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DAMPI NG STRUCTURE HAVI NG ELASTOPLASTI C/ VI SCCELASTI C

DAMPER | NTEGRATED THEREW TH 5 FIELD OF THE | NVENNSIN-G864 /PCT

The present invention relates to a danping st¥ucture ~ having an

el astopl asti c/vi scoel asti c danper integrated therewith, applied to a

brace or a stud, which can be 10 qu #gﬁ%k#éﬂj an earthquake-resi stant

and w nd- resi stant nmenber for (i n this connecticon, the

ear t hquake-resi stant and wi nd-resistant nmenber for a _ bui l ding will

be referred to as ammfﬁm%dm@tmI

specification, hereina

The structure of an earthquake eSS in Nt N I )

stud of a bgilding can be roughly classified |Ptotthe f?ILoggzgetype
) and (11 20 ) The first type is an el astopl as

gt%uctur((a bi/ whi ch en(frquo W?'e%f) Yetal such as steel or

| ead incorporated intdle prsemy .’lﬁlﬁriﬁiidiﬁh@ll.@:es to ae|cf:h$ﬂ§lﬁi£(aﬁfﬂﬂﬁ/rep‘
uantity of absor W s 9 narea jn Fi

((ql 1) The second %%n?edrrp evllagsé"c?ﬁ )(ji\'natﬁ‘éy&eﬁas ar“tPcet’% &h

energy is absorbéd’eli)emtéboamﬁthad t@o a braosf du gahlatmlb,rrmmg:tr HHIEbe

pol ymer, sibi congn0mi§i lused forl 'ef?ﬁq: &a&e-l%q%%a%ﬂ:(aa)%t 5 Cf\ e

of absorbed energy is shown by an n The
first structure J&SESHF Femher fiszvea tbgqgé.d(un)g In thdsadvomtesears, ithe

that the manufactearthgued®-resils®lnt and WiRMERMRsisithing SfdmifdliieR descri bed
can be absorbed in

as:ttype (1) is I sadv. eqQus at no energy

an - yP (el) astic uaﬁéxg'ngsyl?‘ﬁ'a?’%n efﬂréﬁj]éé’n A5e o FRrdSEURKeTes iztant
structure in theneaberofina tiEdi wpeor firmltiosgr egedhasfter. Further, the
structure gescribed as type (1) is di sadvant ageous in that problens
of | ow cycle fatigue

a

DESCRIPTION OF THE PRIOR ART

The structure of an earthquake-resistant member used
for a brace or a stud of a building can be roughly
classified into the following type (I) and (II).

20 (I) The first type is an elastoplastic damper
structure by which energy is absorbed when metal such as
steel or lead incorporated into a brace or a stud behaves
elastoplastically. A quantity of absorbed energy 1is
shown by an area in Fig. 12(a).

l 25 (II) The second type is a viscoelastic damper
structure by which energy is absorbed by viscoelasticity
of highly damping rubber, polymer, silicone or oil
combined with a brace or a stud. A quantity of absorbed
energy is shown by an area in Fig. 12(b).

30 The first structure described as the above type (I)
is advantageous in that the manufacturing cost is low.
However, this structure described as type (I) is
disadvantageous in that no energy can be absorbed in an
elastic range, so that ro effect can be provided by this

35 structure in the case of a medium or small earthquake.
Further, the structure described as type (I) is
disadvantageous in that problems of low cycle fatigue



- 2- tend to occur when it is exposed to a strong wind. The _
second structure described as the above type (I1) is . advant ageous in
t hat” a danping effect can be uniformy provided in the cases of a

| arge, a nediumand a small 5 earthquake2 and further, a high danping
effect can be provi ded when it is used in a strong w nd. However,

t he second structure desgﬁlbed I,n the abaove type (I1) is

di sadvant ageous if°Eh&P PREWraNBRR: i 15y eXBSEers tRi ghstrony wiad.dedthe bed

above, the strucseceaddssmuchedelﬂe@belabavaslehe abyRes tybk zﬁQ)UﬂQt onal
onvent i

h
;ﬁfP?ghéﬁflﬁg 2¥?&§%&Egg%wkgsﬁ% ghat a dagg&ngopfgespag@n be Pﬁé IR type
(I'1), is shown i proiNéded in &bacepsaaloflamdatgsbga hadiand and ?éamqu of
.0 u
the 15 afrandegeahqabybhe aREN¢RRLLS pal 2agt a&ﬁbmgcggﬁ ELUEsa po 1S

shown in Fig. ) anti - uck
manner that a daﬁﬁpﬁedﬁénﬁéﬁn3lFSlS usedfinlédsbupsgdWladsteﬁbweenmnahhe

axial force nenbeéc&ndaedructureadégeehbéathanEE|hBSvHEQ?ﬁé §rry. fanded
outside the 20 The t hus conposed an b I"i ng braces

3.
10 are attached F&sﬁﬁg gaﬂ§°ssaha shet the BGPPé?ﬁ§u¥l§§ cost l§hbWﬂh n
Fig. 14 (a) in whscﬂeshE1beﬁlabdvblIﬁgebéﬁgﬁatﬁﬁes desc@&ﬁeér&ﬁnﬂﬁ@ laBlo¥ed

V- shape ang, al so h 4 e anti - buckl i ng
br aces 10n§%e arrgﬁﬁéd?gg &fla 6?;&u§§§pectgvgly havs Eﬂtgh@egﬁééla8§ntral
axi s force nenbedemeshbem in Fig. 13(a) is given a tension in an

h k th t eel c t ended, as, shown in
carthauake, e steel s coryedpltRyc kbl A0LIERDER 2ok 8y g0od 28, 5t
anti - buckl i ng neHBef éorsanhéﬁcﬁvgﬁérthﬁaﬁbPﬁattEPethéI), is dhnwnngnnmhber

e nmenber 2
?S lgféggfggusZXbahcdptﬁamatiew 8k ?Bg 3 aglesh éﬂéﬁg?é é gﬂg T o h

si des of tﬁErQPgﬁweEEn?faFgﬁngnV%?EéoﬂéﬁbéPt1‘9?%kaé36rﬁﬁHuEFUSQ
shear as shown i isFshowaA3{h) FigA mmantThySOéndeiBﬁﬁnli@@ brace Py ghear of

t he danpi ng ”E”bﬁém oééd ?ﬁoﬁgég em%ﬁ”égrthat a damplngqggﬂglty3ois
deformation by s
fllled outSLde a steel central axial force member 1, and
a steel anti-buckling member 2 is bonded outside the
20 damping member 3. The thus composed anti-buckling braces
10 are attached to the beams 5 and 6 of the building 7 as
shown in Fig. 14 (a) in which the anti-buckling braces 10
are arranged into a V-shape and also as shown in Fig.
14(b) in which the anti-buckling braces 10 are arranged
( 25 obliquely.
When the steel central axis force member 1 shown in
Fig. 13(a) is given a tension in an earthquake, the steel
anti-buckling member 2 is extended as. shown in Fig.

13(c). 1In this case, the axial rlgldlty of the steel
@ e j\J ~ W ryt C e
30 anti- buckllna member 2 is much higher than that of the

damping member 3. Therefore, axial deformation of the
steel anti-buckling member 2 is seldom caused. As a
result, the damping members 3 bonded onto both sides of
the steel central axis force member 1 are deformed by

35 shear as shown in Fig. 13(b). A quantity of deformation
by shear of the damping member 3 is _zero at the center,
and a quantlty of deformatlon by shearlng of the damping



