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OwOLt <=RH= j}kO |=ypOt =@ =Q Qvi w sQH |xOW xO=U |=ypOt R= pY=L G}=Dv
G=wt sQH CmQ=Wt u=R}t 'xOW |R=U=OH uR=Nt QO xm OvDi=} QO w OvOQm xU}=kt
|xU}=kt =@ u}vJty "CU}v Q_vhQY p@=k w CU= xHwD p@=k |}xRQr MU=B QO
u=R}t xm OvOQm xOy=Wt OwOLt <=RH= pOt =@ Qvi w sQH |xOW xO=U |=ypOt G}=Dv
'wQ u}= R= "OwW|t OwOLt �10 x@ |vwoS=w Qovr w |WQ@ |wQ}v Q}O=kt QO hqDN=
|}xRQr |L=Q] QO |i=m u=v}t]= =@ u=wD|t =Q Qvi w sQH |xOW xO=U |=ypOt
\w@ Qt `}=t O=R; K]U |}=Hx@=H x@ \w@ Qt G}=Dv 'Qo}O |wU R= =t= &OQ@ Q=m x@ uR=Nt

"OvOw@v j}kO u=OvJ Qvi w sQH |=ypOt QO uyB uR=Nt x@
uR=Nt |R=U=OH Qw_vt x@ O}OH |WwQ [24]'�2019� u=Q=mty w Vvtwm}v
uR=Nt |R=U=OH =yv; QO xm 'G}=Q |=yVwQ hqNQ@ w OvOQm x�=Q= Cq=}U |w=L
s=Hv= s�=k |=DU=Q QO |R=U=OH xOW x�=Q= VwQ QO 'CiQo|t s=Hv= ji= |=DU=Q QO
p}rLD =@ "OvOW|t |R=U=OH |vwoS=w Qovr QF= QO xOW O=H}= s�=k |=ywQ}v w OW|t
O}OH VwQ OQ@ Q=m xm OW xO=O u=Wv uR=Nt G}=Q O=a@= R= |a}Uw |i}] QO |]NQ}e
C@Ft Q=F; w OwW|t uRNt |vwoS=w Qovr xHwD p@=k Vy=m ?Hwt Q}N= |R=U=OH

"O@=}|t Owtv QDW}@ Qeq uR=Nt QO u;

|D=@U=Lt pOt "3
w =QDwyr=t |wU R= xOW x�=Q= pOt |=v@t Q@ pO=at Qvi w sQH pOt 'Q[=L VywSB QO
RmQtDt sQH wO x@ `}=t sQH pm 'QwmPt pOt QO "CU= xOw@ [8]'�2000� Vv=Q=mty
|DNU u=R}t x@ =v@ RmQtDt sQH Qy w s}UkD mc |v=Uwv sQH w mi G=wt sQH %pt=W
"OwW|t pYDt uRNt Q=OH x@ pO=at |=yQo =Q}t w Qvi j} Q] R= '?UDvt |}=Q}t w
pOt QO � CU= xR=U pm uRw R= �5 R= QDtm xm � |Oqwi uRNt Q=OH uRw 'u}vJty
xOW xO=iDU= Qvi w sQH pOt R= l}D=tW Q} wYD '1 pmW QO "CU= xOWv Qw_vt
?}DQD x@ b w i 'c |=yT}Ov= u; QO xm 'OwW|t xOy=Wt C=a}=t uR=Nt p}rLD QO
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"=yu; pmW Q}}eD xwLv w pYDtQ}e |QtwDUq= |=yQo =OH "3 pmW

|=yxkrL xm CU= xO=O u=Wv C=ar=]t "OwW|t xO=iDU= 17 �FRP� |Qt}rB h=}r=
x@ KrUt |QtwDUq= |=yQo =OH =@UFREI |=yQo =OH QO |}=Hx@=H wQ}v Ov=tUB
=yQo =OH s�=k |DNU Ov=wD|t |Qt}rB h=}r= w CU= xU}=kt p@=k |Oqwi |=y jQw

