingmateria113disposedalongthe 
entire outerperiphery of saidfoatingroof,acylindrical 
skirt14 offexible sheet material which isin sealable 
contactatits upper end with the outer surface of said Sealingmaterial13andextendingdownwardytherefrom 
andinto the liquid Surface 6,The pressure ofgasin this 
space is determined by the weight of the foating roof 
and,because ofthis pressure,the cyindricalskirt14is 
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4 
broughtinintimate contactwith theinnersurface150f thetanksidewal.Theliquidsurfaceroldampingdevice 
ismaintainedafioaton the1iquid Surface 6 by means of 
the foats5.The cylindricalskirt14is kepttenSe by a 
ring-shaped reinforcing member 21 which is attached 
tothelowerendofsaid cylindricalskirt,sothatthe lower 
end portion of said cylindrical skirt is always located 
Delowthesurface oftheliquid.Whenthefoatingroof11 
iselevated uptothe levelat which the flexible Sealing 
material13,beingcarried bysaidfoatingroof,is Spaced 
apartfron the upperend ofthetankside wallas Shown 
in FIG.7,duetothe expansion ofthe Sealedgas orthe 
elevation ofthe liquidsurface,itispossibleforthefoat 
ingroofto be disiodged from thetank by a lateraleX 
ternalforceactingthereon.In ordertoavoidSuch danger, 
means16isprovided alongthe entire circumference of 
the tank so as to prevent1ateral displacement of the 
foatingroof,saidmeans16alsoservingasarain shield? 
Thismeans16,asshownin FIGS.6and 7,comprisesa 
verticaly disposed cylindrical member17,an annular 
member17mounted on the topend of Said cylindrical 
member17”,rolers18 provided ontheinner Surface of saidcylindricalmember17”atthe1owerportionthereof, 
rollers19provided on the outersurface ofthe tankside 
wallatthe topend portion thereof anda bufer16 dis 
posedalongthe cornerformed by Said cylindricalmem 
ber17”andsaidannularmember17,sothatitismovable verticalyin responsetothe expansion ofthe sealedgas 
ortheelevation oftheliquid1evel.Aswilbeappreciated, 
a1ateraldisplacementofthefoatingroof11with respect 
to the side wal of the tank can be prevented by the 
bufer,The foatingrooftypetank of the construction 
described hereinaboveisadvantageousin thatthe cylin 
dricalskirt14isbroughtintocompletely hermeticalcon 
tact with the innersurface of thetankside wal bythe 
pressure of the sealed gas whichis developed by the 
weightofsaidfoatingroof11andalsoin that,since the 
fioating roof 11 is supported by the gas pressure,the 
complicated upper sealing mechanism and pontoon, 
whichhave beenused heretofore,arenotrequired,FIGS. 
9a and 9brespectively show graphs of amplitude versus 
frequency ofthe surfacerolofliquidinatankwhichis 
provided with the device according to this invention 
thereinandthose ofliquidinatankwhichisnotprovided 
with the Same. Upon comparingthesetwo curves,itwill 
be Seen thatthe device of the presentinvention enables 
the amplitude of the surfacesrolto bereduced remark ably. 

Iclaim: 
1,A device fordampingthe surface roll of iquidin 

aliquid storagetank,which comprisesanannularperiph 
eral member havingadiametersmalerthan that ofthe 
tank disposed within said tank,a roll dampinggrating 
nemberSecuredtoandencircled bysaidannularperiph 
eral member,said grating member being formed of a 
pluraity ofelongatedintersecting planar strips of sheet 
materialwith their planesperpendiculartothe plane of 
the gratingmemberand dividingtheareasurrounded by 
Saidannularperipheralmemberintoanumberof Smaller 
areas,a plurality of shock-absorbing members mounted 
on the exteriorsurface ofsaidannularperipheral mem 
berand havinga substantialy rectangular cross section 
inadirectionradialy ofthe peripheralmemberandfoat 
membersSecuredon the lowerside ofsaidgrating mem 
ber at the intersections of the elongated strips of the gratingmemberformaintainingsaidroldampingdevice 
afoaton the surface ofthe liquidsothattheroldamp 
inggratingstripsof Saidroldamping devicearedisposed 
verticalyinthe liquidand projectabovesaid surface of liquidapredeterminedheight? 
2.Adevice for damping surface rol of iquid in a 

iquid storagetankaccordingto claim 1 in which Said 
storagetank hasafoatingroof,said device beingposi 
tioned between said roof and the liquid,further com 
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prisingspacermembersofpredetermined heightmounted 
On the upper Surface OfSaid device,Said spacermembers 
havinga lattice structure So asto enable the iquidto 
PaSStherethrough? 
3,A device for damping Surface rol of liquid in a 

liquid Storagetankaccordingto claim 1 in which said 
Storagetankhasa fioatingroof,said device being posi 
tioned between the liquid Surface andsaidroof,further 
comprisingagasimpervious cylindricalskirt offexible 
sheet materialSealingyattached to and dependingfrom 
the outer peripheraledge of Said foatingroofat1east 
farenough Sothatitsloweredgeis belowthesurface of 
Said iquid,Said skirt havingatleasta portion thereof 
engaging with theinnerperipheral surface ofsaidtank, 
Sealingmeansmaintaininga Sealingrelationship between 
theloweredge of Saidskirtandtheinnersurface ofsaid 
tank,Saidroof,Saidskirtand Said Hquid surface defning 
a closed chamber,and gas under presSure filing said chamberwherebysaidroofissupportedbysaidgas? 
4?A device for damping Surface rol of liquid ina 

liquid Storage tankaccordingto claim1in which said 
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storagetankhasafloatingroofand Said deviceisposi 
tioned between said liquid surface and the rooffurther 
comprisingmeansto prevent the lateraldisplacement of Saidroofcomprisinganannularmemberfxedyattached 
to Said roofand dependingoverat leasta part of the 
outer Surface of Said tank and roler means positioned 
petween Saidannular memberand Saidtank? 
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