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|@} QkD Q=Wi |v=tR |xJN} Q=D u=wD|t '1 pmW QO "CW=O Oy=wN x]kv l} QO =Q
"OQm xOy=Wt 'OUQ|t Q_vOQwt |x]kv l} x@ u; Gwt |Dkw =Q Q=Hiv= R= pY=L

u}= =Q} R 'OwW|tv xDiQo Q_v QO ,qwtat |ivt R=i 'Q=Hiv= Q=@ p}rLD w |L=Q] QO
Q=Hiv=C@Ft R=i =@ \=@DQ= QO 'Q=Hiv= QF= QO CQ=UN QDW}@ xmCU= O}}-=D OQwtC}ak=w
OvDUy C@Ft R=i R= QDlJwm Q=}U@ |ivt R=i =@ \@DQt |=yQ=Wi 'u}= Q@ xwqa "CU=
=yu; QF= R= u=wD|t 'OvwW|t p=ta= xR=U x@C@Ft R=i hqNCyH QO xm |}=Hv; R= w
CQwY x@ =yQ=Hiv= 'OW xQ=W= xm xvwou=ty "OQm Q_vhQY u=v}t]=CyH QO xR=U QO
CQwYx@ u}tR =@ OQwNQ@ QF= QO Q=Hiv= Gwt "OvQ}PB|t CQwY |wQms}v w |wQm

"Ovm|t OQwNQ@ xR=U x@ w CmQL h=Q]= CtU x@ TBU w O};|t QO |wQms}v
u=R}t 'OwW ZQi ?rY CQwYx@ u}tR xm |DQwY QO '|wQms}v |=yQ=Hiv= QO
x@ C}ak=w QO =t= "Ow@ Oy=wN |wQm Q=Hiv= Q@=Q@ wO ,=k}kO Q=Hiv= R= pY=L Q=Wi xi=[=
1 8 |r= 1 7 u}@ Q=Wi u=R}t 'u; j} Q] R= Gwt p=kDv= w u}tR |Q}PBh=]av= Cra
QO u=tDN=U |} wrH K]U R= xOW Tmavt Q=Wi [4]"Ow@ Oy=wN |wQm Cr=L Q@=Q@
xR=H= xO}OB u}= "Ci=} Oy=wN Vy=m QwQt x@ u; s=@ w h=Q]= |=yRQt R= =wy Qw@a QF=
=@ Q@=Q@ u; u=R}t w O@=} Vy=m |O=} R Q=}U@ CaQU =@ xDi=}?=DR=@ Q=Wi xm OyO|t
Kq]Y= QO =Q QwmPt |xO}OB |=Q@ sRq u=tR "OwW |m}t=v}O w Q=@ QU Q=Wi ẁtHt
|xO=t ẁv 'xR=U |xUOvy %uwJty '|irDNt pt=wa x@ xm Ovt=v|t |v}WvwQi u=tR
COW "OQ=O |oDU@ Q_vOQwt |xR=U =D Q=Hiv= |x]kv |xrY=i w u; u=R}t 'xQHivt
|xO=t Q=Okt |rY= pt=a wO x@ R}v x]kv l} QO xOW O}rwD Q=Wi Q=Okt w Q=Hiv= Gwt
Q=Wi "OQ=O |oDU@ Q_vOQwt |x]kv =D Q=Hiv= pLt |xrY=i w xDiQ Q=mx@ |xQHivt
|m}t=v}O Q=Wi =t= 'OwW|t QWDvt =[i QO CaQU x@ |Q=Wi Gwt CQwYx@ Q=@ QU
O=H}= |QDtm CaQU =@ Q=Hiv= |Q=Wi Gwt CmQL CyH QO =wy u=} QH R= pY=L
w OQ=O Q=@ QU Q=Wi =@ xOta Cw=iD l} |rw &Ovm|t p=ta= xR=U Q@ =Q |Q=@ w OwW|t
[4]"Ot=Hv= pw] x@ x}v=F 3 |r= 2 Ov=wD|t u=tR COt u}= "CU= VQF= u=tR COt u;
%OQm xOy=Wt u=wD|t =Q Q=Hiv= Q=@ u=R}t |x@U=Lt =@ \@DQt pL=Qt '|Oa@ VN@ QO
Q=Hiv= |x]kv |xrY=i u=R}t u}vJty w �W� xQHivt |xO=t u=R}t w ẁv u}tND "1

