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0 89 3 16E�09 1 95E�09 2 49E�09 2 82E�09 1 17E�09 2 57E�09 Q@=Q@ CL=Ut - �pmW|v=mrB� QB p=Owo
0 97 2 85E�09 2 51E�09 1 36E�09 2 77E�09 8 52E�10 2 65E�09 Q@=Q@ CL=Ut - �pmWv� QB p=Owo
0 85 3 85E�09 �1 41E�10 3 85E�09 3 30E�09 �2 10E�10 3 30E�09 �QDtm CL=Ut� Q@=Q@ |xOa=k - �pmW|v=mrB� QB p=Owo
1 73 2 34E�09 2 54E�10 2 33E�09 4 08E�09 7 68E�10 4 01E�09 �QDtm CL=Ut� Q@=Q@ |xOa=k - �pmWv� QB p=Owo

"CU= xOt; CUOx@ ?w=vDt Q=@ wO `tH pY=L CQwYx@ =wk Q=F; `tH R= xO=iDU=
|}=H@=H u}vJty w Ar C@Uv x@ xHwD =@ p=Owo hrDNt pmW 3 QF= u}vJty
xDiQo Q=Qk xU}=kt w |UQQ@ OQwt |vwDU Q=Owtv CQwYx@ p=Owo OwHw =@ u}tR K]U

"CU=
Q=Okt |xv}W}@ 'OwW|t xOy=Wt 7 w 6 |=ypmW w 2 pwOH QO xm Qw]u=ty

w '|FrFt '|r}]DUt p=Owo xrtH R= hrDNt QB w R=@ |=yp=Owo pmW QF= 'l =N
Q=Qk xU}=kt w |UQQ@ OQwt 'CU= xOW xO=O u=Wv 5 pmW QO xm Qw]u=ty |v=mrB
|}=H@=H |=Q@ 7 w 6 |=ypmW w 2 pwOH QO u; R= pY=L G}=Dv xm 'CU= xDiQo
CQwYx@ =OD@= Q=]k Q=@ 'p}rLD u}= QO "CU= xOW x�=Q= p=Owo OwHw =@ u}tR K]U
=@ G}=Dv TBU w xOW xDiQo Q_v QO |Uwv}Um CQwY x@ Oa@ w |Uwv}U ?w=vDt Q=@
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"(m) QB w R=@ |=yp=Owo hrDNt `=wv= QO u}tR K]U |}=H@=H |xU}=kt "6 pmW

"�Oa@ |@� QB w R=@ |=yp=Owo hrDNt `=wv= QO (Ar) xvt=O Vy=m C@Uv |xU}=kt "7 pmW

p=Owo |=Q@ Ar Q=Okt |xv}W}@ u}vJty "CU= xOW pmW|r}]DUt QB p=Owo R= QDtm
�29 OwOL pmW|r}]DUt p=Owo R= QDtm CL=Ut w Q@=Q@ |xOa=k =@ pmW|v=mrB QB
hrDNt `=wv=|UQQ@ R= pY=L |xU}=kt "CU= xOW pmW|r}]DUt QB p=Owo R= QDtm
QO pmW|r}]DUt p=Owo =@ xU}=kt QO pmW |FrFt w |v=mrB QB w R=@ |=yp=Owo
hrDNt `=wv= u}@ QO OwW|t x_Lqt xm Qw]u=ty 'CU= xOt; 4 w 3 |=ypwOH
pmW|r}]DUt CL=Ut =@ Q@=Q@ CL=Ut =@ pmW|FrFt R=@ p=Owo 'R=@ |=yp=Owo
`=wv= u}@ QO w CU= V=aDQ= Vy=m OYQO u} QDW}@ |=Q=O �`@ QtQDt 3 CL=Ut�
V=aDQ= Vy=m OYQO u} QDW}@ |=Q=O pmW|v=mrB QB p=Owo 'QB |=yp=Owo hrDNt

