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º·¤Ñ´ÂèÍ

¡ÒÃÇÔ¨ÑÂ¹Õ éÁÕ¨Ø´ÁØ è§ËÁÒÂà¾× èÍÈÖ¡ÉÒà¶éÒá¡Åº·ÕèÁÕ¤ÇÒÁÅÐàÍÕÂ´ÊÙ§ (à¶éÒá¡ÅºÅÐàÍÕÂ´)
ã¹¾ÄµÔ¡ÃÃÁ·Ò§¡Å¢Í§¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´à»ÃÕÂºà·ÕÂº¡Ñº¤Í¹¡ÃÕµ¸ÃÃÁ´Ò
¤Ø³ÊÁºÑµÔ·Ò§¡Å·Õè·Ó¡ÒÃ¾Ô¨ÒÃ³Ò ä´éá¡è ¤èÒ¡ÒÃÂØºµÑÇ Ë¹èÇÂ¹éÓË¹Ñ¡ã¹ÊÀÒ¾Ê´ ¡ÓÅÑ§ÃÑºáÃ§ÍÑ´
âÁ Ù́ÅÑÊ¢Í§¤ÇÒÁÂ×́ ËÂØè¹ áÅÐÍØ³ËÀÙÁÔ¢Í§» Ô̄¡ÔÃÔÂÒäÎà´ÃªÑè¹ ÍÑµÃÒ¡ÒÃá·¹·Õè»Ù¹«ÕàÁ¹µì́ éÇÂà¶éÒá¡Åº
ÍÂÙèÃÐËÇèÒ§ÃéÍÂÅÐ 0, 20 áÅÐ 40 â´Â¹éÓË¹Ñ¡¢Í§ÇÑÊ´Ø¼§ ÍÑµÃÒÊèÇ¹»ÃÔÁÒµÃà¾ÊµìµèÍ»ÃÔÁÒµÃ
ªèÍ§ÇèÒ§µèÓÊØ´ÃÐËÇèÒ§ÁÇÅÃÇÁ (γ) à·èÒ¡Ñº 1.2, 1.4 áÅÐ 1.6 áÅÐÍÑµÃÒÊèÇ¹¹éÓµèÍÇÑÊ´Ø»ÃÐÊÒ¹ (w/b)
à·èÒ¡Ñº 0.5, 0.6 áÅÐ 0.7

¼Å¡ÒÃ·´ÊÍº¾ºÇèÒà¶éÒá¡ÅºÅÐàÍÕÂ´ÁÕ¡ÒÃ·Ó»¯Ô¡ÔÃÔÂÒ»Í«â«ÅÒ¹Ô¡ÊÙ§ áÅÐÊÒÁÒÃ¶
ãªéà»ç¹ÇÑÊ´Ø«ÕàÁ¹µìã¹¤Í¹¡ÃÕµä´é ¤èÒ¡ÒÃÂØºµÑÇ¢Í§¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´¹éÍÂ¡ÇèÒ
¤Í¹¡ÃÕµ¸ÃÃÁ´Ò áµèÊÙ§¡ÇèÒ¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡Åº¢¹Ò´Í¹ØÀÒ¤ 44 äÁâ¤ÃàÁµÃ ÊÓËÃÑºÊèÇ¹¼ÊÁ
à´ÕÂÇ¡Ñ¹¾ºÇèÒ Ë¹èÇÂ¹éÓË¹Ñ¡ã¹ÊÀÒ¾Ê´¢Í§¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´Å´Å§àÁ×èÍà¾ÔèÁÍÑµÃÒ
¡ÒÃá·¹·Õè»Ù¹«ÕàÁ¹µì´éÇÂà¶éÒá¡Åº ¹Í¡¨Ò¡¹Õé¡ÓÅÑ§ÃÑºáÃ§ÍÑ´·ÕèÍÒÂØ 28 ÇÑ¹¢Öé¹ä»¢Í§¤Í¹¡ÃÕµ
¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´ÊÙ§¡ÇèÒ¤Í¹¡ÃÕµ¸ÃÃÁ´Ò·Õè w/b à·èÒ¡Ñº 0.5 áÅÐ 0.6 ÊÓËÃÑºÍÑµÃÒ¡ÒÃá·¹·Õè
»Ù¹«ÕàÁ¹µì´éÇÂà¶éÒá¡Åºà·èÒ¡ÑºÃéÍÂÅÐ 20 âÁ´ÙÅÑÊ¢Í§¤ÇÒÁÂ×´ËÂØè¹ÊÓËÃÑº¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡Åº
ÅÐàÍÕÂ´¾ºÇèÒµèÓ¡ÇèÒ¤Í¹¡ÃÕµ¸ÃÃÁ´ÒàÅç¡¹éÍÂ ÍØ³ËÀÙÁÔ¢Í§»¯Ô¡ÔÃÔÂÒäÎà´ÃªÑ è¹¢Í§¤Í¹¡ÃÕµ
¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´¾ºÇèÒµèÓ¡ÇèÒ¤Í¹¡ÃÕµ¸ÃÃÁ´Òã¹·Ø¡ÊèÇ¹¼ÊÁ

1 ÃÍ§ÈÒÊµÃÒ¨ÒÃÂì  ÀÒ¤ÇÔªÒÇÔÈÇ¡ÃÃÁâÂ¸Ò
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Abstract

This research was aimed to investigate the effect of high fineness rice husk ash (Fine
RHA) on mechanical behavior of fine RHA concrete as compared to ordinary Portland cement
concrete (OPC). The properties to be investigated included slump, unit weight, compressive
strength, modulus of elasticity and temperature of hydration.  The fine RHA replacements were
varied from 0%, 20% and 40% by weight of binder.  The ratios of the volume of paste to volume
of minimum voids content of total aggregates (γ) were 1.2, 1.4 and 1.6.  The water to binder
ratios were 0.5, 0.6 and 0.7.

The results indicated that fine RHA has a highly pozzolanic reactivity and can be used as
a supplementary cementitious material in concrete. Slump of fine RHA concrete was lower than
OPC concrete, but higher than that of RHA044 (RHA with average diameter 44 µm) concrete.
For the same mixture, the unit weight of fine RHA concrete decreased when RHA replacements
were increased.  It was also found that the compressive strength after 28 days of fine RHA
concrete was higher than OPC at w/b equal to 0.5 and 0.6 especially for fine RHA replacement
equal to 20%. The modulus of elasticity of fine RHA concrete was slightly lower than OPC
concrete. The temperature of hydration of fine RHA concrete was lower than that of OPC concrete
in every mixtures.

1 Associate Professor, Department of Civil Engineering.
2 Graduate Student, Department of Civil Engineering.
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1. º·¹Ó
¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡Åºä´éÁÕ¡ÒÃÇÔ¨ÑÂà¾×èÍãªéà»ç¹ÇÑÊ´Ø¼ÊÁà¾ÔèÁã¹¤Í¹¡ÃÕµµÑé§áµè»Õ ¤.È. 1970

áµèã¹ÃÐÂÐáÃ¡à»ç¹¡ÒÃ¹ÓÁÒãªéâ´ÂäÁèä´é¤Ó¹Ö§¶Ö§ÍØ³ËÀÙÁÔã¹¡ÒÃà¼ÒäËÁé ·ÓãËéà¶éÒ·Õèä´éÁÕÅÑ¡É³Ð
à»ç¹¼ÅÖ¡ (Crystalline) «Öè§ÁÕ¤ÇÒÁà©×èÍÂµèÍ»¯Ô¡ÔÃÔÂÒ ¨¹¡ÃÐ·Ñè§ä´éáÊ´§ãËéàËç¹¼Å¢Í§µÑÇá»Ã¨Ò¡
¡ÃÐºÇ¹¡ÒÃ·Ò§¤ÇÒÁÃéÍ¹ (Pyroprocessing Parameters) ·ÕèÁÕµèÍ» Ô̄¡ÔÃÔÂÒ»Í«â«ÅÒ¹Ô¡ (Pozzolanic
Reactivity) ¢Í§à¶éÒá¡Åº ËÅÑ§¨Ò¡¹Ñé¹¡ÒÃ¹Óà¶éÒá¡ÅºÁÒãªéà»ç¹ÇÑÊ Ǿ»Í«â«ÅÒ¹ Ö̈§á¾ÃèËÅÒÂÁÒ¡ÂÔè§¢Öé¹
[1] áµèÂÑ§ÁÕ»Ñ­ËÒà¹×èÍ§¨Ò¡¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃà·ä´é¢Í§¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºµèÓ¡ÇèÒ¤Í¹¡ÃÕµ
¸ÃÃÁ´Ò ¡ÒÃÇÔ¨ÑÂ¹Õé¨Ö§¾Ô¨ÒÃ³ÒÇÔ¸Õ¡ÒÃã¹¡ÒÃà¾ÔèÁ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃà·ä´éâ´Â¡ÒÃà¾ÔèÁ¤ÇÒÁÅÐàÍÕÂ´
ãËé¡Ñºà¶éÒá¡Åº áÅÐÈÖ¡ÉÒ¶Ö§¼Å¡ÃÐ·ºà¹×èÍ§¨Ò¡¤ÇÒÁÅÐàÍÕÂ´¢Í§à¶éÒá¡Åº·ÕèÁÕµèÍ¾ÄµÔ¡ÃÃÁ·Ò§¡Å
¢Í§¤Í¹¡ÃÕµ

2. ÇÑµ¶Ø»ÃÐÊ§¤ì
à¾×èÍÈÖ¡ÉÒ¤Ø³ÊÁºÑµÔ¾×é¹°Ò¹¢Í§à¶éÒá¡ÅºÅÐàÍÕÂ´ áÅÐ¤Ø³ÊÁºÑµÔ·Ò§¡Å¢Í§¤Í¹¡ÃÕµ¼ÊÁ

à¶éÒá¡ÅºÅÐàÍÕÂ´ä´éá¡è Ë¹èÇÂ¹éÓË¹Ñ¡ã¹ÊÀÒ¾Ê´ ¤èÒ¡ÒÃÂØºµÑÇ ¡ÓÅÑ§ÃÑºáÃ§ÍÑ´ áÅÐâÁ´ÙÅÑÊ¢Í§
¤ÇÒÁÂ×´ËÂØè¹ áÅÐÍØ³ËÀÙÁÔ¢Í§¤Í¹¡ÃÕµ â´Â·Ó¡ÒÃ·´ÊÍºáÅÐà»ÃÕÂºà·ÕÂº¡Ñº¡ÒÃÈÖ¡ÉÒ·Õè¼èÒ¹ÁÒ