- 3- menber 3 is half of a quantity of elongation of the steel
central axis force nenber 1 at each end portion of the danpi ng nenber
3. Therefore, the overall quantity of def ormati on by shear is snall.
As a result, the danping 5 ef fect provi ded3by the danping nmenber 3 is

| ower than t hat provi ded by the present I nvention described | ater.
SUMVARY OF THE | NVENTI ON present i tion has bg Q
acconpl i shed to sBepeero3 lsthélgbﬁgeapHB%?Eh%yl% t%ﬂ ongation oL the stegl

obJegt ff tBéngfﬁﬁeﬂklsnf@ﬁéeomembefea|%ﬂe%@%ma@mdngoﬁﬁﬂbﬁrofthhef
manuf act uri ng cost_o ic ving a a or
a large, a nedi unfafg* ﬁgsWﬁW%eEaSthqﬂgfﬁegﬁﬁe ' ehe ng{?g% qﬂfﬂE?L §%rd|ng

to the present indeﬁbrmatlbhengSheanonseﬂmabhal k$astD@$aktpctUQn§emplng
descri bed as. the en (| n [ stig.d ri bed
as the E abovgg?¥8t FF?Y1&¥§ % g%%écgf# %ﬁ@gﬁgéﬁmétﬁs 98ﬁ@£ Qﬁéﬁ

so as to make thethﬁttpﬁbvtﬁednbYltbeoprﬁéﬁhtdbﬂﬁ%@gl%hddescrlbﬁdeié&ﬁi ‘t he

denerits of both danpers. Accordlng to the 20 present invention, when
t he anti-buckling nmenber and ~_insul atlna menber described as type (1)
are al so used as SPYHUAGY sRBeTHEt FRVBNRPEY described as type (I11), the

manuf acturing cost of fhe gagpeny shventuor Kas been accompdusﬁédaso solve
conpared wt theﬁgangb g stru ure L n ich_25 t|-bucklbng %enge
and i nsul at} g&r 2gpEe prob ﬁﬁﬁufﬁc FeBr $8path er r oth £Re©PI=C

vi scoel astic danpehe presentulhbentibdhetanteakhzé hgudkeppegf nembrce the be
remarkabl y enhanc&Qnu turin Icggtoége&ﬁigh goﬂB%'SHaS?ﬁg POKEgHbHS&bl%@d

obtain 30 t he exceFF an eart hquake or nahc
characteristic ofeﬁﬁecprésena lﬁveﬁtlenmedlum pndvademall eartfgupkagand a

structure having eerehgswﬁhastkeé&aﬁﬁel ast tﬁe presefaNPRyehRi 8l akad
therewi th characteri ze steel central axjs force ne er 1
is covered ¥ th aconventional elastoplastic damper described as the above
type (I) and the viscoelastic damper described as the
above type (II) are organically combined with each other
so as to make the most of the merits of both dampers and
overcome the demerits of both dampers. According to the
20 present invention, when the anti-buckling member and
insulating member described as type (I) are also used as
the viscoelastic damper described as type (II), the
manufacturing cost of the damping structure can be
reduced as compared with the damping structure in which
25 the anti-buckling member and insulating member are
manufactured separately from the viscoelastic damper.
Further, the anti-earthquake performance can be
remarkably enhanced.
In order to accomplish the above object and obtain
30 the excellent anti-earthquake performance, the first
characteristic of the present invention is to provide a
damping structure having an elastoplastic/viscoelastic
damper integrated therewith characterized in that: a
steel central axis force member 1 is covered with a
35 damping member 3; an outside of the damping member 3 is
covered with a first steel anti-buckling member 2a; the
first steel anti-buckling member 2a is covered with the



35 danpi ng nenber 3; an outside of the danping nmenber 3 is covered

wi-th a first steel anti-buckling nenber 2a; the first steel
anti-buckling nmenber 2a is covered with the _ _

-4- danpi ng nenber 3; an outside of #he danpi ng nenber 3 is
covered with a second steel anti-buckling nmenber 2b; one end of the

[ nb 2 d of the steel central
bxi o force monbereing RelBAR S 1 ° 808580 e e EhegAamBiaToRePRE TS B ay
steel anti -buckl ceyered w1mhnhese2bndndtehé ahhenbandlﬁhgthembéﬁehbqe@hﬁﬁ|

. . "
axi's forceeggnggrt%eaggrgkx ? §agh_ Bbpﬁgﬁn %Fmg ba Bﬂgkpnﬁb

st eel antl-buckllng menber e second S
menber 2b are vi §& ePésFP@aFF?elnFégtaﬁédaVRa force mhebdanwlagenﬁdhaﬁ &o

The second $hara§h@hléEh@rOfohEeeBHe§§n¥hé”¥@85h8nsteel ah% BuB? b
danpi ng structure g g of cen aX|s
force nenber 1, Fﬁ@ gg §PgeF e OtheénﬁpdbﬂéthﬁgSﬁﬁﬁ%eﬁezﬁréhdaﬁhé

second steel antiforts membuﬁknlagenﬁmhe& 26 éé@hfbﬁheranénahﬁhéaﬂﬂkﬁﬁ

menber 3 is I ace between,t he | central axis force
member 1 and thesF%%gtggFéePugﬁgﬁngu8EW$e§ f2nBB Eﬁ eafigcond stgpdoaptied
in a space betwebnckhéngt menbeen2babraxviscoelastheaklpeiheegitassd vhe

second st ant u 2 2b in such a manner that the fill ed
danpi ng ngﬁ%er thE ﬁﬁhbﬁﬂgnﬁgﬁﬁér 8 flat The third

characteristic of theTb?e§@ﬁPn¢anﬂFﬁ@hersstlc oft bherpvedent dawphhgon

wh e a S
ﬁé;gg?u;eahg thggb Eg?ﬁﬁ?ggééégnéaﬂghn?_ E?Eufé £h ﬁﬁgéﬁ éréé% %8%&%3s

the second steel® © SheflnGeRErag ﬁ%ﬁﬁeFOE%e @ﬁ@b€¥o%s shet £&nsbf skeiedh
i S rect angahat -buskaingngesben aaS@ﬂGetbétM@@Bn&h§téé§e£ntl-

tral axiss for nd e fir t eel buck] i ng_menber
g:nand a|§6§fl||§§ gggggan%mﬁ rn%ﬁb%¥e ggﬁg' and Fﬂ% dameing member 3 1%he
fourth characterféliedoint hespacgebetivaernthensteel céstial paoysdeotce
danpi ng StrUCturﬁeh9e¥h10§n§t€ﬁé FEPDET Steel antihgugﬁffﬁgsﬁg 5eP 95 which

Is a cross, are fixed to
also filled in a space between the steel central axis

force member 1 and the second steel anti-buckling member
20 2b in such a manner that the filled damping member 3 can
be formed flat.

The third characteristic of the present invention is
to provide a damping structure in which cross-sections of
the steel central axis force member 1 and the first steel

' 25 anti-buckling member 2a are flat, and the second steel
anti-buckling member 2b, the cross-section of which is
rectangular, is arranged in a space between the steel
central axis force member 1 and the first steel anti-
buckling member 2a and also filled the damping member 3

30 in the space.

The fourth characteristic of the present invention
is to provide a damping structure in which steel members,
the cross-section of which is a cross, are fixed to both
end portions of steel céntral axis force member 1.

35 The fifth characteristic of the present invention is
to provide a damping structure in which steel plates are
respectively fixed to end portions of the steel central



end portions of steel central axis force nenber 1. 35 The fifth

characteristic of the present invention is to provide a danping
structure in which steel plates are respectively fixed to end
portions of the steel central -5- - 5-
axis force member 1 and the first steel anti-buckling nbnemier 23 tLhe
ot her end portio e steel central axis force nenper an e
second st eel antﬁnﬁuc P/ " T et Bip figyst steel gptighygkling

characteristic ofmantemrasenthd rotdrdr and sportlon 3] tn’fe)vs&tﬁr;e;o]a é&g@f&lg
structure in whi it RGO teel ant| - i.ng menber |
covered with t heq(}carr%l ng rMjeng:’e‘%:en]’de and they §96° rbcttsstl cﬁnﬁlheb'*b%lﬁfﬁ-%%

menber 3 is memh@weﬂéd with the third steel antl-buckllng nenber 2c. 10
BRI EF DESORSPTI ON OF Titfe B3AMNGRaracteristid gt crll P Uyl €ion 15
schematic illustrations , show ng a concept of anplng StFuctWe

the first dfbeFavedte Jf damp imde sdmuatmyentinomh o they seqand i steels

di agr am showi ng ardiistuidkiting meimbey 3 1@f c%xf@:raa Wth the ’H%L}@ﬁ ?’Sed In
the first and the ﬁggon enbodi nent is a schemat

i|lustration show on &gt the OUtS‘fldlen@fdé&lPﬁ r%“ﬁ%t“lﬁ“@ﬁﬁ 3 Hes second
enbodi ment of theovered prigsenhd nhdnd erteed0 anti-buckiiig Hebds A,

perspectivegvi ew showi ng a danpi ng structure of the first embodi ment
of the present invention. Fig. 3(b) is a schematic illustration
showi ng an arr affdnPESERAFTITION: I0F TEFp DRAWINGECt ure i s used.