"CU=

OwOL pmW|r}]DUt p=Owo =@ Q@=Q@ CL=Ut =@ pmW|v=mrB R=@ p=Owo |=Q@ Ar
Ar Q=Okt |xv}W}@ u}vJty "CU= xOW pmW|r}]DUt R=@ p=Owo R= QDtm �20 7
�28 9 OwOL pmW|r}]DUt p=Owo =@ Q@=Q@ CL=Ut =@ pmW|FrFt R=@ p=Owo |=Q@
pmW|v=mrB R=@ p=Owo |=Q@Ar Q=Okt |xv}W}@ R}v w 'pmW|r}]DUt R=@ p=Owo R= QDtm
p=Owo R= QDtm �19 8 OwOL pmW|r}]DUt p=Owo R= QDtmCL=Ut w Q@=Q@ |xOa=k =@
u=wD|t QB |=yp=Owo G}=Dv |xOy=Wt =@ u}vJty "CU= xOW pmW|r}]DUt R=@
p=Owo =@ Q@=Q@CL=Ut =@ pmW|v=mrB QB p=Owo |=Q@Ar Q=Okt |xv}W}@ xmCiQo xH}Dv
Q=Okt |xv}W}@ R}v w pmW|r}]DUt QB p=Owo R= QDtm �26 1 OwOL pmW|r}]DUt
�19 4 OwOL pmW|r}]DUt p=Owo =@ Q@=Q@CL=Ut =@pmW|FrFt QB p=Owo |=Q@Ar
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|xa
r=]tQO |Q=vm |=yp=Owo pmW Q}F-=D XwYNQO |YNWt j}kLD xmv; x@ xHwD =@

R=@ |=yp=Owo Q@ RmQtD =@ 'VywSB u}= QO =Pr 'CU=xDiQov CQwY C=W=aDQ= Vy=m
QO |FrFt w '|v=mrB '|r}]DUt |=yp=Owo pmW xU QF= |UQQ@ x@ uD@ R= xOWQB w
|xO}OB |R=UpOt R= Qw_vt u}= |=Q@ w xOW xDN=OQB Q=]k R= |W=v V=aDQ= Vy=m
�Qo =Q}t <=RH=� OwOLt=v/OwOLt <=RH= |OOa VwQ x@ Q=]k CmQL R= |W=v V=aDQ=
xYqN CQwY u}= x@ Ov=wD|t VywSB u}= |=yxDi=} u} QDsyt "CU= xOW xO=iDU=

%OwW
C=QP CmQL� u |xir-wt xm OvyO|t u=Wv G}=Dv 'xDiQoCQwY |OOa p}rLD =@ "1
=@ �s�=k CyH QO l =N C=QP CmQL� w x@ C@Uv �|ki= CyH QO l =N
pmWv w |v=mrB |=yp=Owo R= Qo = xH}Dv QO w OwW|tlryDUt |QDO}OWC@Uv
Q@=Q@ CL=Ut =@ pmW|r}]DUt |=yp=Owo x@ C@Uv C=W=aDQ= 's}vm xO=iDU=

"OwW|t QDtm
p=Owo =@ Q@=Q@ CL=Ut =@ pmW|v=mrB R=@ p=Owo |=Q@ Ar Q=Okt |xv}W}@ "2
u}vJty "OwW|tpmW|r}]DUt R=@ p=Owo R= QDtm �20 7 OwOLpmW|r}]DUt
pmW|r}]DUt p=Owo =@ Q@=Q@ CL=Ut =@ pmWv R=@ p=Owo Ar Q=Okt |xv}W}@

"OwW|t pmW|r}]DUt R=@ p=Owo R= QDtm �28 9 OwOL
CL=Ut w Q@=Q@ |xOa=k =@ pmW|v=mrB R=@ p=Owo |=Q@ Ar Q=Okt |xv}W}@ "3
pmW|r}]DUt R=@ p=Owo R= QDtm �19 8 OwOL pmW|r}]DUt p=Owo R= QDtm