3. ¡ÒÃ·´ÊÍº
1. ÇÑÊ´Ø
»Ù¹«ÕàÁ¹µì»ÍÃìµáÅ¹´ì ãªé»Ù¹«ÕàÁ¹µì»ÍÃìµáÅ¹´ì»ÃÐàÀ··Õè 1 ã¹¡ÒÃ·´ÊÍº

à¶éÒá¡Åº à»ç¹à¶éÒá¡ÅºÊÕà·Ò¢ÒÇ ·ÕèàËÅ×Í¨Ò¡¡ÒÃà¼ÒÍÔ° ¢Í§âÃ§ÍÔ°¡Ó¹Ñ¹´ÔàÃ¡¸Ù»ÐàµÁÕÂì
¨.ÍÂØ̧ ÂÒ â´Âà¶éÒá¡Åº·Õèãªéã¹¡ÒÃ·´ÊÍºä é̈́ Ò¡ é́Ò¹¢éÒ§¢Í§àµÒà¼Òâ´ÂÁÕÍØ³ËÀÙÁÔà©ÅÕèÂ»ÃÐÁÒ³ 700
Í§ÈÒà«Åà«ÕÂÊ ¡ÒÃº´à¶éÒá¡Åºº´â´Âãªéà¤Ã×èÍ§º´·ÕèÊ¶ÒºÑ¹à·¤â¹âÅÂÕáËè§àÍàªÕÂ (AIT) à¤Ã×èÍ§º´
ÁÕÃÙ»·Ã§à»ç¹·Ã§¡ÃÐºÍ¡ ¢¹Ò´àÊé¹¼èÒ¹ÈÙ¹Âì¡ÅÒ§ 61 «Á. ¡ÇéÒ§ 88 «Á. ãªéàËÅç¡àÊé¹¡ÅÁ¢¹Ò´
àÊé¹¼èÒ¹ÈÙ¹Âì¡ÅÒ§ 9 ÁÁ., 12 ÁÁ. áÅÐ 15 ÁÁ. [2] ̈ Ó¹Ç¹ 45, 45 áÅÐ 35 àÊé¹ µÒÁÅÓ Ñ́ºà»ç¹µÑÇ¡ÅÒ§º´
à¤Ã×èÍ§ËÁØ¹´éÇÂ¤ÇÒÁàÃçÇÃÍº 52 ÃÍºµèÍ¹Ò·Õ â´Âãªé¹éÓË¹Ñ¡¢Í§à¶éÒá¡Åº 20 ¡ÔâÅ¡ÃÑÁÊÓËÃÑº
áµèÅÐ¤ÃÑé§ã¹¡ÒÃº´ ãªéàÇÅÒã¹¡ÒÃº´ 75 ¹Ò·Õ áÅÐ 180 ¹Ò·Õ â´Â·Õèà¶éÒá¡Åº·ÕèÁÕ¤ÇÒÁÅÐàÍÕÂ´
ÊÙ§¡ÇèÒ»Ù¹«ÕàÁ¹µì¨Ð¹ÓÁÒãªéã¹¡ÒÃ·´ÊÍº

·ÃÒÂ ·ÃÒÂ·Õèãªéã¹¡ÒÃ·´ÊÍºà»ç¹·ÃÒÂáÁè¹éÓ·ÕèÁÕ¢¹Ò´¤ÅÐä´éÁÒµÃ°Ò¹ ASTM C33
¤èÒ¤ÇÒÁ¶èÇ§¨Óà¾ÒÐ·ÕèÊÀÒ¾ÍÔèÁµÑÇ¼ÔÇáËé§à·èÒ¡Ñº 2.54 áÅÐ¤èÒ¡ÒÃ´Ù´«ÖÁ¹éÓÃéÍÂÅÐ 1.93 â´Â¹éÓË¹Ñ¡

ËÔ¹ à»ç¹ËÔ¹»Ù¹ÊÓËÃÑº§Ò¹¡èÍÊÃéÒ§µÒÁ·éÍ§µÅÒ´ ÁÕ¢¹Ò´âµÊØ´ 25 ÁÁ. ¢¹Ò´¤ÅÐä´é
ÁÒµÃ°Ò¹ ASTM C33 ¤èÒ¤ÇÒÁ¶èÇ§¨Óà¾ÒÐ·ÕèÊÀÒ¾ÍÔèÁµÑÇ¼ÔÇáËé§à·èÒ¡Ñº 2.71 áÅÐ¤èÒ¡ÒÃ´Ù´«ÖÁ¹éÓ
ÃéÍÂÅÐ 0.86 â´Â¹éÓË¹Ñ¡
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¹éÓ ãªé¹éÓ»ÃÐ»Òã¹ÍÒ¤ÒÃ»¯ÔºÑµÔ¡ÒÃ¢Í§ÀÒ¤ÇÔªÒÇÔÈÇ¡ÃÃÁâÂ¸Ò ÁËÒÇÔ·ÂÒÅÑÂ¸ÃÃÁÈÒÊµÃì
ÈÙ¹ÂìÃÑ§ÊÔµ

2. ÇÔ¸Õ¡ÒÃ·´ÊÍº
¡ÒÃ·´ÊÍº¤Ø³ÊÁºÑµÔ¢Í§à¶éÒá¡Åº
»ÃÐ¡Íº´éÇÂ ¡ÒÃ¡ÃÐ¨ÒÂ¢Í§¢¹Ò´Í¹ØÀÒ¤ ¤Ø³ÊÁºÑµÔ·Ò§¡ÒÂÀÒ¾áÅÐà¤ÁÕ áÅÐÀÒ¾¢ÂÒÂ

¡ÒÃ·´ÊÍº¤Ø³ÊÁºÑµÔ¢Í§¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´
»ÃÐ¡Íº´éÇÂ ¤èÒ¡ÒÃÂØºµÑÇ·´ÊÍºµÒÁÁÒµÃ°Ò¹ ASTM C143 Ë¹èÇÂ¹éÓË¹Ñ¡ã¹ÊÀÒ¾Ê´

·´ÊÍºµÒÁÁÒµÃ°Ò¹ ASTM C138 ¡ÓÅÑ§Ã ÑºáÃ§ÍÑ´·´ÊÍºµÒÁÁÒµÃ°Ò¹ ASTM C39
âÁ´ÙÅÑÊ¢Í§¤ÇÒÁÂ×´ËÂØè¹·ÕèÍÒÂØ 28 ÇÑ¹ ·´ÊÍºµÒÁÁÒµÃ°Ò¹ ASTM C469 áÅÐÍØ³ËÀÙÁÔ¢Í§¤Í¹¡ÃÕµ

â´Â¡ÒÃ·´ÊÍº¡ÓÅÑ§ÃÑºáÃ§ÍÑ´ áÅÐâÁ´ÙÅÑÊ¢Í§¤ÇÒÁÂ×´ËÂØè¹·ÕèÍÒÂØ 28 ÇÑ¹ ãªéµÑÇÍÂèÒ§
·Ã§¡ÃÐºÍ¡¢¹Ò´àÊé¹¼èÒ¹ÈÙ¹Âì¡ÅÒ§ 10 à«¹µÔàÁµÃ ÊÙ§ 20 à«¹µÔàÁµÃ ÊèÇ¹ÍØ³ËÀÙÁÔ¢Í§¤Í¹¡ÃÕµ
·´ÊÍºâ´ÂãªéáººËÅèÍ·ÕèËØéÁ´éÇÂ©¹Ç¹¡Ñ¹¤ÇÒÁÃéÍ¹Ë¹Ò 5 à«¹µÔàÁµÃ ¢¹Ò´áºº 30x43x25
à«¹µÔàÁµÃ ºÃÃ¨Øã¹¡ÅèÍ§äÁéÍÑ´ Ë¹Ò 8 ÁÁ. áÅéÇ·Ó¡ÒÃºÑ¹·Ö¡´éÇÂà¤Ã×èÍ§ºÑ¹·Ö¡¢éÍÁÙÅ (Digital Data
Logger)

3. ÊèÇ¹¼ÊÁ¢Í§¤Í¹¡ÃÕµ·´ÊÍº
ÁÇÅÃÇÁ·Õèãªéã¹¡ÒÃ¼ÊÁ¤Í¹¡ÃÕµÁÕÍÑµÃÒÊèÇ¹â´Â»ÃÔÁÒµÃÃÐËÇèÒ§ÁÇÅÃÇÁÅÐàÍÕÂ´µèÍÁÇÅÃÇÁ

·Ñé§ËÁ´ (s/a) à·èÒ¡Ñº 0.5 ·ÕèÃéÍÂÅÐ»ÃÔÁÒµÃªèÍ§ÇèÒ§ÃÐËÇèÒ§ÁÇÅÃÇÁµèÓÊǾ à·èÒ¡Ñº 24.56 â´ÂÁÕÍÑµÃÒ¡ÒÃ
á·¹·Õè»Ù¹«ÕàÁ¹µì́ éÇÂà¶éÒá¡ÅºÃéÍÂÅÐ 0, 20 áÅÐ 40 â´Â¹éÓË¹Ñ¡ ÍÑµÃÒÊèÇ¹¹éÓµèÍÇÑÊ Ǿ»ÃÐÊÒ¹ (Water
to Binder Ratio, w/b) à·èÒ¡Ñº 0.5, 0.6 áÅÐ 0.7 ÍÑµÃÒÊèÇ¹»ÃÔÁÒµÃà¾ÊµìµèÍ»ÃÔÁÒµÃªèÍ§ÇèÒ§µèÓÊØ´
ÃÐËÇèÒ§ÁÇÅÃÇÁ (γ) à·èÒ¡Ñº 1.2, 1.4 áÅÐ 1.6 â´ÂÁÕÊèÇ¹¼ÊÁâ´Â¹éÓË¹Ñ¡ã¹»ÃÔÁÒµÃ¤Í¹¡ÃÕµ 1
ÅÙ¡ºÒÈ¡ìàÁµÃ ´Ñ§áÊ´§ã¹µÒÃÒ§·Õè 1

