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[13�11]"�1 pmW�

[17w10]"s}kDUt u=mt Q}}eD T=U=Q@ |L=Q] |v=@t "1 pmW

OQmrta x@ |@=}CUO |=Q@ QDW}@ u=v}t]= CyH u} Ro}=H |=yOQm} wQ x@ R=}v xm
Q=DiQ ,=t}kDUt xm CU= |WwQ 'p;xO}= |L=Q] VwQ l} "OwW|t T=UL= ?wr]t
C}iQ_ |xv}W}@ x@ xm Ovm |L=Q] |}xvwox@ =Q `]=kt w OQ}o Q_v QO =Q u=UWmQ}e
O}=@ QwmPt pY=it p}mWD pLt xD@r= &�OwW p}mWD |Q}tN pYit� OvUQ@ OwN
w |a[wt |Q=O}=B=v ?Hwt =D 'OW=@ QwO |@U=vt Q=Okt x@ |ak=w p=YD= pLt R=
Q[=L VywSB h=Oy= 'xOW KQ]t |xr�Ut x@ xHwD =@ u}=Q@=v@ [6]"OwWv xR=U |rm

%R= Ov=CQ=@a
w wQ}v '|SQv= 's}kDUt u=mt Q}}eD %|=yVwQ =@ xar=]t OQwt |=ypOt |L=Q] ��

&|Q}tN pYit O=ONQ
&|]NQ}e|v=tR|xJN} Q=Dp}rLDVwQ =@ QwmPt|xOW|L=Q]|=ypOtp}rLD ��
Q}O=kt Ovv=t� xar=]t OQwt |=ypOt p}rLD R= pY=L G}=Dv |xU}=kt w |@=} RQ= ��
|@v=H u=mt Q}}eD |v=tR |xJN} Q=D |UQQ@ w ?w=vD |xQwO Q}O=kt 'x}=B VQ@

&xOW QmP |L=Q] |=yVwQ l}miD x@ �s=@
pQDvm CyH� s=@ R=Ht |@v=H u=mt Q}}eD |xv}W}@ |=Q@ O}OH |}x]@=Q |x�=Q= ��

"�|L=Q] R= TB xR=U Q=DiQ

|UQQ@ OQwt |L=Q] |=yVwQ |rm ?wJQ=J "2
�Ctw=kt Q=}at� wQ}v VwQ "1"2

u}= "CU= xDiQ Q=mx@ uwvm =D xm CU= |}xRQr |L=Q] VwQ u} QDpwtat 'wQ}v VwQ
|}xRQr |=yQ=@ Q@=Q@ QO xR=U |=Q@ |@v=H Ctw=kt |xv}tm l} u}t-=D |=v@t Q@ VwQ
QDW}@ =Q u=UWmQ}e |=y|}=Hx@=H,qwtat wQ}v VwQ 'C=ar=]t |NQ@ T=U=Q@ "CU=

[7]"OvR|t u}tND |ak=w Q=Okt R=
C@=F =Q |}xk@] uwQO Ci} QO w |}=Hx@=H |xv}W}@ p}iwQB 'wQ}v VwQ u}vJty
xrRrR |@v=HQ=@ |x@U=Lt |=Q@ [8w3]"CU= CUQO=v C}ak=w QO xm OQ}o|t Q_v QO
QO xOW O=H}= ?=DW |Q@=Q@ ZQi =@ w uDw}v swO uwv=k T=U=Q@ '1930 p=U QO
|L=Q] T=U= R}v uwvm =D xm OW G=QNDU= 1 |x]@=Q 'u}tR ?=DW =@ ?rY |xR=U

[8]%CU= xrRrR Q@=Q@ QO
V = C:W (1)

