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|]NQ}e |m}D=DU= w |Wv=tm 'p=Owt p}rLD 'Q[=L |xar=]t QO [18]"CU= xOW

QO 'Ovvm|t OwN x@ \@DQt |xWwo wO x@ xLiY uO}Wm QO |aU |WWm |=yVvD
"OW Oy=wN |Q]k Vv=tm l} pY=L Vv=tm xH}Dv

|Oqwi |WQ@ Q=w}O |WQ@ C}iQ_ "1"2
u; x@ \w@ Qt |Wv=tm ?}=Q[ w |v=QL@ |WQ@ VvD Q=Okt '3 |r= 1 \@=wQ T=U=Q@

[15]%CU= x@U=Lt p@=k Q=OQ}o w xO=U hQ] Q=yJ Cq=L |=Q@
�cr = kt�2E

12(1� �2) ( t
b

)2 (1)8<:Kt = 5 35 + 4
'2 if ' > 1

Kt = 4 + 5 35
'2 if ' < 1

xO=U |x@r (2)8<:Kt = 8 98 + 5 6
'2 if ' > 1

Kt = 5 6 + 8 98
'2 if ' < 1

Q=OQ}o |x@r (3)

'|Wv=tm ?} Q[ '|Wv=tm |WQ@ VvD %?}DQD x@ b w t '� 'E 'kt '�cr '=yu; QO xm
pw] C@Uv R}v ' w OvDUy jQw ZQa w Ct=N[ 'uwU=wB ?} Q[ '|a=HDQ= pwOt

"CU= �a=b� jQw ZQa x@
w p@k C}iQ_ %VN@ wO x@ u=wD|t =Q |Oqwi |WQ@ |=yQ=w}O |}=yv C}iQ_
x�=Q= jQw |}=yv C}iQ_ x@ \w@ Qt \@=wQ 'xt=O= QO "OQm s}UkD jQw Vv=tm R= Oa@
|=yQ=wv QO VvD `} RwD |xwLv u}vJty w |WWm |=yQ=wv '1 pmW [15]"CU= xOW

"OyO|t u=Wv =Q xOQ@ s=v
OwHwt |=yVvD '1 pmW QO |FrFt <RH QO wQ}v pO=aD |x]@=Q uDWwv =@

%Ov};|t CUOx@ 6 |r= 4 \@=wQ CQwYx@
�11 = � � cos2� (4)

�12 = 1
2 � � � sin 2� (5)

�22 = � � sin2 � (6)

7 |x]@=Q CQwYx@ =Q Q=w}O |WQ@ C}iQ_ u=wD|t 'xOWQmP ?r=]t x@ xHwD =@
%OQm u=}@

V = �cr � Ltw + �12 � Ltw (7)

QO "OvDUy Q=w}O u=H jQw Ct=N[ w xv=yO pw] ?}DQD x@ tw w L 'u; QO xm
C}iQ_ swO VN@ w Vv=tm R= p@k C}iQ_ |xOvyOu=Wv pw= VN@ '7 |x]@=Q

"|Oqwi jQw Vv=tm R= TB |WWm |=yQ=wv QO VvD `} RwD |xwLv "1 pmW
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xDio =v "OQ=O =Q lR=v w s}N[ |xDUwB wO Qy Q=DiQ |UQQ@ |}=v=wD QwmPt u=tr= "CU=

"CU= xOWv pOt VwH 'Q[=L |xar=]t QO xm Ov=tv

|Oqwi |WQ@ Q=w}O pOt |L=Q] |xwLv "1"3
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xDiQo Q_v QO `@ QtQDt Q@ sQowr}m 200 w 550 ?}DQD x@ s=@CWB QO xOvR w xOQt
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R= s=Om Qy jQw Ct=N[ uOW |}=yv R= TB "Ot; Ovy=wN CUOx@ |}=yv |WWm
'xt=O= QO "O};|t CUOx@ uwDU w Q}D O=a@= '14 w 13 \@=wQ x@ xHwD =@ 'C=k@]
"CU= xOW x�=Q= 4 |r= 1 |=ypwOH QO |Oqwi |WQ@ Q=w}O |L=Q] G}=Dv |xYqN