ËÁÒÂàËµØ : ÍÑµÃÒÊèÇ¹»ÃÔÁÒµÃà¾ÊµìµèÍ»ÃÔÁÒµÃªèÍ§ÇèÒ§µèÓÊØ´¢Í§ÁÇÅÃÇÁ·ÕèÍÑ´á¹è¹ (The
Ratio of the Volume of Paste to Volume of Minimum Voids of the Compacted Aggregates, γ)
à»ç¹µÑÇá»Ãà¾×èÍ¡ÒÃ¾Ô¨ÒÃ³Ò»ÃÔÁÒµÃà¾Êµì·ÕèÁÕÍÂÙèã¹ªèÍ§ÇèÒ§ÃÐËÇèÒ§ÁÇÅÃÇÁ â´Â·Õè

voidV

pV
=γ

àÁ×èÍ V
p

=  »ÃÔÁÒµÃà¾Êµìã¹¤Í¹¡ÃÕµ (ÅÔµÃ/Åº.Á.)
áÅÐ V

void
=  »ÃÔÁÒµÃªèÍ§ÇèÒ§ÃÐËÇèÒ§ÁÇÅÃÇÁ·ÕèÍÑ´á¹è¹ (ÅÔµÃ/Åº.Á.) [3]
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µÒÃÒ§·Õè 1 ÊèÇ¹¼ÊÁ¤Í¹¡ÃÕµË¹Öè§ÅÙ¡ºÒÈ¡ìàÁµÃ

Mixture γ w/b Cement RHA Water Sand Rock
(kg) (kg) (kg) (kg) (kg)

OPC 1.2 0.5 347 0 173 896 956
OPC 1.2 0.6 309 0 185 896 956
OPC 1.2 0.7 279 0 195 896 956
OPC 1.4 0.5 406 0 203 833 889
OPC 1.4 0.6 362 0 217 833 889
OPC 1.4 0.7 327 0 229 833 889
OPC 1.6 0.5 466 0 233 771 823
OPC 1.6 0.6 416 0 249 771 823
OPC 1.6 0.7 375 0 262 771 823

FRC(20) 1.2 0.5 268 67 168 896 956
FRC(20) 1.2 0.6 240 60 180 896 956
FRC(20) 1.2 0.7 217 54 190 896 956
FRC(20) 1.4 0.5 314 79 196 833 889
FRC(20) 1.4 0.6 281 70 211 833 889
FRC(20) 1.4 0.7 254 64 223 833 889
FRC(20) 1.6 0.5 360 90 225 771 823
FRC(20) 1.6 0.6 323 81 242 771 823
FRC(20) 1.6 0.7 292 73 255 771 823
FRC(40) 1.2 0.5 195 130 162 896 956
FRC(40) 1.2 0.6 175 116 175 896 956
FRC(40) 1.2 0.7 159 106 185 896 956
FRC(40) 1.4 0.5 228 152 190 833 889
FRC(40) 1.4 0.6 205 137 205 833 889
FRC(40) 1.4 0.7 186 124 217 833 889
FRC(40) 1.6 0.5 262 174 218 771 823
FRC(40) 1.6 0.6 235 157 235 771 823
FRC(40) 1.6 0.7 213 142 249 771 823

ËÁÒÂàËµØ : FRC(x) = ¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´·ÕèÍÑµÃÒ¡ÒÃá·¹·Õè»Ù¹«ÕàÁ¹µì´éÇÂà¶éÒá¡Åº ÃéÍÂÅÐ x
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4. ¼Å¡ÒÃ·´ÊÍºáÅÐ¡ÒÃÇÔ¨ÒÃ³ì
1. ¤Ø³ÊÁºÑµÔ¢Í§à¶éÒá¡Åº
¡ÒÃ¡ÃÐ¨ÒÂ¢Í§¢¹Ò´Í¹ØÀÒ¤
¡ÒÃ¡ÃÐ¨ÒÂ¢Í§¢¹Ò´Í¹ØÀÒ¤¢Í§à¶éÒá¡ÅºáÅÐ»Ù¹«ÕàÁ¹µì ́ Ñ§áÊ´§ã¹ÃÙ»·Õè 1 ¾ºÇèÒ»Ù¹«ÕàÁ¹µì

ÁÕ¢¹Ò´Í¹ØÀÒ¤à©ÅÕèÂà·èÒ¡Ñº 31 äÁâ¤ÃàÁµÃ ÊèÇ¹à¶éÒá¡ÅºäÁèº´ º´ 75 ¹Ò·Õ áÅÐà¶éÒá¡Åºº´ 180
¹Ò·Õ ÁÕ¢¹Ò´Í¹ØÀÒ¤à©ÅÕèÂà·èÒ¡Ñº 539, 44 áÅÐ 23 äÁâ¤ÃàÁµÃ µÒÁÅÓ´Ñº ¹Ñè¹¤×Íà¶éÒá¡Åº·Õèãªé
ã¹¡ÒÃ·´ÊÍºÁÕ¤ÇÒÁÅÐàÍÕÂ´à¾ÔèÁÁÒ¡¢Öé¹ àÁ×èÍà¾ÔèÁÃÐÂÐàÇÅÒã¹¡ÒÃº´ áÅÐà¶éÒá¡Åºº´ 180 ¹Ò·Õ
ÁÕ¤ÇÒÁÅÐàÍÕÂ´ÁÒ¡·ÕèÊØ´ áÅÐÁÕ¢¹Ò´Í¹ØÀÒ¤à©ÅÕèÂµèÓ¡ÇèÒ»Ù¹«ÕàÁ¹µì
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ÃÙ»·Õè 1 ¡ÒÃ¡ÃÐ¨ÒÂ¢Í§¢¹Ò´Í¹ØÀÒ¤à¶éÒá¡ÅºáÅÐ»Ù¹«ÕàÁ¹µìàÁ×èÍ¾Ô¨ÒÃ³ÒÃéÍÂÅÐ¤éÒ§ÊÐÊÁ

ÊÓËÃÑº¡ÒÃÇÔ¨ÑÂ¹Õ é¾Ô¨ÒÃ³Ò¶Ö§¾ÄµÔ¡ÃÃÁ·Ò§¡Å¢Í§¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´
·ÕèÁÕ¤ÇÒÁÅÐàÍÕÂ´ã¡Åéà¤ÕÂ§¡Ñº»Ù¹«ÕàÁ¹µì «Öè§à¶éÒá¡Åºº´ 180 ¹Ò·Õ ÁÕ¤ÇÒÁÅÐàÍÕÂ´ã¹ÃÐ´Ñº·ÕèµéÍ§¡ÒÃ
¹Í¡¨Ò¡¹Õé àÁ×èÍ¾Ô¨ÒÃ³Òã¹´éÒ¹´Ñª¹Õ¡ÓÅÑ§áÅÐ¤ÇÒÁµéÍ§¡ÒÃ¹éÓ à¶éÒá¡Åºº´à»ç¹àÇÅÒ 180 ¹Ò·Õ ÁÕ
¤Ø³ÊÁºÑµÔ´Õ·ÕèÊØ´ ¨Ö§àÅ×Í¡ãªéà¶éÒá¡Åºº´à»ç¹àÇÅÒ 180 ¹Ò·Õ à»ç¹à¶éÒá¡Åº·Õèãªéã¹¡ÒÃÇÔ¨ÑÂ áÅÐãËé¤Ó
¨Ó¡Ñ´¤ÇÒÁÇèÒ à¶éÒá¡ÅºÅÐàÍÕÂ´ ËÃ×Í Fine RHA (Fine Rice Husk Ash) ÊèÇ¹à¶éÒá¡ÅºäÁèº´
áÅÐà¶éÒá¡Åºº´ 75 ¹Ò·Õ·ÕèÁÕ¢¹Ò´Í¹ØÀÒ¤à©ÅÕèÂà·èÒ¡Ñº 539 áÅÐ 44 äÁâ¤ÃàÁµÃ ãËé¤Ó¨Ó¡Ñ´¤ÇÒÁÇèÒ
à¶éÒá¡Åº¢¹Ò´Í¹ØÀÒ¤ 539 äÁâ¤ÃàÁµÃ ËÃ×Í RHA539 áÅÐà¶éÒá¡Åº¢¹Ò´Í¹ØÀÒ¤ 44 äÁâ¤ÃàÁµÃ
ËÃ×Í RHA044 µÒÁÅÓ´Ñº

µm

ËÁÒÂàËµØ  : RHA000 = à¶éÒá¡ÅºäÁèº´, RHA075 = à¶éÒá¡Åºº´à»ç¹àÇÅÒ 75 ¹Ò·Õ áÅÐ
RHA180 = à¶éÒá¡Åºº´à»ç¹àÇÅÒ 180 ¹Ò·Õ
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¤Ø³ÊÁºÑµÔ·Ò§¡ÒÂÀÒ¾áÅÐà¤ÁÕ
¼Å¡ÒÃ·´ÊÍº¤Ø³ÊÁºÑµÔ·Ò§¡ÒÂÀÒ¾áÅÐà¤ÁÕáÊ´§ã¹µÒÃÒ§·Õè 2 ¾ºÇèÒà¶éÒá¡ÅºÅÐàÍÕÂ´

ÁÕ¾× é¹·Õè¼ÔÇáÅÐ´Ñª¹Õ¡ÓÅÑ§ÊÙ§·ÕèÊØ´àÁ× èÍà»ÃÕÂºà·ÕÂº¡Ñºà¶éÒá¡Åº¢¹Ò´Í¹ØÀÒ¤ 539 äÁâ¤ÃàÁµÃ
áÅÐà¶éÒá¡Åº¢¹Ò´Í¹ØÀÒ¤ 44 äÁâ¤ÃàÁµÃ ã¹¢³Ð·Õè¤ÇÒÁµéÍ§¡ÒÃ¹éÓ¢Í§à¶éÒá¡ÅºÅÐàÍÕÂ´ÁÕ¤èÒ
µèÓ·Õ èÊØ´àÁ× èÍà»ÃÕÂºà·ÕÂº¡Ñºà¶éÒá¡Åºª¹Ô´Í× è¹æ ÊèÇ¹Í§¤ì»ÃÐ¡Íº·Ò§à¤ÁÕà¶éÒá¡Åº·Ø¡ª¹Ô´
ÁÕÍ§¤ì»ÃÐ¡Íºã¡Åéà¤ÕÂ§¡Ñ¹

µÒÃÒ§·Õè 2 ¤Ø³ÊÁºÑµÔ¢Í§»Ù¹«ÕàÁ¹µìáÅÐà¶éÒá¡Åº

àÁ×èÍà»ÃÕÂºà·ÕÂº¼Å¡ÒÃ·´ÊÍº¡ÑºÁÒµÃ°Ò¹ ASTM C618 Class N «Öè§à»ç¹ÁÒµÃ°Ò¹
ÊÓËÃÑºÇÑÊ´Ø»Í«â«ÅÒ¹¨Ò¡¸ÃÃÁªÒµÔ â´ÂÁÕÍ§¤ì»ÃÐ¡ÍºÊèÇ¹ãË­èà»ç¹«ÔÅÔ¤Í¹ä´ÍÍ¡ä«´ì ¾ºÇèÒ
à¶éÒá¡Åº¢¹Ò´Í¹ØÀÒ¤ 539 äÁâ¤ÃàÁµÃ ÁÕ¤Ø³ÊÁºÑµÔäÁèä´éµÒÁÁÒµÃ°Ò¹ËÅÒÂ»ÃÐ¡ÒÃ¤×Í