Fig. 4 is a side and #jglsan 1\('a€3Wa91fd tl']%)d%%' '&@h%%\atlcSt 1Y L{Eeatoifqg}ﬁhg a

second enbodi ment _of thé prese
cross-sect i onal FP@WlpgkénCGHCFPﬁeoé Ihe damplmQ1ﬂhqyctmre of the £irEty.

6(a) is a cross- &m&bﬁﬁm@htvbQWthékﬁﬁe@@nkl&ﬁv@n%QOﬁ Iﬁg@'#&gF'Q(%é ah
b t v - .
Flo 716 Hoross auaERo b Ergws: Siatrihuting AL skrain of a dampifg

member used in the first and the second embodiment.

Fig. 2 is a schematic illustration showing a concept
of the damping structure of the second embodiment of the
present invention.

20 Fig. 3(a) is a perspective view showing a damping
structure of the first embodiment of the present
invention. Fig. 3(b) is a schematic illustration showing
an arrangement in which the damping structure is used.

Fig. 4 is a side and a plan view of the damping

25 structure of the second embodiment of the present
invention.

Fig. 5 is a cross-sectional view taken on line C - C
in Fig. 4.

Fig. 6(a) is a cross-sectional view taken on line B

30 - B in Fig. 4, and Fig. 6(b) is a cross-sectional view
taken on line D - D in Fig. 4.

Fig. 7 is a cross-sectional view taken on line A - A
in Fig. 4.

Fig. 8(a) is a sidé view showing a damping structure

35 of the third embodiment of the present invention. Figs.
8(b), 8(c) and 8(d) are respectively cross-sectional
views taken on lines D - D, E - E and F - F in Fig. 8(a).



in Fig. 4. Fig. 8(a) is a side view showi ng a danping structure

35 of the third enbodi nent of "the present invention. Figs. 8(b),
8(c) and 8(d) are respectively cross-sectional views taken on lines D
- D E- Eand F- Fin Fig. 8(a). - 6 -

- 6- . Figs. 9(a), 9(b), 9(c) and 9(d) are schematic

illustrations for exp alglngégﬁvarQ%qgegﬁgt ggdt@eg) are %%%%h@ﬁl ructure

of the enbodi nent of nti on O(a) is a
per spective V|ew1iﬂ@w¢mgtao@anﬁpmgexPlalnsmgu@muﬁ@r@mGBW@nﬁhpﬁdt@@bodlnent
of the present ngwavewu%f&ur%' %t 18Ebkmibd a3 merhe it ithd ';Jx‘é%terrﬁct i on
showi ng an arrange whi ch danpi ng structure is used. 10
Fig. 11 is a vi ewnyleowiled.a conpari son between the danpi ng effect of

the danpi nggstructuregqf; the (er)es_%nta perspe'c'%\i%‘ét quré“a@dudm@lgdwmamnefg ect
of the danplng structuré 12(a) 1s

vi ew showi ng a q&éﬁFFFyr@fO@népﬁytgﬂ %Oé&megﬁtﬁ&hJW€ 55§5%%bd by an
el astopl asti c daipefentdh. Fig.Fil@.(b)2(s) a Schemamicshdliustratguwentity of

energy of an - sncGA ke ANahed By SrACASl S IR ra B 1)

Q

_ presente y an
13(a) is a concem&w@ VIeM/Of a conventlonal 20 antl-buckllng brace
before tengjon is gi V%‘lé;} 011t i AR view sh'cza‘vﬂ.ngl%( @ordpgaﬁs\ﬂne‘%esﬂ%@’érﬂgd?e
di stribution of strai a viscoelastic body after tension has been
gi ven. Fig. dampiag |esff£0c¥0tﬂ,fe§th%ldaﬂpéwgsmuﬁgtu§%t°aft Ehg Rpespnt
tension has been ;§iw8iticAP and the dan@SingléfFecNGl4AHY R isthaei@diucture
il lustrations showi ng an exanple in which the conventional anti-
buckl i ng brace i £Tudd® prior art. = THE MOST PREFERRED EMBODI MENT
Fig. 12(a) is a view showing a quantity of energy of
15 an earthquake absorbed by an elastoplastic damper, and

Fig. 12(b) is a view showing a quantity of energy of an
earthquake absorbed by a viscoelastic damper, wherein the
quantity of energy is represented by an area.
Fig. 13(a) is a conceptual view of a conventional
20 anti-buckling brace before tension is given to it, and
Fig. 13(b) is a view showing a distribution of strain of
a viscoelastic body after tension has been given. Fig.
13(c) is a conceptual view showing a state after a
tension has been given.
. 25 Figs. l14(a) and 14(b) are schematic illustrations
showing an example in which the conventional anti-
buckling brace is used.

THE MOST PREFERRED EMBODIMENT
30 Referring to the appended drawings, embodiments of
the present invention will be explained as follows.

Figs. 1(a) and 1(b) are conceptual views showing a
damping structure 8 of the first embodiment of the
present invention. This damping structure 8 of the first

35 embodiment of the present invention is composed as
follows. The damping structure is characterized in that:
a steel central axis force member 1 is covered with a



30 Referring to the appended draw ngs, enbodi nents of t he

present invention will be explained as foll ows. Figs. 1(a) and
1(b) are conceptual views show ng a daqplng structure 8 of the first
enbodi nent of the present invention. This danping structure 8 of the
first 35 enbodi nent of the present invention is conposed as

follows. The dam:ﬂ'mtstdamqi:l.tfge et ArRCted iz ethnigiddaiember 3; arSt®@gtside

ST AR ot g o RS Pt Doy srather s afinatithee!

of the danpi ng marber- kﬁa:khmpmwr&zénm&dw &l riSiirsst estleel antiabucllutkd i ng

menber 2a; the f| l@tdgw |V&g: g of %g& nl?p?]l Cien&ber ]§d3]¥m tgna

second danpi ng ne er out si b'Ts
covered with a sédld?&#de Of e dlamping bﬁﬁmheimg?hmﬁo&owedmel@hoa ofecdrd

first steel stHH 1 %Hﬂd&l”ﬁ@%en&@% OQﬁlee%cpfoft hﬂ)egtfeﬁlsi?:{%é@i

axis force nenber 1 are fixed to each ot her; nd t first

ant i - buckl i ng nerfderlRUckd noh destkedn @ &t OR? endarﬁﬁ e l@terl memerabp
are viscoel asti calxis i TRy atcdtber 1 and A1 dde t&f‘"efatdm dﬂﬁ{éﬂg drRbate 3b.

Various viscoel a mat er. uch as hi r ubber cryligc
pol yner, J%ﬁgﬁzégﬁﬁgi ﬁiﬂﬂ?IWﬂﬂﬁﬁ% gefiondesteel
danpi ng neibder 3am;ﬂ«hqpkinnqumembesSHSEum Wnsﬂdaiaﬁtiﬁhllytﬂntégﬁiﬁe@J

becones an ellip tgel buckl.i n nber s
2a, 2b may be a s etahr-l-i}fgeL agecgoi‘@{géal q g;errlneerma ers 3% qparrlous v:.sc.%erﬁ.e%fegn
Stsaw

both end porti ondnajfen centhrigh aiar@lng ru}cﬂmme averplairc Jpcdfymehze,
danmpi ng struct ur g oWy a1k thdzcblllcj&rﬁ)rlﬁib%rg'rﬁéx 57 ttf‘éEd ext o d by

an eart hquake, the . steel central axis force d At
this time, ERHGE MEPRST hes itang ﬁ%&hearﬁﬁn%auwwwe of
2a and axi ab ri gittid wafertihg &féﬁmdasﬁtaﬁﬂelafﬂpséwc@Hé’lgaforemerﬂﬁfﬂiﬁd 2b are

much hi gher than those of .the flrst danmpi n 5 nenber 3a and the second
danpi ng nmember 315 FSSThHroAck L “&eﬁg’aﬁl%né Yefdt MAY &if %bﬁ?sre’d“ 9n the
first 3a and thestrain s;mmrcﬁtdalg)mrag\h@nber 3b. A total of the quantities
of shearing def Qi W Ofedd'Sdid i En 32 A d NG SEC Uit ral axis

force member 1 of the damping structure 8 shown in Fig.

