
T
he creep/recovery behavior of wood flour-polypropylene was compared

with medium density fiberboard (MDF) and particleboard. For this purpose,

wood flour-polypropylene composites (with and without compatibilizer)

were manufactured by using a laboratory twin-screw extruder. The MDF and parti-

cleboard panels were obtained from local producers. Short term flexural creep tests

at 30% of ultimate bending load were performed by using flexural creep equipment.

The total time to complete every test was 120 min (60 min creep and 60 min recov-

ery). Also Findley creep model was used for the prediction of creep behavior of the

materials under study. The results showed that fractional deflection and relative creep

in wood flour-polypropylene composites are higher than MDF and particleboard

whereas MDF and particleboard exhibited higher percent recovery rather than wood

flour-polypropylene composite. Creep modulus at the first phase of creep in wood

flour-polypropylene composite was higher than MDF and particleboard but more

decreases were observed for creep modulus of wood-plastic composite at the end of

creep phase. Coupling agent (MAPP) improved creep/recovery behavior of wood

flour-polypropylene composite. Also Findley creep model predicted the creep behav-

ior of studied materials very well.
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ì¥†¶Œú º~:

)1( 001 ×0J/ )0J-tJ( = CR|

CR| ̈³½ ð·Œþ )¬°¾~(€ tJ| ̈³½ ¬° ²ì†ó t)mm( ô 0J| ̈³½ „ðþ

)mm( …¶•.

¶±Î• ̈³½|:{Óýý± ºý� ìñ¥ñþ ̈³½ ü† ¬ü×±…ð·ýê {Óýý± ìß†ó ð·Œ•

‹ú ²ì†ó °… ¶±Î• ̈³½ ìþ|âõüñ~ Þú ‹† ìÏ†¬èú)2(  ì¥†¶Œú º~û …¶•:

)2(1J/ )1J- 2J( =tV|

¬° …üò ìÏ†¬èú  tV| ¶±Î• ̈³½ )nim/mm(€ 2J| ìÛ~…° ̈³½ ¬° ²ì†ó

2t€ )mm( ô 1J| ìÛ~…° ̈³½ ¬° ²ì†ó 1t|)mm( …¶•.

Â±ü� ̈³½:…Òé� ¬° ì·†ê̂ Æ±…¤þ …² Â±ü� ̈³½ …¶}×†¬û

ìþ|ºõ¬. …² ¤†¾ê Â±Ž Â±ü� ̈³½ ¬° ̈³½ „ðþ ìÛ~…° ̈³½ ¬°

²ì†ó t| ‹ú ¬¶• ìþ„ü~. …üò Â±ü� ‹ú ìñËõ° �ý¼|‹ýñþ ̈³½ …›³…ÿ ²ü±

‹†° ÷†‹• ìñ†¶� …¶• ô …² ìÏ†¬èú )3( ì¥†¶Œú ìþ|ºõ¬:

)3(0J / tJ = tK

tK| Â±ü� ̈³½ ‹±…ÿ ‹†° ü† {ñ¼ ÷†‹• ¬° ²ì†ó t€ tJ| ìÛ~…° ̈³½ ¬°

²ì†ó  t|)mm( ô oJ| ̈³½ „ðþ )mm( …¶•.                                     |

ì~ôë ̈³½:‹±…ÿ ì¥†¶Œú ì~ôë ̈³½ Þú ‹ú ºßê  ð·Œ• ‹ýò {ñ¼

÷†‹• ô {Óýý± ºßê ô…‹·}ú ‹ú ²ì†ó€ {Ï±üØ ìþ|ºõ¬ ]|8[|€ …² ìÏ†¬èú )4(

ìÇ†‹Ü …¶}†ð~…°¬ 2066 OSI]9[| …¶}×†¬û º~û …¶•:

)4()ts
3hb4(/ )F3L( = tE|

tE| ì~ôë ̈³½ ¬° è¥Ëú t)aPM(€ LÆõë ¬ø†ðú )mm(€ F| ðý±ô )N(€ b| �ùñ†ÿ ›~ôë 1-¬°¾~ ô²ðþ …›³…ÿ {»ßýê|¬øñ~û {±ÞýŒ†– ì©}éØ

Þ†ì�õ²ü• ŸõŽ-�ç¶}ýà.  

