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C=YDNt QO u=tr= K]U <RH "CU= R=}v x}=B\@=wQ R= |NQ@ x@ '|rLt C=YDNt QO
CQwYx@ |}x]@=Q (d�d�) |rLt C=YDNt QO u=tr= K]U <RH =@ (dx̂ dŷ) |rm
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 = dx̂ dŷ =
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|=Q@ xOWx�=Q= VwQ |=v@t "OQm pL |OOa CQwYx@ w Q=OuRw |xOv=t}k=@ sQi
s}y=wN =Q 28 |x]@=Q u}=Q@=v@ 'CU= Q=OuRw |=yxOv=t}k=@ VwQ 'p�=Ut pL

%CW=OZ


w (�ij;j + fi) d
 = 0 (28)

QO pO=aD |xrO=at 'Q=OuRw |=yxOv=t}k=@ VwQ R= xO=iDU= =@ '28 |x]@=Q pL =@
[33]%OwW|t G=QNDU= 29 |x]@=Q CQwYx@ =RHt CqO=at VwQ

�[D0]fu(�)g;�� + [D1]fu(�)g;� + �fF b(�)g = f0g (29)

h} QaD 32 |r= 30 \@=wQ CQwYx@ OwHwt Q=OQ@ w ?}=Q[ |=yT} QD=t 'u; QO xm
%OvwW|t

[D0] =
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%�34 w 33 \@=wQ� OwW|t |Q]k
D0
ij = 2�ijwi[B1(�i)]T [D][B1(�i)]jJ(�i)j (33)
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29 |x]@=Q Q}oQO CqO=at x=oDUO u}=Q@=v@ "CU= Qm}vwQm |=DrO �ij '=yu; QO xm
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�D0
ii ui;��(�) +D1
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QO xQo Qy =@ \@DQt RmQtDt |rN=O |=ywQ}v |=yxir-wt Q=Okt 'pO=aD \@=wQ R= xO=iDU=
|x]@=Q T=U=Q@ LCO |x]kv QO |rN=O VvD u=R}t u}vJty w � QwLt O=ODt=
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ŷ
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%CU= xOW x�=Q= 43 |x]@=Q j@=]t fbi (�) R= O}OH
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(D0
ii �D1

ii)
� 4ai

(D0
ii � 2D1

ii)
p
�

� 4bi
3(D0

ii + 2D1
ii)
�
p
� (45)

QO |Q=PoQ=@ w lQD lwv QO |}=Hx@=H� xr�Ut |RQt \}=QW R= Bi w Ai 'u; QO xm
"OvwW|t x@U=Lt |O=R; xHQO Qy |=Q@ �=yxQo

Rt=}r}w |QU ?}=Q[ G=QNDU= "4
Q}O=kt w `@=wD O=yvW}B w xS} w \U@ VwQ R= xO=iDU= =@ Rt=}r} w '1957 p=U QO
|r=wL QO u}mD VvD w |}=Hx@=H u=O}t '|Q}*= VvD `@=D QO l}vwtQ=y|=@ |xS} w
|Oa)@ wO |a=HDQ= |=y\}Lt |=Q@ u}=Q@=v@ "CU= xO=O O=yvW}B =Q Q=OlQD |=y\}Lt
|r= 46 |=yx]@=Q CQwYx@ Rt=}r} w |QU j@=]t |}=Hx@=H w VvD u=O}t 'Q=OlQD

[18]%CU= x@U=Lt p@=k 50

�xx(r; �) =
1X
n=1

n
2 r

(n=2)�1
�
a1
n

��
2 + n

2 + (�1)n
�

cos
�
n
2 � 1

�
� �

�
n
2 � 1

�
cos
�
n
2 � 3

�
�
�
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"pw= p=Ft QO |UQQ@ OQwt |Oa)@wO |xr�Ut "5 pmW

CyH `H=Qt Q}=U QO xOWx@U=Lt Rt=}r}w |QU pw= ?} Q[ 5 |x@U=Lt "1 pwOH
"pw= p=Ft |HvUQ=@Da=