20 l(a) are given a tension caused by an earthquake, the
steel central axis force member 1 is extended. At this
time, elongation of the first steel anti-buckling member
2a and axial rigidity of the second steel anti—bﬁckling
member 2b are much higher than those of the first damping

25 member 3a and the second damping member 3b. Therefore,
shearing deformation is caused in the first 3a and the
second damping member 3b. A total of the quantities of
shearing deformation of the first 3a and the second
damping member 3b, that is, the effect of damping

30 generated by the first 3a and the second damping member
3b is twice to four times as high as that provided by the
damping structure shown in Fig. 13. Therefore, it can be
understood that the first 3a and the second damping
member 3b can be effectively deformed in the mechanism

35 shown in Fig. 1. 1In this case, strain of the first
damping member 3a contact with the steel central axis

force member 1 is zero at one end (on the rdot side) and



danpi ng nenber 3b, that is, the effect of danmping 30 generated by the
first 3a and the second danpi ng rmenber 3b is twice to four tines as
hi gh as that provided by the danping structure shown in Fig. 13.
Therefore, it can be under stood that -t Be-first 3a and the second
danpi ng menber 3b can be effectively defornmed in the nmechani sm 35
shown in Fig. 1. In.this_case,  strain of the fi.r danpi ng .menber 3a
contact with theengélteeﬁtﬁEFhﬁ%%g of StrPépcgfnghﬁetheﬂsCﬁ&%ﬁ%ﬁ e end
(on the root siddpraedmember 1 at the other end. On the other Hnd,

equal to a quanti r ai l;..ce l,..axh.S for.ce HBQR

1 at the other eﬁ§¥ag% ?Ee@gghggchgﬁdﬁkﬁglnﬁ @%#gfﬁ é? %ﬁge u@&n&ghqnplng{
menber 3b is equalf tbesstaph centradf axhé Spzek membeal lajiins afldr cegimmser 1
in all regigns. 5 rthe dahpendaeRirBetehibaet igedcbbediakery RAJL i @5
1(a) and 1(b) is the same™as that in a case in which’™a,

conpr essi ve forc@MPs 1¢PehSt §hen&aBeeds E8ALr &R axcgse in whdede anenber 1.

That is, even whesmphesstieel feepkr ak given &% ghkoke¢eecteRatrhll wxgig/en a
croct can - FpEes, BUmked ty  HBSE Ase 2YoandnERe toEcARE S SANLHRY
buckl i ng nmenber 2xis force membEirgl 2si gigeaoncepmpaleseiew foasieng rio
nvent fon. 10 b 1 ELEKTi8g 10 bah BEAP BERARSBTRRY, HRR Bl lI o S3Thet pan
second enbodi nenbef psevideddhypithg $irgtt drneaddothe seconde stigedt anti-

embodi nent are degekhBad aembel! ows. The second steel anti-buckling
menber 2b is covered wth a | third danping nmenber 3c in the danping
structure 8 of the 20F19-f¢rif @nbeArRpHtalaNdeHn SHevinge 2oL afM@ina hir d
danpi ng meghenc8ares 8a0vEr edeWskboadt Binbddsineah aft ikhRugitesatt

it I A I S L
first enbodi nent of2%5he secondl embbdinenpi figost thet damplagsBawacitmrte ¢ X
when tenSi%ﬂei?iQEXGQmEBdERQn%tggg SSBEEQLeﬁXEE E%&igwg?”b%%el
second steel anti-buckling member 2b is covered with a
third damping member 3c in the damping structure 8 of the
20 first embodiment, and an outside of this third damping
member 3c is covered with a third steel anti-buckling
member 2c. Other points of the damping structure of the
second embodiment are the same as those of the damping
structure 8 of the first embodiment.
25 In the damping structure 8a shown in Fig. 2, when
tension is given to the steel central axis force member 1
by an earthquake and the steel central axis force member
1 is extended, the first 3a, the second 3b and the third
damping member 3c are effectively deformed by the same
30 principle as that of the damping structure 8 shown in
Fig. 1. Therefore, even if a higher intensity of
earthquake is given to the damping structure of this
embodiment, the earthquake force can be positively
absorbed by the action of the elastoplastic and
35 viscoelastic damper.

EMBODIMENTS



by an earthquake and the steel central axis force nenber lis

extended, the first 3a, the second 3b and the third danmpi ng menber 3c
are effectively defornmed by the sanme 30 principle as that of the danping
structure 8 shown in Fig. 1. Therefored even if a higher intensity of
earthquake is given to the danping structure of this enbodi nent, the

eart hquake force can pe positive absor hed b the actlon of the
el astopl astic and 35 “°% V868£F£§¥P8 Ganpéps- 3% 0, embpgimgnisnes the
- 0- pemsentetavenngon0wEtgsbe3ekplaﬂneanbedbwents of the

present invention mnl&hgef§§gka Hggﬁgs 8%’0; 5he prﬁgegﬁoﬁﬁlrs%ﬁeandlnent

of the present invention 1% the
danping 5 stsb@wuren8an cOmpodedshewholihoRsg. Ihetheldampdmgded a

steel central axb%rﬁegﬁgenﬁnﬁgrcémg%@éﬁhagsfgﬁigaﬁ m-’lﬁﬁere g&d%} 443 ch

Al so, there are provi first ste
is mainly made oftéederentral axis fpsep @embeallawalcbrae mernbdy maaied

the first steel %@ stealti- h@ﬁ&'|HEeBE”H?ésp38v§86daEi?%gegtb@lpgﬁ%llel
W th each g F&&IeaV|n predet erm néd interval between

One end of the s BﬁtWﬁwgﬁfﬁszﬁorHElﬁEnﬁﬁrmilﬁﬁH Bade of stegd.of Thee
first steel antisbeekl cegtrelbaexidaferee] pefbBdr 1 andt eheaehrakhgk oy the

. .44, 5 th d of t te entr
axi s force Ganpe i hiaBoRL8  plliBePR 2o REECH-FRBaRH b Graradrel Wi th
anti - buckl i ng nmegbehsother leahinti arprededtephisedeintareajlobredebn ehein.
other by the  oneS8Randel ehal Bc8l CeLnERARCL, L. (bHELNRENLRE' 3! LBl gaRs:

which are forned between the stee centra axl s
the first steel &RE] OSUERﬁﬁgrﬁenﬁéiaeazaaaha bucklipgemembend2st esk JOlned

anti - buckling negbeeadh, oﬁhérfb§|ﬁﬂemfiﬁst 01niH§ Eteel flepBLRI4EMDGH, 3
and the s , _the danpi ng structure

dd
8 is conp n aggerA§n§h8§thﬁ ??@eEsfﬁ§tr?%ea¥§ﬁsf%Eﬁﬁo@@Ebﬂﬁnﬁlﬁ@d

the other end of the second steel anti-buckling members,
which are made of steel, are joined to each other by the
second joining steel member 4b. Further, parallel gaps,
which are formed between the steel central axis force

20 member 1 and the first steel anti-buckling member 2a and
the second steel anti-buckling member 2b, are filled with
the first damping member 3a and the second damping member
3b. In this way, the damping structure 8 is composed.
As shown in Fig. 3(b), the thus composed damping

25 structures 8 are joined to a building 7 composed of beams
5 and pillars 6, that is, the damping structures 8 are
joined to a building 7 being formed into a V-shaped
brace.

When a horizontal deformation is caused in the above

30 building in the case of an earthquake,
tensile/compression yield is generated in the damping
structure 8, so that shearing deformation is caused in
the first 3a and the second damping member 3b. As a
result, the first damping member 3a and the second

35 damping member 3b absorb energy as shown in Fig. 12(b).
When the intensity of this tensile/compression force is
high, tensile/compression yield is generatea in the steel



25 structures 8 are joined to a building 7 conposed of beans 5 and

pillars 6, that is, the danping structures 8 are joined to a building
7 being fornmed into a V-shaped brace. When a hori zont al
deformation is caused in the above 30 bui L8ing in the case of an

eart hquake, tensil e/ conpression yield is generated in the danping

structure 8, so that ear). Qrmati,on i.s caused.in the first 3a
and the second déjr%g'}tr%aqngar#)le%? fg;gceAgn%énber L rse°33'1(7}"",t HEF9Y sctarbé?ﬁ)i ng
nember 3a and t helssouredl 3 shadanpind iganbie (Bb aliseTh igher gyomgsr sdmiwei n
Fig. 12(b). Mhen i L ens) of_.t hi+s erﬂt%{ e/ ressi o S
hi gh, tensile/ conf‘por essiloshn_q{/ll%tnd@st%lgnesrtae{geld clten E'Je:L sétg(tcaier%) 'de qnén%&? i’

- 10 - cemq duchdiing disc €avseseberause tanatandieryckldmdbeffect can
absor bed assshowhd Ay del2(R) eV &1 ride &1RPIESSI Mk Ling TS 24t ven
to the steel central axis force nenmher 1, no buckling 1s cause
because an anti - BRkIEHey S900G stgel Rnti-RUGKIGAGMEMRER PP first st eel

anti-buckling menber 2eigs. 4 tNJ e sAe sHAEIn@MHe BEIid ErBsdBferd.
Figs. 4 to 7 areovi_j q__\ﬁ\_llsf_1 show rgjgL t.he second enbodi nent of the present

i nventi on. FAHE e FOVFEMi ment, as shown in Fig. 5 which 10
IS a cross-sectional Jvirewhealsewoml lembodimen® | rasdFishowh in Fig.arb which

i nternedi a or tsi I nt.r. ' ce . nQpﬁ- 1S
flat. As s gv\/ﬁ i #sg%ggréé%g)%%?b%n%gnyl?w acQk&enfw%lrncﬁ"leglree G e-spec%fv%r%/' 4
cross-sectional \Aleddt igte portiomesf Ahe gtepl erdmplDaxis forte.

