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OwOLt u=tr= Q=Ri=sQv QO |Oa@xU CQwYx@ (DCB) x@r wO Q=OQ}o QUl} Q}D |xvwtv
uO=O Q=Qk w �jQwD� |}x}q u}@ V}=OH |R=UpOt Qw_vtx@ "CU= xOW |R=UpOt
Q}D |v}}=B w |}q=@ |x@r wO |=yxQo 'lQD Q=WDv= w OWQ Q}Ut QO Qvi |=yu=tr=
'V}=tR; \}=QW j@=]t DCB |xvwtv O=a@= "OvDUy =OH Qo}Om} R= xvwtv \Uw QO
O=a@= 11 pmW QO "CU= 35 mm x}rw= lQD pw] w 150 � 25 � 4 2 mm

� VWm |vLvt "CU= xOW xO=O u=Wv xOW |R=UpOt DCB |xvwtv l}D=tW
� VWm |vLvt u}= "CU= 12 pmW j@=]t |]NxU l} DCB |xvwtv V}=OH

u}L QO DCB |xvwtv QO �h=}r= |vRpB |x}L=v� CUmW Ov}=Qi |x}L=v "9 pmW
[17]"V}=tR;
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@WxOt; CUO x@ �10 pmW� DCB |xvwtv |@ QHD R |vLvt R= xO=iDU= =@ V}=OH
|R=Ux}@W sD} Qwor= |=y|OwQw 'xvwtvV}=OH �VWm |vLvt x@ xHwD =@ [16]"CU=
xm OW XNWt 'xOW s=Hv= C=@U=Lt j@=]t "CU= 3 pwOH j@=]t ML-CZM

OwHw �jQwD�|}x}q u}@ lQD OWQ Q}Ut QO O}=@ QFm =OL Q=@ QO Qvi xU wCU}@ pk=OL
|=yVvD Qvi Qy hQ] wO |=yOwv R}v w OwW pY=L ?wr]t G}=Dv =D OW=@ xDW=O
|DiU |=Q@ xvwtv |v=UWm pwOt Q@=Q@ 105 uDiQo Q_v QO =@ "OvW=@ xDW=O |v=Um}
|=DU=Q QO xm CU= u=vJ |Ov@Vt "CU= xOW pY=L |@ wr]t G}=Dv '=yQvi |x}rw=
u=tr= 30 |rw] |=DU=Q QO w u=tr= 10 |[Qa |=DU=Q QO 'u=tr= l} Ct=N[
=yQvi R= l} Qy |=Q@ Q}oQO CL=Ut xDiQo CQwY |Ov@Vt j@=]t "CU= xDiQo Q=Qk
%R= CU= CQ=@a |Q=PoQ=@ w |RQt \}=QW "CU= xOW x@U=Lt `@ Qt QDt|r}t 125
Ov=xOW O}kt ,qt=m z w x |=DU=Q QO DCB |xvwtv |v}}=B |x@r |=yxQo �

"(u = w = 0)

"OwW|t p=ta= |v}}=B w |}q=@ |x@r x@ z CyH QO wQ}v �
(v = 0) y|=DU=Q QOu}}=B |x@r R= xQol} '?rY sUHCmQLR=|Q}owrH|=Q@ �

"CU= xOW O}kt
CUmW Ov}=Qi |x}L=v pw] |@ QHD R |vLvt x@ xHwD =@ OW xDio xm u=vJ
|=yQvi O=OaD 'xDiQo CQwY |R=UpOt x@ xHwD =@ xm CU= 8 6 mm OwOL QO
Qvi xU �13 pmW� sD} Qwor= |=QH= u}L QO CUmW Ov}=Qi |x}L=v QO OwHwt
'swU Qvi |}=yv CUmW R= TB ML-CZM |R=Ux}@W sD} Qwor= u}=Q@=v@ "CU=
OWQ u; R= TB =Q} R OwW|t hkwDt CUmW Ov}=Qi |x}L=v QO 'Qvi u} QN; |va}
u=Wv sD} Qwor= |HwQN u=wvax@ |}=Hx@=H � Q=@ |vLvt TBU w CU= Q=O}=B=v lQD