`HQt Rt=}r}w |QU ?}=Q[
[29] [22] [22]

0 7665 0 7670 0 7680 a11
�0 2779 �0 2760 �0 2777 a12
0 1915 0 1880 0 1866 a13
�0 0018 �0 0033 �0 0030 a14
�0 0235 �0 0320 �0 0279 a15

"C}=yv|@ jQw QO CU=Q CtU lQD lwv QO Rt=}r}w |QU |}=Qosy `=aW "4 pmW

=RHt CqO=at VwQ |HvUQ=@Da= "5
VwQ R= xO=iDU= =@ VvD u=O}t w |}=Hx@=H u=O}t 'Rt=}r} w |QU ?} QkD CyH
"CU= xOW xO=iDU= MATLAB Q=Ri=sQv |U} wvxt=vQ@ \}Lt R= =RHt CqO=at
u; G}=Dv w ?=NDv= Q[=L VwQ |HvUQ=@Da= CyH uwtR; p=Ft 2 'Qw_vt u}tyx@

"CU= xOW xU}=kt OwHwt `H=Qt Q}=U =@

|RmQt lQD =@ OwOLt jQw "1"5
j@=]t |RmQt lQD =@ OL=w b � 2h O=a@= =@ OwOLt |kQw x@ \w@ Qt 'pw= p=Ft
pwOt '� = 1 Q@=Q@ u; Q=Okt w s�=k CyH QO |Q=PoQ=@ "CU= �hr=5� pmW
=@ "CU= a=b = 0 25 C@Uv w '� = 0 25 uwU=wB ?} Q[ 'E = 1 |a=HDQ=
=@ jQw sQ=yJ l} \ki uQ=kD Crax@ 'p=Ft u}= QO K]Ut VvD Q=DiQ uDiQo Q_vQO
xOW |R=UpOt �G w ?5� |=ypmW j@=]t �|O=R; xHQO 42� |}xQoxU u=tr= 10
j@=]t [29w22]'`H=Qt |OOa G}=Dv R= =RHt CqO=at VwQ |HvUCLY |=Q@ "CU=
w x@U=Lt |}=Hx@=H u=O}t '45 |x]@=Q R= xO=iDU= =@ "CU= xOW xO=iDU= 1 pwOH
"CU= xOW x@U=Lt 2 pwOH j@=]t Rt=}r} w |QU pw= |xrtH 4 ?}=Q[ 'xt=O= QO
51 |x]@=Q R= 2 pwOH QO xOWx�=Q= |=]N |x@U=Lt |=Q@ xm CU= QmP x@ sRq

%CU= xOW xO=iDU=
Error(�) = aave � aDEM

aave
� 100 (51)

VwQ QO xOWx@U=Lt Q=Okt aDem w Qo}O `H=Qt Q}O=kt u}ov=}t aave 'u; QO xm
|=yu=O}t 'xOW xOR?} QkD Rt=}r} w |QU R= xO=iDU= =@ TBU "CU=RHt CqO=at
u=v}t]= pwYL CyH "CU= xOW x�=Q= 7 w 6 |=ypmW j@=]t |}=Hx@=H w VvD
QO VvD w |}=Hx@=H C=Q}}eD OvwQ 9 w 8 |=ypmW QO xOt; CUOx@ |=yQwDv=m R=
|m} 'Rt=}r} w |QU ?}=Q[ Q@ xwqa "CU= xOW xU}=kt =yVywSB Q}=U =@ y |=DU=Q
CU= Q=OlQD |=y\}Lt QO |}=Hx@=H wVvD u=O}t?} QkD 'Q[=L Q=DWwv h=Oy= R=
uO=O u=Wv '7 w 6 |=ypmW R= hOy u}=Q@=v@ "�CUOQwO \=kv QO w lQD l}ORv QO�
9 w 8 |=ypmW \UwD u; CkO xm 'CU= Q=OlQD \}Lt |}=Hx@=H w VvD u=O}t
QO VvD COW xm OwW|t xOy=Wt 8 pmW QO "CU= xDiQo Q=Qk |HvUQ=@Da= OQwt
G}=Dv x@=Wt w xOW sm VvD Q=Okt QDQwO |=yu=O}t QO w xOw@ O=} R Q=}U@ lQD h=Q]=