4, and a 15 I ieMcanant faQRl.r alasehoWoriGe FiRyERers (Y | 5 @) aghiedz to
the plate nenber and.the conflgg{atl nis formed into_a |
cross-section. Which are xespectilyelye FFOSHy SRSHON 6 VieWHidkeH AR de

t he steel dentesala axias Borc® nenber -1D and Fiwn ﬁa'r arela ]E hird 20
steel antispucklin nbers 2c ar r,ovi_ded ,out si de e . riction
reduci ng mle?rber fqu?(r)ieqnﬁﬁmef’%e c&ngzé:‘%lcwalf%rce memier iy & r?eterae‘?h% @n
be interposed betbheepliaie member andparhal logn filgurchtsitogelisarfiarnmda kintm a
menbers 2c. As ShQWls_section.

A friction reducing member 26 is bonded outside the
steel central axis force member 1, and two parallel third
20 steel anti-buckling members 2c are provided outside the
friction reducing member 26 so that the steel central
axis force member 2b can be interposed between the two
parallel third steel anti-buckling members 2¢. As shown
in Fig. 6(a) which is a cross-sectional view taken on
25 line B - B, the third steel anti-buckling members 2c are
fixed to the steel central axis force member 1 by fixing
bolts at one end.
The damping member 3, the thickness of which is
predetermined, is arranged outside the third steel anti-
30 buckling member 2c, and the two parallel second steel
anti-buckling members 2b are arranged outside the steel
anti-buckling member 2c¢ so that the steel anti-buckling
member 2c can be interposed between them. At an end
portion which is different from the end portion at which
35 the steel anti-buckling member 2c¢ ‘is fixed to the steel
central axis force member 1, the steel central axis force

member 1 and the steel anti-buckling member 2b are fixed



in Fig. 6(a) which is a cross-sectional view taken on 25 line B- B, the

third steel anti-buckling menbers 2c are fixed to the steel central
axis force menber 1 by fixing bolts at one end. _ The
danpi ng menber 3, the thickness of which is 1l - predetermined, is
arranged outside the third steel anti- 30 buckl i ng nenber 2c, and the

two parallel secqnpd e : a uckl i nmenber ar e .ar.r anged
outsPde the ste QB e3bf Etper bgkﬁgaﬁgngéﬁeEQZXlgoatﬁéﬁefﬁ p&P&@IB%
anti - buckl i ng ThlsnéﬁmE#nzcScaanerenuerpQQQOSBdtmeelubhealmAmnem aidcht

portion which |stgbfggﬁsghgfﬁggggge3egg 38Ebkﬂ@dabngh%grgﬁgawhgget?feel

anti -buckl i ng nenber 2c1s tra Xis°f
nenber 1, the st E6PedeRABPEFadxpEifofesce membgsnBedsleangnded steel

anti - buckl isng ”Eﬂbﬁﬁrabtéaelﬁlﬁﬁé axial direction. 1In the steel anti-
11 - to e ch ther filler pl ate 24. Th S

OlEE 19, 20 via a

danpi ng structur &Bﬁp@?é Befn2buckhgrRraArer PrRyided a Crrdaggdpomgning
menber 3 is defodned pyrshear ingwhtien ﬁgelnteﬁfesbeehlﬁﬁnthé| axis fO{ﬁe
menber 1 is exte racted,in_the axia e n e
steel anti- ggggfg%ceaentngg £§BE ?ﬁé?efSFgepWSWLEEdli ets E&ﬁ@deﬁﬁening
in a portion in pArthons. |nterferes with the rei nforcenent central

axis forc nmber 11 b n r h flrst st eel
antl-buckﬁﬁﬂg nenbersggg S?Psﬁ Qteel anQ? %heﬂiéo mem ggsogz %g second

steel anti-buckl Pr§anged opehpth deeana t hbef ppepndt sskednanthubkickigng

menbers 2a méﬁﬂe%h@bseﬁﬁadtﬁéefhréﬁtét@é?khheg EEH§§Enabﬁ@ﬁ§ers 2a
connected with eac Due t e toregolng,

Q Fher g é {lng bolts,
as shown in Fig. 2BAWAREHSEECY c?BE% ti- b%%E%FBﬁaWevbéﬁlép BKE section C
- C, a closed secbhnactad with ehehfothed, b§0théatlkhﬁg656$€b of ppeeent i ng

t he curr e ing.c he rennt kably
t he sanme ngﬁner gﬂgtﬁg% gggﬁéé gl ¢ Ognboﬁnﬁ% E R28 |ﬁstﬁec§8§5nd _
enbodi nent , mhenSaChbﬁnébnYaBWdefothatseqtlon c +chaaseﬂosedasbdthdhn@amn

the case of an eBel BEHAKE, so thalCPRL! E££QBPT §5SHPBv¥LELHy! Engaused in the
danpi ng occurrence of buckling can be remarkably enhanced.
In the same manner as that of the first embodiment,
20 in the second embodiment, when a horizontal deformation
is caused in a building in the case of an earthquake,
tensile/compression yield is caused in the damping
structure 8, so that shearing deformation is caused in
the first 3a and the second damping member 3b. As a
25 result, the first 3a and the second damping member 3b
absorb energy as shown in Fig. 12(b). When an intensity
of this tensile/compression force is high,
tensile/compression yield is generated in the steel
central axis force member 1, so that energy can be
30 absorbed as shown in Fig. 12(a). Even if a compressive
force is given to the steel central axis force member 1,
no buckling is caused because the anti-buckling effect
can be provided by the first 2a and the second steel
anti-buckling member 2b.
35 Figs. 8(a) to 8(b) are views showing the third
embodiment of the present invention. In the third
embodiment, as shown in Figs. 8(b), 8(c) and 8(d) which



structure 8, so that shearing deformation is caused in ~ the first 3a
and the second danpi ng nenber 3b. As a 25 result, the first 3a and the

second danpi ng nmenber 3b absorb energ{ as shown in Fig. 12(b). When
an intensity of this tensile/conpresstdn-force is high, _
tensil e/ conpression yield is generated in the steel central axis

force nmenmber 1, sg that é‘d}g’f\,@&’lfa&égs?goctloarpaslormd ats,th he(squg%frnlc %?alP -

12(a). Even if a conpre55|ve ce 1's glve
axis force nenbdls £ - E anthd budklimdis dHmsled depsatsion hef artié -dte&li ng

ef fect ca 0\V; 28 0 si.ee

anti - buckl i ng n;bnéit})g:rﬁl .d}g@éj Méé‘%ég{ﬂe? ! f%f‘%?%) %%%I%@éég%%wﬁb
the third GRS iYHe M KESResE GFE Wﬁkﬁﬁllﬁﬂgth41 the third

enbodi nent 5 as shown gut FHides .t 1 Bred Qe 18R MG e member 1, the

- 12 - are respect A cross sectjonal views taken on lines D -
D, E- E and F -5 gg“%’( %ld’f%?e%%%ﬁr there @ ral axis

force menber 1 |prdvurdmij d st saﬁ&larﬂnta] -bucklimy Qrféinb’t}xt Wd%‘pir?rgé t(i t he
entire | ength. t st eel nt.r axi s. force, nenper 1,

t he gect i os% Ry St%e@ %f or rre%‘ilﬁtng &S g&(?srsazlbt’héar & HhsF damping oy ded
a first steel aﬂﬁmhﬁnﬂdarﬁydnaﬂﬁacqnﬂadumping memtsar oivd. sstoedlastic

anti - buckhpng nmeqieyy 2 | 1% %a@ﬂﬂ.naﬁ stiberie%gr( bet? A4 A£ Second

danpi ng nenber (V|scoelast|c 10 a’j oi nig S eel nenber
18nEy an HTAG R SrrGtnre shaw W tthe eress-sesttiiondl wiews obf

