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Sudden fracture is one of the major failure modes in brittle materials. Plexiglass (polymethyl
methacrylate) is a well known brittle polymer, widely used in various industries. Many types of
notches, particularly V-shaped notches, are sometimes used in the components made of plexiglass.
These notches can dramatically decrease the load bearing capacity of components due to the con-
centration of stress at the vicinity of their tips. The stress concentration may result in the crack nucle-
ation and fracture from the tip of a V-notch. In the present paper, a set of notched specimens of plex-
iglass are subjected to pure mode II loading, in order to determine the mode II fracture toughness
and the fracture initiation angle experimentally. These specimens contain rounded-tip V-notches with
variable notch opening angles and different notch radii. The experimental results are then predicted
by using a failure criterion, suggested for estimating brittle fracture in rounded-tip V-notches under
pure shear deformation. A good agreement is shown to exist between the theoretical predictions and
the experimental results.
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I| ̈†èÀ …¶•. ‹† {Óýý± ²…ôüú ðýî|¶†² ºý†° ð·Œ• ‹ú °…¶}†ÿ ‹†°â̄…°ÿ

)(€ ‹ú {~°ü� „÷†° ºýõû II| Ê†ø± ìþ|ºõ¬ ô ‹†°â̄…°ÿ ‹ú ºßê ºýõû

{±ÞýŒþ II/I| ̈õ…ø~ ‹õ¬. ‹† …Ö³…ü¼ …üò ²…ôüú ‹ú {~°ü� …² „÷†° ºýõû I|

Þ†¶}ú ìþ|ºõ¬€ {† ›†üþ Þú ‹ú …²…ÿ ²…ôüú ̈†Á| ìþ|{õ…ó ‹ú ‹†°â̄…°ÿ

ºýõû II| ̈†èÀ ¬¶• ü†Ö•.

‹±…ÿ ì¥†¶Œú ²…ôüú ì}ñ†Ê± ‹† {Óýý± ºßê ºýõû II| ̈†èÀ ¬° ðíõðú|ø†

)²…ôüú II(€ ²…ôüú ì¥õ° ðýî|¶†² ºý†° ð·Œ• ‹ú °…¶}†ÿ ‹†°â̄…°ÿ ì±{Œ†_

{Óýý± Þ±¬û ô ø± ‹†° ìÛ~…° {ñ¼ ì¥ýÇþ °ôÿ ðýî|¶†² ºý†° ‹ú Þíà °ô½

…›³…ÿ ì¥~ô¬ ì¥†¶Œú ìþ|ºõ¬. ¬° ðù†ü• ‹† …Ö³…ü¼ ²…ôüú ‹†°â̄…°ÿ€

ìþ|{õ…ó ‹ú ²…ôüú|…ÿ ¬¶• ü†Ö• Þú ‹ú …²…ÿ „ó€ ìÛ~…° {ñ¼ ì¥ýÇþ °ôÿ

ðõá ºý†° ‹±…‹± ‹† ¾×± º~û ô ‹ñ†‹±…üò ìÛ~…° Â±ü� º~– {ñ¼ ºý†°

ºýõû  I|)( ‹± …¶†¹ ìÏ†¬èú )3( ‹±…‹± ‹† ¾×± ìþ|ºõ¬. ¬° …üò ¤†è•

{Óýý± ºßê ¬° ðõá ºý†° ‹ú ºßê ºýõû II| ̈†èÀ …¶•. ‹ú ìñËõ° {Ïýýò

²…ôüú II‹± ¤·� ²ô…ü†ÿ ì©}éØ ¬ø†ðú ºý†°€ ¾×¥ú ‹±²üéþ ð»†ó ¬…¬û β
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º~û ¬° ºßê4 ‹ú Þíà ð±ï|…Ö³…° SUQABA| ì~ë|¶†²ÿ º~û ô ìÛ~…°

θθ¬° …ì}~…¬ ðýî|¶†² ºý†° ¬° ²ô…ü†ÿ ì©}éØ| ìõ°¬ ìÇ†èÏú Ú±…° â±Ö}ú

…¶•. ì¥†¶Œ†– …›³…ÿ ì¥~ô¬ ð»†ó ìþ|¬ø~€ II‹·}ãþ Ÿñ~…ðþ ‹ú

ºÏ†Ñ ðõá ºý†° ð~…°¬ ô ‹ú Æõ° {Û±üŒþ ì·}Ûê …² …üò �†°…ì}± …¶•. ‹±…ÿ

²ô…ü†ÿ ¬ø†ðú ºý†° 03€ 06 ô 09 ¬°›ú€ ²ô…ü†ÿ ‹†°â̄…°ÿ ì}ñ†Ê± ‹† º±…üÈ

ºýõû II| ̈†èÀ )II( ‹ú {±{ý� ‹±…‹± ‹† 52€ 03 ô 53 ¬°›ú ø·}ñ~.