*PW| ‹~ôó ¶†²â†°Þññ~û ô MPW| ‹† ¶†²â†°Þññ~û …¶•.

ìÛ~…°¶†²â†°

Þññ~û )%(

ìÛ~…°„°¬

ŸõŽ  )%(

ìÛ~…°

�éþ|�±ô�ýéò )%(
Þ~ {±Þý�* {±Þý�

-

2

07

07

03

82

PW

MPW

1

2

¬ì†ÿ Ú†è�
6 5 4 3 2 1 ìñÇÛú ¬ì†üþ

2 1

001 031 051 551 061 061 071 071 ¬ì† )Co(

›~ôë 2-¬ì† ¬° ìñ†ÆÜ ì©}éØ ¬ì†üþ ¬° …Þ·}±ô¬°.
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‹±°¶þ ìÛ†ü·ú|…ÿ °Ö}†° ̈³½ Þ†ì�õ²ü• „°¬ ŸõŽ - �éþ|�±ô�ýéò ‹† {©}ú ÖýŒ±ðýíú|¶ñãýò ô ... ¶ý~ ›çë ðýà|°…ÿ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¬ôï€ ºí†°û 5€ „®° ƒƒ ¬ÿ 8831 

ðíõðú )mm(€ hÂ©†ì• ðíõðú )mm( ô  ts̈³½ ¬° ²ì†ó  t )mm( …¶•.

…°²ü†‹þ °Ö}†°̈³½ ìõ…¬ ‹† …¶}×†¬û …² ì~ë yyeellddnniiFF|

‹±…ÿ �ý¼|‹ýñþ °Ö}†°̈³½ ìõ…¬ ôü·ßõ…æ¶}ýà ì~ë|ø†ÿ ì©}é×þ …°…̂ú

º~û …¶• ]|5[|. ¬°…üò ìÇ†èÏú …² ì~ë yeldniF| Þíà â±Ö}ú º~û Þú

{õ¶È yeldniF| ¬° ¶†ë 0691 �ý»ñù†¬ º~. …üò ì~ë ð·Œ}†_ ¶†¬û ô ‹±…ÿ

�ý¼|‹ýñþ °Ö}†°̈³½ ìõ…¬ ôü·ßõ…æ¶}ýà ¬° ¶Çõ§ ‹†°â̄…°ÿ

ì}õ¶È ‹·ý†° Þ†°„ì~ …¶• ]01[|. ìÏ†¬èú Îíõìþ ì~ë ‹ú {±{ý� ²ü± …¶•:

)5(mta+ 0= 

|

{Óýý± Æõë ð·Œþ ¬° ²ì†ó t€  0{Óýý± Æõë ð·Œþ „ðþ …¶• ô aô m|

ìÛ†¬ü± ÷†‹• ø·}ñ~. ‹† °¶î )0-( gol| ‹ú ºßê {†‹Ïþ …² )t( gol|

�†°…ì}±ø†ÿ a| ô m| ìÏýò ìþ|ºõð~. ºý� ̈È °…¶}þ Þú …² ðÛ†É …üò

{±¶ýî ìþ|â̄°¬ m| ô {Û†ÆÐ „ó ‹† ì¥õ° Îíõ¬ÿ agol| …¶•. ‹±…ÿ {Œ~üê

ìÛ†¬ü± ̈³½ ‹ú {Óýý± Æõë ð·Œþ …² ìÏ†¬èú)6( ìÇ†‹Ü …¶}†ð~…°¬

a69-097 DMTSA ]11[ …¶}×†¬û º~û …¶•:

)6(2L/ dD6 = 

Þú ¬° „ó{Óýý± Æõë ð·Œþ€ D| ̈³½ )mm(€ dÂ©†ì• ðíõðú )mm(

ôL| Æõë ¬ø†ðú )mm( …¶•.