Figs. 8(b), 8(c)riand 8ﬂ¢h, 8(c) and 8(Mor.e specifically, the explanation
will be nade as e left end_portion of, Fi

shown 15 in Fig. gx(oﬁ)e sfp&ﬁl"gFééaneﬁﬁ‘@r &xpa- anadd qro W ij1d; ?’Hehd“a Eheas
sections of whi cioldosrsf.or med tihet dedfit leﬂsihmtmfne of Fig arsf(%ng,e%sptﬂl’ﬁdv&?

t he cent [ng axi Sq f%rd_cg? rﬁngf}er fjau'}a\é't%%l P&rgr ss se (?rf Q&C}Jtm dedl_'E hi s

st eel 18 "use | 0i ning,
steel anti- 20 Secctuma oF WiHESY 8X2h fOtrn@dsemttloolasl Gf-siblaipeh, aree f or med

into an L-shapeartadgepetisil® the CR&tWaN0RAL! 1F3%e member 1 having a
cross section. Outside this steel member 18 used for
joining, there are provided four second steel anti-

20 buckling members 2b, the sections of which are formed
into an L-shape, via spacers 18. At the wing portions,
the central axis force member 1 and the second steel
anti-buckling member 2b are connected with each other by
the fixing bolts 19 and the nuts 20, which penetrate each

25 member, via the steel members 18 for joining.

As shown in Fig. 8(d), at the middle portion of Fig.
8(a), outside the central axis force member 1, the cross
section of which is formed into a cross, there are
provided a thin first damping member 3a, the section of

30 which is an L-shape, a first steel anti-buckling member
2a, a second damping member 3b and a second steel anti-
buckling member 2b which are laminated from the inside in
this order. The inner and outer layer members are joined
to the first damping member 3a and the second damping

35 member 3b.

As shown in Fig. 8(d), at the right end portion of
Fig. 8(a), outside the central axis force member 1, the



the central axis force nmenber 1 and the second steel anti - buckl i ng

menber 2b are connected with each ot her by the fixing bolts 19 and
the nuts 20, which penetrate each 25 menber, via the steel nenbers 18
for joining. As shown in Fig. 8(dp, —at the nmiddle portion of
Fi g. 8(a), outside the central axis force nenber 1, the cross

section of which is fornmed into a, cross, there are . rovided.a_thin
first danping ne%%?l%‘é,ofh"éhjsébtjr%na I %’f%hl? spré%gtg%%a e?lﬁs?i rst
steel anti - buckl stee heabei-bucklirg, memisecodal dhapa nfihkebepl8dbeard.a At
second steel antjy . ' r 5%& i C r ] e 0
inside in %%?éw%ﬁ%e$£9$kgﬂghﬁgﬁggﬁn od%gé d%e O%E 2?% g?%ﬁ'g%hgg

to the first danpyngherefibeingadbakis thd ard oMt atdi Pepebratingndeensp.
As shown i Fig.n&dy. AtaAt A hdSNte @D POSE | O Odecond sEbSL 881~ outside

the central axis force nenber 1, _the . )
- 13 - SRREF IR GIPRR 2R exXteRdLng (FEoR tRepleft geRdaofi Fig-
steel anti-buckl g pg) mesbetie 2oighd fsfstopped &t ea 2dosPtion clokbetwi e

portions, both nepbers are joihed.to each othe by the.fixing balts
76 and nuts 20 pBHEErERT HEobath SF CHARBRT. ST 76, AP A ERGTS15bpSEnan T
second steel antbuckling mheriér nZbnenbefoRbardtendi 22 6¢f ohhéhitstt sérelof
Fi g. (a) h i [ p |t} C e h

top portith 25 SfrirEupkiiha MeTbOPREs ShelnPORy LEBn LAE rAGnt Bng o
menber 2b. A forRagd &) 2pocthehbefirss steppedoat aagpesibieRr| chgseember

2a extendi ng 1 ophé gcsdohheblr ofg for 161ging(b) to the I eft is stopped
at,a position close to the steel nenber 18 for_joining. In

the sane manner as thhR bRet$Me|RIRNGRHJ2E Hehat of %B%oﬁar%%béﬁﬁnﬁﬁ?, in
this third enbodsseshd #hesdemdbt, ihothzontialrdeépbsaiment| swhansad in a

caused 'n The dahBrHEoREs HPtr ErBe e LOm ot CARRET HD o BULiGonEy Bt FOR i s
caused in the ficasedafipangeartiguale, abensile/conpressbod daepdngsnenber
3b. As a result, o LHEeh1 fStthe damping structure 8, so that shearing
deformation is caused in the first damping member 3a and
the second damping member 3b. As a result, the first
20 damping member 3a and the second damping member 3b absorb
energy. When an intensity of this tensile/compression
force is high, tensile/compression yield is generated in
the steel central axis force member 1, so that energy can
be absorbed. Even if a compressive force is given to the
25 steel central axis force member 1, no buckling is caused
because the anti-buckling effect can be provided by the
first anti-buckling member 2a and the second steel anti-
buckling member 2b.
In Fig. 9, there are shown examples of the
30 arrangements of the damping structures 8, 8a of the first
and the second embodiment in which the damping structures
8, 8a are arranged in the buildings 7 in such a manner
that they are attached to the pillars 6 and beams 5. 1In
the same manner as that of a common brace, in Fig. 9(a),
35 the damping structures are arranged being formed into a
V-shape. In Fig. 9(b), the damping structures are
arranged being formed into an angle-shape. “In Fig. 9(c),



20 danpi ng nenber 3a and the second danpi ng nenber 3b absorb

energy. Wien an intensity of this tensile/conpression force is high,
tensil e/ conpression yield is generated in the steel central axis
force nenber 1, so that energy can be ldbsor bed. Even if a conpressive
force is given to the 25 steel central axis force nenber 1, no buckling
I s caused because the | - buckling effect cq grQV|de§ ﬁ

first anti-buckl ¥hg g2%.%HﬁFQ¥E§S %nﬁrg?%%$ a ?+n OLmeHLE I|n§
nenber 2b. diagondh shape 9in tteteh atlee shbgint epanpies nisebeup@ard.

arrangenment s of %hgﬁdanpéﬂg}str%gt&éﬁglg? §@¥@gtﬁpgsféfétargangeangeaggged

second enbodi nen arra
in the buil di ngstdrmed simto aa ndbmgenal shap@aintweychrehat iaéhenorsiohe

pillars 6 and be Cd SRTEn JRHOREcBSréHaB , 0BadaL@MHRR I 86E,
in Fig. 9(a), 35§f§e§ uﬁﬁbﬂ%lndTigructures are %rrgn ed be?ng forneg |nto a

V-shape. In Fig.tbebpilizes danprdigPeeRect ubsths eSam mappeEngadthetngt 2

fOEZEd Into an aﬁ@hﬁoﬁhﬁﬁﬁce|n The. s©é6) . central ax1s_force megbers 1

- - t he danping structures are arran eing for i nt

di agonal shape |hnﬁﬂ¥g$r?ﬂ%3r+ﬁﬁ? E%?t&%%p+?§e§gﬁ%ﬁgPH?g g' gglﬁrﬁlglxﬁﬁd)

the danping strugbutks piblarsafgendbbeags 5 by heanedofnbolasdbagona

shape in ijch thgléeft portion 5 rises upward. The danping structures
| .