"CU= xOW l}D=DU=wDUq=
G}=Dv Q}=U =@ 2 pwOH QO =RHt CqO=at VwQ R= pY=L G}=Dv |xU}=kt =@
u}ov=}t u}@ hqDN= T=U=Q@� xOWO=H}= |=]N |x@U=Lt w 1 pwOH QO |OOa
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QO |Q=PoQ=@ pLt =D lQD lwv R= jQw |rw] |=DU=Q QO uy |}=Hx@=H "9 pmW
"pw= p=Ft

"xRwL pm QO VvD u=O}t QO Rt=}r}w |QU CqtH O=OaD QF= "10 pmW

CqO=at VwQ '9 w 8 |=ypmW j@=]t "OQ=O xrtH 4 \ki 'Ovm|t pL |r}rLD
u}=Q@=v@ "CU= xOR ?} QkD Q=OlQD \}Lt QO =Q VvD w |}=Hx@=H |DUQOx@ =RHt
|QU QO OwHwt |xrtH C}=yv|@ '=RHt CqO=at VwQ xm CiQo xH}Dv u=wD|t
QO Rt=}r} w |QU QDq=@ CqtH C=QF= w xOR ?} QkD |DUQOx@ xrtH 4 QO =Q Rt=}r} w
10 pmW R= xm Qw]u=ty "CU= xOW xOv=Hvo =RHt CqO=at VwQ swO |xrtH
'OwW ?=NDv= Rt=}r} w |QU ?}=Q[ R= |tm O=OaD xm |DQwY QO 'CU= XNWt
QDQwO \=kv QO w OwW|t u=}@ |DUQO x@ lQD lwv |o}=Uty QO \ki VvD u=O}t
CqO=at VwQ QO xm CU= |Qw;O=} x@ sRq "CU= QwO C}ak=w R= G}=Dv lQD R=
CUOx@ CUmW l}v=mt |RQt \}=QW R= swU w pw= |=yxrtH xm |}=Hv; R= '=RHt
swO |=y?} Q[ "OvDUy ?U=vt CkO =@ lQD |m}ORv QO =yMU=B u}=Q@=v@ 'Ov=xOt;
|yHwD p@=k |=]N xm 'Ov=xOt; CUOx@ l}D=DU=wDUq= |RQt \}=QW R= sQ=yJ w
VwQ xmv}= x@ xHwD =@ xm OQm \=@vDU= u}vJ 10 pmW j@=]t u=wD|t u}=Q@=v@ "OvQ=O
?}=Q[ O}=@ 'xRwL pm R= j}kO G}=Dv pwYL |=Q@ 'OQ=O xrtH 4 \ki =RHt CqO=at
xOv=Hvo QDu}}=B |x@DQt ?}=Q[ QO |wLvx@ lQD CUOQwO |L=wv QF= w QDq=@ |x@DQt
'xOWQmP ?r=]t j@=]t u}=Q@=v@ "CU= xO=Di= j=iD= swO |xrtH QO Qt= u}= "OvwW
u=}@ =Q lQD R= QwO j]=vt w QDq=@ CqtH C=QF= 'Rt=}r} w |QU swO |xrtH ?} Q[
xOW Q_vhQY swO |xrtH |=Q@ =]N |x�=Q= R= 2 pwOH QO p}rO u}ty x@ "Ovm|t

"CU=

|}x@r lQD =@ OwOLt jQw "2"5
j@=]t |}x@r lQD =@ OL=w b � 2h O=a@= =@ OwOLt |kQw x@ \w@ Qt swO p=Ft

VwQ R= xO=iDU= =@ xOWx@U=Lt Rt=}r}w |QU pw= ?} Q[ 4 |x@U=Lt "2 pwOH
"pw= p=Ft QO =RHt CqO=at