"�14 pmW� OwW|t xO=O

|R=Ux}@W sD} Qwor= |R=UxO=}B CyH DCB xvwtv |=y|OwQw "3 pwOH
"ML-CZM

Q=Okt |OwQw Q=Okt |OwQw
6 23 ��1 (MPa) 15 sut (MPa)

0 01503 w1 (mm) 0 0015 wut (mm)

0 4742 wc (mm) 104 kp (N/mm)

2 n

"DCB xvwtv QO CUmW Ov}=Qi |x}L=v QO Qvi |=yu=tr= |Q}oQ=Qk "13 pmW

=@ DCB |xvwtv |@ QHD R |vLvt w |}=Hx@=H � Q=@ |vLvt "10 pmW
[16]"a lQD pw] ?ULQ@ a0 = 35 mm

"sD} Qwor= |R=UxO=}B CyH DCB xvwtv |R=UpOt w O=a@= 'xUOvy "11 pmW

"sD} Qwor= |R=UxO=}B CyH DCB xvwtv V}=OH � VWm |vLvt "12 pmW
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"G}=Dv |xU}=kt "16 pmW

�60 N ,=@} QkD� |ak=w Q=@ R= QDsm Q=}U@ �15 N ,=@} QkD� |Q=@ QO xa]k xm OwW|t
|]NwO V}=OH � VWm Cr=L QO xm CU= K[=w w OUQ|t ?}U; |x]kv x@
R= pY=L G}=Dv =t= "CU= xOWv ^=Lr Q=@ ptLD QO CUmW Ov}=Qi |x}L=v |}=v=wD
Q=OQwNQ@ |@ QHD G}=Dv =@ |}q=@ Q=}U@ |Q=oR=U R= j}kLD u}= QO xOW x�=Q= sD} Qwor=
n |rm Cr=L QO� xO=t V}=OH � VWm Q=DiQ ẁv Qy p=ta= =@ |oO=U x@ w xOw@
|D} RwBt=m O=wt QO CUmW Ov}=Qi |x}L=v C=QF= |@ wNx@ Ov=wD|t �|]NCUmW

"OQ}o@ Q_v QO 'OvR=Ov=|t j} waD x@ =Q xa]k CUmW xm '=Q

|Q}oxH}Dv "3
|=yQ=mwR=U OwHw p}rOx@ �� |i=}r= |=yC} RwBt=m xS} wx@ �� |D} RwBt=m O=wt QO
|x}L=v uOt; OwHw x@ =@ lQD OWQ |xO}OB 'h=}r= |vRpB xrtH R= |oOvwWCNU
u}= xm CU= u}= xHwD p@=k w syt |xDmv "CU= x=Qty lQD lwv QO CUmW Ov}=Qi
O=wt QO lQD lwv QO x}L=v u}= ẁkw wCU= Q=OQwNQ@ |Q=OQ@ Q=@C}r@=k R= Rwvy x}L=v
Q=@xaH=i CUmW R= w xDN=Ov= Q}N-=D x@ =Q sUH CUmW '|SQv= ?PH =@ |D} RwBt=m
u; C=QF= |wLvx@ O}=@ lQD OWQ C=@U=Lt w |R=UpOt QO u}=Q@=v@ "Ovm|t |Q}owrH
w ẁQW Q@ CUmW Ov}=Qi |x}L=v C=QF= uDiQo Q_v QO |=Q@ xr=kt u}= QO "OwW pOt
pOt T=U=Q@ O}OH |tD} Qwor= '|D} RwBt=m O=wt QO I Owt CLD |}x}q u}@ lQD OWQ
w OwOLt u=tr= p}rLD R= pY=L G}=Dv ?}mQD =@ sD} Qwor= u}= "OW x�=Q= |R=Ht lQD
|R=Ux}@W x@ QO=k 'O};|t CUO x@ hrDNt |=ys=o QO xm |OOa C=@U=Lt G}=Dv
Ov}=Qi |x}L=v s=mLDU= uO=O u=Wv |=Q@ pOt u}= QO "CU= CUmW Ov}=Qi |x}L=v
QO xm OW xO=iDU= Qvi |=yu=tr= R= 'O};|t OwHw x@ lQD OWQ Q}Ut QO xm CUmW
(� �w) V}=OH � VWm |vLvt =@ j@=]t =yu; Qvi C@=F 'hrDNt |=ys=o |]
|rwRv VN@ p=ta= w |R=UpOt QO OwHwt |=y|Q=wWO x@ xHwD =@ "Ovm|t Q}}eD
VN@CU= QO=k sD} Qwor= u}= 'OwOLt u=tr= |=yQ=Ri=sQv QOV}=OH �VWm|vLvt
|oO=Ux@ =Q �|]N CUmW n� X=N pmW Qy =@ V}=OH � VWm |vLvt |rwRv
|}=tv Cr=L u=wD|t (n!1) =yCUmW O=OaD V}=Ri= =@ u}vJty "Ovm p=ta=
|R=Ux}@W G}=Dv "OQm |R=UpOt V}=OH � VWm |vLvt |rwRv VN@ |=Q@ R}v =Q
w ji=wD OwHwt |y=oW}=tR; G}=Dv =@ xm OW x�=Q= |}=Hx@=H � Q=@ |vLvt CQwYx@
=Q ?}U; |x]kv R= QPo R= TB xO=t |oOvwWsQv C}Y=N w xDW=O |}q=@ |Q=oR=U