'|Q}PBpmW 'xrRrR O=ONQ p=tDL= x@ xHwD =@ �xrRrR ?} Q[� C QDt=Q=B 'u; QO xm
0 1 syt |=yxR=U |=Q@ '=yu; QO |SQv= ?PH C}iQ_ w =yxR=U |a=HDQ=Q}e Q=DiQ
sra CiQW}B =@ Oa@ p=U xO "CU= xOW O=yvW}B 0 08 |rwtat |=yxR=U |=Q@ w
?} Q[ '=yxR=U Q@ OQ=w |wQ}v u=R}t QO ?w=vD |xQwO Q}F-=D lQO w =yxR=U l}t=v}O
uO=O QF= =@ C ?} Q[ u}}aD QO '1949 p=U QO "OW h} QaD 2 |x]@=Q CQwYx@ C
xrRrR ?} Q[ u}}aD |x]@=Q w OW xt=vu}}; OQ=w xk]vt |R}NxRQr QF= 'Z ?} Q[
|}xD}tm 'xrRrR ?} Q[ |x]@=Q KqY= |xt=O= QO "OW KqY= 3 |x]@=Q CQwYx@
QO 'Q[=L p=L QO OvOQm O=yvW}B =Q 4 |x]@=Q ASCE w SEAOC R= lQDWt
?} Q[ Q=Okt sy �2800 OQ=Ov=DU=� xrRrR Q@=Q@ QO =yu=tDN=U |L=Q] |xt=vu}};

%O};|t CUOx@ 5 |x]@=Q R= C
C = 0=6

N + 4=5 (2)

C = Z 0=5
N + 4=5 (3)

100



4/
2|

xQ=t
W'

33
�2

|xQ
wO'

�13
96

u=DU
tR�

h}
QW

u=Qt
a|

UOv
yt lJwm KrUt uD@ |=y?=k w u=RQr R}t G}=Dv R= xO=iDU= =@ [24]'uRwU w u=mrwo

QF-wt |}=Q}t |=Q@ =Q 14 |x]@=Q '=Om =D l}DQU}y pOt |R=Ux}@W R}v w xOW T=}kt
%OvO=O x�=Q=

�eq = �0 + 2
�

1� 1p�
�

(14)

MU=B T=U=Q@ QF-wt |]N |=yQDt=Q=B R= |}xawtHt O=yvW}B =@ R}v [25]'u=w}=
x�=Q= QF-wt |}=Q}t |=Q@ =Q 15 |x]@=Q 'xrRrR |=ylQLt QF= QO l}DQDU}y |=ysDU}U

%O=O
�eq = �0 + 0=0587(�� 1)0=371 (15)

|=Q@ |]NQ}e |=ysDU}U u=mt Q}}eD |xv}W}@ QO Cv=mU |DNU R= [26]'|mUr=wm
QF-wt |}=Q}t |=Q@ =Q 16 |x]@=Q w xO=iDU= pO=at |]N sDU}U ?w=vD u=tR h} QaD

%OQm x�=Q=
�eq = �0 + 1

�

�
1� 1� �p� � �p�

�
(16)

=@ w |v=H |vt}= OQmrta K]U CyH =yxR=U |L=Q] Qw_vt x@ R}v [27]'|v=D=
%CU= xOQm x�=Q= =Q 17 |x]@=Q '�5 Q=Oktx@ xR=U |a=HDQ= |}=Q}t Q=Okt ZQi

�eq = 0=05 +
�

1� 1p�
�

(17)

QF-wt ?w=vD u=tR w |}=Q}t C@Uv uOQw; CUO x@ Qw_vtx@ [28]'|} wmU= u}vJty
CiQo Q_v QO =Q \UwDt |Q}PBpmW =@ KrUt uD@ ?=k OvJ 'KrUt uD@ |=yxR=U
=Q pO=at RwmU} w |}=Q}t w |Q}PBpmW |x]@=Q |=Q@|vLvt u} QD?U=vt 'C}=yvQO w

%OQm x�=Q= 18 |x]@=Q CQwYx@
�eq = 0=05 + 0=0412 ln(1=204�� 0=203)2 � 0 00006�3

(18)