��� =]N u}ov=}t Q[=L VwQ Rt=}r}w |QU ?}=Q[
1 42 0 7812 a11

� 0 2280 a12
3 77 0 1901 a13

0 0 a14

"pw= p=Ft QO =RHt CqO=at VwQ QO xOWx@U=Lt �yy VvD u=O}t "6 pmW

"pw= p=Ft QO =RHt CqO=at VwQ QO xOWx@U=Lt uy |}=Hx@=H u=O}t "7 pmW

"pw= p=Ft QO |Q=PoQ=@ pLt =D lQD lwv R= jQw |rw] |=DU=Q QO �yy "8 pmW

CkO Q[=L VwQ xm OwW|t xOy=Wt '�=RHt CqO=at VwQ =@ `H=Qt Q}=U G}=Dv
Q_vQO CQwY QO "OQ=O sQ=yJ w 'swU 'pw= ?}=Q[ |x@U=Lt |=Q@ |@U=vt Q=}U@
|}q=@ ,=D@Uv |=]N 'Rt=}r} w |QU swO ?} Q[ 'Rt=}r} w |QU ?}=Q[ Ctqa uDiQo
u=O}t CU= XNWt xm Qw]u=ty %OQm x}HwD u}vJ u=wD|t =Q u; Cra xm 'OQ=O
�OQ=O xrtHC}=yv|@ xm � Rt=}r} w |QU T=U=Q@ Q=OlQD |=y\}LtVvD w |}=Hx@=H
CQwYx@ =Q xr�Ut |xvt=O xm '=RHt CqO=at VwQ xm |r=L QO 'OwW|t x@U=Lt
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yt CyH `H=Qt Q}=U QO xOWx@U=Lt Rt=}r}w |QU pw= ?} Q[ 5 |x@U=Lt "3 pwOH

"swO p=Ft |HvUQ=@Da=
`HQt Rt=}r} w |QU ?}=Q[

[27] [30] [31]

1 0596 1 0597 1 0585 a11
�0 1506 �0 1503 �0 1513 a12
0 0794 0 0820 0 08150 a13
�0 0476 �0 0486 �0 0478 a14
0 0056 0 0063 0 0055 a15

VwQ R= xO=iDU= =@ xOWx@U=Lt Rt=}r} w |QU pw= ?} Q[ 4 |x@U=Lt "4 pwOH
"swO p=Ft QO =RHt CqO=at

��� =]N u}ov=}t Q[=L VwQ Rt=}r} w |QU ?}=Q[
0 16 1 0973 a11

� 0 2951 a12
6 37 0 0781 a13

0 0 a14

"swO p=Ft QO =RHt CqO=at VwQ QO xOWx@U=Lt �yy VvD u=O}t "12 pmW

"swO p=Ft QO =RHt CqO=at VwQ QO xOWx@U=Lt uy |}=Hx@=H u=O}t "13 pmW

=RHt CqO=at VwQ R= pY=L G}=Dv |xU}=kt =@ "CU= xOW xU}=kt =yVywSB
'pw= p=Ft Ovv=ty R}v swO p=Ft QO xm OwW|t xOy=Wt |OOa G}=Dv Q}=U =@
p=Ft Ovv=ty =Q u; Cra u=wD|t xm 'OQ=O =]N |tm Rt=}r} w |QU swO ?} Q[
OQwt QO Rt=}r} w |QU sQ=yJ ?} Q[ xm CU= QmP x@ sRq xD@r= "OQm x}HwD pw=
hqDN= sy =@ �50 OwOL QO R}v [29w22]'u=QoWywSB Q}=U C=ar=]t QO swO p=Ft