"�R� xR=U |wQ Q@ Q_vOQwt |x]kv =D
|xrY=i |x@U=Lt w hrDNt |=yxOwOLt x@ Q_vOQwt |rY= K]U |Ov@s}UkD "2

"K]U Qy |=Q@ �Z� xOW p=tQv
G=QNDU= 2 pmW R= Q=Hiv= Q=@ |xOW T=}kt Q}O=kt |x}rm 'Q=Hiv= ẁv T=U=Q@ "3

[1]"Q=Hiv= R= |W=v Q=Wi |v=tR |xJN} Q=D "1 pmW
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"""x
OW

|R=
Uy@

|vD
@|

=yxR
=UO

Qmrt
a|

xU}
=kt"u=tDN=U |}wrH |=tv hrDNt |L=wv QO xOW xDiQo Q_v QO Q=Hiv= |Q=PoQ=@ C=YNWt "1 pwOH

tC Cr tof trf t0 ta is ir Pr Pso Z x}L=v
20 2 0 846 2 0 2 4 18 6 5 3 1996 6684 5476 975 1 16 1 �3�
18 2 0 940 1 8 2 2 17 5 4 7 2079 7297 6716 1163 1 08 2
21 1 0 811 2 1 2 5 19 5 5 7 1931 6387 5147 905 1 20 4 �6�
19 2 0 891 1 9 2 3 18 1 5 1 2042 6981 6146 1065 1 12 5
23 7 0 721 2 5 2 8 19 9 6 9 1782 5598 3945 725 1 33 7 �9�
22 1 0 772 2 3 2 8 19 9 6 4 1884 6025 4349 828 1 26 8
27 2 0 628 3 0 3 7 19 3 8 7 1597 4716 2576 540 1 51 10 �12�
25 7 0 666 2 6 3 1 19 7 8 1 1625 4864 3105 616 1 45 11
30 7 0 557 3 6 4 8 18 5 11 1 1430 4010 1669 398 1 74 13 �15�
29 9 0 572 3 4 4 5 18 5 10 6 1467 4085 1810 428 1 68 14

xOW XNWt |=yx}L=v |wQ Q@ Q=Hiv= R= pY=L Q=Wi |v=tR |xJN} Q=D "4 pmW
"xR=U |wQ

Q=Hiv=C@Ft R=i QF= QO xR=U Q@ xOQ=w |xDi=}?=DR=@ |x@ Q[ pm u=R}t Q@=Q@ ir 'u; QO xm
Q=Hiv= Q=@ |=Q@ 'u}=Q@=v@ "CU= Q=Hiv= QF= QO xDi=}?=DR=@ |xv}W}@ Q=Wi Q@=Q@ Pr w
QDl}ORv Q=Hiv= |=Q@ |ak=w Q=@ u=R}t x@ xm |Dr=L %OQ=O OwHw Cr=L wO xR=U Q@ OQ=w
1 pwOH ltm x@ "Ovm p=ta= xR=U Q@ =Q |QDtm |x@ Q[ xm CU= |Dr=L u=ty 'CU=
'hrDNt |=yx}L=v QO Q=Wi |v=tR |xJN} Q=D T=U=Q@ =Q Cr=L wO Q=Owtv u=wD|t
hrDNt |=yx}L=v |Q=PoxQ=tW "OQm s}UQD 'OwW|t xOy=Wt 4 pmW QO xm xvwou=ty