|xJN} Q=D |]NQ}e |m}t=v}O |=yp}rLD |xOQDUo s=Hv= =@ R}v |rDU} QB
|}=Q}t |=Q@ |Q}PBpmW x@ xDU@=w u=UWm RwmU} w |}=Q}t |rm |x]@=Q x@ '|v=tR
w |Q}PBpmW ?} Q[ � 'u; QO xm [29w11]&�19 |x]@=Q� Ci=}CUO �5 |a=HDQ=
T} RQDU}y u}v=wk x@ xDU@=w u; Q=Okt w OQ=O 0 7 =D 0 1 u}@ |Q=Okt C3 ?} Q[
?} Q[ Q=Okt '|Oqwi |=yxR=U |=Q@ |rDUQB "CU= |L=Q] CUO QO |xR=U ẁv
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T=U=Q@ "OQ=O j=OYt 'CU= xOt;CUOx@ x@=Wt COW =@ |=yxrRrR MU=Bh}] OvJ
u=}@ u}= R= V}B xm Qw]u=ty sDU}U l} |=Q@ |OwQw |SQv= |xv}W}@ 'QwmPt ZQi
|OwQw |SQv= K]U '|SQv= |x}=B Q@ KQ] |=Q@ [34]"CU= 24 |x]@=Q j@=]t 'OW
x�=Q= =yxt=vu}}; QO xm |a=HDQ= ?=DW KQ] h}] R= xO=iDU= =@ 24 |x]@=Q T=U=Q@
x@ xm xR=U l} x@ |OwQw |SQv= 'QvUwy \@=wQ T=U=Q@ "O};|t CUOx@ 'CU= xOW
|atHD |Q}tN Q=m w |W=aDQ= |WvQm |SQv= ẁtHt =@ Q@=Q@ 'OwW|t QHvt CQ=UN
w |W=aDQ= |SQv= Ee 'u; QO xm [36w35]�25 |x]@=Q� CU= xR=U \UwD xOWs=Hv=

"CU= l} QLD pw] QO xR=U |xr}Uwx@ xDiQo CQwY |Q}tN |atHD Q=m Ep
E = Ee + Ep (25)

pta |a=HDQ=Q}e u; R= |WN@ xm xR=U x@ |OwQw |SQv= xm O=O u=Wv QvUwy
"OwW|t OQ=w u; x@ |a=HDQ= ,qt=m Q=DiQ CQwY QO xm CU= |Q=Okt u=ty 'Ovm|t

[38w37'34]%OwW|t 26 |x]@=Q CQwYx@ |SQv= pO=aD |xrO=at u}=Q@=v@
Ee + Ep = 1

2MS2
v = Wga2T 2

8�2 (26)

R= Oa@ ?=k |Q}tN |=ypmW Q}}eD '4 pmW QO ZwQit |WtN ?=k QO
ZQi s}rUD sU}v=mt p}mWD R= TB "OyO|t MQ s}rUD |x]kv x@ xR=U uO}UQ
\ki |SQv= s=tD w OW=@ CN=wvm} xR=U `=iDQ= pw] QO ?=k pmW Q}}eD xm OwW|t
T=U=Q@ |SQv= Q=}at =@ KQ] VwQ QO |rY= hOy "OwW hrD |Q}tN pY=it QO

[10]"|}=Hx@=H h}] |wQ R= |rY= ?w=vD u=tR u}}aD "2 pmW

w O};|t CUO x@ 22 |x]@=Q R= xv}W}@ MU=B QO |L=Q] |x}=B VQ@ 'u=}=B QO
C=k@] QO |L=Q] CyH 23 |x]@=Q j@=]t 'xR=U u=mt Q}}eD p}iwQB =@ ?U=vDt

[32w11]%OwW|t `} RwD
Vb = Kef :�d (22)

Fi = Vbmi�iPn
i=1 mi�i

(23)