‹±…ÿ ì¥†¶Œú ìÛ†¬ü± Â±…ü� º~– {ñ¼ ºý†°€ Â±ô°ÿ …¶• {† ì~èþ

…² ðíõðú|ø†üþ Þú °Ö}†° ºß·• „ðù† ‹±°¶þ º~€ ¬° üà ð±ï …Ö³…° …›³…ÿ

ì¥~ô¬ …üœ†¬ º~û ô ‹†°â̄…°ÿ ì±‹õÉ °ôÿ ðíõðú|ø† …Îí†ë ºõð~. ‹†

…Îí†ë ‹†°â̄…°ÿ °ôÿ ì~ë …›³…ÿ ì¥~ô¬ ðíõðú|ø†€ ‹±…ÿ º±…üÈ ºýõû I|

¨†èÀ€ ìÛ~…° {ñ¼|ø†ÿ ì¥ýÇþ ô ‹±…ÿ º±…üÈ ºýõû II¨†èÀ€

{ñ¼|ø†ÿ ‹±ºþ θr|¬° °…¶}†ÿ ðýî|¶†² ºý†° ‹ú Þíà ð±ï|…Ö³…° …›³…ÿ

ì¥~ô¬ ì¥†¶Œú ìþ|ºõð~. ‹† ìÏéõï ‹õ¬ó {ñ¼|ø†ÿ ì¥ýÇþ ô ‹±ºþ

ì}ñ†Ê± ‹† ‹†°â̄…°ÿ ì±‹õÉ ô ‹† …¶}×†¬û …² ìÏ†¬æ– )3( ô )4(€ ìÛ†¬ü±

Â±…ü� º~– {ñ¼ ºý†° ì¥†¶Œú ìþ|ºõð~.  |

‹±°¶þ {œ±‹þ  |

üßþ …² ðíõðú|ø†ÿ „²ì†ü»ã†øþ ìõ°¬ …¶}×†¬û ‹±…ÿ ìÇ†èÏú {œ±‹þ ºß·•

¬° ÚÇÏ†– {±á|¬…° ðíõðú ¾×¥ú ‹±²üéþ {±á|¬…° )DB( …¶• Þú {†Þñõó

{õ¶È �µôø»ã±…ó ì©}éØ …¶}×†¬û º~û …¶• ]51€41[. ‹ú ìñËõ° …°²ü†‹þ

¬Ú• ìÏý†° STM-VR|€ ¬° �µôø¼ ¤†Â± üà ºý†° ¬…̈éþ V| ºßê

›†ÿ|â³üò {±á º~û ô …² ðíõðú|ø†ÿ ¾×¥ú ‹±²üéþ ¬…°…ÿ ºý†° V|ºßê

)DB-VR( …¶}×†¬û º~û …¶•. ðíõðú|ø† …² ›ņ̃ �éß·þ|âç¹ ‹† ð†ï Îéíþ

�éþ|ì}ýê|ì}†Þ±üç– )AMMP(| …¶• Þú �éýí±ÿ º×†Ù€ ð·Œ}†_ øíãò ô

øí·†ó|â±¬ …¶• ô ‹±…ÿ ìÇ†èÏú ºß·• {±¬€ ìñ†¶� …¶•. „²ì†ü¼|ø† ¬°

¬ì†ÿ ì¥ýÈ …ðœ†ï º~û|…ð~. ̈õ…Á ìß†ðýßþ AMMP| …¶}×†¬û º~û ¬° …üò

„²ì†ü¼|ø†€ ¬° ¬ì†ÿ ì¥ýÈ ‹ú º±§ ²ü± …¶•:

¬° {í†ï ðíõðú|ø†€ ÚÇ± ðíõðú )D( ‹±…‹± ‹† mm08€ ÚÇ± ºý†° )d( ‹±…‹± ‹†

mm|04 ô Â©†ì• ðíõðú mm01 …¶•. ¬° …üò „²ì†ü¼ ‹†° ‹ú ºßê

ì}í±Þ³ ô Ö»†°ÿ …² ‹†æ ô �†üýò ‹ú ðíõðú …Îí†ë ìþ|ºõ¬. øí†ó|Æõ° Þú

ÚŒç_ â×}ú º~€ ìÛ†¬ü±ô‹ú Þíà {¥éýê|ø†ÿ …›³…ÿ

ì¥~ô¬ ìÏýò ìþ|ºõð~. øî|Ÿñýò€ „²ìõó|ø†ÿ ºß·• ºýõû II| ̈†èÀ

‹± …¶†¹ ²ô…ü†ÿ ̈†Á II| Þú ÚŒç_ ‹† °ô½ …›³…ÿ ì¥~ô¬ ‹ú ¬¶•

„ì~û|…ð~€ …ðœ†ï º~û|…ð~. ²ô…ü†ÿ ¬ø†ðú ºý†° ‹±…‹± ‹† 03€ 06 ô 09 ¬°›ú ¬°

ðË± â±Ö}ú º~û …¶•. ‹±…ÿ ìÇ†èÏú „÷†° {Óýý± ºÏ†Ñ ðõá ºý†°¬°

ºß·• ðíõðú|ø†€ ‹±…ÿ ºÏ†Ñ ðõá ºý†° ¶ú ìÛ~…° 1€ 2 ô mm4 ¬° ðË±

â±Ö}ú º~û …¶• Þú ¬° ìœíõÑ 9 ¤†è• øñ~¶þ ì©}éØ ‹±…ÿ ðíõðú|ø†

ô›õ¬ ¬…°¬. ‹ú …²…ÿ ø±Þ~…ï …² º±…üÈ ‹†°â̄…°ÿ ºýõû|ø†ÿ I| ô II€ 3

„²ìõó ºß·• ô ¬° ìœíõÑ {Ï~…¬ 45 „²ìõó ‹±…ÿ …°²ü†‹þ ìÏý†°

STM-VR| …ðœ†ï º~û …¶•.  |

ºßê5 ðí†üþ …² ðíõðú DB-VR| °… ‹ú øñã†ï „²ì†ü¼ ºß·• ºýõû |II

¨†èÀ )‹±½ ̈†èÀ ¬° …ì}~…¬ ðýî|¶†² ºý†°( ð»†ó ìþ|¬ø~. øî|Ÿñýò€

¬° ºßê6 ðí†üþ …² ðíõðú|ø†ÿ ºý†°¬…° �̧ …² „²ìõó ºß·• ºýõû|ø†ÿ

I| ô II| ð»†ó ¬…¬û º~û …¶•.

®Þ± …üò ðß}ú Â±ô°ÿ …¶• Þú ‹±…ÿ ø± ²…ôüú ¬ø†ðú ºý†° ì»©À

)2(€ ìÛ~…° ì}õ¶È �†°…ì}±‹ú Þíà „²ìõó ºß·• ºýõû I|

¨†èÀ )²…ôüú ‹†°â̄…°ÿ 0 =( ‹ú ¬¶• ìþ„ü~. ‹±…ÿ ì¥†¶Œú ìÛ†¬ü±

Â±…ü� º~– {ñ¼ ºý†° ì}ñ†Ê± ‹† ‹†°ø†ÿ ºß·•€ ìÇ†‹Ü ‹† {õÂý¥†–

…°…̂ú º~û ¬° ‹©¼  {¥éýê …›³…ÿ ì¥~ô¬€ ‹†°ø†ÿ ‹¥±…ðþ ‹ú ¬¶• „ì~û

…² „²ìõó|ø†ÿ ºß·•€ ¬° °…¶}†ÿ ìÏéõï °ôÿ ì~ë …›³…ÿ ì¥~ô¬
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ð}†ü� ô ‹¥™  |