"CU= xOW xO=O u=Wv 5 pmW QO
ltm w �Z� xOW T=}kt |xrY=i QDt=Q=B T=U=Q@ 1 pwOH QO xOW QmP Q}O=kt
|=Q@ Q=Owtv wO 'C=L}[wD j@] T=U= u}= Q@ "Ov=xOW x@U=Lt 2 pmW R= uDiQo
QO |ak=w |x@ Q[ Q=Owtv u=wvax@ QDtm |x@ Q[ =@ Q=Owtv xm 'Ot; CUO x@ x@ Q[

"OQm xOy=Wt 4 pmW QO =Q u; u=wD|t xm 'OW xDiQo Q_v

Q_vOQwt u=tDN=U |}xR=U pOt "2"2
'CU= xOW xDiQo Q_v QO xS} w |vD@ |WtN ?=k ẁv R= OwHwt u=tDN=U |}xR=U pOt
ẁv R= �6 pmW� QwmPt |xR=U pOt "OQ=O Q=Qk q=@ C}ty= =@ |=yxR=U |xOQ QO xm

|xOQt |=yQ=@ "Ow@ �QDt 3 `=iDQ= =@� xk@] 5 w �QDt 4 ZQa =@� xv=yO 3 w |Oa@xU
3 kN=m2 u=R}t x@ =yp=O Q@ OQ=w |i=[= |xOQDUo Q=@ CQwYx@ u=tDN=U Q@ OQ=w
|xR=U |}xRQr |L=Q] "OvOW xDiQo Q_v QO 5 kN=m2 u=R}t x@ =yu; |xOvR Q=@ w
QO QF-wt w sw=kt |}xR=U xm CiQ}PB CQwY pO=at |m}D=DU= VwQ T=U=Q@ QwmPt

u=tDN=U |} wrH |xQ=w}O 'Ovm|t OQwNQ@ =Hv; x@ Q=Hiv= Gwt xm |L]U u}rw=
|x@U=Lt 'Q=Hiv= QF= QO xR=U Q@ xOQ=w Q=Wi u=R}t |x@U=Lt |=Q@ s=o u}rw= "CU=
CmQL =@ xQ=w}O u}= Q@ OQ=w Q=Wi "CU= Q=Hiv= Gwt T=mav= |x_Lr QO Q=Wi u=R}t
'tA+ tc u=tR COt QO w O@=}|t Vy=m G} QODx@ K]U R= xDi=} T=mav= Q=Hiv= Gwt
Q=Wi 'x_Lr u}= R= TB "O@=}|t Vy=m |yHwD p@=k u=R}t x@ K]U Q@ OQ=w Q=Wi
Q=Hiv= Q=Wi w u=tDN=U Q@ OQ=w |m}t=v}O Q=Wi R= |@}mQD QF= QO u=tDN=U Q@ OQ=w

%OwW|t h} QaD 1 |x]@=Q CQwYx@ w x@U=Lt
P = Ps + CDq (1)

|} wrH |xQ=w}O |=Q@ xm CU= n =QO ?} Q[ CD w Q=Hiv= Q=Wi Ps 'u; QO xm
u=tDN=U Q@ OQ=w|m}t=v}O Q=Wi u=wvax@ R}v q "OwW|t xDiQo Q_v QO 1 Q@=Q@ u=tDN=U

%OQm x@U=Lt 2 |x]@=Q ltm x@ u=wD|t R}v =Q tC OwW|t xDiQo Q_v QO
tC = 4S

(1 +R)Cr
(2)

"CU= u; `=iDQ= =} w u=tDN=U ZQa hYv Q=Okt u} QDlJwm =@ Q@=Q@ S 'u; QO xm
G xm CU= S=G Q@=Q@ R w xDi=} ?=DR=@ |=wy QO CwY CaQU Qov=}@ R}v Cr

"CU= u; `=iDQ= =} w u=tDN=U ZQa hYv Q=Okt u} QDnQR@ Qov=}@
Q=Wi w Q=Hiv= Q=Wi CtUk QO xR=U Q@ xOQ=w Q=Wi Q=Owtv |R=UxO=U |=Q@
u=tR 'QwmPt ZQi T=U=Q@ xm &CU= xOW ZQi |FrFt QwmPt Q=Owtv '|m}t=v}O
x@U=Lt 3 |x]@=Q R= xO=iDU= =@ xm OwW|t u} Ro}=H tof =@ t0 Q=Hiv= C@Ft R=i