Physical Properties Cement
Type I

RHA539 RHA044
[4]

Fine
RHA

Moisture Content (%) 0.19 0.95 1.74 0.80

Surface Area (cm2/g) 3,248 - 6,635 10,850

Retain When Wet Sieved on 
45 µm (%)

5.75 - 19.00 4.16

Specific Gravity 3.11 2.00 2.13 2.16

Strength Activity Index

         7 days (%) 100 32 79 89

       28 days (%) 100 39 86 96

Water Requirement (%) 100 151 112 105

Loss on Ignition (%) 0.96 2.52 4.81 3.03

Chemical Composition
(%)

Cement
Type I

RHA539 RHA044
[4]

Fine
RHA

Silicon Dioxide (SiO2) 20.84 94.56 96.84 95.35

Aluminum Oxide (Al2O3) 5.22 1.40 1.63 0.93

Ferric Oxide (Fe2O3) 3.2 0.31 0.53 0.83

Calcium Oxide (CaO) 66.28 0.51 0.57 0.50

Magnesium Oxide (MgO) 1.24 0.49 0.49 0.45

Potassium Oxide (K2O) 0.22 1.58 2.21 1.50

Sulfur Trioxide (SO3) 2.41 0.40 0.14 0.28

ËÁÒÂàËµØ : - ËÁÒÂ¶Ö§ µÑÇÍÂèÒ§ËÂÒºÁÒ¡¨¹äÁèÊÒÁÒÃ¶ËÒ¤èÒä´é
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¤ÇÒÁÅÐàÍÕÂ´äÁèà¾ÕÂ§¾Í (ÃéÍÂÅÐ¤éÒ§º¹µÐá¡Ã§¢¹Ò´ 45 äÁâ¤ÃàÁµÃà¡Ô¹ÃéÍÂÅÐ 34) ´Ñª¹Õ
¡ÓÅÑ§µèÓ¡ÇèÒÁÒµÃ°Ò¹ (¡ÓÅÑ§ÃÑºáÃ§ÍÑ´¢Í§ÁÍÃìµéÒÃì·ÕèÍÒÂØ 7 ÇÑ¹ áÅÐ 28 ÇÑ¹ äÁè¶Ö§ÃéÍÂÅÐ 75 ¢Í§
ÁÍÃìµéÒÃì¤Çº¤ØÁ) áÅÐÁÕ¤ÇÒÁµéÍ§¡ÒÃ¹éÓÊÙ§¡ÇèÒ¢éÍ¡ÓË¹´ (à¡Ô¹ÃéÍÂÅÐ 115) ã¹¢³Ð·Õèà¶éÒá¡Åº
ÅÐàÍÕÂ´áÅÐà¶éÒá¡Åº¢¹Ò´Í¹ØÀÒ¤ 44 äÁâ¤ÃàÁµÃ ÊÒÁÒÃ¶ãªéà»ç¹ÇÑÊ´Ø»Í«â«ÅÒ¹ä´éµÒÁÁÒµÃ°Ò¹
ASTM C618 Class N ã¹·Ø¡¤Ø³ÊÁºÑµÔ â´Âà©¾ÒÐà¶éÒá¡ÅºÅÐàÍÕÂ´·ÕèÁÕ´Ñª¹Õ¡ÓÅÑ§ÊÙ§·ÕèÍÒÂØ 28
ÇÑ¹¶Ö§ÃéÍÂÅÐ 96 àÁ×èÍà·ÕÂº¡ÑºÁÍÃìµéÒÃì¤Çº¤ØÁ

ÀÒ¾¢ÂÒÂ·Ò§¡ÒÂÀÒ¾
¨Ò¡ÀÒ¾¢ÂÒÂ·Ò§¡ÒÂÀÒ¾¢Í§»Ù¹«ÕàÁ¹µìáÅÐà¶éÒá¡Åº â´Âãªéà¤Ã×èÍ§ SEM (Scanning

Electron Microscope) áÊ´§ã¹ÃÙ»·Õè 2 áÅÐÃÙ»·Õè 3 ¾ºÇèÒà¶éÒá¡ÅºÁÕÅÑ¡É³Ð¼ÔÇ¢ÃØ¢ÃÐà»ç¹àËÅÕèÂÁÁØÁ
áÅÐÍ¹ØÀÒ¤à¶éÒá¡ÅºÁÕÃÙâ¾Ã§ÍÂÙèÀÒÂã¹ ã¹¢³Ð·ÕèÍ¹ØÀÒ¤»Ù¹«ÕàÁ¹µìÁÕ¤ÇÒÁ¢ÃØ¢ÃÐ¹éÍÂáÅÐäÁèÁÕÃÙâ¾Ã§
´éÇÂàËµØ¹Õé·ÓãËéà¶éÒá¡ÅºÊÒÁÒÃ¶¡Ñ¡à¡çº¹éÓ â´Â¡ÒÃ´Ù´«ÖÁ¹éÓ (Water Absorption) à¢éÒä»ã¹Í¹ØÀÒ¤
áÅÐ¡ÒÃ´Ù´«Ñº¹éÓ (Water Adsorption) à¹×èÍ§¨Ò¡áÃ§µÖ§·Õè¼ÔÇ¢Í§Í¹ØÀÒ¤ [5] à¢éÒä»ã¹Í¹ØÀÒ¤ÁÒ¡¡ÇèÒ
»Ù¹«ÕàÁ¹µì·ÓãËé¤ÇÒÁµéÍ§¡ÒÃ¹éÓ¢Í§à¶éÒá¡ÅºÊÙ§¡ÇèÒàÁ×èÍà·ÕÂº¡Ñº»Ù¹«ÕàÁ¹µì áÅÐàÁ×èÍà»ÃÕÂºà·ÕÂº
ÃÐËÇèÒ§à¶éÒá¡Åº¢¹Ò´Í¹ØÀÒ¤ 539 äÁâ¤ÃàÁµÃ (äÁèº´) à¶éÒá¡Åº¢¹Ò´Í¹ØÀÒ¤ 44 äÁâ¤ÃàÁµÃ (º´
75 ¹Ò·Õ) áÅÐà¶éÒá¡ÅºÅÐàÍÕÂ´ (º´ 180 ¹Ò·Õ) ¾ºÇèÒà¶éÒá¡Åº·Õèº´¹Ò¹¡ÇèÒ ÁÕ¢¹Ò´Í¹ØÀÒ¤
àÅç¡¡ÇèÒ·ÓãËé¡ÒÃ·Ó»¯Ô¡ÔÃÔÂÒ´Õ¢Öé¹ ´Ñª¹Õ¡ÓÅÑ§¨Ö§ÊÙ§¢Öé¹µÒÁä»´éÇÂ ¹Í¡¨Ò¡¹Õé¡ÒÃº´à¶éÒá¡Åº´éÇÂ
ÃÐÂÐàÇÅÒ¹Ò¹¢Öé¹·ÓãËéÃÙâ¾Ã§ã¹Í¹ØÀÒ¤Å´Å§ ¨Ò¡ÀÒ¾¢ÂÒÂ¢¹Ò´ 7,500 à·èÒ ¾ºÇèÒÃÙâ¾Ã§ÀÒÂã¹
à¶éÒá¡ÅºÅÐàÍÕÂ´¶Ù¡·ÓÅÒÂà¡×Íº·Ñé§ËÁ´ ¤ÇÒÁµéÍ§¡ÒÃ¹éÓ¢Í§à¶éÒá¡Åº¨Ö§Å´Å§ (¤ÇÒÁµéÍ§¡ÒÃ
¹éÓÅ´Å§¨Ò¡ÃéÍÂÅÐ 151 àËÅ×ÍÃéÍÂÅÐ  112 áÅÐÃéÍÂÅÐ 105 àÁ×èÍà¾ÔèÁàÇÅÒã¹¡ÒÃº´¨Ò¡äÁèº´ à»ç¹º´
75 ¹Ò·Õ áÅÐ 180 ¹Ò·Õ µÒÁÅÓ´Ñº)

ÃÙ»·Õè 2 ÀÒ¾¢ÂÒÂ¢¹Ò´ 200 à·èÒ

ÃÙ»·Õè 3 ÀÒ¾¢ÂÒÂ¢¹Ò´ 7,500 à·èÒ

¡. Cement Type I [3] ¢. RHA539 [4] ¤. RHA044 [4] §. Fine RHA

¡. Cement Type I [4] ¢. RHA044 [4] ¤. Fine RHA
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2. ¡ÒÃ·´ÊÍº¤Ø³ÊÁºÑµÔ¢Í§¤Í¹¡ÃÕµ¸ÃÃÁ´ÒáÅÐ¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡Åº
¤èÒ¡ÒÃÂØºµÑÇ
¾ºÇèÒ·Ø¡ÍÑµÃÒÊèÇ¹»ÃÔÁÒµÃà¾ÊµìµèÍ»ÃÔÁÒµÃªèÍ§ÇèÒ§µèÓÊØ´ÃÐËÇèÒ§ÁÇÅÃÇÁ (γ) áÅÐ·Ø¡