"OyO|t u=Wv |@ wNx@

CUmW� |R=Ux}@W sD} Qwor= |=QH= R= pY=L |}=Hx@=H � Q=@ |vLvt "14 pmW
"�FPZ 'CUmW Ov}=Qi |x}L=v QO Qvi u} QN; |}=yv

|R=Ux}@W sD} Qwor= |=QH= R= pY=L |}=Hx@=H � Q=@ |vLvt |xU}=kt "15 pmW
"|@ QHD |}=Hx@=H � Q=@ |vLvt w ML-CZM

=yu; Q}UiD w |R=Ux}@W G}=Dv "7"2
ML-CZM |R=Ux}@W sD} Qwor= pt=m |=QH= R= TB |}=Hx@=H � Q=@ |vLvt
u=Wv =Q ?}U; |x]kv x@ uO}UQ R= TB xO=t |oOvwWsQv C}Y=N |@ wNx@
�|}=Hx@=H � Q=@ |vLvt� G}=Dv xm OwW|t xOy=Wt R}v 15 pmW QO "OyO|t
|@ wN Q=}U@ |v=wNsy |@ QHD G}=Dv =@ xOW x�=Q= |R=Ux}@W sD} Qwor= R= pY=L

"OQ=O
|=yQ=Ri=sQv R= xm |H}=Dv =@ ML-CZM sD} Qwor= R= pY=L G}=Dv C}=yv QO
QO 'OW QmP xm u=vJ "CU= xOW xU}=kt R}v O};|t CUO x@ OwHwt OwOLt u=tr=
=yvD xO=t V}=OH � VWm Q=DiQ |R=UpOt u=mt= OwHwt OwOLt u=tr= |=yQ=Ri=sQv
pmW Qy p=ta= w OQ=O OwHw 11pwOH CQwYx@ w 10|}=tv '9|]NwO CQwYx@
G}=Dv 'xU}=kt |=Q@ "CU= Q@ Q=m \UwD xv=o =OH |U} wvOm sRrDUt |Qo}O X=N
Q=Ri=sQv R= pY=L G}=Dv w |@ QHD G}=Dv 'ML-CZM sD} Qwor= |R=UxO=}B R= pY=L
"CU= xOW xO=O u=Wv 16 pmW QO |]NwO V}=OH � VWm Q=DiQ =@ OwOLt u=tr=
V}=OH �VWm Q=DiQ =@ OwOLt u=tr= Q=Ri=sQv R= pY=L|}=Hx@=H � Q=@|vLvt
x_Lqt w OQ=O |@ QHD G}=Dv =@ |Q=}U@ hqDN= OwQ|t Q=_Dv= xm u=vJ |]NwO
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1. toughening mechanisms
2. fracture process zone (FPZ)
3. linear elastic fracture mechanics (LEFM)
4. crack growth resistance curve
5. traction- separation curve
6. double cantilever beam (DCB)
7. end notch 
exure (ENF)
8. multi- linear cohesive zone model (ML-CZM)
9. softening
10. exponential
11. tabular
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