"OvQ=O

"swO p=Ft QO |UQQ@ OQwt |Oa)@ wO |xr�Ut "11 pmW

p=Ft x@=Wt 'swO p=Ft QO Kr=Yt C=YNWt w |Q=PoQ=@ "CU= �hr=11� pmW
G}=Dv R= =RHt CqO=at VwQ |HvUCLY |=Q@ "CU= xOW xDiQo Q_vQO pw=
Q_vQO =@ "CU= xOW xO=iDU= 3 pwOH j@=]t [31w30'27]=yVywSB Q}=U |OOa
13 =@ jQw hYv \ki uQ=kD Crax@ 'p=Ft u}= QO K]Ut VvD Q=DiQ uDiQo
|R=UpOt �G w ?� 11 pmW j@=]t |O=R; xHQO 26 =@ ẁtHt QO w xQo
4 ?}=Q[ 'xt=O= QO w |}=Hx@=H u=O}t '45 |x]@=Q R= xO=iDU= =@ "CU= xOW
xO=iDU= =@ TBU "CU= xOW x@U=Lt 4 pwOH j@=]t Rt=}r} w |QU pw= |xrtH
12 |=ypmW j@=]t VvD w |}=Hx@=H u=O}t 'xOW xOR?} QkD Rt=}r} w |QU R=
QO xOt; CUOx@ |=yQwDv=m R= u=v}t]= pwYL CyH "CU= xOW x�=Q= 13 w
Q}=U =@ y |=DU=Q QO VvD w |}=Hx@=H C=Q}}eD OvwQ '15 w 14 |=ypmW
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|xrtH ?} Q[� T � VvD ?} Q[ '�Rt=}r} w |QU pw= |xrtH ?} Q[� VvD COW
|x@U=Lt w �Rt=}r} w |QU QO q=@ |x@DQt?}=Q[� lQD |xR=Ov= QF= '�Rt=}r} w |QU swO
,=Q}N= "OQ=O |v=w=Qi C}ty= 'Q=OlQD |=y\}Lt uwt=Q}B QO VvD w |}=Hx@=H u=O}t
xDUw}B |=y\}LthrDNt p�=Ut pL |=Q@ =RHt CqO=at VwQ s=v x@ |O}OH VwQ

"CU= xOW xO=O xaUwD
|xUOvy |R=UpOt 'lQD lwv QO `HQt |x]kv uDiQoQ=Qk =@ 'Q[=L Q=DWwv QO
VwQ QO CUmW l}v=mt |xr�Ut '|tHL |}xQo |=ywQ}v R= |O}OH sQi w lQD
p�=Ut QO Rt=}r} w |QU pw= |xrtH 4 'xt=O= QO "CU= xOW h} QaD =RHt CqO=at
2 pL =@ 'C}=yv QO "CU= xOW xO=O xaUwD CUmW pw= |=yOwt |=Q@ |Oa)@ wO
|m =L G}=Dv "CU= xDiQo Q=Qk |HvUCLY OQwt |O=yvW}B VwQ '|OOa p=Ft
Rt=}r} w |y=vDt=v |QU |DUQOx@ =RHt CqO=at VwQ QO xrtH 4 xm CU= u; R=
|x@U=Lt |=Q@ |@U=vt CkO '=RHt CqO=at VwQ u}vJty "CU= xOR ?} QkD =Q
?} Q[ xm CU= |r=L QO u}= w OQ=O Rt=}r} w |QU R= sQ=yJ w 'swU 'pw= |=yxrtH
QDq=@ CqtH `}tHD u=wD|t =Q u; Cra xm 'OQ=O |O=} R |=]N 'Rt=}r} w |QU swO
VwQ QO lQD CUOQwO |L=wv QF= u}vJty w 'swO |xrtH QO Rt=}r} w |y=vDt=v |QU

"CUv=O =RHt CqO=at

"swO p=Ft QO |Q=PoQ=@ pLt =D lQD lwv R= jQw |rw] |=DU=Q QO �yy "14 pmW

QO |Q=PoQ=@ pLt =D lQD lwv R= jQw |rw] |=DU=Q QO uy |}=Hx@=H "15 pmW
"swO p=Ft

�References� `@=vt
1. Henshell, R.D. and Shaw, K.G. \Crack tip �nite ele-

ments are unnecessary", International Journal for Nu-
merical Methods in Engineering, 9(3), pp. 495-507
(1975).