|SQv= VwQ "3"2
xHQOl} sDU}Ul} |=Q@ |}xRQr |L=Q] |=ywQ}v '|SQv= pO=aD swyit R= xO=iDU= =@
xO=O s}taD |O=R; xHQO OvJ |=ysDU}U |=Q@ u; |x]@=Q TBU w x@U=Lt |O=R;
R= |W=v |OwQw |SQv= R= |Q}tN p}rLD |=Q@ |}=yv KQ] |x}=B VQ@ [33]"OwW|t
CUOx@ hOy pmW Q}}eD K]U l} w 's}rUD sU}v=mt l} ?=DW x@W h}] l}
QO xm xvwou;� |@v=H |@Uv u=mt Q}}eD pQDvm x@ |R=}v 'QwmPt VwQ QO [34]"O};|t
Q=@ C=}YwYN =Q} R &CU}v pmW Q}}eD pt=wa w �OwW|t s=Hv= |Q=H |=yxt=vu}};
|=yQ=@ |x@U=Lt QO |oOWCNU � VvQm Q=DiQ w |tQv %pt=W xR=U pmW Q}}eD
p}mWD w |}xR=U CQ=UN uOt; OQ=w u}@ "OvwW|t xO=iDU= K} QY |}xvwox@ |L=Q]
xH}DvQO w |a=HDQ=Q}e Q=DiQ swyit =@ |v=tDN=U |=ysDU}U QO CUmW sU}v=mt
u; \=@DQ= w |SQv= pO=aD swyit "OQ=O OwHw |ovD=ovD \=@DQ= 'l}DQDU}y |SQv=
Q=m x@ 'QvUwy \UwD 1956 p=U QO Q=@ u}DUNv '|}=yv |OL Cr=L |L=Q] =@
|@v=H |wQ}v uOQw; CUOx@ Qw_vtx@ =Q QwmPt swyit '�1960� QvUwy [35]"OW xDiQo
Q}}eD R= |W=v |vwoS=w Cra x@ xR=U |oDN}Uo R= =D O=O \U@ |L=Q] R=}v OQwt
C=w} w=Dq |r C=DwU |xOW x�=Q= VwQ QO [8]"OwW |Q}owrH O=} R |@Uv |=yu=mt
w ?=k l} C=k@] |@Uv u=mt Q}}eD |=Q@ hOy Q=Okt l} ZQi =@ [34]'u=Q=mty w
KQ] xR=U <=[a= 'x=wNrO s}rUD sU}v=mt l} P=ND= =@ w |SQv= pO=aD \@=wQ T=U=Q@
'CU= xHwD OQwt EL@ |xt=O= QO w |vwvm VN@ QO xm |SQv= pO=aD swyit "OvwW|t
pmW Q}}eD |xv}W}@ =D xR=U l} CN=wvm} uO=O VwB |=Q@ R=}vOQwt |SQv= T=U=Q@
|xv}W}@ <=R= x@ 'hOy pmW Q}}eD |xv}W}@ "�3 pmW� CU= xOW xO=yv =v@ hOy

[34]%O};|t CUOx@ 'OwW|t u}}aD 24 |x]@=Q j} Q] R= xm |OwQw |SQv=
E = 1

2MS2
v (24)

"CU= xOW xO=iDU= QvUwy \UwD xOW x�=Q= swyit R= '|SQv= |=yVwQ ?re= QO
|xOwOLt QO ,=@} QkD '=yxrRrR ?re= CaQU h}] |xvt=O xm O=O u=Wv [35]'QvUwy
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u=Qt
a|