ÍÑµÃÒÊèÇ¹¹éÓµèÍÇÑÊ´Ø»ÃÐÊÒ¹ (w/b) ¤èÒ¡ÒÃÂØºµÑÇàÃÔ èÁµé¹¢Í§¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´
ÁÕ¤èÒµèÓ¡ÇèÒ¤Í¹¡ÃÕµ¸ÃÃÁ´Ò â´Â·ÕèÍÑµÃÒ¡ÒÃá·¹·Õè»Ù¹«ÕàÁ¹µì´éÇÂà¶éÒá¡Åº·ÕèÃéÍÂÅÐ 20 ÁÕ¤èÒ
¡ÒÃÂØºµÑÇÊÙ§¡ÇèÒ·ÕèÍÑµÃÒ¡ÒÃá·¹·Õè»Ù¹«ÕàÁ¹µì́ éÇÂà¶éÒá¡ÅºÃéÍÂÅÐ 40 ·Ñé§¹Õéà¹×èÍ§¨Ò¡à¶éÒá¡ÅºÁÕÃÙâ¾Ã§
ÀÒÂã¹Í¹ØÀÒ¤·ÓãËéà¶éÒá¡Åº´Ù´«Ñº¹éÓäÇé·Õ è¼ÔÇà¹× èÍ§¨Ò¡áÃ§µÖ§¼ÔÇ ¹Í¡¨Ò¡¹Ñ é¹¹éÓºÒ§ÊèÇ¹
ÂÑ§¶Ù¡´Ù´«ÖÁà¢éÒä»ã¹Í¹ØÀÒ¤à¶éÒá¡Åº ·ÓãËé¹éÓã¹ÊèÇ¹¼ÊÁ¤Í¹¡ÃÕµÅ´Å§Êè§¼ÅµèÍ»ÃÔÁÒ³¹éÓÍÔÊÃÐ
(Free Water) ·Õ èÁÕÍÂÙ èã¹à¾Êµì «Ö è§»ÃÔÁÒ³¹éÓÍÔÊÃÐÁÕ¼ÅµèÍ¤èÒ¡ÒÃÂØºµÑÇ¢Í§¤Í¹¡ÃÕµâ´ÂµÃ§
à¹×èÍ§¨Ò¡ªèÇÂÅ´áÃ§àÊÕÂ´·Ò¹ Å´áÃ§ÂÖ´àË¹ÕèÂÇÃÐËÇèÒ§Í¹ØÀÒ¤¢Í§¤Í¹¡ÃÕµÊ´ áÅÐËÅèÍÅ×è¹
ãËé¤Í¹¡ÃÕµÂØºµÑÇä´é´Õ¢Öé¹ àÁ×èÍÃéÍÂÅÐ¡ÒÃá·¹·Õè»Ù¹«ÕàÁ¹µì´éÇÂà¶éÒá¡ÅºÊÙ§¢Öé¹ »ÃÔÁÒ³¹éÓÍÔÊÃÐ
¨Ö§Å´Å§µÒÁä»´éÇÂ Êè§¼ÅãËé¤èÒ¡ÒÃÂØºµÑÇ¢Í§¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡Åº¹éÍÂÅ§ ¹Í¡¨Ò¡¹Õé¾×é¹·Õè¼ÔÇ
¢Í§à¶éÒá¡ÅºÁÕÅÑ¡É³Ðà»ç¹àËÅÕ èÂÁáÅÐ¢ÃØ¢ÃÐ ã¹¢³Ð·Õè»Ù¹«ÕàÁ¹µìÁÕÅÑ¡É³ÐàÃÕÂºÁ¹ Êè§¼Å
ãËéáÃ§àÊÕÂ´·Ò¹ÃÐËÇèÒ§Í¹ØÀÒ¤¢Í§¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÊÙ§¡ÇèÒ¤Í¹¡ÃÕµ¸ÃÃÁ´Ò ·ÓãËé¤èÒ
¡ÒÃÂØºµÑÇµèÓ ÍÂèÒ§äÃ¡çµÒÁ ¤èÒ¡ÒÃÂØºµÑÇ¢Í§¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡Åº·Õ èÍ ÑµÃÒÊèÇ¹»ÃÔÁÒµÃ
à¾ÊµìµèÍ»ÃÔÁÒµÃªèÍ§ÇèÒ§µèÓÊØ´ÃÐËÇèÒ§ÁÇÅÃÇÁ µÑé§áµè 1.4 ¢Öé¹ä» ¤èÒ¡ÒÃÂØºµÑÇ¢Í§¤Í¹¡ÃÕµ¼ÊÁ
à¶éÒá¡ÅºÅÐàÍÕÂ´ÂÑ§ÍÂÙ èã¹ªèÇ§·Õ èÊÒÁÒÃ¶·Ó§Ò¹ä´é (Í ÑµÃÒÊèÇ¹»ÃÔÁÒµÃà¾Êµìµ èÍ»ÃÔÁÒ³
ªèÍ§ÇèÒ§µèÓÊØ´ÃÐËÇèÒ§ÁÇÅÃÇÁà·èÒ¡Ñº 1.4 áÅÐÍÑµÃÒÊèÇ¹¹éÓµèÍÇÑÊ´Ø»ÃÐÊÒ¹à·èÒ¡Ñº 0.5 ¤èÒ
¡ÒÃÂØºµÑÇä´é¢Í§¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´·Õ èÍÑµÃÒ¡ÒÃá·¹·Õ è»Ù¹«ÕàÁ¹µì´éÇÂà¶éÒá¡Åº
ÃéÍÂÅÐ 20 ÁÕ¤èÒ¡ÒÃÂØºµÑÇà·èÒ¡Ñº 7.0 à«¹µÔàÁµÃ)

àÁ×èÍÍÑµÃÒÊèÇ¹»ÃÔÁÒµÃà¾ÊµìµèÍ»ÃÔÁÒ³ªèÍ§ÇèÒ§µèÓÊØ´ÃÐËÇèÒ§ÁÇÅÃÇÁ (γ) à¾ÔèÁÁÒ¡¢Öé¹
¤èÒ¡ÒÃÂØºµÑÇ¢Í§¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºáÅÐ¤Í¹¡ÃÕµ¸ÃÃÁ´Òà¾Ô èÁ¢Ö é¹µÒÁä»´éÇÂ à¹× èÍ§¨Ò¡
ÁÕ»ÃÔÁÒµÃà¾Êµìà¾Ô èÁ¢Ö é¹ ·ÓãËé¤Í¹¡ÃÕµÁÕáÃ§àÊÕÂ´·Ò¹ÃÐËÇèÒ§ÊèÇ¹¼ÊÁã¹¤Í¹¡ÃÕµ¹éÍÂÅ§
áÅÐªèÇÂËÅèÍÅ× è¹ãËé¤Í¹¡ÃÕµÁÕ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃà·ä´é ·ÓãËé¤Í¹¡ÃÕµÁÕ¤èÒ¡ÒÃÂØºµÑÇÊÙ§¢Ö é¹
ÊèÇ¹¡Ã³Õ¢Í§ÍÑµÃÒÊèÇ¹¹éÓµèÍÇÑÊ´Ø»ÃÐÊÒ¹ (w/b) ¾ºÇèÒàÁ× èÍÍÑµÃÒÊèÇ¹¹éÓµèÍÇÑÊ´Ø»ÃÐÊÒ¹
à¾ÔèÁÁÒ¡¢Öé¹¤èÒ¡ÒÃÂØºµÑÇ¢Í§¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºáÅÐ¤Í¹¡ÃÕµ¸ÃÃÁ´ÒÁÕ¤èÒÊÙ§¢Öé¹ à¹×èÍ§¨Ò¡
Êè§¼Åâ´ÂµÃ§µèÍ»ÃÔÁÒ³¹éÓã¹ÊèÇ¹¼ÊÁ áÅÐ»ÃÔÁÒ³¹éÓÍÔÊÃÐ ¼Å¡ÒÃ·´ÊÍºËÒ¤èÒ¡ÒÃÂØº
µÑÇáÊ´§ã¹µÒÃÒ§·Õè 3

¹Í¡¨Ò¡¹ÕéàÁ×èÍà»ÃÕÂºà·ÕÂº¡Ñº¢éÍÁÙÅ¨Ò¡¡ÒÃÈÖ¡ÉÒ¢Í§ Í¹ØÇÃÃµì â¤éÇÇÒÃÔ¹·Ãì [6] ¾ºÇèÒ
¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´ÁÕ¤èÒ¡ÒÃÂØºµÑÇàÁ×èÍà»ÃÕÂºà·ÕÂº¡Ñº¤Í¹¡ÃÕµ¸ÃÃÁ´Ò (Normalized
Slump) ÊÙ§¡ÇèÒ¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡Åº¢¹Ò´Í¹ØÀÒ¤ 44 äÁâ¤ÃàÁµÃ ã¹·Ø¡ÊÑ´ÊèÇ¹¼ÊÁ ´Ñ§áÊ´§
ã¹ÃÙ»·Õè 4
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µÒÃÒ§·Õè 3 ¤èÒ¡ÒÃÂØºµÑÇ¢Í§¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´áÅÐ¤Í¹¡ÃÕµ¸ÃÃÁ´Ò

γ w/b Slump (cm)

OPC FRC(20) FRC(40)

1.2 0.5 3.0 1.5 0.0
1.2 0.6 7.0 4.5 2.5

1.2 0.7 9.0 6.5 5.0
1.4 0.5 17.5 7.0 2.5
1.4 0.6 22.0 18.5 4.0

1.4 0.7 23.0 20.5 8.5

1.6 0.5 22.0 8.0 3.0
1.6 0.6 24.0 20.0 7.5

1.6 0.7 25.0 22.0 10.0

ËÁÒÂàËµØ : OPC = ¤Í¹¡ÃÕµ¸ÃÃÁ´Ò
FRC(x) = ¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´ ·ÕèÍÑµÃÒ¡ÒÃá·¹·Õè

»Ù¹«ÕàÁ¹µì´éÇÂà¶éÒá¡ÅºÅÐàÍÕÂ´ÃéÍÂÅÐ x
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C-RHA044 [6] FRC
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ÃÙ»·Õè 4 ¤èÒ¡ÒÃÂØºµÑÇ¢Í§¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡Åºà»ÃÕÂºà·ÕÂº¡Ñº¤Í¹¡ÃÕµ¸ÃÃÁ´Ò

¡ ¢

¤

(%)/γ (%)/γ

(%)/γ

ËÁÒÂàËµØ  : FRC = ¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´
C-RHA044 = ¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡Åº¢¹Ò´Í¹ØÀÒ¤ 44 äÁâ¤ÃàÁµÃ
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Ë¹èÇÂ¹éÓË¹Ñ¡¢Í§¤Í¹¡ÃÕµã¹ÊÀÒ¾Ê´
Ë¹èÇÂ¹éÓË¹Ñ¡¢Í§¤Í¹¡ÃÕµã¹ÊÀÒ¾Ê´¢Í§¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´áÅÐ¤Í¹¡ÃÕµ