2. Barsoum, R.S. \On the use of isoparametric �nite ele-
ments in linear fracture mechanics", International Jour-
nal for Numerical Methods in Engineering, 10(1), pp.
25-37 (1976).

3. Liebowitz, H. and Moyer Jr, E.T. \Finite element meth-
ods in fracture mechanics", Computers and Structures,
31(1), pp. 1-9 (1989).

4. Belytschko, T. and Black, T. \Elastic crack growth in
�nite elements with minimal remeshing", International
Journal for Numerical Methods in Engineering, 45(5),
pp. 601-620 (1999).

5. Mohammadi, S., Extended Finite Element Method: for
Fracture Analysis of Sructures, John Wiley & Sons, 280
p. (2008).

6. Ghasemi Ghalebahman, A. and Salavati, S. \Utilizing
the extended fnite element method for determining crack
stress intensity factors and higher order terms coef-
�cients", Modares Mechanical Engineering, 15(2), pp.
135-146 (In Persian) (2015).

7. Aliabadi, M.H., The Boundary Element Method, Volume
2: Applications in Solids and Structures, Wiley, 598 p.
(2002).

8. Cruse, T.A. and Vanburen, W. \Three-dimensional elas-
tic stress analysis of a fracture specimen with an edge

crack", International Journal of Fracture Mechanics,
7(1), pp. 1-15 (1971).

9. Cruse, T.A. \Numerical evaluation of elastic stress inten-
sity factors by the boundary-integral equation method,
Surface Crack", Physical Problems and Computational
Solutions, ASME, New York, pp. 153-170 (1972).

10. Portela, A., Aliabadi, M.H. and Rooke, D.P. \E�cient
boundary element analysis of sharp notched plates", In-
ternational Journal for Numerical Methods in Engineer-
ing, 32(3), pp. 445-470 (1991).

11. Belytschko, T., Lu, Y.Y. and Gu, L. \Element-free
Galerkin methods", International Journal for Numeri-
cal Methods in Engineering, 37(2), pp. 229-256 (1994).

12. Song, C. and Wolf, J.P. \Scaled boundary �nite-element
method - a primer: Derivations", Computers and Struc-
tures, 78(1), pp. 191-210 (2000).

13. Wolf, J.P. and Song, C. \Scaled boundary �nite-element
method - a primer: Solution procedures", Computers and
Structures, 78(1), pp. 211-225 (2000).

14. Song, C. and Wolf, J.P. \Semi-analytical representation
of stress singularities as occurring in cracks in anisotropic
multi-materials with the scaled boundary �nite-element
method", Computers and Structures, 80(2), pp. 183-197
(2002).

15. Yang, Z. \Fully automatic modelling of mixed-mode
crack propagation using scaled boundary �nite element
method", Engineering Fracture Mechanics, 73(12), pp.
1711-1731 (2006).

16. Yang, Z. \Application of scaled boundary �nite element
method in static and dynamic fracture problems", Acta
Mechanica Sinica, 22(3), pp. 243-256 (2006).

96



2/
2|

xQ=t
W'

33
�2

|xQ
wO'

�13
96

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt

17. Song, C. and Vrcelj, Z. \Evaluation of dynamic stress
intensity factors and T-stress using the scaled boundary
�nite-element method", Engineering Fracture Mechan-
ics, 75(8), pp. 1960-1980 (2008).

18. Williams, M.L. \On the stress distribution at the base
of a stationary crack", Journal of Applied Mechanics,
24(1), pp. 109-114 (1957).

19. Anderson, T.L., Fracture Mechanics: Fundamental and
Applications, Taylor & Francis (2005).

20. Bird, G.E., Trevelyan, J. and Augarde, C.E. \A cou-
pled BEM/scaled boundary FEM formulation for accu-
rate computations in linear elastic fracture mechanics",
Engineering Analysis with Boundary Elements, 34(6),
pp. 599-610 (2010).

21. Sham, T.L. \The determination of the elastic T-term us-
ing higher order weight functions", International Journal
of Fracture, 48(2), pp. 81-102 (1991).