[1]"Ovm u}t-=D =Q
j} Q] R= |WQ@ |wQ}v 'UFREI |=yQo =OH �|}=mD=� pYDtQ}e OQ@ Q=m QO
|DNU x@ xHwD =@ "OwW|t u}t-=D x=ox}mD =@ Qo =OH T=tD QO Kw]U l =m]Y=
|v=kwi xwHw '|WQ@ |wQ}v V}=Ri= =@ 'Qo =OH pYDtQ}e |RQt \}=QW w R}J=v |WtN
pmWQ}}eD u}= xm 'OvwW|t Ovr@ x=ox}mD Kw]U R= |a[wt Qw] x@ Qo =OH |v=DLD w
'=yQo =OH CUQO O=a@= ?=NDv= =@ "Ovt=v|t 18u=Dre x@W pmWQ}}eD =Q OQi x@ QYLvt
Cr=L "Ovm|t ^iL =Q OwN |Q@ Q=@ Qo =OH w CU= Q}PBCWoQ@ u=Drex@W pmWQ}}eD
QO Qo =OH |x}rw= s�=k xwHw u; QO xm CU= |Dr=L 'u=Dre x@W pmWQ}}eD |}=yv
xO=O u=Wv C=ar=]t "OvQ}o Q=Qk |v=DLD w |v=kwi |y=ox}mD Kw]U =@ pt=m T=tD
Ov=wD|t Qo =OH R}v Cr=L u}= R= QD=Qi �50 u=R}t x@ |}=y|}=Hx@=H QO xm CU=
w UFREI |=yQo =OH l}D=tW Q} wYD '3 pmW QO [1]"Ovm ^iL =Q OwN |Q=O}=B

"OwW|t xOy=Wt u=Drex@W pmWQ}}eD

[8]"Qvi w sQH pOt QO =QDwyr=t pOt ?}=Q[ "1 pwOH
H=R �Ti �Tc �mi �mc �hi �hc
0/30 9/28 2/09 0/18 0/82 0/40 0/52
0/50 7/74 1/74 0/30 0/70 0/40 0/54
0/70 6/97 1/60 0/41 0/57 0/40 0/57
1/00 6/36 1/52 0/55 0/45 0/42 0/62
1/50 6/06 1/48 0/69 0/31 0/44 0/69
2/00 6/21 1/48 0/76 0/24 0/45 0/75
2/50 6/56 1/48 0/81 0/19 0/45 0/79
3/00 7/03 1/48 0/84 0/16 0/45 0/83

"OvDUy R=U=OH |}=Q}t C@Uv w |}x} w=R Ot=U@ ?}DQD x@ �b w !b '=yv; QO xm 'CU=

Tb = 2�
r
M
kb

(10)

Cb = 2M!b�b (11)

|}xRQr R=U=OH |=ysDU}U |R=UpOt "4
|Oqwi |=yjQw x@KrUt|QtwDUq= |=yQo =OH '|QtwDUq= |=yQo =OH ẁvu} QDG}=Q
|Oqwi |=yjQw |xDUw}B sy x@ |=yx}q R= ?w=vDt CQwY x@ xm 'OvDUy �SREI�
KrUt |QtwDUq= |=yQo =OH QO '|Oqwi |=yjQw QO "OvwW|t p}mWD QtwDUq= w
s�=k |=yQ=@ R= |W=v QtwDUq= |=yx}q |@v=H VvQm '�SREI� |Oqwi |=yjQw x@
|=ypmWQ}}eD Vy=m w |DNU V}=Ri= Ea=@ wQ u}= R= w Ovvm|t OwOLt =Q |Q=Wi
Qo =OH |@v=H |DNU QO |R}J=v Q}F-=D |Oqwi C=LiY 'u}= OwHw =@ "OvwW|t s�=k
SREI |=yQo =OH|@v=H|DNU |xOvvmu}}aD 'QtwDUq= Kr=Yt|WQ@ pwOt w OvQ=O
|Oqwi |=yjQw |x}@aD =@ 'SREI |=yQo =OH |v=DLD w |v=kwi VN@ QO [25]"CU=
I}B j} Q] R= xR=U x@ Qo =OH p=YD= |=Q@ sRq \}=QW 'QDnQR@ O=a@= w q=@ Ct=N[ =@
"Ovt=v|t pYDt OQ@ Q=m ,=Lq]Y= =Q =yQo =OH OQ@ Q=m ẁv u}= "OwW|t O=H}= xQyt w

"OwW|t xOy=Wt SREI |=yQo =OH <=RH= R= l}D=tW Q} wYD '2 pmW QO
|Wv=tm Q=@ R= |O=} R Q=Okt x@ =yQo =OH Q@ OQ=w s�=k |=yQ=@ xm |DQwY QO
CQwY x@ Ov=wD|t Qo =OH QF-wt |@v=H |DNU Cr=L u}= QO 'OvW=@ QDlJwm Qo =OH

