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(7)

%CWwv u=wD|t 8 |xrO=at QDxO=U sQi x@ =Q 7 |U} QD=t |xrO=at
[A] fxgN = ffgN (8)

s=o Q@ =Q |r@k |=ys=o |v=tR |xJN} Q=D QF= xm CU= |twrat Q=OQ@ ffgN u; QO xm
"�9 |xrO=at� OwW|t pt=W =Q |rai s=o |=y|Q=PoQ=@ QF= w |rai

ffgN = [B] fygN +
N�1X
n=1

�
[G]Nn ftgn � [F]Nn fugn� (9)

u=tr= w xv=owO |RQt u=tr= VwQ ?}mQD |Ov@pwtQi "2
|v=tR |=[i QO xvt=OOvJ |RQt

uOW|]NQ}e Ea=@ u; xwHw T=tD w \}Lt QO lQD CiQW}B w VQDUo |xr�Ut
|xvO@ QO lQD |m}t=v}O VQDUo p}rLD Q=DWwv u}= QO u}=Q@=v@ w OwW|t xr�Ut
'u=UWm sUH l} |=Q@ sm =L |xrO=at "CU= xOW |UQQ@ |v=tR |=[i QO OU
ui(x; t) lJwm |xvt=O |=Q=O |m}t=v}O u=mtQ}}eD u=O}t =@ AwQDwR}= w 'uoty

%CWwv 1 |x]@=Q CQwYx@ u=wD|t =Q�
c21�c22

�
uj;ij(x; t)+c22ui;jj (x; t)+bi (x; t)� @2ui (x; t)

@t2 =0
(1)

|Q=Wi G=wt= Q=WDv= CaQU ?}DQDx@ c2 w c1 w |tHL |wQ}v bi (x; t) u; QO xm
|x]kv QO u=mtQ}}eD "O} Q}o@ Q_vQO =Q � |RQt K]U =@ V xvt=O "CU= |WQ@ w
QiY |x}rw= \}=QW ZQi =@ w |tHL |=ywQ}v ?=}e QO t u=tR QO =Q x0 |RQt
u=wD|t 2 |r=QoDv= |x]@=Q CQwYx@ [37]|i=Qo |m}t=v}O p@=kD |x}[k xr}Uwx@

[38]%O=O u=Wv

0 5ui
�
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�
=
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�

Z t

0
�
Uij

�
x; t;x0; �

�
ti (x; �)

�
d�d�(x)�Z

�

Z t

0
�
Tij

�
x; t;x0; �

�
ui (x; �)

�
d�d�(x) (2)

\}Lt QO 11|U=U= |=yMU=B Tij (x; t;x0; �) w Uij (x; t;x0; �) |=yxDUy
t u=tR QO x |xvt=O |x]kv QO =Q VvD Q=OQ@ w u=mtQ}}eD ?}DQDx@ w [40]'OvOwOLt=v
"OvyO|t V}=tv � |r@k u=tR QO x0 |xtWJ |x]kv QO xOWp=ta= OL=w Q=@ QF= QO
pO=aD CqO=at uDWwv |=Q@ 2 u=mtQ}}eD |RQt p=QoDv= |xrO=at R= 'Q=DWwv u}= QO
"CU= xOW xO=iDU= lQD xwHw R= |m} QO w =yxvt=OQ} R |HQ=N |RQt Kw]U QO

u=wD|t �lwy uwv=k� xO=t |O=}v@ uwv=k w VvQm� VvD \@=wQ R= xO=iDU= =@
2 |xrO=at R= lQD Qo}O xHw QO xO=iDU= |=Q@ =Q |Qo}O pkDUt |r=QoDv= |xrO=at
|x]kv QO � RQt� R= CU= CQ=@a 12VvD Q=OQ@ |r=QoDv= |xrO=at "OQw; CUOx@

[32]%�CU= xOW ZQi Q=wty x0 |RQt

0 5tj
�
x0; t

�
=�ni(x0)

Z
�

Z t

0
�
Tkij

�
x; t;x0; �

�
uk (x; �)

�
d�(x)

+ni(x0)
Z

�

Z t

0
�
Ukij

�
x; t;x0; �

�
tk (x; �)

�
d�(x) (3)

\}Lt QO VvD |RQt p=QoDv= |xrO=at |U=U= |=yMU=B Tkij w Ukij u; QO xm
[32]"OvOwOLt=v

Q=OQ@ w u=mtQ}}eD |RQt p=QoDv= CqO=at 'u=mt w u=tR uOQm|Ov@<RH R= Oa@
[32]%Ov};|t QO 5 w 4 |=yx]@=Q CQwYx@ VvD