ð}†ü� ô ‹¥™

ì~ôë Þ»·†ó ̈í»þ ô …¶}¥ß†ï ̈í»þ

›~ôë 3 ì~ôë Þ»·†ó ̈í»þ ô …¶}¥ß†ï ̈í»þ ìõ…¬ „²ìõó °… ð»†ó

ìþ|¬ø~. øí†ó Æõ° Þú ìç¤Ëú ìþ|ºõ¬€ ì~ôë Þ»·†ó Þ†ì�õ²ü•

„°¬ŸõŽ -�éþ|�±ô�ýéò ‹~ôó ¶†²â†°Þññ~û€ 4 ¬°¾~ Þí}± …² FDM)…²

ðË± „ì†°ÿ Î~ï …̈}çÙ ìÏñþ|¬…°( ô 91 ¬°¾~ ‹ý»}± …² {©}ú ̈±¬û

ŸõŽ ìõ°¬ ìÇ†èÏú )…̈}çÙ ìÏñþ|¬…°( …¶•. ‹† …Ö³ô¬ó 2 ¬°¾~

¶†²â†°Þññ~û ¬° {±Þý� Þ†ì�õ²ü• „°¬ ŸõŽ -�éþ|�±ô�ýéò€ ì~ôë

Þ»·†ó ‹ú Æõ° ìÏñþ|¬…°ÿ)65 ¬°¾~( …Ö³…ü¼ ü†Ö}ú …¶•€ ì~ôë Þ»·†ó

Þ†ì�õ²ü•|ø†ÿ ¤†ôÿ ¶†²â†°Þññ~û ‹ú ºßê ìÏñþ|¬…°ÿ ‹ý»}± …² FDM

)05 ¬°¾~( ô {©}ú ̈±¬û ŸõŽ )68 ¬°¾~( …¶•.