8, 8a are xed the pillars 6 and beans 5 in the same nanner as
that of a comopRipr at@. 1Tha viewl sbewinal thei shivdcembedbaestyof

I ncor por at ed |ntghgh§ ggggtngn§é§y%5#resA§ sﬁgwgrganigd 10, thie aggelng

pillars 6 and beans neans o ts or
10 is a VleM/ShOﬁFﬁ@cFﬁ§etﬁl¥ﬁ %ﬁ%ﬁ@ﬁﬁén@so§°1lows th@hﬁFﬁséﬁ? Pﬁ?@ﬁ@@gna

As shown in Fig. s{Be1tBbftHANPARIs forceShéMBeUr € 8nlSfeoRPOSEEeAS anglil-ons.
There are prOV|d entr axls

steel anti*? 15 buﬁg&k?ﬂn@eﬂgﬂﬁﬁrg°fo?g§ﬁEéP?n§8§?%8|ﬁeaﬁﬁé%épgngeﬁkﬁﬁérs)

2a, which are areapgetich paecabrebngetihiepaphraihel with ekhehvomrea
predet er m ned in385¥§hg ghSrgéggérﬁfﬂééakn@ékéal. The steel central axis

force member 1 and the first steel anti-buckling members
2a are joined to each other by the rectangular first

20 joining steel member 17a having a plurality of bolt holes
16. The other end portion of the steel central axis
force member 1 and the other end portions of the second
steel anti-buckling members (or the shearing strain
generating member) 2b are joined to each other by the

25 rectangular second joining steel member 17b having a
plurality of bolt holes 16 in the same manner as that
described above. Parallel gaps formed between the steel
central axis force member 1 and the first steel anti-
buckling member 2a and the second steel anti-buckling

30 member 2b are filled with the first damping member 3a and
the second damping member 3b made of viscoelastic
material. In this way, the damping structure 8 is
composed. '

Upper and lower ends of the damping structure 8 of

35 the third embodiment are fixed by fixing bolts to the
upper and lower beams 5 of the building 7 into which the
pillars 6 and beams 5 are incorporated. i



force nenber 1 and the first steel anti-buckling nenbers 2a are

joined to each other by the rectangular first 20 j oi ning steel nenber
17a-having a plurality of bolt holes 16. The other end portion of the
steel central axis force menber 1 ardltthe ot her end portions of the
second steel anti-buckling menmbers (or the shearing strain

t mber) 2b dt h . t
dacand o ni ng <t bel Fentk 49Ee b 7 sarthaagt, afeesipy BEFPIRRLISn o

in the sane manngs §énéhated in thlesstedbibdcabbval Eamalfercgamsmbernédof
bet ween the stee

centr fQr ot heg t  sieel
anti - ' buck#Pﬁgdﬁ%ﬁbﬁ? %g?%ﬁﬁufﬁ Qs%@oagnyﬁee%g |-buthEé
menber 2b are fiktedlweéhttak axxstfdamp|mgmhenbérlsaraﬁurlcted Net§@tond
danpi ng merber 3Plg§ges93eY'§ﬁ9§ @é&hflng memH@%eﬁhaEnd|€hEhbécW%H st 1

danpi ng structure er and | ower ends of
t he danpi ng strudhtiiebsckiing membﬁé ?hlﬁﬂdeﬁﬂédfhﬁﬁ drBPingeBeRPer| ¥ang

bolts to the andugﬁérs@@gnao&ﬁﬁpbﬁénﬁeﬁb@f t8Be RYi bdbRIihAgl AEO cWhisedy t he
pillars 6 and beans are _incorporated

- 15 - at thhsthémEase benad Larfhgikre, t?hEB?lﬂamBéPSrﬁ&ﬁWﬁ¥ure

is generated in ghexsteek QeﬁéfahlﬁXVSlﬁérCehﬁaﬁbﬂg guede is caulseddami ng
structure 8 shown.in

e_the a or.ce
nenber.l|¥9restF|cF§E §§tﬁh8 EesgoFfpgt feelghg &F% é@%ﬁér a and
t he second steel Fig. 124afi abdcabsagbaeaherggb aﬁdncaesheﬁgﬂnaummqyyuﬁmmer

3a and the §|e%8§df9§§12' QgegEnQS{:13Bucﬁf’21HHCJﬁlainB@r' 9acandeehe secdid

this tinme. Wen a iven trdcture 8 exceeds a
certain val ue, sﬁé&ﬁﬂn@nyﬂebﬂck%léau§€@ ﬁﬁdzhols hFEhexﬁPSPFsmémhﬁﬁﬁnqqﬁ;

force characteri gkhgofn@¥Rokfled, Achgdlﬂ@(@), andtﬁbseab& ofergy. Since
shearing rigidity of the flrst

anti - ucklln nd the
second 1 ste@?réﬁﬁPabﬁckF?ﬁ@tﬁgﬁbgFSE argmahgA, aFﬁe ﬁ%@ﬁgﬁﬁﬁ een
sel dom def or med. tAecetdengbgntiralt Arisagerok asmbbr 1 eact Itdplealfe,rstelsaiée/b
di spl acement s ar%n%ggga%kﬁgngeﬁgﬁ Br 2a and also between the steel anti-
buckling member first 2a and the second steel anti-
buckling member 2b. Therefore, the first 3a and the

20 second damping member 3b are deformed by shearing. As a
result, the damping structure exhibits the restoring
characteristic shown in Fig. 12(b) and absorbs energy.

In this connection, in the third embodiment, the thin
damping layer 3a may be omitted.

25 On Table 1, there is shown a comparison of the
manufacturing cost between the damping structure of the
present invention and that of the prior art. Also, there
is shown a comparison of the performance of reducing the
oscillation with respect to a large, a medium and a small

30 earthquake between the damping structure of the present

invention and that of the prior art.



the steel central axis force nenber 1 and the first steel

anti - buckl i ng nmenber

menber first 2a

2a and al so between the steel anti- buckl i ng

and the second steel anti- buckl i ng nenber 2b.

—

Therefore, the first 3a and the 20 secondédanpi ng nenber 3b are def or ned
by shearing. As a result, the danping structure exhibits the
restoring characteristic shown in F .el (b) and absorbs energy.
In this connection, in the third enbodi nent; the thin danpi ng | ayer
3a may be omtted—25 O Tabte gt Sehtor MV S TeRIRa Sansof
t he manuf acturi ng gost between tr%aa@gpngr§gJJg; e ana e
present inventipn and that of the prion @Rkke N@lket NGEHe I S| shown a
conparison of t 1€ _perTor [maseopabs UG I[EiFekbhe [Effec- (FELE! iR -WhBxpen-
respect to a |af g€ & me@i umand a smalltiv@0 |tieart hquake heiween sike
danpi ng structufe ot theVseessasticity |inventilon and|that gf the prior ar
- 16 - Elastoplastic Effggh| 1 Effec~- [Not Inexpen-
Smal | Medium Large St r REPeTost tive little |tive |effec-gigfvh-
earth- earth- wcriﬂpara' ii:ﬁna ke quak¥e qupke
H H ff o =f f od | S P N Eff o |l navnaon
.Pr esen.t El ast an:lxéx%}g]!em ty{/l'sTc':ée Astic™ ' JEffec-, [Effec-. |Effec- |NOt Expen-
I nvent1 on + . t d ﬁper trve tltYiQre. tlé/-Q, Sl v effec- [sive
Vi scoel asticity El astopllastic | Effec{ A tivj%= eC-  Not
| nexpen- anper tTve Tttie tive effec- sive
Conpar a- effec- tive tive tive
exanpl e Viscoelastic Effec- Effec- Effec- Not Expen-
danper 5 tive 1In\Rig. tllve thedfd de sHowh a comparison of
tive 5 perf:]or]*:mliiI e 1e’tv;[e%enr GHe aqn%%nga S ru'rseonofofthe present
invention and that of the prior art. As shown in the
drawing, the elastoplastic damper exhibits a linear
behavior in a strong wind or a medium and small
10 earthquake. Therefore, a quantity of absorbed earthquake
energy is small. However, in the case of a large
earthquake, a large quantity of earthquake energy is
absorbed. On the other hand, the viscoelastic damper can
stably absorb energy at all times in the case of a strong
15 wind, a medium and small earthgquake and a large
earthquake. However, the viscoelastic damper is
disadvantageous in that the manufacturing cost is high.
Each embodiment of the present invention makes up for the
disadvantages of the above elastoplastic damper and the
20 viscoelastic damper, and combines the elastoplastic
damper with the viscoelastic damper. Therefore, the
manufacturing cost of the damper structure of each
embodiment of the present can be suppressed, and the
energy absorbing performance can be stably exhibited with
25 respect to a strong wind, a medium and small earthquake

and a large earthquake. .

