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36/6 45/8 �p=mU=B=ot� xQwLtlD |Q=Wi Ctw=kt
7/1 8/9 �p=mU=B=ot� |r} RQ@ |WWm Ctw=kt
10/3 10/4 �p=mU=B=o}o � |v=UWm pwOt

|Q=ovsyQ@ VwQ x@ '|Qwv |=yVwQ u}@ QO "OvwW|t O=yvW}B xO}J}B p�=Ut
C}r@=k� |Q}oxR=Ov= |q=@ Q=}U@ CkO w xO=U u=tO}J p}rO x@ |r=D}H}O Q} w=YD
xOW xHwD Q=}U@ Q}N= |=yp=U QO '�13pUm}B 0/01 =D |}=Hx@=H u=O}t |Q}oxR=Ov=
w |U=tDQ}e '|Qwv '|@ QHD VwQ l} '14p=D}H}O Q} w=YD |Q=ovsyQ@ VwQ "CU=
u}= "CU= xDi=} xaUwD s=UH= VvQm w VvD p}rLD |=Q@ ,=Q}N= xm 'CU= ?QNtQ}e
R= u}@ QwO \UwD |Q=PoQ=@ R= Oa@ w p@k xm CU= |}=yTma |xU}=kt |x}=B Q@ VwQ
xDi=}pmWQ}}eD w `HQt 'xOW xDiQo |=yTma x@ ,=Lq]Y= xm 'OwW|t xDiQo sUH
K]U |wQ Q@ |QDUm =N |}xmr |wor= l} O=H}= R= Q}N= VwQ QO [17]"Ov} wo|t
R= OQix@ QYLvt |=yx}L=vQ} R w OwQ q=@ Q} wYD Kw[w =D OwW|t xO=iDU= sUH
|Q=OQ@Tma u; x@ xm VwQ u}= "OwW p}mWD |QDUm =N w O}iU w x=}U |=yxmr
'16lr |wor= VwQ uOQm |twkQ T=U= Q@ 'OwW|t xDio R}v 15|r=D}H}Olr |wor=
|wor= u; K]U w CU= xOW xOv=@=D u; x@ O}iU Qwv xm |}xa]k R= |Q=OQ@Tma =@
QO "Ovm|t pta VvQm w |}=Hx@=H u=O}t |Q}oxR=Ov= |=Q@ 'OQ=O |iO=YD lr
|}xLiY pmWQ}}eD R= Oa@ w p@k lr |wor= '|r=D}H}O Q} w=YD |Q=ovsyQ@ VwQ
l} Q} R CkO =@ |}=Hx@=H u=O}t uQw; CUO x@ |=Q@ 'C@=F u}@ QwO R= xO=iDU= =@
xm OQ=O OwHw wor= u}= O=H}= |=Q@ |irDNt |=yVwQ [18]"OvwW|t C@F pUm}B
O}iU w x=}U \=kv ?}mQD =} w |Q=Pox]kv '|Ov@xm@W '\w]N O=H}= |x}=B Q@ |oty
O}iU nvQ uOQm |QBU= =@ wor= u}= pwtat Cr=L QO [19]"OvDUy sUH K]U |wQ

"OwW|t O=H}= xa]k |wQ x=}U nvQ uOQm |QBU= u; R= TB w
QO CUmW Ov}=Qi OQwt QO |y=oW}=tR; |xar=]t G}=Dv 'Q[=L Q=DWwv QO
wO lQDWt pYi QO OwHwt V}B R= h=mW |=Q=O |xOvvmW |ovUx@W |=yxvwtv
p}]DUt?amt pmW x@ =yxvwtv "CU= xOW x�=Q= Cw=iDt h=mW |=}=wR =@ xO=t
Q=Qk xQwLtlD |Q=Wi |Q=PoQ=@ CLD xm 'OvOw@ Ctw=kt Q)B Io ẁv wO R= pmWDt
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Io pt=W |Q}o?r=k Io ẁv wO R= =yv; CN=U |=Q@ 'Ov=xOW p}mWD xO=t wO R=
�3 A}D� 17l =QwvU= nvQO}iU Io w u=Q}= CN=U �3 A}D� u=OvO TQ=B nvQOQR