UOv
yt ptLD ?U=vt |vt}= |xOwOLt QO =Q xrRrR w |rkF Q=@ QF= R= |W=v O=} R |QwLt

|Q}PBpmW u}t-=D |=Q@ |}xS} w xHwD '|Q}tN pYit O=ONQ VwQ '`k=w QO [41]"Ovvm
QmP X=N |L=wv QO |Q}PBpmW C}iQ_ uDN=U =}yt =@ "OQ=O X=N |L=wv QO
p}mWD =@ x=wNrO w Q_vOQwt sU}v=mt T=U=Q@ xm OQm Qw@Ht =Q xR=U u=wD|t 'xOW
p}mWD "Ovm ptLD CtqUx@ =Q xrRrR 'QwmPt |L=wv QO Q}PBpmW |Q}tN pY=it
|tyt Q=}U@Vkv Ov=wD|t 'CUmW sU}v=mt w =yu; `} RwD |xwLv w |Q}tN pY=it
pYit O=ONQ VwQ QO p;xO}= |L=Q] '`k=w QO "Ovm =i}= xR=U |}xRQr |L=Q] QO
|Q}tN pYit� OUQ@ OwN C}iQ_ u} QDW}@ x@ `]kt xm CU= |wLv x@ |Q}tN
Q=Okt x@ |ak=w p=YD= pLt R= O}=@ |Q}tN pY=it p}mWD pLt xD@r= "�OwW p}mWD
|L=Q] CyH [6]"OvwWv xR=U |rm w |a[wt |Q=O}=B=v ?Hwt =D 'OW=@ QwO |@U=vt
|L=Q] R= pY=L |=y?=k '|Q}tN pYit O=ONQ VwQ =@ xar=]t OQwt |=ypOt
V}=Q} w� 360 |x} QWv -|}xRQr |R=Uy@ptar=QwDUO\@=w[j@] wQ}v VwQ T=U=Q@
=D |Q}tN pY=it O=ONQ C}a[w w |@=} RQ= 'FEMA356 |xt=vu}}; w �1392
xm |}=H =D =yuwDU w =yQ}D `]=kt "OwW|t |UQQ@ |@=} RQ= w =y?=k OQmrta |x]kv
`]=kt uOW |}=yv R= TB xm |}xvwox@ &Ovvm|t Q}}eD 'OyOv MQ =yuwDU QO |rYit
|rYit I}y 'OQmrta |x]kv =D =y?=k uO=O VwB R= TB =y?=k |}=yv |@=} RQ= w
"OW Ovy=wN p}mWD =yQ}D QO |Q}tN pY=it |x}rm w O=O Oy=wNv MQ =yuwDU QO

VywSB wQtrk w xar=]t OQwt |=ypOt C=YNWt "3
CQwYx@ xm OvDUy |Oqwi|WtN ?=k 9 'Q[=LVywSB QO xar=]t OQwt |=ypOt
=y?=k |xv=yO O=OaD 'G}=Dv QO =yxv=yO Q}F-=D |UQQ@ |=Q@ "Ov=xOW |R=UpOt |Oa@ wO
l} Qy ZQa &QDt 3 xk@] Qy `=iDQ= &7 w 5 '3 =y?=k C=k@] O=OaD &6 w 4 '2
R}v |}xRQr |@v=H sw=kt sDU}U w QDt 4 5 =y?=k Q}oQ=@ ZQa &QDt 5 =yxv=yO R=
R= h}] u}= ?=NDv= Cra "CU= xOW xDiQo Q_v QO \UwDt |Oqwi |WtN ?=k
xOW QmP |xOwOLt QO 'pwtat w pw=ODt |=yxR=U QDW}@ xm CU= xOw@ u}= =y?=k
w II ẁv l =N =@ O=} R |r}N |@Uv Q]N =@ xvyB '=yxR=U KQ] |xk]vt "OvQ=O Q=Qk
T=U=Q@ R}v xar=]t OQwt |=y?=k "CU= xOW xDiQo Q_v QO \UwDt |xR=U C}ty=

[42]"Ov=xOW |L=Q] 'u=tDN=U |rt C=QQkt syO EL@t \@=w[

xar=]t OQwt |=ypOt |L=Q] w p}rLD "4
Q}}eD 'wQ}v |}xRQr KQ] %|=yVwQ R= xO=iDU= =@ xar=]t OQwt |=ypOt R= l} Qy
|rt C=QQkt syO EL@t u}vJty w |Q}tN pYit O=ONQ w |SQv= 's}kDUt u=mt
sWW EL@t \@=w[ R= xO=iDU= =@ |rkF |Q=PoQ=@ [42]"Ov=xOW |L=Q] 'u=tDN=U
Q@=Q@ ?}DQD x@ |rkF |xOvR w xOQt Q=@ [43]"CU=xOW s=Hv= u=tDN=U |rt C=QQkt
s=@ QO 150 kg=m2 w 550 kg=m2 w C=k@] QO 200 kg=m2 w 650 kg=m2