INDUSTRIAL POSSIBILITY

According to the present invention, when the



per formance between the danping structure of the present i nvention

and that of the prior art. As shown in the drawi ng, the el astoplastic
danper exhibits a |inear behavior in a strong wind or a nedi um and
smal | 10 eart hquake. Therefore, a quantil¥ -of absorbed earthquake
energy is small. However, in the case of a |arge eart hquake, a | arge

guantity of earthquake ener i,S bsorbed. On.the,other hand, the

vi scoel astic danﬁgFSEQR astit SPEBRY 3B§o?§eeﬁéﬁﬁfe&FS§PF PREL A4%he case
of a strong 15 organdcadlyedomiviard sdthl eazht bghake dmdbacloakege possible
eart hquake. Howeyer e, yLs lasti a Il 1.S di vant age in
that the nanufac%%rﬁﬁ%gcgéf ﬁggﬁiék.%hg Eggéggh°£n§8§Pn€%§gﬁﬁﬂ%%ﬂ“ﬁﬁ%g%nt

i nvention makes demegitshef both diespevantagebeobvelreoaieove Aeicastddpicst i ¢
damper and $he 2Qne a¢ipanel agkuecd2epel, (Aedpratlinies g gilstap asti c
danper with the viscoelastic angern There ong, t he ~manuf acturing
cost of the danp®*o¥ifgcelr @s6flégehon redugihgdeddctoiithe rgs@esH tard be

suppressed, and tlhege, a meQghsYaabBsar Bmagipexirehi@ake el ke sty wind,
exhibited with 25 0 a stron% wi,nd, a nedlughan syl
. I

freigectté .nd, redi

eart hquake anFy ERTtReLe tO5, PARYLRETUring cost o Bu ARY

POSSI BI LI TY structufeccrdi bg tlectrkaspteselh igeneralonwhemer e lding

el ast opl ast i ¢ danper e viscoel dc d er Qrganical ly
conbi ned m#?h eag% gF%@%P%?ﬂ é@%o%@ggééggﬁb?gg nu%%%fooéa%get &Y of the
nerits of both dstrpecsuaes (aati-eartliqgmeket stolchuriesdanper sesdhrimted.
overcome. AcCor difghy . danbBfilaRLRBYuRE UGhULAiRh thE RESReRl dgrsention
can provide an oscillation reducing effect wth respect to a |

large, a nmedi um SR@PETsAAM tEgr eRGGARRLIAAG1E Sereeg Wred integratgdd iMAQ her
the manufact uri ngneosbdyf, tikeudadPiaRdthe abo¥lel Hekiiacted RRsded/?asedhd N

ener al n a buildin 0 i s designe e. positions and nunmber of_the
ganping’ ng cost ca% %e reduced an tgé %Qgh%r effect can be provided

as compared with a case in which the viscoelastic damper
and the elastoplastic damper are arranged separately from
each other.



structures (anti-earthquake structures) are restricted. When t he
danpi ng structure, in which the viscoelastic danper and the

el astopl astic danper are integrated into one body, is used at the
above restricted positions, the 15 cost~ ch -be reduced and the higher
effect can be provided as conpared with a case in which the

vi scoel asti ¢ danper What gg &agmghastoplastlc danper are arranged ]
separately from each™ot

18 - What li.s cAadamdlng structure hatingAadanpi ng structure
havi I ls rate erew.t
Char act ori zed i nCLRSt CPABBEEE/VISEREIASLIC ANBEL LALREFALER WRELR o\ o

with a danpi ng nERBERCEerageduisi dbast ehsteel cegimpilngxdentiorcd member

covered witd a firsk sbgBkedMiith a damBHﬁ§|hQﬂbggngeraaaouEQ d '%ﬁﬁ tHeel
anti - buckling nme s ¢overed wiith anpin

out si de of ggﬁBlﬁﬁnE?ﬂéeﬁeﬁbéF §°V§r€6vE%EH ﬁﬁfhrﬁtséééﬁé §P§ék antl-

10 buckl i ng neob&ligl; mémbeendanthBefiréﬁtsﬁéé@'aﬁBELbuckllnng@HHéHJ

d t t e nenber. 1 are
szzgrtgaeggh 8? e?ggoge en ivgfh the égmggﬁgnHEEPEEIgan?P BUEREARg Aenber

2b and t he ot her tbaddefiping memhersBeits ceweral with aoseeoﬂﬁnbeéel A i~

fixed to h 15buck9£E§Cﬂ?ﬁHQrt98 TLREt el C8E Hé'fég%Fl @gege r-2a and

the second steel anti - menber 2b vi scoe ast into
contact with eachuékhéﬂ9vmambﬁé danphdgonented of theBSteel centralZax1A

danpi ng structurecbayi REms8r29 areefﬁﬁégpkésééEﬁVb ﬁgﬁLaéhécegénB%rthe
integrated therewith cording to,claiml ref n cross-sections of

c
the steel EBRPRd Ssﬁ?i ?Bﬁzéb%]ﬁ%é’flglme’fﬂﬁﬁrf?Ps@nét sBe ahhpr end of
buckl i ng menber 2reasdetbecsrepal akE§|f@ﬁéé Beekéir Ny are rifBADERL QRcAre

cential % for BEPRBABI 1 RE T ok SFhelf#FEi-2ugkT LaH POBHER) PR Renber
2a and al so fill ée secondnstespaget bebuekhihypemsnber ebnvistoexhstientqay
member 1 agdmbNenB6COBRL SLES, 1 PR La DN CKL A 08 GEngﬁezgahglﬁgCRe%ber
3.
2. A damping structure having an
20 elastoplastic/viscoelastic damper integrated therewith
according to claim 1, wherein cross-sections of the steel
central axis force member 1, the first steel anti-
buckling member 2a and the second steel anti-buckling
member 2b are flat, and the damping member 3 is filled in
25 a space between the steel central éxis force member 1 and
the first steel anti-buckling member 2a and also filled
in a space between the steel central axis force member 1
and the second steel anti-buckling member 2b in such a
manner that the filled damping member 3 can be formed
30 flat.

3. A damping structure having an
elastoplastic/viscoelastic damper integrated therewith
according to claim 1, wherein cross-sections of the steel
central axis force member 1 and the first steel anti-

35 buckling member 2a are flat, and the second steel anti-
buckling member 2b, the cross-section of which is
rectangular, is arranged in a space between the steel

D g



manner that the filled danping nenber 3 can be formed 30 flat.

3. A danping structure having an el ast opl asti c/vi scoel asti ¢ danper
integrated therewith according to claim1l1, wherein cross-sections of
t he steel central axis force nenber -1 I&hdthe first steel anti- 35
buckl i ng nenber 2a are flat, and the second steel anti- buckl i ng

gersﬂgggedet the CEARragChlol Pbr¥l' filnb8r 1 and"BRLARIYLR seb212HR3g0°d 1N
central axis foroackdipgrmembad 2heahdrslsst filladt the damplbgchbmb@rﬁﬁnber
2a and also filled the dagebng nmenber 3 in the space.

A danping structure having an 5 el ast opl astic/vi scoel astic danper

integrated therewith 4+ ~AadeBPdnfigStsuetaren baving, anherein st eel

nenbers, tie elagtBpsasect V@ﬂs@&emsﬁbc' §a1ﬁp§f 0§§te§f§t£ﬁxﬁﬂeggw9@hh end
portions of steel central axis

structure havi ng2§H°18in9 ?ag}%b?agt?ﬁl%rs%5%¥%%?lEtﬁﬁﬁpEFmPﬁFégrgB
therewith acoesdsegtnonooe whichaissa lcoss4, shereineat esl bBkat @ad

are respectivel yﬁ%‘:éﬁgn ?ngtggl[tégn rg{ EEI}QJ?S S%%%?I Iﬁam%ﬁgg: r gla axi s

force nmenber |rst eel t he
ot her end portlon of Phe sRedtmpéng Stemmtwreahaslm@rae menber 1, and the

second st eg antg1astoplapyfgy&fg?g@f2§§l@bdam exr 1nte%;§%?dAﬁgggEgggg

structure having an astoplastic/viscoelastic d
therewith AEEOFEing t9 o @f- ¢laims 1 or 4, wherein sheeéepihadego

steel anti-buckl apg ﬂ@@@@étﬁ@élﬁ Eﬂﬂédegawéﬁ@ poe: foPi 58 t%e Eb 3,
and an outside of the ﬁbn£ g, 3is covered with the
<t eel antl-buckl?ﬁﬁ Tahpds1s £ orce member 1 and the first steel antl—
buckling member 2a, the other end portion of the steel
15 central axis force member 1, and the second steel anti-
buckling member 2b.

6. A damping structure having an
elastoplastic/viscoelastic damper integrated therewith
according to one of claims 1 or 5, wherein the second

20 steel anti-buckling member 2b is covered with the damping
member 3, and an outside of the damping member 3 is
covered with the third steel anti-buckling member 2c.
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