ìÇ†‹Ü ›~ôë 3€ …¶}¥ß†ï ̈í»þ Þ†ì�õ²ü• „°¬ŸõŽ -�éþ|�±ô�ýéò

‹~ôó ¶†²â†°Þññ~û€ 06 ¬°¾~ Þí}± …² FDMô 11 ¬°¾~ ‹ý»}± …² {©}ú

¨±¬û ŸõŽ …¶•. …üò …̈}çÙ|ø† …² ðË± „ì†°ÿ ‹±…ÿ FDM| ìÏñþ|¬…°

…¶•€ …ì† ‹±…ÿ {©}ú ̈±¬û ŸõŽ ìÏñþ|¬…° ðý·•. …Ö³ô¬ó 2 ¬°¾~

¶†²â†°Þññ~û ¬° {±Þý� …üò ìõ…¬€ …¶}¥ß†ï ̈í»þ °… ‹ú Æõ° ìÏñþ|¬…° ô

‹ý¼ …² 001 ¬°¾~ …Ö³…ü¼ ¬…¬û …¶•.  …¶}¥ß†ï ̈í»þ Þ†ì�õ²ü• „°¬

ŸõŽ -�éþ|�±ô�ýéò ¤†ôÿ ¶†²â†°Þññ~û€ 71 ¬°¾~ Þí}± …² FDMô

821 ¬°¾~ ‹ý»}± …² {©}ú ̈±¬û ŸõŽ …¶• Þú ¬° ø± ¬ô ¤†è• …üò

…̈}çÙ ìÏñþ|¬…° …¶•.   |

øí†ó|Æõ° Þú ìç¤Ëú º~€ …¶}×†¬û …² 2 ¬°¾~ ¶†²â†°Þññ~û ¶Œ�

…Ö³…ü¼ Ú†‹ê ìç¤Ëú ô ìÏñþ|¬…° ì~ôë Þ»·†ó ̈í»þ ô …¶}¥ß†ï

¨í»þ Þ†ì�õ²ü• „°¬ ŸõŽ -�éþ|�±ô�ýéò º~û …¶•. ô›õ¬

¶†²â†°Þññ~û ¬° {±Þý� Þ†ì�õ²ü•|ø†ÿ ŸõŽ -�ç¶}ýà€ ¶†²â†°ÿ

‹ýò ìõ…¬ ¶éõèõ²ÿ)ÚÇŒþ( ô �éýí±)Òý± ÚÇŒþ( °… …Ö³…ü¼ ìþ|¬ø~ ô ‹†

…üœ†¬ �ýõð~ø†ÿ Þõô…æð·þ ‹† â±ôû|ø†ÿ øý~°ôÞ·ýê ¶Çõ§ ìõ…¬

¶éõèõ²ÿ )„°¬ ŸõŽ( ‹±øî|Þñ¼ ô Ÿ·Œñ~âþ ‹ýò ìõ…¬ ¶éõèõ²ÿ ô

�éýí± °… …Ö³…ü¼ ìþ|¬ø~. ¬° ð}ýœú€ {ñ¼ …² ì†¬û ²ìýñú )�éýí±( ‹ú ìõ…¬

¶éõèõ²ÿ ‹ù}± …ð}Û†ë ìþ|ü†‹~ ô ì~ôë Þ»·†ó ô …¶}¥ß†ï ̈í»þ

…Ö³…ü¼ ìþ|ü†‹~ ]21[.  |

¨³½

ìñ¥ñþ ̈³½ -‹†²â»• ìõ…¬ „²ìõó ¬° ºßê 1 ð»†ó ¬…¬û º~û …¶•.

�†°…ì}±ø†ÿ ì©}éØ ̈³½ -‹†²â»• …üò ìõ…¬ ðý³ ¬° ›~ôë 4 „ô°¬û

º~û …¶•. ¬° …üò �µôø¼€ ‹†°â̄…°ÿ ‹± …¶†¹ 03 ¬°¾~ …² ‹†° ºß·•

ìõ…¬ )‹ú ¬¶• „ì~û …² „²ìõó ̈í¼ …ü·}†( ‹õ¬û …¶• ô Ÿõó ‹†° ºß·•

ìõ…¬ ‹† üà|¬üã± {×†ô– ¬…°¬€ ‹ñ†‹±…üò ìÛ~…° ‹†°â̄…°ÿ ¬° „²ìõó ̈³½

ðý³ ì}×†ô– ‹õ¬û …¶•€ ‹ú Æõ°ÿ Þú ìÛ~…° ‹†°â̄…°ÿ ¬° Þ†ì�õ²ü• „°¬

ŸõŽ -�éþ �±ô�ýéò ‹† ¶†²â†°Þññ~û ô ‹~ôó „ó ‹ú {±{ý� 21 ô gk32 ô

¬° FDM| ô {©}ú ̈±¬û ŸõŽ ‹ú {±{ý� 44  ô gk71 ‹õ¬û …¶•.  ‹ñ†‹±…üò

¬° �µôø¼ ¤†Â±€ ‹±…ÿ ìÛ†ü·ú ìÛ~…° {Óýý± ºßê „ðþ ô {Óýý± ºßê

‹ý»ýñú  ìõ…¬ ì©}é×þ Þú ²ü± ‹†°â̄…°ÿ ì}×†ô– ‹õ¬û|…ð~€ …² ìÛ†¬ü± ̈³½

ε

ε

ε ε

ε ε

ε ε

…Î~…¬ ¬…̈ê �±…ð}³ ìÛ~…° …ð¥±…Ù ìÏý†°  °… ð»†ó ìþ|¬ø~.

BP| {©}ú ̈±¬û ŸõŽ …¶•.

›~ôë3-ì~ôë Þ»·†ó ̈í»þ ô …¶}¥ß†ï ̈í»þ ìõ…¬ „²ìõó.  

…¶}¥ß†ï ̈í»þ )aPM( ì~ôë Þ»·†ó )aPM( ìõ…¬

)2/1( 6/51

)6/2( 1/23

)4/1( 8/83

)0/2( 1/41

)6/802( 5133

)8/453( 6715

)8/702( 9543

)5/893( 7772

PW

MPW

FDM

BP
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‹± …¶†¹ ô…¤~ ‹†° …¶}×†¬û º~û …¶•. ‹±…ÿ …üò ìñËõ° ìÛ~…° ̈³½

){Óýý± ºßê( ‹± ‹†°ÿ Þú …üœ†¬Þññ~û ̈³½ ‹õ¬û …¶•€ {Û·ýî º~ ô

ìÛ~…° ̈³½ ‹± …¶†¹ ô…¤~ ‹†° ‹ú ¬¶• „ì~.