R= TB R}v QwmPt |=yVwQ R= l} Qy QO |@v=H |Q=PoQ=@ "CU= xOW xDiQo Q_v QO
xOW `} RwD C=k@] QO w u}}aD �Q[=L Q=DWwv 2 Ov@ j@=]t� |DUO C=@U=Lt s=Hv=
Q}oQ=@ ZQa [44]"Ov=xOW |L=Q] 'SAP Q=Ri=sQv R= xO=iDU= =@ =ypOt 'C}=yvQO w
xOvR Q=@ �20 |xwqa x@ xOQt Q=@ =@ Q@=Q@ C=k@] |}xRQr sQH w QDt 4 5 '=y?=k
C=YNWt =@ St 37 ẁv R= xOW xO=iDU= Oqwi Kr=Yt "CU= xOW xDiQo Q_v QO
s}rUD VvD w 0 3 Q@=Q@ uwU=wB ?} Q[ '2 1 � 106 kg=cm2 |v=UWm pwOt
xO=iDU= =@ '|L=Q] R= TB xar=]t OQwt |=ypOt "CU= xOw@ 2400 kg=cm2

=@ |@Uv u=mt Q}}eD Q=Okt pQDvm 'hOy |@v=H |@Uv u=mt Q}}eD w s}rUD sU}v=mt
[34]"CU= |Q}tN u=QwO Q=Okt uOQm OwOLt

p}O@D =@ u=wD|t =Q |a=HDQ= |W=aDQ= |SQv= xm OvO=O u=Wv [39]wD=m w =t=} |m ;
Vy u; QO xm �27 |x]@=Q� OQw; CUOx@ |O=R; xHQO l} sDU}U l} x@ xR=U pm

"CU= xR=U |}xRQr QF-wt uRw pm W w s}rUD |x}=B VQ@

Ee = 1
2M

�
T
2� :

Vy
W
:g
�2

(27)

QO O}=@ xR=U xm |Q}tN |atHD |SQv= pm Q=Okt '27 w 26 \@=wQ ?}mQD =@
[36]%O};|t CUOx@ 28 |x]@=Q R= (Ep) Ovm hrD l} QLD pw]

Ep = WT 2g
8�2

�
a2 � �Vy

W
�2� (28)

xO=O u=Wv |Q}tN pY=it \UwD xOW hrD |SQv= '|SQv= pO=aD swyit T=U=Q@
Q=Okt u}=Q@=v@ "OW=@ 28 |x]@=Q R= xOt; CUOx@ Q=Okt Q@=Q@ O}=@ 4 pmW QO xOW

%CU= 29 |x]@=Q pO=at |Q}tN pY=it \UwD xOW hrD |SQv=
Ep = (

nX
i=1

2MPbi + 2MPC)�P (29)

|B R=QD QO =yuwDU |Q}tN QovrMPc w i R=QD QO Q}D |Q}tN QovrMPbi 'u; QO xm
|UQv}= |wQ}v \UwD xOW s=Hv= |HQ=N Q=m '29 CQ=@a swO hQ] w CU= xR=U

%O};|t CUOx@ 30 |x]@=Q R= xm CU= (Fi) pO=at
Fi = wihiPn

j=1 wjhj
:Vy (30)

"OvW=@ |rN=O |=ywQ}v =@ pO=aD QO O}=@ pO=at |UQv}= |=ywQ}v 's}rUD R= TB
xOW s=Hv= |HQ=N Q=m =@ |Q}tN pY=it QO |rN=O |=yQ=m uO=O Q=Qk |w=Ut =@
OvwW|t OQ=w xR=U Q@ Twmat |FrFt `} RwD l} ZQi =@ xm |UQv}= |=ywQ}v \UwD
VQ@ ?} Q[ '�CU= Q=oR=U sDU}U |a=HDQ= V=aDQ= QO pw= Ot pmW =@ `} RwD u}=�

[34]%O};|t CUOx@ 31 |x]@=Q R= x}=B
Vy
W

= ��+
p
�2 + 4�2
2 (31)

Q}}eD K]U w |Ot C=}YwYN '|DNU x@ xm CU= |Oa@ uwO@ QDt=Q=B � 'u; QO xm
[34]%O};|t CUOx@ 32 |x]@=Q R= w OQ=O |oDU@ hOy |@Uv u=mt

� =
�Pn

i=1 wih
2
iPn

i=1 wihi

�
�P8�2

T 2g (32)