%OwW|t
tof = 2 is

Pso
(3)

Q@=Q@ Ps w Q=Hiv= C@Ft R=i QF= QO xR=U Q@ xOQ=w |x@ Q[ u=R}t Q@=Q@ is 'u; QO xm
Qw[L QO xm Ov=xO=O u=Wv =yV}=tR; "CU= Q=Hiv= R= pY=L |xv}W}@ Q=@ QU Q=Wi
|Qw] x@ 'CU= x=Dwm Q=}U@ Q=Hiv= C@Ft R=i u=tR COt 'q=@ Q=}U@ Q=Hiv= |=yQ=Wi
CU= u; |xOvyOu=Wv Ck}kL u}= "OwW|t QDtm R}v tC R= |DL tof u=tR xm
OW Oy=wN p=ta= xR=U Q@ C}=yv|@ K]U R= xDi=}?=DR=@ Gwt CQwYx@ Q=Hiv= xm
|Q=Wi Gwt l} 'u}=Q@=v@ �"CW=O Oy=wNv Gwt u=R}t QO |Q}F-=D I}y xR=U |xUOvy�
COt "OwW OQ=w xR=U Q@ xDi=} ?=DR=@ Gwt |x@ Q[ u=R}t T=U=Q@ Ov=wD|t R}v Qo}O

%OW Oy=wN x@U=Lt 4 |x]@=Q CQwYx@ R}v xR=U Q@ Gwt u}= p=ta= u=tR
trf = 2 ir

Pr
(4)
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1|

xQ=t
W'

35
�2

|xQ
wO'

�13
98

R}}=B
�h

}QW
u=Qt

a|
UOv

yt x}L=v Qy =@ \@DQt |v=tR |xJN} Q=D 'xR=U Q@ OQ=w |Q=Wi |=yQ=@ p=ta= CyH
CN=wvm} CQwYx@ |Q=@ R}v C}=yvQO "CU= xOW |iQat SAP Q=Ri=sQv \}Lt QO
Qy QO u; =@ Q_=vDt |v=tR |xJN} Q=D w OQ=w x}L=v Qy QO xOQ=w Q=Wi =@ CyHsy
\}=QW p=ta= R= TB O}=@ Q=Hiv= Q=@ xm CW=O xHwD O}=@ "OW xO=O X=YDN= x}L=v
EL@t T=U=Q@ |OQmrta\}=QW u}= "OwW p=ta= u; Q@ Q_vOQwt |xR=U Q@ |OQmrta

"CU= xOW p=ta= xR=U Q@ u=tDN=U |rt C=QQkt 6

Q=Hiv= Q@=Q@ QO xR=U |R=Usw=kt "3
xO=iDU= Q=Hiv= Q=@ Q@=Q@ QO =yxR=U |R=Usw=kt |=Q@ CU= umtt |Q=}U@ |=yVwQ
=yxOvvmCNU =} w '=yQo =Q}t '|}xRQr |=yQo =OH R= xO=iDU= Ovv=t |}=yVwQ 'OvwW
|=yQ=R@= OQmrta |xar=]t QO xm |}=yQDt=Q=B "�|vD@ =} |Oqwi |WQ@ |=yQ=w}O Ovv=t�
u}ov=}t QwPHt '�J1� x}=B |xv}W}@|}=Hx@=H pt=W 'OvwW|t|UQQ@ p=aiQ}e pQDvm
QwPHt |xv}W}@ '�J3� xR=U QOCi} QO u=R}t |xv}W}@ '�J2� x}=B |}=Hx@=H C=a@ Qt
'�J5� xR=U QO jr]t ?=DW |xv}W}@ '�J4� xR=U QO Ci} QO C=a@ Qt u}ov=}t
u=R}t |xv}W}@ w �J6� xR=U QO jr]t ?=DW C=a@ Qt u}ov=}t QwPHt |xv}W}@
QO "�11 |r= 5 \@=wQ� OvDUy Q=Hiv= Q=@ p=ta= u}L �J7� xR=U QO x}=B VQ@
"Ov=xOW |UQQ@ w EL@ |}xRQr Qo =OH w RwmU} w p=}U Qo =Q}t \ki 'Q[=L VywSB
|xOW G=QNDU= |=yMU=B T=U=Q@ J6 w 'J5 'J4 'J3 |OQmrta |=yQDt=Q=B
|xU}=kt w |UQQ@ CyH "Ov=xOW x@U=Lt 3?rDt \}Lt QO xk@] Qy R= xR=U
xU}=kt w xO=iDU= |OQmrta |=yQDt=Q=B 'xR=U QO xDiQQ=m x@ p=aiQ}e pQDvm |=yVwQ