|ð}†ü� ð»†ó ìþ|¬ø~ Þú ìÛ~…° {Óýý± ºßê „ðþ ô…¤~ ‹†° ¬° Þ†ì�õ²ü•

„°¬ŸõŽ -�éþ|�±ô�ýéò€ {Û±üŒ†_ 21 ¬°¾~ Þí}± …² FDM| ô 52 ¬°¾~

Þí}± …² {©}ú ̈±¬û ŸõŽ …¶•. …Ö³ô¬ó ¶†²â†°Þññ~û ¬° {±Þý� …üò

Þ†ì�õ²ü•€ {Óýý± ºßê „ðþ °… Þ†ø¼ ¬…¬û …¶• )42 ¬°¾~( Æõ°ÿ Þú

{Óýý± ºßê „ðþ Þ†ì�õ²ü• ¤†ôÿ ¶†²â†°Þññ~û€ 33 ¬°¾~ Þí}± …²

FDM| ô 34 ¬°¾~ Þí}± …² {©}ú ̈±¬û ŸõŽ …¶•.  |

øî|Ÿñýò ð}†ü� ð»†ó ìþ|¬ø~€ {Óýý± ºßê ‹ý»ýñú ô…¤~ ‹†°

Þ†ì�õ²ü•|ø†ÿ ìÇ†èÏú º~û {Û±üŒ†_ 6 ¬°¾~ ‹ý»}± …² FDM| …¶•. ¬°

ìÛ†ü·ú ‹† {©}ú ̈±¬û ŸõŽ …üò Þ†ì�õ²ü• 12 ¬°¾~ {Óýý± ºßê ‹ý»ýñú

Þí}±ÿ ¬…°ð~. …¶}×†¬û …² ¶†²â†°Þññ~û {Óýý± ºßê ‹ý»ýñú ô…¤~ ‹†° °… ¬°

…üò Þ†ì�õ²ü•|ø† Þ†ø¼ ìþ|¬ø~ )72 ¬°¾~( ‹ú Æõ°ÿ Þú {Óýý± ºßê

‹ý»ýñú Þ†ì�õ²ü• ¤†ôÿ ¶†²â†°Þññ~û ¤~ô¬ 22 ¬°¾~ Þí}± …² FDM| ô

24 ¬°¾~ Þí}± …² {©}ú ̈±¬û ŸõŽ …¶•. ð}†ü� eeL| ô øíß†°…ó  ðý³

ð»†ó ¬…¬ Þú …Ö³ô¬ó 3 ¬°¾~ ¶†²â†°âññ~û ìÛ~…° ̈³½ ð†ºþ …²

‹†°â̄…°ÿ Þ»»þ  Þ†ì�õ²ü• „°¬ -ŸõŽ �éþ|�±ô�ýéò °… ‹ú ð¿Ø

Þ†ø¼ ìþ|¬ø~ ]31[. ð}†ü� ì»†‹ùþ {õ¶È nosstgneB‹±…ÿ

Þ†ì�õ²ü•|ø†ÿ „°¬ ŸõŽ -�éþ|…{ýéò ¶ñãýò ¬…°…ÿ ¶†²â†°Þññ~û ¶ýçó

â³…°½ º~û …¶•. Þ†ø¼ ̈³½ ¬° …üò Þ†ì�õ²ü•|ø†€ ‹ú …üœ†¬

�ýõð~ø†ÿ Î±Âþ ‹ýò ŸõŽ ô �éýí± ¬° …÷± ¶†²â†°Þññ~û ð·Œ• ¬…¬û º~û

…¶• ]41[.

¬°¾~ ‹†²â»• {Óýý± ºßê ¬° Þ†ì�õ²ü• „°¬ ŸõŽ -�éþ|�±ô�ýéò

…ð~Þþ Þí}± …² FDM| ô {©}ú ̈±¬û ŸõŽ …¶• Þú ¬° Þ†ì�õ²ü• ¤†ôÿ

¶†²â†°Þññ~û€ ¬°¾~ ‹†²â»• …Ö³…ü¼ ü†Ö}ú ô {Û±üŒ†_ ‹† FDM| ô {©}ú

¨±¬û ŸõŽ ‹±…‹± …¶• )›~ôë 4(.