"CU= |B K]U R= i R=QD Q}D `=iDQ= �j =}� i R=QD QO xR=U uRw �wj =}� wi 'u; QO xm
KQ] |Q}tN |@Uv u=mt Q}}eD OL l} Q}_v x}=B VQ@ ?} Q[ 'QwmPt |x]@=Q QO
`} RwD R= xO=iDU= =@ R=QD Qy |L=Q] |wQ}v 'x}=B VQ@ |x@U=Lt R= TB "CU= (�P )

"O};|t CUOx@ xvwQ=w |FrFt

|Q}tN pYit O=ONQ VwQ "4"2
|=yVN@ xm CU= xR=U R= |}=RH= Q=DiQ pQDvm '|Q}tN pYit O=ONQ VwQ |=v@t
|wQ}v p=kDv= Q@=Q@ QO Q}PBpmW Q=DiQ Ovv=wD|tv w OvDUy Q=@ p=kDv= Q}Ut R= |tyt
� |wk uwDU swyit 'QwmPt VwQ QO |U=U= pY= '`k=w QO [40]"OvW=@ xDW=O xrRrR
|wQ}v w |WtN |=yQovr ?}mQD 'Q@ Q=@ |=yuwDU OQ=O OYk xm &CU= h}a[ Q}D
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"""=
@|

=yu
=tDN

=U|
}xRQr

OQm
rta

|@=}
RQ="|L=Q] VwQ l}miD x@ �uD ?UL Q@� x}=B VQ@ Q}O=kt "2 pwOH

?=k C=YNWt |L=Q] VwQxk@]7 � xv=yO2 xk@]5 � xv=yO2 xk@]3 � xv=yO2
70 3 50 83 31 41 s}kDUt u=mt Q}}eD
37 33 388 28 915 |SQv=
21 18 15 15 3 wQ}v

27 1 34 5 33 64 |Q}tN pYit O=ONQ
xk@]7 � xv=yO4 xk@]5 � xv=yO4 xk@]3 � xv=yO4

128 1 92 62 57 24 s}kDUt u=mt Q}}eD
74 5 67 15 58 14 |SQv=
41 5 37 31 wQ}v
90 77 16 65 76 |Q}tN pYit O=ONQ

xk@]3 � xv=yO6 xk@]5 � xv=yO6 xk@]3 � xv=yO6
185 9 134 41 83 06 s}kDUt u=mt Q}}eD
76 5 69 60 |SQv=
62 55 50 wQ}v

140 4 132 3 94 6 |Q}tN pYit O=ONQ

OvyO|t x�=Q= =Q x}=B VQ@ Q=Okt u} QDtm w u} QDW}@?}DQD x@ wQ}v w s}kDUt u=mt Q}}eD
x} RHD u}vJty w |L=Q] VQov w xiUri QO Cw=iD u=wD|t hqDN= u}= p}qO R= xm
Q=Okt 'wQ}v VwQ QO "OQm QmP =Q wQ}v VwQ w s}kDUt u=mtQ}}eD VwQ wO p}rLD w
QO Q}}eD x@ xHwD =@ u=mt Q}}eD VwQ QO xm |DQwY QO &CU= C@=F xR=U |}=Q}t
|}=Q}t w ?w=vD u=tR Q=Okt QO Q}}eD '|}xR=U sDU}U |]NQ}e OQmrta w |Q}PBpmW
w |}=Q}t 'xrRrR O=ONQ s=ovy QO xmv}= x@ xHwD =@ "OwW|t ^=Lr =yp}rLD QO xR=U
R= xO=iDU= 'Ovm|t Q}}eD xOW O=H}= ?}U; Q=Okt w |Q}PBpmW 'xR=U ?w=vD u=tR
|WwQ Ov=wD|t xrRrR R= |W=v |=yVqD |x@U=Lt QO QF-wt ?w=vD |xQwO w |}=Q}t
Qy QO u}vJty "OW=@ xR=U ?U=vt OQmrta `} QU |x@U=Lt |=Q@ Ot;Q=m w xO=U
x}=B VQ@ Q=Okt '=yxR=U uRw V}=Ri= x@ xHwD =@ =yxv=yO V}=Ri= =@ QwmPt VwQ 4