%Ov=xOW
J1 = max

t2[0;t1]
jjd0(t)jj (5)

J2 = max
t2[0;t1]

jjRMS[d0(t)]jj (6)

J3 = max
�
i=1!nmax
t2[0;t1]

jjdi(t)jj
�

(7)

J4 = max
�
i=1!nmax
t2[0;t1]

jjRMS[di(t)]jj
�

(8)

J5 = max
�
i=1!nmax
t2[0;t1]

jjai(t)jj
�

(9)

J6 = max
�
i=1!nmax
t2[0;t1]

jjRMS[ai(t)]jj
�

(10)

J7 = max
t2[0;t1]

jjV0(t)jj (11)

C=k@] jr]t ?=DW |xOv}=tv a 'C=k@] |@Uv |}=Hx@=H |xOv}=tv d '=yu; QO xm
|xv}W}@ u=R}t |xOv}=tv J5 w J3 |=yQDt=Q=B "OvDUy x}=B VQ@ |xOv}=tv V w
|=yQDt=Q=B 'u}vJty "CU= xR=U C=k@] pm QO jr]t ?=DW w |@Uv |}=Hx@=H
u}ov=}t xm CU= |}xk@] QO jr]t ?=DW w |}=Hx@=H u}ov=}t |xOv}=tv J6 w J4
'p=aiQ}e pQDvm Q=R@= xvwoI}y uwO@ xOWv |R=Uy@ ?=k |xR=U QO "OwW xv}W}@ 'QwmPt

"OvDUy 2 pwOH CQwYx@ |OQmrta |=yQDt=Q=B
"p=aiQ}e pQDvm Q=R@= uwO@ xOWv |R=Uy@ ?=k |xR=U |OQmrta |=yQ=}at "2 pwOH

J1(mm) J2(mm) J3(�) J4(�) J5(g) J6(g) J7(kN)