[25]%OwW x@U=Lt 12 |x]@=Q j@=]t C@=F |Q=Okt
K = GA

tr
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trw A 'QtwDUq= Kr=Yt |WQ@ pwOt G 'Qo =OH QF-wt |@v=H |DNU K 'u; QO xm
QtwDUq= |=yx}q pm Ct=N[ w uqB QO Qo =OH |xOW |Q=PoQ=@ CL=Ut ?}DQD x@

"OvDUy
Q}=U w =yu} RQ '=yuewQ 'R} Q Q=}U@ |v@ Qm lwr@ |=y?}mQD R= xO=iDU= =@
|wLv x@ 'OwQ|t q=@ |O=} R Q=}U@ OL =D |}=Q}t 'QtwDUq= Kr=Yt QO xS} w |=yxOvvmQ)B
p@=k OYQO 20 =D 10 u=R}t x@ |}=Q}t C@Uv '�100 pO=at |WQ@ VvQm QO xm
s}kDUt C@Uv Qo =OH |DNU =@ |}=Q}t u=R}t 'Q}N= |xR=@ QO xm 'CU= |@=}CUO

[25 w 11]"OQ=O
|=yQo =OH R= |}xvwo '�UFREI� u@ Qm h=}r= x@ KrUt |QtwDUq= |=yQo =OH
R= |Oqwi |=yjQw |=H x@ 'Qo =OH K}rUD CyH =yv; QO xm 'OvDUy |QtwDUq=
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uR=Nt x@ |r=ta= |=yxrRrR CW=ov ?=DW "7
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|xv}W}@ '=yv; R= l} Qy QO w xDiQo CQwY 4 pwOH j@=]t 21G} QFQwv w 20=D} QB =twr
T=}kt pkF ?=DW Q@=Q@ 0/6 w 0/5 '0/4 '0/3 '0/2 '0/1 Q}O=kt x@ u}tR ?=DW
Cr=L xU QO uyB w Qeq uR=Nt x@ xOW x}yD CW=ov?=DW 18 wQ u}= R= "CU= xOW
p=ta= SREI |=yQo =OH x@ RyHt w UFREI |=yQo =OH x@ RyHt 'Qo =OH uwO@
Q=Owtv R}v '5 pmW QO "Ov=xOW p}rLD w p}mWD |D=@U=Lt pOt 108 ẁtHt QO w
xm ' PGA=0/6 =@ =D} QB =twr |xrRrR x@ \w@ Qt CW=ov?=DW |v=tR |xJN} Q=D

"OwW|t xOy=Wt 'CU= xOQm O=H}= =Q xOW p}rLD |=ypOt QO ?=DR=@ u} QDW}@

CmQL |m}t=v}O CqO=at "8
<=RH= pO=aD T=U= Q@ CmQL |xrO=at 'xOW |iQat pO=at Qvi w sQH pOt T=U= Q@
|}=Hx@=H x |=yQDt=Q=B '=yv; QO xm 'OwW|t u=}@ 21 |r= 16 |=yxrO=at QO pOt
C@Uv =ysQH jr]t |}=Hx@=H Qou=}@ u w Qo =OH |v=kwi R=QD x@ C@Uv =ysQH |@Uv
'G=wt |=ysQH Qov=Wv ?}DQD x@ b w i 'c |=yT}Ov= 'u}vJty "OvDUy u}tR x@
"CU= u}tR |}=Hx@=H Qov=Wv ug w OvDUy uRNt xR=U ?rY sQH w |v=Uwv sQH
u}vJty "OvDUy sDU}U |}=Q}t w |DNU hQat ?}DQD x@ R}v C w K |=yO=tv

"|SQv= lqyDU= |xNQJ R= l}D=tW Q}wYD "4 pmW
"=yQo =OH QO xOW xO=iDU= Kr=Yt C=YNWt "2 pwOH
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|ki= pmWQ}}eD w wQ}v u}@ |x]@=Q 'QwmPt |=yQo =OH u=Drex@W pmWQ}}eD =@
|DNU 'xDiQo CQwY C=ar=]t |=v@t Q@ "Ow@ Oy=wN |]NQ}e CQwY x@ Qo =OH
pwOt G u; QO xm 'OwW|t h} QaD 15 |r= 13 |=yx]@=Q ?r=k QO =yv; |@v=H
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tr
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UFREI |=yQo =OH QO |SQv= lqyDU= |xNQJ 'Q}N= |xOW QmP OQ=wt T=U= Q@
"Ow@ Oy=wN 4 pmW j@=]t SREI w