¸ÃÃÁ´Òä´éÃÑºÍÔ·¸Ô¾Å¨Ò¡·ÕèÊÑ´ÊèÇ¹¼ÊÁ·Õèáµ¡µèÒ§¡Ñ¹ ¤×Í ¼Å¡ÃÐ·º¨Ò¡¡ÒÃá·¹·Õè´éÇÂà¶éÒá¡Åº
ÅÐàÍÕÂ´ ·ÓãËé¤Í¹¡ÃÕµÁÕ¤ÇÒÁË¹Òá¹è¹¹éÍÂ¡ÇèÒ¤Í¹¡ÃÕµ¸ÃÃÁ´Ò â´Â·Õè¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡Åº
ÅÐàÍÕÂ´·ÕèÍÑµÃÒ¡ÒÃá·¹·Õè»Ù¹«ÕàÁ¹µì´éÇÂà¶éÒá¡ÅºÃéÍÂÅÐ 20 ÁÕ¤ÇÒÁË¹Òá¹è¹ÊÙ§¡ÇèÒ·ÕèÍÑµÃÒ
¡ÒÃá·¹·Õè»Ù¹«ÕàÁ¹µì´éÇÂà¶éÒá¡ÅºÃéÍÂÅÐ 40 ·Ñé§¹Õéà¹×èÍ§¨Ò¡à¶éÒá¡ÅºÅÐàÍÕÂ´ÁÕ¤ÇÒÁ¶èÇ§¨Óà¾ÒÐ
µèÓ¡ÇèÒ»Ù¹«ÕàÁ¹µì ·ÓãËéàÁ×èÍÁÕ¡ÒÃá·¹·Õè´éÇÂà¶éÒá¡ÅºÅÐàÍÕÂ´à¾ÔèÁÁÒ¡¢Öé¹·ÓãËé¤Í¹¡ÃÕµÁÕË¹èÇÂ
¹éÓË¹Ñ¡Å´Å§

¼Å¢Í§ÍÑµÃÒÊèÇ¹»ÃÔÁÒµÃà¾ÊµìµèÍ»ÃÔÁÒµÃªèÍ§ÇèÒ§µèÓÊØ´ÃÐËÇèÒ§ÁÇÅÃÇÁ (γ) ¾ºÇèÒàÁ×èÍ
ÁÕ¤èÒÁÒ¡¢Öé¹ ¤Í¹¡ÃÕµÁÕË¹èÇÂ¹éÓË¹Ñ¡ã¹ÊÀÒ¾Ê´Å´Å§·Ø¡ÍÑµÃÒÊèÇ¹¹éÓµèÍÇÑÊ Ǿ»ÃÐÊÒ¹ (w/b) à¹×èÍ§¨Ò¡
àÁ×èÍ»ÃÔÁÒ³à¾Êµìà¾ÔèÁÁÒ¡¢Öé¹ ·ÓãËé»ÃÔÁÒ³ÁÇÅÃÇÁÅ´Å§ «Öè§â´Â·ÑèÇä»áÅéÇà¾ÊµìÁÕ¤ÇÒÁ¶èÇ§
¨Óà¾ÒÐµèÓ¡ÇèÒÁÇÅÃÇÁ ·ÓãËé¤Í¹¡ÃÕµ·Õ èÁÕÍÑµÃÒÊèÇ¹»ÃÔÁÒµÃà¾ÊµìµèÍ»ÃÔÁÒµÃªèÍ§ÇèÒ§µèÓÊØ´
ÃÐËÇèÒ§ÁÇÅÃÇÁÁÒ¡ ̈ Ö§ÁÕË¹èÇÂ¹éÓË¹Ñ¡¹éÍÂ¡ÇèÒ¤Í¹¡ÃÕµ·ÕèÁÕÍÑµÃÒÊèÇ¹»ÃÔÁÒµÃà¾ÊµìµèÍ»ÃÔÁÒ³ªèÍ§ÇèÒ§
ÃÐËÇèÒ§ÁÇÅÃÇÁµèÓ ÊèÇ¹¼Å¡ÃÐ·ºà¹×èÍ§¨Ò¡ÍÑµÃÒÊèÇ¹¹éÓµèÍÇÑÊ´Ø»ÃÐÊÒ¹ÊÓËÃÑº·Ø¡ÊÑ´ÊèÇ¹¼ÊÁ
¾ºÇèÒàÁ× èÍÍÑµÃÒÊèÇ¹¹éÓµèÍÇÑÊ´Ø»ÃÐÊÒ¹ÁÕ¤èÒà¾ÔèÁ¢Ö é¹ Ë¹èÇÂ¹éÓË¹Ñ¡¢Í§¤Í¹¡ÃÕµã¹ÊÀÒ¾Ê´ÁÕ
á¹Çâ¹éÁÅ´Å§ ·Ñé§ã¹¡Ã³Õ¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´áÅÐ¤Í¹¡ÃÕµ¸ÃÃÁ´Ò à¹×èÍ§¨Ò¡¹éÓÁÕ¤ÇÒÁ
¶èÇ§¨Óà¾ÒÐµèÓ¡ÇèÒÇÑÊ Ǿ»ÃÐÊÒ¹ àÁ×èÍÁÕ»ÃÔÁÒ³¹éÓã¹ÊèÇ¹¼ÊÁÁÒ¡¢Öé¹ ̈ Ö§·ÓãËé¤Í¹¡ÃÕµÁÕË¹èÇÂ¹éÓË¹Ñ¡
Å´Å§ ¼Å¡ÒÃ·´ÊÍºä´éáÊ´§ã¹ÃÙ»·Õè 5
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ÃÙ»·Õè 5 Ë¹èÇÂ¹éÓË¹Ñ¡¢Í§¤Í¹¡ÃÕµ¸ÃÃÁ´ÒáÅÐ¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´ã¹ÊÀÒ¾Ê´

ËÁÒÂàËµØ : OPC = ¤Í¹¡ÃÕµ¸ÃÃÁ´Ò
FRC(x) = ¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´ ·ÕèÍÑµÃÒ¡ÒÃá·¹·Õè»Ù¹«ÕàÁ¹µì´éÇÂ

à¶éÒá¡Åº x %
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¡ÓÅÑ§ÃÑºáÃ§ÍÑ´
¨Ò¡¼Å¡ÒÃ·´ÊÍº¡ÓÅÑ§ÃÑºáÃ§ÍÑ´¢Í§¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´ áÅÐ¤Í¹¡ÃÕµ¸ÃÃÁ´Ò

Ñ́§áÊ´§ã¹ÃÙ»·Õè 6 ¾ºÇèÒ·ÕèÍÑµÃÒÊèÇ¹¹éÓµèÍÇÑÊ Ǿ»ÃÐÊÒ¹à·èÒ¡Ñº 0.5 ÊÓËÃÑº·Ø¡ÍÑµÃÒÊèÇ¹»ÃÔÁÒµÃà¾Êµì
µèÍ»ÃÔÁÒµÃªèÍ§ÇèÒ§µèÓÊØ´ÃÐËÇèÒ§ÁÇÅÃÇÁ áÅÐ·ÕèÍÑµÃÒÊèÇ¹¹éÓµèÍÇÑÊ´Ø»ÃÐÊÒ¹à·èÒ¡Ñº 0.6 ·ÕèÍÑµÃÒÊèÇ¹
»ÃÔÁÒµÃà¾ÊµìµèÍ»ÃÔÁÒµÃªèÍ§ÇèÒ§µèÓÊØ´ÃÐËÇèÒ§ÁÇÅÃÇÁà·èÒ¡Ñº 1.2 áÅÐ 1.4 àÁ×èÍÁÕÍÑµÃÒ¡ÒÃá·¹·Õè
»Ù¹«ÕàÁ¹µì´éÇÂà¶éÒá¡ÅºÃéÍÂÅÐ 20 ¡ÓÅÑ§ÃÑºáÃ§ÍÑ´·ÕèÍÒÂØµÑé§áµè 28 ÇÑ¹¢Öé¹ä» ¾ºÇèÒ¤Í¹¡ÃÕµ¼ÊÁ
à¶éÒá¡ÅºÅÐàÍÕÂ´ÁÕ¡ÓÅÑ§ÃÑºáÃ§ÍÑ´ÊÙ§¡ÇèÒ¤Í¹¡ÃÕµ¸ÃÃÁ´Ò ÊèÇ¹¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´
·ÕèÍÑµÃÒ¡ÒÃá·¹·Õè»Ù¹«ÕàÁ¹µì´éÇÂà¶éÒá¡ÅºÃéÍÂÅÐ 40 ÁÕá¹Çâ¹éÁ¡ÒÃ¾Ñ²¹Ò¡ÓÅÑ§µèÓ¡ÇèÒ¤Í¹¡ÃÕµ
¸ÃÃÁ´Ò ·Ñé§¹Õéà¹×èÍ§¨Ò¡·ÕèÍÑµÃÒ¡ÒÃá·¹·Õè»Ù¹«ÕàÁ¹µì´éÇÂà¶éÒá¡ÅºÃéÍÂÅÐ 20 ÁÕ»ÃÔÁÒ³«ÔÅÔ¤Í¹
ä´ÍÍ¡ä«´ì (SiO2) ã¹ÇÑÊ´Ø¼§·Õè·Ó»¯Ô¡ÔÃÔÂÒ¡Ñº»ÃÔÁÒ³á¤Åà«ÕÂÁäÎ´ÃÍ¡ä«´ì (Ca(OH2)) ·Õèà¡Ô´¨Ò¡
¡ÒÃ·Ó»¯Ô¡ÔÃÔÂÒäÎà´ÃªÑè¹ (¨Ò¡¡ÒÃ¤Ó¹Ç³ÁÇÅÊÒÃÊÑÁ¾Ñ¹¸ì) ä´é¾Í´Õ [7] »¯Ô¡ÔÃÔÂÒäÎà´ÃªÑè¹
áÅÐ»¯Ô¡ÔÃÔÂÒ»Í«â«ÅÒ¹Ô¡ÊÑÁ¾Ñ¹¸ì¡Ñ¹ÍÂèÒ§ÊÁºÙÃ³ì ·ÓãËé¤Í¹¡ÃÕµÁÕ¡ÓÅÑ§ÃÑºáÃ§ÍÑ´ÊÙ§¡ÇèÒ¤Í¹¡ÃÕµ
¸ÃÃÁ´Ò ÊèÇ¹¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´·ÕèÍÑµÃÒ¡ÒÃá·¹·Õè»Ù¹«ÕàÁ¹µì´éÇÂà¶éÒá¡ÅºÃéÍÂÅÐ 40 ÁÕ
»ÃÔÁÒ³«ÔÅÔ¤Í¹ä´ÍÍ¡ä«´ìÁÒ¡à¡Ô¹ä» »ÃÔÁÒ³á¤Åà«ÕÂÁäÎ´ÃÍ¡ä«´ì (Ca(OH2)) ·Õèà¡Ô´¨Ò¡¡ÒÃ·Ó
»¯Ô¡ÔÃÔÂÒäÎà´ÃªÑè¹¢Í§»Ù¹«ÕàÁ¹µì»ÍÃìµáÅ¹´ìäÁèà¾ÕÂ§¾ÍµèÍ¡ÒÃ·Ó»¯Ô¡ÔÃÔÂÒ»Í«â«ÅÒ¹Ô¡ ·ÓãËéàËÅ×Í
à¶éÒá¡ÅºÅÐàÍÕÂ´·ÕèäÁèä´é·Ó»¯Ô¡ÔÃÔÂÒÍÂÙèÀÒÂã¹¤Í¹¡ÃÕµ ¡ÓÅÑ§ÃÑºáÃ§ÍÑ´¨Ö§µèÓ¡ÇèÒ¤Í¹¡ÃÕµ¸ÃÃÁ´Ò