ìÇ†‹Ü ›~ôë 4€ Â±ü� ̈³½ ¬° Þ†ì�õ²ü• „°¬ŸõŽ -�éþ �±ô�ýéò

‹~ôó ¶†²â†°Þññ~û ‹ú {±{ý� 41 ô 9 ¬°¾~ ‹ý»}± …² FDM| ô {©}ú ̈±¬û

ŸõŽ …¶• ô øíýò Â±ü� ¬° Þ†ì�õ²ü• ¤†ôÿ ¶†²â†°Þññ~û€ ‹ú

{±{ý� 11 ô 6 ¬°¾~ …² FDM| ô {©}ú ̈±¬û ŸõŽ ‹ý»}± …¶•.  |

¨³½ ð·Œþ

ºßê 2 ̈³½ ð·Œþ ìõ…¬ „²ìõðþ °… ð»†ó ìþ|¬ø~. Þ†ì�õ²ü• „°¬ ŸõŽ -

�éþ|�±ô�ýéò ð·Œ• ‹ú FDM| ô {©}ú ̈±¬û ŸõŽ ̈³½ ð·Œþ ‹ý»}±ÿ

¬…°ð~€ ‹ú Æõ°ÿ Þú ¬° �†ü†ó ̈³½€ Þ†ì�õ²ü• ŸõŽ -�ç¶}ýà ‹†

¶†²â†°Þññ~û ô ‹~ôó „ó ‹ú {±{ý� 02 ô 61 ¬°¾~ ̈³½ ð·Œþ {õèý~

ìþ|Þñ~€  ¬° ¤†èþ Þú …üò ìÛ~…° ¬° FDM| ô {©}ú ̈±¬û ŸõŽ ‹ú {±{ý�

5 ô 01 ¬°¾~ …¶•. øí†ó|Æõ° Þú ìç¤Ëú ìþ|ºõ¬€ ¶†²â†°Þññ~û ̈³½

ð·Œþ °… ¬° Þ†ì�õ²ü• „°¬ŸõŽ -�éþ|�±ô�ýéò …ð~Þþ )4 ¬°¾~( Þ†ø¼

¬…¬û …¶•.  ‹ú Æõ° Þéþ ̈³½ ð·Œþ€ º†̈¿þ …² °Ö}†° ìùñ~¶þ ô…‹·}ú

‹ú ²ì†ó ¬° Þ†ì�õ²ü•|ø†ÿ Ÿõ‹þ …¶• ô ìÏíõæ_  ‹±…ÿ ìÛ†ü·ú °Ö}†°

¨³½ ìõ…¬ ì©}éØ ‹† ì~ôë Þ»·†ó ì}×†ô– ‹ú Þ†° ‹±¬û ìþ|ºõ¬

]|61€51[|. ̈³½ ð·Œþ ‹ý»}± Þ†ì�õ²ü•|ø†ÿ „°¬ ŸõŽ -�éþ|�±ô�ýéò

ð·Œ• ‹ú FDM| ô {©}ú ̈±¬û ŸõŽ °… ìþ|{õ…ó  ‹ú ô›õ¬ �éþ|�±ô�ýéò

ð·Œ• ¬…¬. …â±Ÿú ø± ¬ô ‹©¼ {»ßýê|¬øñ~û Þ†ì�õ²ü• ŸõŽ -

�ç¶}ýà ìõ°¬ ìÇ†èÏú )üÏñþ �éþ|�±ô�ýéò ôŸõŽ( °Ö}†°

ºßê 1 -ìñ¥ñþ ̈³½ -‹†²â»• ìõ…¬ „²ìõðþ.

…Î~…¬ ¬…̈ê �±…ð}³ ‹± …¶†¹ ô…¤~ ‹†° …Îí†ë º~û ø·}ñ~.

›~ôë 4-�†°…ì}±ø†ÿ ̈³½ ìõ…¬ „²ìõðþ.

�†°…ì}±ø†ÿ ̈³½

ìõ…¬Â±ü�

¨³½

¬°¾~

‹†²â»•

)%(

{Óýý± ºßê

¬…̂íþ

)mm(

‹†²â»•

„ðþ

)mm(

‹ý»ýñú

{Óýý± ºßê

)mm(

{Óýý±

ºßê

„ðþ

)mm(

02/1

61/1

50/1

01/1

19

59

89

49

660/0

450/0

250/0

870/0

216/0

519/0

156/2

202/1

167/0

)360/0(

270/1

)740/0(

087/2

)360/0(

33/1

)870/0(

436/0

)350/0(

229/0

)040/0(

956/2

)060/0(

012/1

)170/0(
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