1
2uln

i =
MX
m=1

PX
p=1

NX
n=1

QX
q=18<: tmpnqi

R 1
�1
hR �n
�n�1 Uln

ij (�; �)Mq (�) d�
i
Np (�) Jm (�) d�

�umpnqi
R 1
�1
hR �n
�n�1 Tln

ij (�; �)Mq (�) d�
i
Np (�) Jm (�) d�

9=;
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w CU= xOW pOt xvt=O l} QO OwQO}iU OU |x}rw= |xOQwNlQD |x}L=v 'xv=owO
'xvt=OOvJ |RQt u=tr= VwQ R= xO=iDU= =@ R}v OU |xvO@ |xOQwNvlQD j]=vt Q}=U

"CU= xOW pOt =RHt |=yxvt=OQ} R CQwYx@

xOv@=}VQDUo |=ylQD G}=Dv O}}-=D "3
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"OQ}o|t Q=Qk |UQQ@ OQwt

pmWp}]DUt |xLiY QO |}x@r lQD VQDUo "1"3
|v}}=B w |}q=@ |=yCtUk QO 1 pmW |}x@r lQD =@ pmWp}]DUt |xLiY
"CU= xDiQo Q=Qk �O}=U} wy |v=tR `@=D� �0 = 40 MPa |}xrB |Q=PoQ=@ CLD
xLiY `=iDQ= 'b = 52 mm xLiY ZQa %CU= KQW u}= x@ xLiY O=a@=
Kr=Yt C=YNWt "CU= a0 = 12 mm lQD |x}rw= pw] w 2h = 40 mm

|tHL sQH '� = 29 4 � 109 Pa |WQ@ pwOt %CU= KQW u}= x@ xLiY
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1 �s |v=tR s=o w |Ov@s}UkD |RQt u=tr= 56 x@ xr�Ut RQt "O@=}|t VQDUo
uwO@ �0

p
�a0 x@ C@Uv |m}t=v}O 13VvD COW ?} Q[ "CU= xOW xDiQo Q_vQO
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"OwW|t

pmW`@ Qt |xLiY QO |}x@r lQD VQDUo "2"3
s}yO|t Q=Qk hrDNt |=y|Q=PoQ=@ CLD =Q |}x@r lQD =@ pmW`@ Qt |xLiY

"�3 pmW�

"|}xrB |Q=PoQ=@ CLD |}x@r lQD =@ pmWp}]DUt |xLiY "1 pmW

VvD Q=OQ@ w u=mtQ}}eD pwyHt Q}O=kt =D 'OwW pL s=o x@ s=o O}=@ 9|U} QD=t |xrO=at
|=yT} QD=t CU= sRq \ki Q=O}=B |=ylQD OQwt QO "OwW pY=L s=oQy QO |RQt
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CUmW ?mQt Owt Cr=L QO "OwW|t x@U=Lt J p=QoDv= =} w lQD Kw]U |oOWR=@
s}UkD uQ=kDtO=B w uQ=kDt |=yOwt x@VvD Q=OQ@ w u=mtQ}}eD |=yu=O}t xmCU= sRq
CUmW swO w pw= |=yOwt |m}t=v}O VvD COW ?}=Q[ =yu; T=U=Q@ =D OwW
?} Q[ w pO=at |m}t=v}O VvD COW ?} Q[ |xU}=kt R= TBU "OwW x@U=Lt
u}}aD VQDUo ^=Lr R= lQD C}a[w 'xO=t CUmW Ck=] =} |v=QL@ VvD COW

%OwW|t s=Hv= pL=Qt u}= 'lQD VQDUo s=ovy [40]"OwW|t
CaQU w |rai |m}t=v}O VvD 'COW ?} Q[ T=U=Q@ lQD VQDUo |=Q@ �hr=

"OwW|t x@U=Lt lQD VQDUo
x@ Cr=L u}= QO =Pr 'OvwW|t xi=[= xOvvmOWQ lQD lwv QO O}OH |=yu=tr= �?