øí†ó|Æõ° Þú ÚŒç_ â×}ú º~€ ìÇ†‹Ü ‹† ìÏ†¬èú )31(€ ‹±…ÿ {Ïýýò ð·Œ•

ŸÛ±ìãþ ºß·• ¬° ºý†°ø†ÿ V| ºßê ‹† ðõá â±¬ Â±ô°ÿ …¶• Þú

�†°…ì}± v,cr| ‹ú Þíà ìÏ†¬èú )51( ìÏýò ºõ¬. …üò �†°…ì}± ‹·}ãþ ‹ú

€ ô u| ¬…°¬ ô ìÛ~…° „ó ¬° ›~ôë2 ‹±…ÿ ºý†°ø†ÿ ì©}éØ

®Þ± º~û …¶•.  |

‹† ìÏéõï ‹õ¬ó ìÛ~…° �†°…ì}±  v,cr| ô øî|Ÿñýò ¶†ü± �†°…ì}±ø†ÿ ìÏ±Öþ

º~û ¬° ›~ôë 1€ ìþ|{õ…ó ‹† ¤ê ìÏ†¬èú )9( ²…ôüú º±ôÑ ºß·• ì}ñ†Ê±

‹† ‹†°â̄…°ÿ ºýõû II| ̈†èÀ °… ‹ú …²…ÿ ²ô…ü†ÿ ì©}éØ ¬ø†ðú ºý†° ô

ºÏ†Ñ|ø†ÿ ì©}éØ ðõá „ó ‹ú ¬¶• „ô°¬. ¬° ºßê7 �ý¼|‹ýñþ ìÏý†°

STM-VR¬° …°{Œ†É ‹† {Óýý±…– ²…ôüú º±ôÑ ºß·• ‹±…ÿ ðíõðú|ø†ÿ

AMMP| ¬° ¬ì†ÿ ì¥ýÈ ‹± ¤·� {Óýý±…– ºÏ†Ñ ðõá ºý†°€ ‹±…ÿ

²ô…ü†ÿ ì©}éØ ¬ø†ðú ºý†° ð»†ó ¬…¬û º~û …¶•.

¬° ºßê|ø†ÿ 8 {† 01€ {Óýý±…– ²…ôüú º±ôÑ ºß·• ‹ú …²…ÿ {Óýý±…–

ºÏ†Ñ ðõá ºý†° ‹±…ÿ ²ô…ü†ÿ ¬ø†ðú ºý†° 03€ 06 ô 09 ¬°›ú ‹ú øí±…û

ð}†ü� „²ì†ü»ã†øþ ð»†ó ¬…¬û º~û|…ð~.

�̧ …² ì¥†¶Œú ²ô…ü†ÿ º±ôÑ ºß·• ðíõðú|ø†  )II0θ(€ ìþ|{õ…ó ‹ú

Þíà ìÏ†¬èÏú )31( ìÛ~…° ð·Œ• ŸÛ±ìãþ ºß·• ºý†° °… ²ü±

‹†°â̄…°ÿ ºýõû II| ̈†èÀ€ ‹ú …²…ÿ ²ô…ü†ÿ ì©}éØ ¬ø†ðú ºý†° ô
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σ ρ ρ,V
IcK
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ºýõû|ø†ÿ ̈†èÀ  I| ô II|.

α
α

α
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ºß·• ‹±…ÿ ðíõðú|ø†ÿ AMMP¬° ¬ì†ÿ ì¥ýÈ ‹± ¤·� {Óýý±…–

ºÏ†Ñ ðõá ºý†° ‹±…ÿ ²ô…ü†ÿ ì©}éØ ¬ø†ðú ºý†°.

›~ôë 2- ìÛ†¬ü± �†°…ì}±ø†ÿ v,cr| ô ‹ú …²…ÿ ²ô…ü†ÿ ¬ø†ðú ô ºÏ†Ñ ø†ÿ ðõá ºý†° ì©}éØ. ρ,V
IcK
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{Óýý±…– ºÏ†Ñ ðõá ºý†° ð»†ó ¬…¬û º~û|…ð~. …üò ºßê|ø† ‹ú {±{ý�

ì±‹õÉ ‹ú ²ô…ü†ÿ ¬ø†ðú ºý†° 03€ 06 ô 09 ¬°›ú ‹õ¬û ô ð}†ü� {œ±‹þ ðý³

¬° „ðù† …°…̂ú º~û …¶•.