ÃÙ»·Õè 6 ¼Å¡ÒÃ·´ÊÍº¡ÓÅÑ§ÃÑºáÃ§ÍÑ´¢Í§¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´áÅÐ¤Í¹¡ÃÕµ¸ÃÃÁ´Ò

¡ ¢ ¤

§ ¨ ©

OPC FRC(20) FRC(40)OPC FRC(20) FRC(40)
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ÊèÇ¹ÍÑµÃÒÊèÇ¹»ÃÔÁÒµÃà¾ÊµìµèÍ»ÃÔÁÒµÃªèÍ§ÇèÒ§µèÓÊØ´ÃÐËÇèÒ§ÁÇÅÃÇÁ (γ) à·èÒ¡Ñº 1.6 áÅÐ
ÍÑµÃÒÊèÇ¹¹éÓµèÍÇÑÊ Ǿ»ÃÐÊÒ¹ (w/b) à·èÒ¡Ñº 0.6 ¾ºÇèÒ¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´·ÕèÍÑµÃÒ¡ÒÃá·¹·Õè
ÃéÍÂÅÐ 20 ÁÕ¡ÓÅÑ§ÃÑºáÃ§ÍÑ́ ·ÕèÍÒÂØ 28 ÇÑ¹¢Öé¹ä»ÊÙ§¡ÇèÒ¤Í¹¡ÃÕµ¸ÃÃÁ´Ò ã¹¢³Ð·Õè¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡Åº
ÅÐàÍÕÂ´·ÕèÍÑµÃÒ¡ÒÃá·¹·ÕèÃéÍÂÅÐ 40 ·ÕèÍÒÂØ 28 ÇÑ¹¢Öé¹ä»ÁÕ¡ÓÅÑ§ÃÑºáÃ§ÍÑ´ÊÙ§¡ÇèÒ¤Í¹¡ÃÕµ¸ÃÃÁ´Ò
áÅÐ¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´·ÕèÍÑµÃÒ¡ÒÃá·¹·ÕèÃéÍÂÅÐ 20 à¹×èÍ§¨Ò¡·ÕèÊèÇ¹¼ÊÁ Ñ́§¡ÅèÒÇ ¤Í¹¡ÃÕµ
¸ÃÃÁ´ÒáÅÐ¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´·ÕèÍÑµÃÒ¡ÒÃá·¹·ÕèÃéÍÂÅÐ 20 ÁÕ¤èÒ¡ÒÃÂØºµÑÇÊÙ§ (·Õè γ à·èÒ¡Ñº
1.6 áÅÐ w/b à·èÒ¡Ñº 0.6 ¤èÒ¡ÒÃÂØºµÑÇàÃÔèÁµé¹¢Í§¤Í¹¡ÃÕµ¸ÃÃÁ´Òà·èÒ¡Ñº 24.0 «Á. ÊèÇ¹¤Í¹¡ÃÕµ¼ÊÁ
à¶éÒá¡ÅºÅÐàÍÕÂ´·ÕèÍÑµÃÒ¡ÒÃá·¹·ÕèÃéÍÂÅÐ 20 à·èÒ¡Ñº 20.0  «Á. ·ÕèÍÑµÃÒ¡ÒÃá·¹·ÕèÃéÍÂÅÐ 40 à·èÒ¡Ñº
7.5 «Á.) ·ÓãËéàÁ×èÍ·Ó¡ÒÃà¢ÂèÒ´éÇÂà¤Ã×èÍ§¨Õé¤Í¹¡ÃÕµ ¨Ö§à¡Ô´¡ÒÃáÂ¡µÑÇ (Segregation) ã¹¢³Ð·Õè
¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´·ÕèÍÑµÃÒ¡ÒÃá·¹·ÕèÃéÍÂÅÐ 40 ÁÕ¤èÒ¡ÒÃÂØºµÑÇµèÓ¨Ö§äÁèà¡Ô´¡ÒÃáÂ¡µÑÇ

âÁ´ÙÅÑÊ¢Í§¤ÇÒÁÂ×´ËÂØè¹¢Í§¤Í¹¡ÃÕµ·ÕèÍÒÂØ 28 ÇÑ¹
¼Å¡ÒÃ·´ÊÍºËÒâÁ´ÙÅÑÊ¢Í§¤ÇÒÁÂ×´ËÂØè¹´Ñ§áÊ´§ã¹ÃÙ»·Õè 7 ¾ºÇèÒâÁ´ÙÅÑÊ¢Í§¤ÇÒÁÂ×´ËÂØè¹

¢Í§¤Í¹¡ÃÕµä´éÃÑº¼Å¡ÃÐ·º¨Ò¡ÊÑ´ÊèÇ¹¼ÊÁ·Õèáµ¡µèÒ§¡Ñ¹ ¤×Í àÁ×èÍÍÑµÃÒÊèÇ¹¹éÓµèÍÇÑÊ´Ø»ÃÐÊÒ¹
(w/b) áÅÐÍÑµÃÒ¡ÒÃá·¹·Õè»Ù¹«ÕàÁ¹µì´éÇÂà¶éÒá¡Åºà¾ÔèÁ¢Öé¹ ¤èÒâÁ´ÙÅÑÊ¢Í§¤ÇÒÁÂ×´ËÂØè¹¢Í§¤Í¹¡ÃÕµ
ÁÕá¹Çâ¹éÁÅ´Å§ à¹×èÍ§¨Ò¡¤Í¹¡ÃÕµà»ç¹ÇÑÊ Ǿ·ÕèäÁèÁÕ¾ÄµÔ¡ÃÃÁ¡ÒÃÂ×́ ËÂØè¹·Õèá·é̈ ÃÔ§ àÁ×èÍä é́ÃÑº¤èÒË¹èÇÂáÃ§
(stress) à¾ÔèÁ¢Öé¹à¡Ô¹¤ÇÒÁÊÒÁÒÃ¶·Õèà¾ÊµìáÅÐÁÇÅÃÇÁÃÑºä é́·ÓãËéà¡Ố ÃÍÂáµ¡ÃéÒÇã¹¤Í¹¡ÃÕµ ¶éÒà¾ÔèÁ
¤èÒË¹èÇÂáÃ§¢Öé¹ä»ÍÕ¡¡ÒÃ¡ÃÐ¨ÒÂ¢Í§ÃÍÂáµ¡ÃéÒÇã¹¤Í¹¡ÃÕµ¡ç¨Ðà¾ÔèÁÁÒ¡¢Öé¹ ÃÇÁ·Ñé§¤ÇÒÁà¤ÃÕÂ´
(strain) ´éÇÂ «Ö è§â´Â·Ñ èÇä»áÅéÇÁÇÅÃÇÁÁÕ¤èÒâÁ´ÙÅÑÊ¢Í§¤ÇÒÁÂ×´ËÂØ è¹ÊÙ§¡ÇèÒ«ÕàÁ¹µìà¾Êµì
àÁ×èÍ¤Í¹¡ÃÕµÁÕ»ÃÔÁÒµÃà¾ÊµìµèÍ»ÃÔÁÒ³ªèÍ§ÇèÒ§ÃÐËÇèÒ§ÁÇÅÃÇÁà¾ÔèÁ¢Öé¹ ¤Í¹¡ÃÕµ¨ÐÁÕ»ÃÔÁÒ³ÁÇÅÃÇÁ
Å´Å§áÅÐÁÕ«ÕàÁ¹µìà¾Êµìà¾ÔèÁ¢Öé¹ ¤èÒâÁ´ÙÅÑÊ¢Í§¤ÇÒÁÂ×´ËÂØè¹¨Ö§¹éÍÂÅ§µÒÁä»´éÇÂ

ÃÙ»·Õè 7 âÁ´ÙÅÑÊ¢Í§¤ÇÒÁÂ×´ËÂØè¹¢Í§¤Í¹¡ÃÕµ
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ÊèÇ¹ã¹¡Ã³Õ¢Í§ÍÑµÃÒÊèÇ¹¹éÓµèÍÇÑÊ Ǿ»ÃÐÊÒ¹ (w/b) ¹Ñé¹à¹×èÍ§¨Ò¡ÍÑµÃÒÊèÇ¹¹éÓµèÍÇÑÊ Ǿ»ÃÐÊÒ¹
ÁÕÍÔ·¸Ô¾ÅµèÍ¡ÓÅÑ§ÃÑºáÃ§ÍÑ´¢Í§à¾Êµì ´Ñ§¹Ñé¹àÁ×èÍ¤Í¹¡ÃÕµÁÕÍÑµÃÒÊèÇ¹¹éÓµèÍÇÑÊ´Ø»ÃÐÊÒ¹à¾ÔèÁ¢Öé¹
«ÕàÁ¹µìà¾ÊµìÁÕ¡ÓÅÑ§ÃÑºáÃ§ÍÑ´¹éÍÂÅ§·ÓãËé¤èÒâÁ´ÙÅÑÊ¢Í§¤ÇÒÁÂ×´ËÂØè¹¢Í§¤Í¹¡ÃÕµµèÓÅ§´éÇÂ

¡ÒÃ·´ÊÍºÍØ³ËÀÙÁÔ¢Í§¡ÒÃ·Ó»¯Ô¡ÔÃÔÂÒäÎà´ÃªÑè¹
¼Å¡ÒÃ·´ÊÍºä é́áÊ´§ã¹ÃÙ»·Õè 8 ¾ºÇèÒÍØ³ËÀÙÁÔ¢Í§¡ÒÃ·Ó» Ô̄¡ÔÃÔÂÒäÎà´ÃªÑè¹¢Í§¤Í¹¡ÃÕµ¼ÊÁ