"OwW|t xi=[= OwHwt |=yxQo O=OaD
x@U=Lt O}OH |xUOvy T=U=Q@ n = 1 |=Q@ [F]Nn w [G]Nn |=yT} QD=t �G

"OvwW|t
QO "OvwW|t KqY= n = 2; :::; N |=Q@ [F]Nn w [G]Nn |=yT} QD=t �O
x@U=Lt p@k |=ys=o QO xm [F]Nn w [G]Nn |=yT} QD=t Oa@ x@ Cr=L u}=
=yu; x@ O}OH |=yxQo w O}OH |=yu=tr= =@ Q_=vDt |=yuwDU w =yQ]U w 'Ov=xOW
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"O@=}|t xt=O= xr�Ut pL OvwQ w OwW|t pL CqO=at sDU}U ��y

|=ys=o QO |Q=PoQ=@ |xJN} Q=D QF= '8 |xrO=at CU=Q CtU QO swO CQ=@a
'lQD VQDUo s=ovy xm CU= u}= xHwD p@=k |xDmv "CU= |rai s=o Q@ |r@k
u}= |r@k |=ys=o QO xm OvwW|t xi=[= xr�Ut |RQt |xUOvy x@ |O}OH |=yxQo
|=yQ=OQ@ w u=mtQ}}eD |x@U=Lt x@ |twRr "Ov=xDW=O Q=Qk u=O}t pN=O QO \=kv
x}HwD u=wD|t CQwY u}= x@ =Q Qt= u}= "CU}v |r@k |=ys=o QO \=kv u}= VvD
OwHw lQD xm p@k |=ys=o QO lQD |xOWO=H}= O}OH Kw]U QO Qo = xm OQm
CQwY u}= QO &OwW xDU@ sy x@ lQD K]U wO w OwW h} QaD |}=yRQt 'CW=Ov
QO |R=Ht RQt wO QO Q_=vDt |=yxQo |=yu=mtQ}}eD |rm C=YDNt sDU}U QO
xm u}= x@ xHwD =@ "Ov=xtqar=hrDNt =yu; VvD |=yQ=OQ@ w u=Um} xOWxDiQoQ_v
=yxQo u}= |=Q@ 'OvDUy u=Um} |xUOvy |=Q=O lQD xHw wO |wQ Q_=vDt \=kv
=@ w Ow@ Ovy=wN xtqar=hrDNt [F] |=yT} QD=t w u=Um} [G] |=yT} QD=t
Q=OQ@ QO [F] |=yT} QD=t w ftg Q=OQ@ QO [G] |=yT} QD=t xm u}= x@ xHwD
Qo}Om} QF= |R=Ht |=yRQt QO p@=kt |xQo wO u}=Q@=v@ &OwW|t ?Q[ fug
QO VvD Q=OQ@ w u=mtQ}}eD |x@U=Lt x@ |H=}DL= xH}DvQO w Ovvm|t |FvN =Q
'CU= xO}UQv =yxQo u}= x@ lQD Rwvy xm |r@k |=ys=o QO O}OH |=yxQo pLt

"CU}v
|=yRQt QO w s}UkD xvt=OQ} R |O=OaD x@ \}Lt 'xvt=OOvJ |RQt u=tr= VwQ QO
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"C Cr=L |Q=PoQ=@ |=Q@ Oa@ uwO@ |m}t=v}O VvD COW ?}=Q[ "6 pmW
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�1 = �0; �2 = �0 %C |Q=PoQ=@
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?} Q[ w � =8000 kgm�3 |tHL sQH 'E =0 2�1012 Pa |v=UWm

"� = 0 3 uwU=wB
p=ta= QiY u=tR R= xm CU= O}=U} wy `@=D CQwYx@ |v=tR ^=Lr R= |Q=PoQ=@
|v=tR s=o w |Ov@s}UkD |RQt u=tr= 74 x@ x}rw= RQt "Ov=t|t |k=@ C@=F w OwW|t
xOW ZQi Q=O}=B t < 6 �s u=tR =D lQD "CU= xOW xDiQo Q_v QO 1 5 �s
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[46]"CiQo
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CQwY QO xvt=OQ} R Qy QO w xOW xO=iDU= hrDNt |=yxvt=OQ} R x@ xvt=O s}UkD
u}= QO� CU= xOW xO=iDU= xv=owO |RQt u=tr= p}rLD w x} RHD 'u; QO lQD OwHw
w pOt |RQt u=tr= 94 =@ OU u}= "�CU= xOW xO=iDU= xvt=OQ} R Q=yJ R= xr�Ut
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1. dynamic fracture mechanics
2. Rankine scale
3. K�olnbrein
4. Koyna
5. extended �nite element method
6. Hvysayd
7. scaled boundary �nite element method
8. dual reciprocity method
9. dual boundary element method
10. multi region boundary element method
11. fundamental solutions
12. traction boundary integral equation
13. stress intensity factor
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