"CU= xOW xO=iDU= |@ wvH |xQm QwWm CN=U

5



"""QO
OwH

wtV
}BR=

h=m
WO

WQ
|y=

oW}
=tR;

|xa
r=]t=yxvwtv |R=UxO=t; |ovwoJ "6"2

?}mQD R= xO=iDU= =@ Q[=L VywSB QO xOW xO=iDU= |xOW |Q}o?r=k Io |=yxvwtv
uDN=Ov= ?; Vy=m Qw_vt x@ "Ov=xOW xDN=U |tQH 1 x@ 3 C@Uv x@ ?; =@ Io QOwB
'Io w ?; \wrNt x@ xtwD=}O l =N QOwB uOwRi= R= '?; QO Io uOW u}WvxD w Cqt
\wrNt =OD@= QO "CU= xOW xO=iDU= ?; 35 x@ xtwD=}O l =N 1 |tQH C@Uv =@
x@ Io QOwB TBU w OvOW ?}mQD Qo}Om} =@ x}v=F 20 COt x@ xtwD=}O l =N w ?;
R= xO=iDU= =@ xk}kO 2 COt x@ Cqt u; R= TB w xi=[= ?}mQD x@ |H} QOD CQwY

"OW xOR sy um\wrNt
|=Q@ QDt|r}t 1 Ct=N[ x@ |Rri |=yxtUD R= =OD@= '=yh=mW O=H}= |=Q@
uO=O Q=Qk w pw= |xtUD GwQN =@ TBU "OW xO=iDU= pw= |xO=t QO h=mW O=H}=
"OW O=H}= |rm h=mW QDt|r}t 2 Ct=N[ x@ Tro|UmrB TvH R= |}=yxtUD
u}rR=w x@ ?r=k |rN=O Kw]U 'uOW lWN R= TB xvwtv |R=U=OH QO p}yUD |=Q@
'Tro|UmrB w |Rri |=yxtUD uOQm GQ=N QO p}yUD |=Q@ u}vJty "OvOW xDWe;

"OvOW xDWe; uwm}r}U uewQ x@ =yv; Kw]U
"OW C@=F w CiQo Q=Qk ?r=k uwQO �h=mW |x} w=R x@ xHwD =@� |vwriD |xt}v
xDN} Q Q_v OQwt ?r=k pN=O 'Io \wrNt "OW xOv=@UJ QDt|r}t 1 |xtUD TBU
?r=k Qy '\wrNt QO xOW Tw@Lt |=wy |=y?=@L GwQN Qw_vt x@ TBU "OW
|x}rw= VQ}o u=tR R= Oa@ "CU= xOW xOv=RQr u=RQr R}t |wQ Q@ xk}kO 4 COt x@
"�7 pmW� OW =OH |vwriD |xt}v w R=@ ?r=k '�xk}kO 8� xOW =OH |Rri |xtUD
CiQo Q=Qk |r@k |xtUD pLt QO QDt|r}t 2Ct=N[ =@ |UmrB |xtUDTBU
Tw@Lt |=wy |=y?=@L GwQN Qw_vt x@ "OW xDN} Q ?r=k uwQO 2 ẁv Io Cqt w
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"CU= xOW s=Hv= u=tRsy CQwY x@ pmW u}O@ |Q=OQ@Tma w
xm 'CU= xOW xO=iDU= uD 100 C}iQ_ =@ 19s=DvU x=oDUO R= |Q=PoQ=@ |=Q@
s=Hv= x=oDUO OwN Q=@ pwrU ltm x@ xOW p=ta= Q=@ u=R}t C�=Qk w C@F u; QO

