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4� swU |x@DQt R= w beam ẁv R= xR=UwQ |=yu=tr= "CU= Abaqus 6 9-3
2212 =yu; O=OaD w QDt 1 Q@=Q@ '|O=R; |xHQO 6 =@ xQo Qy pw] "OvDUy �|}xQo
|=Q@ xOWxO=iDU= `]=kt w pmW|}x@aH '=yuwDU |=Q@ xOWxO=iDU= `]=kt "CU=

39 =D 12 =}� QDt 150 =} 100 R= QDtm w QDt 35 R= V}@ |=yxR=U xm =Hv; R=
� l =N � `tW pt=m pOt 'VywSB u}= QO [15]'OvwW|t ?wULt x@DQtOvr@ �xk@]
?=UDL= uwO@� QDt 37 2 `=iDQ= =@ xk@] 12 u=tDN=Ul} 'xR=UwQ u; QO xm xR=UwQ
|xv=owO sDU}U =@ u=tDN=U u}= "CU= xOW xO=O Q=Qk Q_vOt 'CU= �xDWB QN `=iDQ=
C=QQkt T=U=Q@ '|Oqwi QwLtsy Ov@ Q=yt |xwqa x@ \UwDt |Oqwi |WtN ?=k
u}= |=y|Qw;wv w R}=tD xwHw "CU= xOW |L=Q] 2800 |xt=vu}}; w u=tDN=U |rt
'VywSB u}= Cw=iDt G}=Dv w h=Oy= Q@ xwqa =Q xOWs=Hv= C=ar=]t x@ C@Uv VywSB

%OQm u=}@ |rm VN@ 4 QO u=wD|t
xJQ=Bl} CQwYx@ xm U xR=UwQ |Oa@ xU w pt=m pOt 'xDWPo |=yVywSB QO "1
QO Qo = xJv=vJ "CU= xOWv |R=Ux}@W 'OW=@ xOW p}rLD `tW � l =N sDU}U =@
CQwYx@ umr 'OW=@ xOW p}rLD xJQ=Bl} CQwYx@ xR=UwQ =yVywSB R= |[a@
Qw]x@ xR=UwQ Qo}O |NQ@ QO xJv=vJ Qw]u}ty w 'CU= xOW pOt RmQtDt sQH
xDiQov CQwY xJQ=Bl} VwQ x@ p}rLD 'OW=@ xOW |R=Ux}@W |Oa@ xU w pt=m

"CU= xOW s=Hv= =yxR=UQ} R VwQ =@ w
xOWv xDiQo Q_v QO xR=UwQ Kr=Yt uOw@|]NQ}e 'u}W}B |=yVywSB s=tD QO "2
"CU= xOW xDiQo Q_v QO |@ wN x@ xr�Ut u}= VywSB u}= QO xmv; p=L 'CU=
xOWv xDiQo Q_v QO l =N w lyqm u}@ VvmQOv= 'u}W}B |=yVywSB s=tD QO "3

"CU= xOW xDiQo Q_v QO pOt u}= QO |oS} w u}= xmv; p=L 'CU=
?re= =Q} R "OQ=O |oR=D SSPSI p}rLD QO O=R; u=O}t |=yRQt |xO}= R= xO=iDU= "4
s=Hv= FLAC Q=Ri=sQv =@ 'Ov=xOQm xO=iDU= O=R; |=yRQt |xO}= R= xm |}=yVywSB
sQH CQwYx@ QFm =OL =} xOWv xDiQo Q_v QO xR=UwQ =yv; QO ,qwtat xm 'Ov=xOW

"CU= xOW |R=Ux}@W RmQtDt

OwOLt <=RH= |Oa@ xU pOt "2
pOt "CU= xOW xO=O u=Wv 1 pmW QO xR=UwQ � l =N � `tW |xJQ=Bl} pOt
x@ xm 'CU= OwOLt <=RH= |]NQ}e |Oa@ xU pOt l} |O=yvW}B |xJQ=Bl}

"Ovm|t |R=Ux}@W =Q |vwt=Q}B l =N w =y`tW 'xR=UwQ |DUQO
wO QO ZwQit QDU@ nvU u=wvax@ OwOLt <=RH= |xm@W u}}=B x@ xrRrR Q=@
|=yQ=@ u=v}t]= ?}=Q[ xmv}= p}rO x@ s�=k ?=DW "CU= xOW p=ta= Y w X CyH
'Ovvm|t u}t-=D =Q |m}t=v}O s�=k |=yQ=@ Q@=Q@ QO sRq Ctw=kt ,qwtat |m}D=DU= s�=k
pOt l} p}rLD =@ '2005 p=U QO |WywSB QO xJv=vJ "CU= xOWv xDiQo Q_vQO
CyHQO =ypmWQ}}eD 'xrRrR s=ovy xm Ot; CUOx@ xH}Dv u}= '|a=HDQ= |Oa@ xU