� � 3 16 1 83 2 83 0 22 3974 2

"Q=Hiv= Q=@ |x@U=Lt CyH xR=U |wrH |=tv |Ov@x}L=v "5 pmW

"u=tDN=U |Oa@ xU |}xR=U pOt R= |}=tv "6 pmW

pOt =@ xR=U <=[a= `]=kt 'xOW xDiQo Q_v QO |vD@ pOt QO "OW=@|t xrRrR Q@=Q@
`]=kt VwQ |=v@t Q@ =yQ}D w =yuwDU |=Q@ |Q}tN pY=it w 1QOvt |xOW QwYLt
x@ xR=U Kr=Yt C=YNWt "Ov=xOW xDiQo Q_v QO =[a= |}=yDv= QU wO QO 2Q@}=i
"CU= p=mU=B=ot 4000 Ctw=kt =@ Oqwi w p=mU=B=ot 28 Ctw=kt =@ uD@ CQwY
pO=at |@} Q[ 'Q=Hiv= Q=@ CLD xR=U QO VvQm OWQ MQv uOw@ q=@ p}rO x@ 'u}vJty
Q=Hiv= Q=@ [20]"CU= xOW Qw_vt xR=U QO xDiQ Q=mx@ uD@ Ctw=kt xi=[= |=Q@ 1 25
x@ xQHivt |xO=t ptL u=wD xm CU= xOW ?=NDv= uw |wQOwN C}iQ_ |=v@t Q@
x@ |}=yQ=@ Q@=Q@ QO =yu=tDN=U |L=Q] s=ovy QO ,qwtat "OQ=O =Q sQowr}m 680 u=R}t
Cw=iDt |tm xr�Ut =t= 'Q=Hiv= OQwt QO "OwW|t pta q=@CUO CQwYx@ Q=Hiv= RH
'Kr=Yt C}i}m 'xDiQ Q=mx@ |L=Q] VwQ 'Q=Hiv= Gwt |xDU=wN=v T=mav= "CU=
X=N |xR=U Qy |=Q@ xm OvDUy |OQ=wt R= u}tR =@ xR=U VvmQOv= w xR=U CN=U
1 2 u=R}t R= xm CU= xOW x}YwD Cq=kt w =yxt=vu}}; QO "Ow@ Oy=wN Cw=iDt
QO OwHwt |=yC}a]k sOa Cra x@ xOW xDiQo Q_v QO |xQHivt |xO=t Q=Okt Q@=Q@

"OwW xO=iDU= p}rLD w |L=Q]
C=@U=Lt QO TNT |xO=t sQowr}m 800 pO=at |xQHivt |xO=t Q=Okt wQu}= R=
"OyO MQ |rY= |xR=U CtU l} QO Q=Hiv= xm OW ZQi w Q=Hiv= Q=@ x@ \w@ Qt
QF= R= w |UQQ@ xR=U |} wrH |=tv |wQ Q@ Q=Hiv= Gwt QF= \ki Q=Hiv= |Q=PoQ=@ QO
OQ=w |=yQ=@ "OW Q_vhQY u=tDN=U |=yxQ=vm w CWB 's=@ R=QD QO u; |Q=Wi Gwt
xR=U R= |QDt 10 |xrY=i QO TNT |xO=t sQowr}m 800 Q=Hiv= T=U=Q@ xR=U Q@

"OvOW x@U=Lt
Q=@ |R=UpOt "OQm xOy=Wt =Q xR=U |wrH |=tv |Ov@x}L=v u=wD|t 6 pmW QO
|UQQ@ w EL@ |r}tmD CQwYx@ p@k VN@ QO xrLQt x@ xrLQt CQwYx@ Q=Hiv=
|} wrH |=tv |xOW xDiQo Q_v QO |=yx}L=v |=Q@ Q=Hiv= |=yQDt=Q=B '1 pwOH QO "OW
CQwYx@ R}v x}L=v Qy Q@ OQ=w Q=Wi |v=tR |xJN} Q=D "CU= xOW x�=Q= V}=tv xR=U

"OwW|t xOy=Wt 4 pmW QO |rm
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xU}
=ktp}v |=Q@ kN:s=m ?UL Q@ xk@] Qy QO R=}vOQwt pO=at |}=Q}t u=R}t "3 pwOH

"hOy |}=Q}t OYQO x@
' xk@]���25� ���20� ���15� ���10� ���5�

4782 3826 2869 1913 956 1
6817 5453 4090 2727 1363 2
7094 5676 4257 2838 1419 3
5692 4554 3415 2277 1138 4
4429 3543 2657 1772 886 5
28814 23052 17289 11526 5763 P