ºßê7 ð»†ó ìþ|¬ø~ Þú …Ö³…ü¼ ¬ô �†°…ì}± ²…ôüú ¬ø†ðú ºý†° ô ºÏ†Ñ

ðõá ºý†° ìõ›� Þ†ø¼ ²…ôüú º±ôÑ ºß·• ²ü± ‹†°â̄…°ÿ ºýõû II|

¨†èÀ )II0θ( ìþ|ºõ¬. øî Ÿñýò€ ¬° ºßê|ø†ÿ 8 ô 9 ì»†ø~û ìþ|ºõ¬€

‹±…ÿ ²ô…ü†ÿ ¬ø†ðú ºý†° 03 ô 06 ¬°›ú€ ‹ú …²…ÿ {í†ï ºÏ†Ñ|ø†ÿ ðõá

ºý†°€ ìÛ†¬ü± {œ±‹þ ²…ôüú º±ôÑ ºß·•€ Þíþ ‹ý¼ …² ìÛ†¬ü± ì±‹õÉ ‹ú

�ý¼|‹ýñþ ðË±ÿ  STM-VR| ø·}ñ~. ºßê01 ðý³ ð»†ó ìþ|¬ø~€ ‹ú …²…ÿ

²…ôüú ¬ø†ðú ºý†° 09 ¬°›ú€ ì}õ¶È ìÛ†¬ü± {œ±‹þ ²…ôüú º±ôÑ ºß·•€

Þí}± …² �ý¼|‹ýñþ|ø†ÿ ðË±ÿ …¶•.

¬° ºßê|ø†ÿ 11 {† 31 ì»†ø~û ìþ|ºõ¬ Þú ‹† …Ö³…ü¼ ²…ôüú ¬ø†ðú ºý†°€

ìÛ~…° Î~¬ÿ �†°…ì}± ð·Œ• ŸÛ±ìãþ ºß·• ºý†° …Ö³…ü¼ ìþ|ü†‹~.

Îé• „ó …¶• Þú ‹† …Ö³…ü¼ ²…ôüú ¬ø†ðú ºý†°€ ìÛ~…° Î~¬ÿ ŸÛ±ìãþ

ºß·• ºý†° ²ü± ‹†°â̄…°ÿ ºýõû II| ̈†èÀ )( ‹ú ºßê

Ö³…üñ~û|…ÿ …Ö³…ü¼ ìþ|ü†‹~ Þú ìþ|{õ…ð~ ‹ú ¬èýê °º~ ¶±üÐ �†°…ì}±

¬° ìÏ†¬èú )4( ‹†º~. øî|Ÿñýò ì»†ø~û ìþ|ºõ¬€ ‹† …Ö³…ü¼ ºÏ†Ñ ðõá

ºý†°€ ìÛ~…° �†°…ì}± ð·Œ• ŸÛ±ìãþ ºß·• …Ö³…ü¼ ìþ|ü†‹~. Îé• …üò

�~ü~û ì±‹õÉ ‹ú Þ†ø¼ {í±Þ³ {ñ¼ ¬° ð³¬üßþ ðõá ºý†° …¶•.

ì¥†¶Œ†– …ðœ†ï º~û ð»†ó| ìþ|¬ø~ Þú ì}õ¶È …̈}çÙ ìõ›õ¬ ‹ýò

21
r

λ−

ρ,V
IcK

α

ºßê 8 -{Óýý±…– ²…ôüú º±ôÑ ºß·• ‹ú …²…ÿ {Óýý±…– ºÏ†Ñ ðõá

ºý†° ‹±…ÿ ²…ôüú ¬ø†ðú ºý†° 03 ¬°›ú.

ºßê 9 -{Óýý±…– ²…ôüú º±ôÑ ºß·• ‹ú …²…ÿ {Óýý±…– ºÏ†Ñ ðõá

ºý†° ‹±…ÿ ²…ôüú ¬ø†ðú ºý†° 06 ¬°›ú.

ºßê 11 -{Óýý±…– ð·Œ• ŸÛ±ìãþ ºß·• ºý†° ‹ú …²…ÿ {Óýý±…– ºÏ†Ñ

ðõá ºý†°€ ‹±…ÿ ²…ôüú ¬ø†ðú ºý†°03 ¬°›ú.

α

ºßê 01 -{Óýý±…– ²…ôüú º±ôÑ ºß·• ‹ú …²…ÿ {Óýý±…– ºÏ†Ñ ðõá
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