[5]"OvDUy R}J=v |ki= CyH QO =ypmWQ}}eD =@ xU}=kt QO s�=k
|oOW=OH w l =N uOw@|]NQ}e 'wQ V}B |xar=]t OwOLt <=RH= p}rLD QO
w �Gap� |xO}OB uOt;OwHw x@ Ea=@ =yTQ QO xm 'l =N w `tW lQDWt K]U
"CU= xOW x_Lqt 'OwW|t �Cave in� |xO}OB uOt;OwHw x@ Ea=@ =yxU=t QO
|t=ovy w 'Ov=xOW \@DQt sy x@ |DqO=at =@ l =N w `tW Kw]U |=yxQo `k=w QO
QO |WWm |=y|wQ}v Cr=L x@ l =N |=yxQo w `tW |=yxQo u}@ |=ywQ}v xm
`tW lQDWt K]U |oOW=OH w GQ=N `tW |=yxQo O}k R= l =N |=yxQo 'Ov};|t
|xO}OB 'OW=@ |oOv@UJ |=Q=O l =N xJv=vJ Cr=L u}= QO "OwW|t O=H}= l =N w
"O};|t OwHw x@ �Cave in� |xO}OB 'OW=@|oOv@UJ Ok=i l =N xJv=vJ w �Gap�
VvD C}a[w "CU= xOW pOt [16]'O=R; u=O}t |=yRQt |xO}= =@ R}v |W@=D |}=Q}t
w xOW |R=Ux}@W xOW|WmyR w `=@W=Q}e \}=QW QO l =N |Dtw=kt |=yQDt=Q=B w

29



"""l
=N�

`tW
Vv

mQOv
=|]

NQ}
e|

m}t
=v}O

p}rL
D

"pOt QO xOWxO=iDU= |atW uw}U=Ovwi "4 pmW
"|atW uw}U=Ovwi QO KrUt uD@ C=YNWt "2 pwOH
uwU=wB ?} Q[ |a=HDQ= pwOt XwYNt sQH

0 3 20 GPa 2300kg/m3

2 pwOH QO p}rLD QO xDiQQ=mx@ KrUt uD@ C=}YwYN "CU= xOWv xDiQo Q_v QO
"CU= xOW x�=Q=

CyH QO� QDt 11 8 Q@=Q@ |[Qa 'QDt 1 Q@=Q@ |kta |=Q=O xm xOWpOt lyqm
Continuum |=yu=tr= R= 'CU= �X CyH QO� QDt 15 65 Q@=Q@ |rw] w �Y
OOa 1145 lyqm |=yu=tr= O=OaD "CU= xOW p}mWD pw= |x@DQt R= �Solid�
8 |yHw 6 u=tr= 'CU= T=tD QO l =N =@ xm =yu; R= OOa 905 O=OaD xm 'CU=
pmW |}xwo u=tr= 'Ov=xOW pYDt =y`tW x@ xm =yu; R= OOa 240 O=OaD w |}xQo
|Q]k w �Z CyH QO� QDt 10 0 Q@=Q@ |a=iDQ= |=Q=O `tW Qy "OvDUy |}xQo 6
pw= |x@DQt R= �Solid� Continuum |=yu=tr= R= =y`tW "CU= QDt 0 5 Q@=Q@
OOa 240 =yu; O=OaD w |}xQo 6 pmW |}xwo '=y`tW |=yu=tr= "Ov=xOW p}mWD
K]U Qy QO u=tr= 24 R= '=yv; pmW |}xQ}=O `]kt CUQO |Q}opmW p}rOx@ "CU=

"CU= xOW xO=iDU=

l =N C=}YwYN "3"2
|Q}tNu=UWmuoty|x}ql}CQwYx@l =N'l =N|Q}tNCr=LuDiQoQ_vQO|=Q@
|=yu=tr= |xty Qw]u}ty "CU= xOW |R=Ux}@W Qo =QB � Qm =QO s}rUD Q=}at =@ pt=m
8 w |yHw 6 xm 'pw= |x@DQt R= �Solid� Continuum ẁv R= |m =N \}Lt
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