à¶éÒá¡ÅºÅÐàÍÕÂ´áÅÐ¤Í¹¡ÃÕµ¸ÃÃÁ´Òä´éÃÑºÍÔ·¸Ô¾Å¨Ò¡·ÕèÊÑ´ÊèÇ¹¼ÊÁ·Õèáµ¡µèÒ§¡Ñ¹ ¤×Í ÊÓËÃÑº
¤Í¹¡ÃÕµ¸ÃÃÁ´ÒáÅÐ¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´ àÁ×èÍÍÑµÃÒÊèÇ¹»ÃÔÁÒµÃà¾ÊµìµèÍ»ÃÔÁÒ³ªèÍ§ÇèÒ§
µèÓÊØ´ÃÐËÇèÒ§ÁÇÅÃÇÁ (γ) ÁÒ¡¢Öé¹ ¤Í¹¡ÃÕµÁÕÍØ³ËÀÙÁÔ¢Í§¡ÒÃ·Ó»¯Ô¡ÔÃÔÂÒäÎà´ÃªÑè¹ÁÒ¡¢Öé¹ à¹×èÍ§¨Ò¡
¼Å¢Í§»ÃÔÁÒ³»Ù¹«ÕàÁ¹µì·ÕèÁÕÁÒ¡¢Öé¹

¼Å¡ÃÐ·º¨Ò¡¡ÒÃá·¹·Õè»Ù¹«ÕàÁ¹µì́ éÇÂà¶éÒá¡ÅºÅÐàÍÕÂ´ ¾ºÇèÒàÁ×èÍÁÕ¡ÒÃá·¹·Õè́ éÇÂà¶éÒá¡Åº
ÅÐàÍÕÂ´ÍØ³ËÀÙÁÔ¢Í§¡ÒÃ·Ó»¯Ô¡ÔÃÔÂÒäÎà´ÃªÑè¹ÁÕÍØ³ËÀÙÁÔµèÓ¡ÇèÒ¤Í¹¡ÃÕµ¸ÃÃÁ´Ò â´Â·Õè¤Í¹¡ÃÕµ¼ÊÁ
à¶éÒá¡ÅºÅÐàÍÕÂ´·ÕèÍÑµÃÒ¡ÒÃá·¹·Õè»Ù¹«ÕàÁ¹µì́ éÇÂà¶éÒá¡ÅºÃéÍÂÅÐ 20 ÁÕÍØ³ËÀÙÁÔ¢Í§¡ÒÃ·Ó» Ô̄¡ÔÃÔÂÒ
äÎà´ÃªÑè¹ ÊÙ§¡ÇèÒ·ÕèÍÑµÃÒ¡ÒÃá·¹·Õè»Ù¹«ÕàÁ¹µì´éÇÂà¶éÒá¡ÅºÃéÍÂÅÐ 40 ·Ñé§¹Õéà¹×èÍ§¨Ò¡àÁ×èÍÁÕ¡ÒÃá·¹·Õè
»Ù¹«ÕàÁ¹µì´éÇÂà¶éÒá¡Åº·ÓãËé»ÃÔÁÒ³»Ù¹«ÕàÁ¹µìã¹ÊèÇ¹¼ÊÁÅ´Å§ ¨Ö§ÁÕÍØ³ËÀÙÁÔ¢Í§¡ÒÃ·Ó»¯Ô¡ÔÃÔÂÒ
äÎà´ÃªÑè¹µèÓ

γ=1.2, w/b=0.5
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ÃÙ»·Õè 8 ÍØ³ËÀÙÁÔ¢Í§¤Í¹¡ÃÕµ¢Í§¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡Åº áÅÐ¤Í¹¡ÃÕµ¸ÃÃÁ´Ò
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ã¹¡Ã³Õ¢Í§ÍÔ· Ô̧¾Å¢Í§ÍÑµÃÒÊèÇ¹¹éÓµèÍÇÑÊ Ǿ»ÃÐÊÒ¹ (w/b) ·ÕèÁÕµèÍÍØ³ËÀÙÁÔ¢Í§¡ÒÃ·Ó» Ô̄¡ÔÃÔÂÒ
äÎà´ÃªÑè¹ ¾ºÇèÒàÁ×èÍ¤Í¹¡ÃÕµÁÕÍÑµÃÒÊèÇ¹¹éÓµèÍÇÑÊ´Ø»ÃÐÊÒ¹ÁÒ¡¢Öé¹ÍØ³ËÀÙÁÔ¢Í§¡ÒÃ·Ó»¯Ô¡ÔÃÔÂÒ
äÎà´ÃªÑè¹Å´Å§ à¹×èÍ§¨Ò¡·ÕèÍÑµÃÒÊèÇ¹»ÃÔÁÒµÃà¾ÊµìµèÍ»ÃÔÁÒ³ªèÍ§ÇèÒ§ÃÐËÇèÒ§ÁÇÅÃÇÁáÅÐÍÑµÃÒ
¡ÒÃá·¹·Õè´éÇÂà¶éÒá¡Åºà·èÒ¡Ñ¹ àÁ×èÍÁÕÍÑµÃÒÊèÇ¹¹éÓµèÍÇÑÊ´Ø»ÃÐÊÒ¹ÁÒ¡¢Öé¹ ·ÓãËéÁÕ»ÃÔÁÒ³»Ù¹«ÕàÁ¹µì
ã¹ÊèÇ¹¼ÊÁÅ´Å§ ¨Ö§à¡Ô´ÍØ³ËÀÙÁÔ¢Í§¡ÒÃ·Ó»¯Ô¡ÔÃÔÂÒäÎà´ÃªÑè¹µèÓ¡ÇèÒ

5. ÊÃØ»¼Å
1. à¶éÒá¡ÅºÅÐàÍÕÂ´ÁÕ¤Ø³ÊÁºÑµÔãªéà»ç¹ÇÑÊ´Ø¼ÊÁà¾ÔèÁã¹¤Í¹¡ÃÕµä´éµÒÁÁÒµÃ°Ò¹ ASTM

C618 áÅÐÁÕ¤Ø³ÊÁºÑµÔ·Ò§¡Å Ṍ¡ÇèÒà¶éÒá¡Åº¢¹Ò´Í¹ØÀÒ¤ 44 äÁâ¤ÃàÁµÃ áÅÐà¶éÒá¡Åº¢¹Ò´Í¹ØÀÒ¤
539 äÁâ¤ÃàÁµÃ

2. ¤èÒ¡ÒÃÂØºµÑÇ¢Í§¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´ ÁÕ¤èÒ¹éÍÂ¡ÇèÒ¤Í¹¡ÃÕµ¸ÃÃÁ´Ò áµèÊÙ§¡ÇèÒ
¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡Åº¢¹Ò´Í¹ØÀÒ¤ 44 äÁâ¤ÃàÁµÃ ·ÕèÍÑµÃÒÊèÇ¹¹éÓµèÍÇÑÊ´Ø»ÃÐÊÒ¹ áÅÐÍÑµÃÒÊèÇ¹
»ÃÔÁÒµÃà¾ÊµìµèÍ»ÃÔÁÒ³ªèÍ§ÇèÒ§ÃÐËÇèÒ§ÁÇÅÃÇÁà·èÒ¡Ñ¹ â´Â·ÕèÍÑµÃÒÊèÇ¹»ÃÔÁÒµÃà¾ÊµìµèÍ»ÃÔÁÒ³
ªèÍ§ÇèÒ§ÃÐËÇèÒ§ÁÇÅÃÇÁµÑé§áµè 1.4 ¢Öé¹ä»¤èÒ¡ÒÃÂØºµÑÇä é́¢Í§¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´ÍÂÙèã¹ªèÇ§·Õè
ÊÒÁÒÃ¶¹Óä»ãªé§Ò¹ä´é ¨Ö§ÊÒÁÒÃ¶ÊÃØ»ä´éÇèÒ¡ÒÃà¾Ô èÁ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃà·ä´é¢Í§¤Í¹¡ÃÕµ
¼ÊÁà¶éÒá¡Åº â´Â¡ÒÃà¾ÔèÁ¤ÇÒÁÅÐàÍÕÂ´¢Í§à¶éÒá¡ÅºÊÒÁÒÃ¶·Óä´é

3. ¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´ÁÕË¹èÇÂ¹éÓË¹Ñ¡ã¹ÊÀÒ¾Ê´µèÓ¡ÇèÒ¤Í¹¡ÃÕµ¸ÃÃÁ´Ò
·ÕèÍÑµÃÒÊèÇ¹¹éÓµèÍÇÑÊ Ǿ»ÃÐÊÒ¹áÅÐÍÑµÃÒÊèÇ¹»ÃÔÁÒµÃà¾ÊµìµèÍ»ÃÔÁÒ³ªèÍ§ÇèÒ§ÃÐËÇèÒ§ÁÇÅÃÇÁà·èÒ¡Ñ¹

4. ·ÕèÊèÇ¹¼ÊÁà´ÕÂÇ¡Ñ¹ ¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´ÁÕ¡ÓÅÑ§ÃÑºáÃ§ÍÑ´·ÕèÍÒÂØµÑé§áµè 28
ÇÑ¹¢Öé¹ä»ÊÙ§¡ÇèÒ¤Í¹¡ÃÕµ¸ÃÃÁ´Ò

5. ¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´ÁÕ¤èÒâÁ´ÙÅÑÊ¢Í§¤ÇÒÁÂ×´ËÂØè¹µèÓ¡ÇèÒ¤Í¹¡ÃÕµ¸ÃÃÁ´Ò
·ÕèÊèÇ¹¼ÊÁà´ÕÂÇ¡Ñ¹

6. ·ÕèÊèÇ¹¼ÊÁà´ÕÂÇ¡Ñ¹¤Í¹¡ÃÕµ¼ÊÁà¶éÒá¡ÅºÅÐàÍÕÂ´ÁÕÍØ³ËÀÙÁÔ¢Í§»¯Ô¡ÔÃÔÂÒäÎà´ÃªÑè¹
µèÓ¡ÇèÒ¤Í¹¡ÃÕµ¸ÃÃÁ´Ò áÅÐ¤ÇÒÁÃéÍ¹ÁÕ¤èÒÅ´Å§àÁ×èÍà¾ÔèÁÃéÍÂÅÐ¡ÒÃá·¹·Õè»Ù¹«ÕàÁ¹µì´éÇÂà¶éÒá¡Åº
ÅÐàÍÕÂ´¨Ð·ÓãËéªèÇÂÅ´»Ñ­ËÒ¡ÒÃáµ¡ÃéÒÇà¹×èÍ§¨Ò¡¤ÇÒÁáµ¡µèÒ§ÃÐËÇèÒ§ÍØ³ËÀÙÁÔã¹¤Í¹¡ÃÕµä´é
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