=yQo =OH QO xOW xO=iDU= Kr=Yt C=YNWt "5
Kr=Yt |rY= |=yQDt=Q=B Q}O=kt '=yQo =OH |R=UpOt Qw_vt x@ 'Q[=L VywSB QO
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Qeq uRNt %S = H=R = 1=85; T b = 2s; �b = �10
"�1994� G} QFQwv (Slender Tank PGA=0/843g)

hqDN= OYQO Q[=L VywSB [11]�2002� O}ov=H w |r=t} QW xOW xU}=kt |=yQDt=Q=B
� 2000 QDwyr=t pOt �1983� uwQ=y pOt pO=at Qvi w sQH |D=@U=Lt pOt
� 4 |x@DQt =Dwm � nv=Q =D@ � lQ=tw}v p}Uv=Qi}O |xrO=at pL VwQ

��2/4 0/843 0/832 F/W (N/N) 'Qo =OH uwO@ uRNt |WQ@ |wQ}v
�6/6 0/409 0/438 F/W (N/N) 'pYDt Qo =OH =@ uRNt |WQ@ |wQ}v
�0/1 76/08 76/12 Xc (Cm) 'Qo =OH uwO@ uRNt QO G=wt sQH |}=Hx@=H
�5 121/87 128/29 Xc (Cm) 'pYDt Qo =OH =@ uRNt QO G=wt sQH |}=Hx@=H

�6/6 39/33 42/25 Xb (Cm) 'pYDt |QtwDUq= Qo =OH =@ uRNt QO uw}U=Ovwi |}=Hx@=H

u=Um} |QtwDUq= O=wt sHL w ẁv =} w u=Um} |R=U=OH u=tOv=Q %Ovv=ty '|irDNt
QmP |}xRQr |=yQo =OH OQmrta |@=} RQ= QO lQDWt |=v@t u=wva x@ u=wD|t =Q : : : w
x@ |QtwDUq= |xO=t sHL w ẁv uOw@ u=Um} 'Q[=L Q=DWwv QO "CiQo Q_v QO xOW
uOw@ Q@=Q@ w l}DUq |WQ@ pwOt uOw@ u=Um} 'Qo}O |DQ=@a x@� =yQo =OH QO xDiQ Q=m
|=v@t u=wva x@ �xOW |UQQ@ Qo =OH ẁv wO QO |QtwDUq= |=yx}q O=a@= w O=OaD
QO uR=Nt |}xRQr |R=U=OH QO =yv; |Q=m u=tOv=Q |@=} RQ= w xU}=kt QO lQDWt
?w=vD |xQwO ?=NDv= '|}xRQr |=yQo =OH KQ] QO s=o u}rw= "CU= xOW xDiQo Q_v
OwW|t x}YwD ,=@r=e xm 'CU= xOw@ KQ] |xrRrR Q]N K]U p=@k QO hOy |R=U=OH
QO =@ =OD@= 'u}=Q@=v@ [25]"OwW xDiQo Q_vQO x}v=F 2 smCUO 'xOW xQ=W= ?w=vD |xQwO
O=a@= w C=YNWt '12 |x]@=Q OQ@ Q=m =@ w x}v=F 2 |R=U=OH ?w=vD u=tR uDiQo Q_v
Ct=N[ w O=OaD '�A� Qo =OH uqB CL=Ut pt=W �SREB ẁv R=� pYDt Qo =OH
=@ 'TBU "CU= xOW u}}aD �G� QtwDUq= |WQ@ pwOt w �tr� u; K}rUD |=yx}q pm
hPL =@ 'QtwDUq= |=yx}q O=OaD w Qo =OH O=a@= 'Kr=Yt C=YNWt uDW=Oxov C@=F
|=yx}q =@ |Oqwi K}rUD C=LiY |v} Ro}=H w |v=kwi w |v=DLD p=YD= |=yjQw
xDi=} p}mWD �UFREI� pYDtQ}e |QtwDUq= ẁv R= pO=at Qo =OH '|Qt}rB h=}r=
xHwD =@ |v=tR |xJN} Q=D |=yp}rLD QO UFREI Qo =OH QF-wt |@v=H |DNU "CU=
"CU= xOW x@U=Lt 13 |xrO=at j@=]t Qo =OH Q@ xOQ=w � |@v=H |=yu=mtQ}}eD x@
'1 pmW QO xOW xO=O u=Wv Qvi w sQH pOt |v=tR |xJN} Q=D |=yp}rLD QO
w xOW pL [21]'sQ=yJ |x@DQt =Dwm � nv=Q VwQ x@ CmQL p}Uv=Qi}O |xrO=at
CUO x@ RmQtDt |=ysQH R= l} Qy x@ \w@ Qt ?=DW w CaQU '|}=Hx@=H Q}O=kt
\}Lt QO |U} wvxt=vQ@ j} Q] R= w |OOa VwQ x@ xr�Ut pL w |R=UpOt "Ov=xOt;
'xOW x}yD ?rDt Om |HvUCLY Qw_vt x@ "CU= xOW s=Hv= 22?rDt Q=Ri=sQv
VywSB C=}@O= QO OwHwt XN=W C=ar=]t G}=Dv =@ u; R= xOt; CUO x@ G}=Dv
xOW x}yD ?rDt Om |=y|HwQN '5 pwOH QO 'xvwtv u=wva x@ "CU= xOW xU}=kt
xOW xU}=kt [11]'�2002� O}ov=H w |r=t} QW C=ar=]t G}=Dv =@ Q[=L VywSB QO
p}rLD R= xOt; CUO x@ G}=Dv QO hqDN= |xv}W}@ 'OwW|t xOy=Wt xJv=vJ "CU=
xOW xO=iDU= Qvi w sQH |=ypOt QO Cw=iD x@ xHwD =@ xm 'CU= �6/6 u=R}t x@