22. Fett, T. \T-stresses in rectangular plates and circular
disks", Engineering Fracture Mechanics, 60(5), pp. 631-
652 (1998).

23. Chen, C.S., Krause, R., Pettit, R.G., Banks-Sills, L. and
Ingra�ea, A.R. \Numerical assessment of T-stress com-
putation using a p-version �nite element method", Inter-
national Journal of Fracture, 107(2), pp. 177-199 (2001).

24. Song, C. \Evaluation of power-logarithmic singularities,
T-stresses and higher order terms of in-plane singu-
lar stress �elds at cracks and multi-material corners",
Engineering Fracture Mechanics, 72(10), pp. 1498-1530
(2005).

25. Karihaloo, B.L. \Size e�ect in shallow and deep notched
quasi-brittle structures", International Journal of Frac-
ture, 95(1), pp. 379-390 (1999).

26. Hello, G., Ben Tahar, M. and Roelandt, J.M. \Analyt-
ical determination of coe�cients in crack-tip stress ex-
pansions for a �nite crack in an in�nite plane medium",
International Journal of Solids and Structures, 49(3),
pp. 556-566 (2012).

27. Chidgzey, S.R. and Deeks, A.J. \Determination of co-
e�cients of crack tip asymptotic �elds using the scaled
boundary �nite element method", Engineering Fracture
Mechanics, 72(13), pp. 2019-2036 (2005).

28. He, Y.Q., Yang, H.T. and Deeks, A.J. \Determination of
coe�cients of crack tip asymptotic �elds by an element-
free Galerkin scaled boundary method", Fatigue and

Fracture of Engineering Materials and Structures, 35(8),
pp. 767-785 (2012).

29. Xiao, Q.Z., Karihaloo, B.L. and Liu, X.Y. \Direct deter-
mination of SIF and higher order terms of mixed mode
cracks by a hybrid crack element", International Journal
of Fracture, 125(3-4), pp. 207-225 (2004).

30. Karihaloo, B.L. and Xiao, Q.Z. \Accurate determination
of the coe�cients of elastic crack tip asymptotic �eld by
a hybrid crack element with p-adaptivity", Engineering
Fracture Mechanics, 68(15), pp. 1609-1630 (2001).

31. Su, R.K.L. and Fok, S.L. \Determination of coe�cients
of the crack tip asymptotic �eld by fractal hybrid �nite
elements", Engineering Fracture Mechanics, 74(10), pp.
1649-1664 (2007).

32. Khaji, N. and Khodakarami, M.I. \A new semi-
analytical method with diagonal coe�cient matrices for
potential problems", Engineering Analysis with Bound-
ary Elements, 35(6), pp. 845-854 (2011).

33. Khodakarami, M. and Khaji, N. \Analysis of elastostatic
problems using a semi-analytical method with diagonal
coe�cient matrices", Engineering Analysis with Bound-
ary Elements, 35(12), pp. 1288-1296 (2011).

34. Khaji, N. and Khodakarami, M.I. \A semi-analytical
method with a system of decoupled ordinary di�erential
equations for three-dimensional elastostatic problems",
International Journal of Solids and Structures, 49(18),
pp. 2528-2546 (2012).

35. Khodakarami, M.I., Khaji, N. and Ahmadi, M.T. \Mod-
eling transient elastodynamic problems using a novel
semi-analytical method yielding decoupled partial dif-
ferential equations", Computer Methods in Applied
Mechanics and Engineering, 213-216(0), pp. 183-195
(2012).

36. Mirzajani, M. and Khaji, N. \Decoupled equations
method for solving two-dimensional elastodynamic prob-
lems in frequency domain", Sharif Journal of Civil En-
gineering, 30(3), pp. 65-74 (In Persian)(2014).

37. Khodakarami, M.I. and Khaji, N. \Wave propagation
in semi-in�nite media with topographical irregularities
using Decoupled Equations Method", Soil Dynamics and
Earthquake Engineering, 60, pp. 102-112 (2014).

97