OwOLt <=RH= pOt |rm |xUOvy "2"3
QO u; |L=Q] pL=Qt xm xR=U QN; |xk@] 'hrDNt |=yQDt=Q=B |UQQ@ Qw_vt x@
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Ct=N[ � xk@] |WQ@ |wQ}v xk@] uRw xk@]�USE � �mm� �Degree� �Ton� �Ton�

2 1 78 40 7 127 37 768 18 10
4 3 69 40 0 263 37 911 4 9
6 5 40 39 5 384 26 911 4 8
7 6 94 38 6 490 03 911 4 7
9 8 25 38 2 580 70 911 4 6
10 9 34 37 9 656 26 911 4 5
11 10 22 37 7 716 70 911 4 4
11 10 89 37 5 762 04 911 4 3
12 11 32 37 5 792 26 911 4 2
12 11 57 37 3 807 37 911 4 1

"u=tDN=U C=k@] |=yuwDU |L=Q] "3 pwOH
uwDU u=tr= |UQv}= u=tt Ct=N[ `=iDQ= xv=yO xk@]�section� (cm4) s�=k �USE� (cm) (cm)

IPB280 16740 0 2 300 300 10
IPB340 33480 0 4 300 300 9
IPB400 50220 0 6 300 300 8
IPB450 58590 0 7 300 300 7
IPB450 75330 0 9 300 300 6
IPB500 83700 0 10 300 300 5
IPB500 92070 0 11 300 300 4
IPB500 92070 0 11 300 300 3
IPB500 100440 0 12 300 300 2
IPB500 100440 0 12 300 300 1

"u=tDN=U C=k@] |=yQ}D |L=Q] "4 pwOH
uwDU u=tr= |UQv}= u=tt Ct=N[ `=iDQ= xv=yO xk@]�section� (cm4) s�=k �USE� (cm) (cm)

IPB280 16740 0 2 300 300 10
IPB280 16740 0 4 300 300 9
IPB280 16740 0 6 300 300 8
IPB280 8370 0 7 300 300 7
IPB280 16740 0 9 300 300 6
IPB240 8370 0 10 300 300 5
IPB240 8370 0 11 300 300 4
IPB240 0 0 11 300 300 3
IPB240 8370 0 12 300 300 2
IPB240 0 0 12 300 300 1

"OwOLt <=RH= pOt QO |iQYt Kr=Yt "5 pwOH
�E� |v=UWm pwOt |}=yv VvQm (Fu) |}=yv VvD (Fy) s}rUD VvD

�GPa� �Strain at Ultimate� ��� �MPa� �MPa�
210 15 520 360 ?=k
210 20 420 270 jQw
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u=Q=mty w xO=R|rw QDmO |y=oW}=tR; |xvwtv =@ xU}=kt "2"4
QO 'CU= |Oqwi |WQ@ Q=w}O Q=DiQ QO wWR=@ QF= OQwt QO Q=DWwv ẁ[wt xm |}=Hv; R=
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(kN) (cm2) (cm)

� �0 1313 95 0 � 1
�0 00 �26 969 58 10000 0 2
�0 03 �26 969 84 9999 1 3
�0 13 �26 970 86 9997 2 4
�0 44 �26 973 81 9986 4 5
�0 78 �26 977 11 9969 6 6
�1 02 �25 979 52 9945 8 7
�1 42 �25 983 31 9914 10 8
�3 24 �24 1000 96 9657 20 9
�5 27 �22 1020 71 9227 30 10
�7 42 �21 1041 57 8627 40 11
�9 66 �19 1063 21 7854 50 12
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<=RH= pOt 37 Qw_vt u}O@ "CU= xOW xDN=OQB wWR=@ C}akwt |UQQ@ x@ |vwvm
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Q=w}O x@ \w@ Qt 1 pOt xm CU= QmP x@ sRq "CU= xOW x�=Q= QwmPt |=ypOt R= s=Om

"CU= wWR=@ uwO@ |Oqwi |WQ@
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