"CU= xDi=} V}=Ri=

?w=vD |xQwO Q}O=kt |xU}=kt "2"5
CLD Qo}O Q=@ w |]N |v=tR |xJN} Q=D p}rLD CLD Q=@ l} 'Q_vOQwt |=ypOt
|xJN} Q=D Q=Owtv QO h]a |x]kv w xDiQo Q=Qk |]NQ}e |v=tR |xJN} Q=D p}rLD
|=yQ=Owtv QO h]a |x]kv "CU= xOW XNWt =yxR=U |@v=H u=mt Q}}eD |v=tR
=}� Ovm|t Q}}eD |]NQ}e w |]N p}rLD wO QO xR=U Q=DiQ xm CU= |rLt 'jwi
QwmPt |x]kv "�OvwW|t =OH Qo}Om} R= |]NQ}e w |]N p}rLD G}=Dv xm |}x_Lr
?w=vD |xQwO Q}O=kt w u}}aD |L=Q] |=yVwQ l}miD x@ w =y?=k |x}rm |=Q@
Q=Okt 'QwmPt pwOH j@=]t "�3 pwOH� CU= xOW C@F h]a |x]kv QO =ypOt
=yVwQ Q}=U R= |Q}tN pYit O=ONQ VwQ QO =ypOt |x}rm |=Q@ ?w=vD |xQwO
pYit O=ONQ VwQ =@ xOW |L=Q] |=ypOt uOw@ QDsQv R= u=Wv u}= w CU= QDW}@
VwQ wO QO ?w=vD |xQwO Q}O=kt |m}ORv 'Qo}O xHwD ?r=H |xDmv "CU= |Q}tN
|SQv= VwQ QO ?w=vD |xQwO Q=Okt u}vJty "CU= |SQv= w s}kDUt u=mt Q}}eD

"OQ=O =yVwQ |x}rm u}@ =Q Q=Okt u} QDtm '=ypOt |xty QO ,=@} QkD

"Q[=L VywSB QO ?NDvt |=yOQwmQ C=YNWt "1 pwOH
PGA

|vwv=m |xrY=i M} Q=D x=oDU}= xrRrR�QDtwr}m �
0 852g 3 1987 9101 Tabas T@]
0 694g 1 2 1995 0 Takarazuka x@ wm
0 9g 9 2 1994 24087 Arleta G} QFQwv

Q=Qk |]NQ}e |v=tR |xJN} Q=D |m}t=v}O p}rLD OQwt 'OpenSees Q=Ri=sQv R=
w 6 6 |xv}tm � xrRrR |=oQR@ x@ xHwD =@CW=ov?=DW 3 Qw_vt u}= |=Q@ [45]"Ov=xDiQo
l =N ẁv '�QDtwr}m 9 2|xv}W}@ w QDtwr}m 3|xv}tm �pUo R= xrY=i '�7 7|xv}W}@
|=yxO=O x=o}=B R= [46]'2800 OQ=Ov=DU= \@=w[ =@ j@=]t �II A}D l =N� xk]vt
xO} RoQ@ |v=tR |xJN} Q=D p}rLD |OwQw |=yOQwmQ u=wvax@ [47]'|wk |=yxrRrR
h}] =@ =Q |QDW}@ j@=]D xm |}xvwox@ |@=NDv= |=yCW=ov?=DW TBU "Ov=xOW
|=yCW=ov?=DW C=YNWt "OvOW T=}kt 'OvW=@ xDW=O 2800 OQ=Ov=DU= KQ]
Oqwi Kr=Yt |iQat CyH u}vJty "OQm xOy=Wt 1 pwOH QO u=wD|t =Q QwmPt
|iQat |=Q@ 'Uniaxial Material Steel01 QwDUO R= OpenSees Q=Ri=sQv QO
w Q}D |=yu=tr= uOQm pOt |=Q@ 'Section Fiber QwDUO R= uwDU w Q}D `]=kt
Cr=L |xOQDUo `} RwD w Nonlinear Beam-Column |]NQ}e u=tr= R= uwDU
|UOvy p}O@D QwDUO R= P �� C=QF= uDiQo Q_vQO |=Q@ w u=tr= pw] QO |Q}tN

"CU= xOW xO=iDU= P �� Transformation

G}=Dv "5
x}=B VQ@ Q}O=kt |xU}=kt "1"5
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