"?=k l} QO |rY= |xR=U QO Qo =Q}t |Q=Po|=H "7 pmW

G8w?8|=ypmWQO "OwW|UQQ@C=k@]|x}rm QO wjr]tCQwYx@O}=@ R}v?=DW
?=DW C=a@ Qt u}ov=}t QwPHt |xv}W}@ w xR=U pm |xv}W}@ jr]t ?=DW ?}DQD x@
u}= x@ u=wD|t 8 pmW |UQQ@ =@ "OwW|t xOy=Wt Cw=iDt |=yR=QD QO xR=U jr]t
'RwmU} w p=}U |=yQo =Q}t QF= QO xR=U |xv}W}@ jr]t |=y?=DW xm OQm xQ=W= xDmv
=Q |R=Uxv}y@ pta u=wD|t =Hv}= QO =t= "Ov@=}|t V}=Ri= pO=at |}=Q}t V}=Ri= =@
Q_vOQwt |xv}W}@ jr]t ?=DW uOQw; CUO x@ |=Q@ hOy |}=Q}t OYQO w O=O s=Hv=
=Hv; R= "OQw; CUO x@ 'OvwW xR=U uwQO =}W= w =yu=Uv= x@ O}OW ?}U; `v=t xm =Q
O@=}|t V}=Ri= |Q}osWJ Qw] x@ R}v xR=U Q@ OQ=w |x}=B VQ@ '|}=Q}t V}=Ri= =@ xm
x@ xHwD =@ O}=@ ?U=vt |}=Q}t OYQO ?=NDv= xm CiQo xH}Dv u=wD|t '�O8 pmW�
"OQ}o CQwY =yu; x@ pYDt |B w =yuwDU pt=W xR=U QO xDiQQ=m x@ <=[a= C}iQ_
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Sti�ness Variation

6 5 5 5 4 5 4 3 5 3
4560 4180 3800 3420 3040 2660 2280

78 72 65 59 52 46 39 ��25
90 83 75 68 60 53 45 ��12 5
102 94 85 77 68 60 51 �0
114 105 95 86 76 67 57 �12 5
126 116 105 95 84 0 74 63 �25
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hQ] R= =t= "OW Oy=wN OQ=w xR=U |B w =[a= x@ |QDtm |wQ}v 'Q=Hiv= |wQ}v QF=

"CW=O Oy=wN |Q}osWJ V}=Ri= 'xR=U |x}=B R=QD |=y|}=Hx@=H 'Qo}O
|=v@t Q@ 'CU= XNWt =ypmW QO xm xvwou=ty =Q Qo =OH ?=NDv= O}=@ u=}=B QO
|}=Hx@=H "OQm ?=NDv= x}=B R=QD |xv}W}@ |}=Hx@=H w xR=U |xv}W}@ |@Uv |}=Hx@=H
x@ w OyO|t x�=Q= |}xRQr Qo =OH w xR=U |rm |Q=O}=B |=Q@ |Q=}at 'x}=B R=QD |xv}W}@
"Ovm|t xOWxOR u}tND Q=@ Q@=Q@ QO ?U=vt |DNU ?=NDv= |=Q@ |v=}=W ltm K=Q]
u}= QO "OQ}o|t Q_v QO =Q xR=Ul} C=k@] |Q=O}=B R}v xR=U |xv}W}@|@Uv|}=Hx@=H
u=R}t 4 5 |DNU?} Q[ xm OQm xOy=Wt u=wD|t 'CU= xOW |UQQ@ xm X=N OQwt
"CU=?U=vt Q=}U@ 'C=k@]|Q=O}=B pQDvm|=Q@ xmOvm|t OwOLt�2 x@ =Q QwmPt QDt=Q=B

|Q}oxH}Dv "4
Q=Hiv= Q=@ Q@=Q@ QO |}xRQr |=yMU=B Vy=m QO Ot;Q=m VwQ wO 'Q[=L Q=DWwv QO
u=Wv Q=Hiv= |=yMU=B Vy=m QO "CU= xOW |UQQ@ w EL@ =yu; G}=Dv w xar=]t
Vy=m QO Ovv=wD|t |D@Ft Q=}U@ Q=F; RwmU} w p=}U |=yQo =Q}t xm CU= xOW xO=O
"OvQ=Ov =Q Q=Hiv= Q=@ R= pY=L VQ@ Vy=m |}=v=wD =yu; =t= &OvW=@ xDW=O =yMU=B
QO �|Ov@ Q=yt Q}Ut QO� |DvU CQwYx@ QwmPt |=yQo =Q}t R= xO=iDU= u}vJty

=yCWwv=B
1. con�ned mander

2. �ber section
3. Matlab
4. damper (exponential)
5. plastic(wen)
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