"CU= Q}PBx}HwD
j} Q] R= pYDtQ}e |QtwDUq= |=yQo =OH |WRer |Q=O}=B xmu}= x@ xHwD =@
=Pr 'OwW|t u}t-=D xR=U uw}U=Ovwi =@ Qo =OH |v=kwi K]U u}@ |m =m]Y= |wQ}v
|oOWOvr@ pQDvm 'pYDtQ}e |QtwDUq= |=yQo =OH OQ@ Q=m QO C}ty= R�=L OQ=wt R=
|xOW |U} wvxt=vQ@ Om QO wQ u}= R= "OQ}o Q=Qk xHwD OQwt ,=t=Rr= O}=@ xm 'CU= xR=U
QO xR=U uw}U=Ovwi R=QD QO xOW Qy=_ |WtN Qovr Q=Okt |xv}W}@ 'Q[=L VywSB

"Ov=xOW xO=O u=Wv 1 pmW QO u w x |=yQDt=Q=B
xb = ub � ug ) ub + xb = ug (16)

xc = uc � ub ) uc = xc + ub = xc + xb + ug (17)

xi = ui � ub ) ui = xi + ub + xi + xb + ug (18)

kcxc + cc _xc +mc�xc +mc�xb = �mc�ug (19)

kixi + ci _xi +mi�xi +mi�xb = �mi�ug (20)

kbxb +mb�xb � kcxc � cc _xc � kixi � ci _xc = �mb�ug (21)

|xrO=at pmW x@ 21 |xrO=at '21 |xrO=at QO 20 w 19 CqO=at |Q=Po|=H =@
%OwW|t x@U=Lt 23 |x]@=Q j@=]t mT QDt=Q=B w OwW|t |U} wvR=@ 22

kbxb + cb _xb +mc�xc+mi�xi + (mT )�xb = �(mT )�ug (22)

mT = mc = mi+mb (23)

%25 w 24 |=yxrO=at OvwW u=}@ |U} QD=t pmW x@ Ovv=wD|t 22 w 20 '19 CqO=at

[K] =

0BB@ kc 0 0
0 ki 0
0 0 kb

1CCA ; [C] =

0BB@ cc 0 0
0 ci 0
0 0 cb

1CCA ;

[M ] =

0BB@ mc 0 mc

0 mi mi

mc mi mT

1CCA (24)

[K]fXg+ [C]fXg+ [M ]fXg = �[K]frgug (25)

R}q=tQv xR=U pm sQH Q@ s}UkD =@ xm '=yQo =OH |v=kwi R=QD QO |WQ@ |wQ}v u}vJty
%OwW|t h} QaD 26 |x]@=Q CQwY x@ 'CU= xOW

F = mcuc +miui +mbub
mT

(26)

u; pL VwQ w xr�Ut u}}@D "9
w pYDt |QtwDUq= |=yQo =OH OQmrta |xU}=kt 'Q[=L Q=DWwv |rY= hOy
|=yQDt=Q=B "CU= xOw@ |v}tRwQ C=a}=t uR=Nt |}xRQr |R=U=OH QO pYDtQ}e
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