"OwW|t
|=Q@Ar Q=Okt |xv}W}@ xmCiQo xH}Dv u=wD|t QB |=yp=Owo G}=Dv |xOy=Wt =@ "4
�26 1 OwOL pmW|r}]DUt p=Owo =@ Q@=Q@ CL=Ut =@ pmW|v=mrB QB p=Owo

"OwW|t pmW|r}]DUt QB p=Owo R= QDtm
pmW|r}]DUt p=Owo =@ Q@=Q@CL=Ut =@pmW vQB p=Owo |=Q@Ar Q=Okt |xv}W}@ "5

"OwW|t pmW|r}]DUt QB p=Owo R= QDtm �19 4 OwOL
QDtm CL=Ut w Q@=Q@ |xOa=k =@ pmW|v=mrB QB p=Owo |=Q@ Ar Q=Okt |xv}W}@ "6
"OwW|t pmW|r}]DUt QB p=Owo R= QDtm �29 OwOL pmW|r}]DUt p=Owo R=

"pmW|r}]DUt R=@ p=Owo x@ C@Uv R=@ |=yp=Owo `=wv= V=aDQ= OYQO "3 pwOH
V=aDQ= u=R}t

p=Owo `=wv=R=@ p=Owo x@ C@Uv
��� pmW|r}]DUt

�20 73 �3m2 CL=Ut� Q@=Q@ CL=Ut - �pmW|v=mrB� R=@ p=Owo
�28 98 �3m2 CL=Ut� Q@=Q@ CL=Ut - �pmWv� R=@ p=Owo
�19 89 �2 25m2 CL=Ut� Q@=Q@ |xOa=k - �pmW|v=mrB� R=@ p=Owo
9 17 �1 5m2 CL=Ut� Q@=Q@ |xOa=k - �pmWv� R=@ p=Owo

"pmW|r}]DUt QB p=Owo x@ C@Uv QB |=yp=Owo `=wv= V=aDQ= OYQO "4 pwOH
V=aDQ= u=R}t

p=Owo `=wv=QB p=Owo x@ C@Uv
��� pmW|r}]DUt

�26 15 �3m2 CL=Ut� Q@=Q@ CL=Ut - �pmW|v=mrB� QB p=Owo
�19 45 �3m2 CL=Ut� Q@=Q@ CL=Ut - �pmWv� QB p=Owo
�29 05 �2 25m2 CL=Ut� Q@=Q@ |xOa=k - �pmW|v=mrB� QB p=Owo
43 71 �1 5m2 CL=Ut� Q@=Q@ |xOa=k - �pmWv� QB p=Owo

|Q}oxH}Dv "5
?=NDv= T=UL |=yxR=U R= QwO OQ=O u=mt= xm =Hv; =D O}=@ wQDt w uy;x=Q \w]N
l}rtD |=yxv} Ry |xr�Ut w |vwmUt |=yu=tDN=U x@ xHwD =@ Q=m u}= =t= "OvwW
u=mt= u}= =y|UQDUO w =yx=oDU}= CN=U |=Q@ Q_v OQwt |Q=@H= \=kv u}vJty w
|}=yVwQ R= OwW |aU O}=@ =Pr "Ovm|t OwOLt ,=O}OW wQDt w uy;x=Q \w]N QO =Q
|m} xm 'OQm xO=iDU= T=UL |=yxR=U x@ u; p=kDv= Q}Ut QO V=aDQ= Vy=m |=Q@
R= xO=iDU= h=Q]= \}Lt QO Q=]k R= |W=v C=W=aDQ= Vy=m QO QF-wt |=yVwQ R=
CU= u; Q@ |v@t xOWs=Hv= C=k}kLD w &CU=\N |@v=H s} QL QO QB w R=@ |=yp=Owo
"CU= xOW xO=iDU= Qw_vt u}= |=Q@ pmW|r}]DUt |=yp=Owo R= pwtat Qw] x@ xm

=yCWwv=B
1. Hysteretic damping
2. amplitude reduction ratio
3. average amplitude reduction ratio
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