"xOW xO=t; |=yxvwtv "8 pmW

"xvwtv |wQ Q@ xOW |QBU= C=t O}iU nvQ lR=v |x}q l} "9 pmW

|Q=ovsyQ@ VwQ s=Hv= |=Q@ xvwtv |=y|R=UxO=t; C=t=Rr= xm Ow@ R=}v 'V}=tR; s=Hv=
xvwtv |wQ Q@ '|vwvm VwQ QO 'OW xQ=W= xm Qw]u=ty "OwW s=Hv= p=D}H}O Q} w=YD
lr |wor= O=H}= |=Q@ Q[=L VywSB QO "OwW|t O=H}= s_vt=v |xmr |wor= l}
pta CQwY u}= x@ lr |wor= O=H}= |=Q@ "OW xO=iDU= C=t nvQ |QBU= R= s_vt=v
xvwtv K]U |wQ Q@ C=t O}iU nvQ |x}q l} '9 pmW j@=]t =OD@= QO xm OW
"OvDiQo Q=Qk Q=@ewOQo uwO@ \}Lt l} QO =yxvwtv RwQ l} COt x@ w OW |QBU=

Ovv=ty C=t x=}U nvQ |QBU= R= xO=iDU= =@ x=}U lr |wor= 'RwQ l} R= TB
|wor= |xR=Ov= |xOwOLt xmu}= x@ xHwD =@ "OW |QBU= =yxvwtv |wQ Q@ 10 pmW
'xv}y@ |xmr |wor= x@ |@=}CUO |=Q@ 'OwW|t s}_vD xvwtv O=a@= x@ xHwD =@ xmr
TBU w V}=tR; s=Hv= R= Oa@ xm 'OW xO}W=B Cw=iDt |=ylr |wor= =@ xvwtv 4
xvwtv K]U VvQm w =y|}=Hx@=H |Q}oxR=Ov= |=Q@ xv}y@ |xmr |wor= '=yxO=O p}rLD
|wQ Q@ lr |wor= 'xv}y@ lr |wor= x@ |@=}CUO R= TB 'C}=yv QO "OW XNWt

"OW |QBU= =yxvwtv |t=tD

|rm u=tO}J w V}=tR; s=Hv= OvwQ "8"2
R=}v C=t=Rr= w C=R}yHD |QU l} x@ 'p=D}H}O Q} w=YD |oDU@ty VwQ s=Hv= |=Q@
|}=yxvwtv "OwW|t xO=iDU= LED Atq w p=D}H}O u}@ QwO R= 'Q}N= VwQ QO "CU=

7



"""QO
OwH

wtV
}BR=

h=m
WO

WQ
|y=

oW}
=tR;

|xa
r=]t

"xHQO QiY |xvwtv |ki= VvQm |=yQwDv=m "12 pmW

"xHQO 15 |xvwtv |ki= VvQm |=yQwDv=m "13 pmW
VtN u}= xm 'CU= xOW O=H}= h=mW RmQt QO VtN |Q=Okt '|Q=PoQ=@ V}=Ri=
QDtm Ctw=kt x@ xHwD =@ w xOW h=mW RmQt |x}L=v QO |WWm VvD O=H}= Ea=@
CQwY x@ lQD 'QwmPt |x}L=v QO VQ@ w Q=Wi x@ C@Uv VWm Q@=Q@ QO nvU
|WWm |=ylQD xm OwW|t xOy=Wt |Q=WiVvDV}=Ri= =@ "CU= xOQm OWQ |WWm
xv}W}@ |Q=PoQ=@ CyH QO ,=@} QkD =yv; Q}Ut w Ov=xDW=O |QDW}@ OWQ 'xOQm OWQ
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1. Bombolakis
2. coalescence
3. Yang
4. Cheng
5. anti-wing crack
6. out of plane shear crack
7. out of plane tension crack
8. Jiang
9. Hoek
10. strain gauge
11. stylus pro�ler
12. optical method
13. pixel
14. digital image correlation
15. digital speckle photography
16. speckle pattern
17. snowrock

18. homogeneous
19. santam
20. ISO
21. lens distortion
22. region of interest
23. facet size
24. point distance
25. Kao
26. Brittle
27. axial splitting
28. axial splitting
29. spalling
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