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¡ÒÃà»ÃÕÂºà·ÕÂº¤Ø³ÊÁºÑµÔ·ÃÒÂËÅèÍ
áµèÅÐáËÅè§ã¹»ÃÐà·Èä·Â

ºÃÃà¨Ô´ áÊ§¨Ñ¹·Ãì 1

Ê¶ÒºÑ¹à·¤â¹âÅÂÕÃÒªÁ§¤Å ÇÔ·ÂÒà¢µ¾ÒÂÑ¾ Í.àÁ×Í§ ¨.àªÕÂ§ãËÁè 13000
¡ÍºÊÔ¹ ·ÇÕÊÔ¹ 2    áÅÐ ¹Øª¸¹Ò ¾ÙÅ·Í§ 3

ÁËÒÇÔ·ÂÒÅÑÂà·¤â¹âÅÂÕ¾ÃÐ¨ÍÁà¡ÅéÒ¸¹ºØÃÕ ºÒ§Á´ ·Øè§¤ÃØ ¡ÃØ§à·¾Ï 10140

º·¤Ñ´ÂèÍ

§Ò¹ÇÔ¨ÑÂ¹ÕéÈÖ¡ÉÒ¶Ö§¤Ø³ÊÁºÑµÔ¢Í§·ÃÒÂ«ÔÅÔ¡éÒ (SiO2) ·Õè¨Ðãªéà»ç¹áººËÅèÍ¨Ò¡áËÅè§µèÒ§æ ã¹
»ÃÐà·Èä·Â·ÕèÁÕ»ÃÔÁÒ³«ÔÅÔ¡éÒÍÂÙè¤èÍ¹¢éÒ§ÁÒ¡ 5 áËÅè§ ¤×Í ̈ Ñ§ËÇÑ́ ÃÐÂÍ§ ̈ Ñ¹·ºØÃÕ µÃÒ´ ªØÁ¾Ã áÅÐÊ§¢ÅÒ
â´Â¹ÓÁÒ·´ÊÍºÊÁºÑµÔ·Ò§¡ÒÂÀÒ¾ Í§¤ì»ÃÐ¡Íº·Ò§à¤ÁÕ áÅÐ·´ÊÍºÊÁºÑµÔã¹¡ÒÃ·ÓáººËÅèÍ

¡ÒÃÇÔ¨ÑÂ¾ºÇèÒ·ÃÒÂ¨Ñ§ËÇÑ´¨Ñ¹·ºØÃÕáÅÐµÃÒ´ÁÕ»ÃÔÁÒ³«ÔÅÔ¡éÒÊÙ§·ÕèÊØ´¤×ÍÁÕ 99.2% ÃÍ§Å§ÁÒ
¤×Í·ÃÒÂ Ñ̈§ËÇÑ́ Ê§¢ÅÒÁÕ»ÃÔÁÒ³«ÔÅÔ¡éÒ 99% ÊÓËÃÑº·ÃÒÂ Ñ̈§ËÇÑ́ ÃÐÂÍ§áÅÐµÃÒ´ÁÕ»ÃÔÁÒ³«ÔÅÔ¡éÒ 98.8%
¢¹Ò´áÅÐ¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§·ÃÒÂ¾ºÇèÒ·ÃÒÂ·Ø¡áËÅè§ÁÕ»ÃÔÁÒ³àÁḉ ·ÃÒÂ¢¹Ò´ 0.150 mm ÁÒ¡·ÕèÊǾ
â´Â·ÃÒÂ Ñ̈§ËÇÑ́ ÃÐÂÍ§áÅÐÊ§¢ÅÒÁÕ»ÃÔÁÒ³àÁḉ ·ÃÒÂ·ÕèÁÕ¢¹Ò´ 0.150 mm ã¹»ÃÔÁÒ³ÁÒ¡·ÕèÊǾ ¤×Í 68%
áÅÐ 69% µÒÁÅÓ´Ñº ·ÃÒÂ¨Ñ§ËÇÑ´ÃÐÂÍ§áÅÐÊ§¢ÅÒÁÕ¡ÒÃ¡ÃÐ¨ÒÂµÑÇ·Õèã¡Åéà¤ÕÂ§¡Ñ¹ÁÒ¡·ÕèÊØ´ ·ÃÒÂ
¨Ñ§ËÇÑ´¨Ñ¹·ºØÃÕà»ç¹·ÃÒÂ·ÕèÁÕ¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¡ÇéÒ§¡ÇèÒ·ÃÒÂáËÅè§Í×è¹ ¤×ÍÁÕ¢¹Ò´µÑé§áµè 0.106 mm ¶Ö§
0.710 mm.

¨Ò¡¡ÒÃ·´ÊÍº¤Ø³ÊÁºÑµÔã¹¡ÒÃ·ÓáººËÅèÍ¾ºÇèÒ·ÃÒÂ·Ø¡áËÅè§ãËé¤èÒ¤ÇÒÁµéÒ¹·Ò¹
áÃ§ÍÑ´ã¹ÊÀÒÇÐª×é¹ (Green Compressive Strength, GCS) ÊÙ§ã¹ªèÇ§»ÃÔÁÒ³¤ÇÒÁª×é¹ 2-3% ·ÃÒÂ
¨Ñ§ËÇÑ´¨Ñ¹·ºØÃÕãËé¤èÒ·Õ èÊÙ§ÊØ´¤×Í 116 kN/m2 ÊÓËÃÑº¤èÒ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃ»ÅèÍÂ«ÖÁÍÒ¡ÒÈ
(permeability) ¾ºÇèÒ·ÃÒÂ¨Ñ§ËÇÑ´¨Ñ¹·ºØÃÕáÅÐ·ÃÒÂ¨Ñ§ËÇÑ´µÃÒ´ãËé¤èÒ·ÕèÊÙ§·ÕèÊØ´ ¤èÒ¤ÇÒÁµéÒ¹·Ò¹
áÃ§ÍÑ́ ¢³ÐáËé§ (Dry Compressive Strength, DCS) ¾ºÇèÒ·ÃÒÂ Ñ̈§ËÇÑ́ Ê§¢ÅÒãËé¤èÒÊÙ§ÊǾ ¤×Í 974.22
kN/m2 áµèàÁ×èÍ»ÃÔÁÒ³¤ÇÒÁª×é¹ÁÕ¤èÒÊÙ§¢Öé¹¶Ö§ 8% ¾ºÇèÒ·ÃÒÂ¨Ñ§ËÇÑ´ªØÁ¾ÃãËé¤èÒ DCS ÊÙ§·ÕèÊØ´

¤ÓÊÓ¤Ñ­  :  ·ÃÒÂ·ÓáººËÅèÍ  / ¤Ø³ÊÁºÑµÔ¢Í§·ÃÒÂ·ÓáººËÅèÍ

1 ÍÒ¨ÒÃÂì ÀÒ¤ÇÔªÒÇÔÈÇ¡ÃÃÁÍØµÊÒË¡ÒÃ
2 ¼ÙéªèÇÂÈÒÊµÃÒ¨ÒÃÂì ÀÒ¤ÇÔªÒÇÔÈÇ¡ÃÃÁÍØµÊÒË¡ÒÃ
3 ÍÒ¨ÒÃÂì ÊÒÂÇÔªÒà·¤â¹âÅÂÕÇÑÊ Ǿ ¤³Ð¾ÅÑ§§Ò¹áÅÐÇÑÊ Ǿ
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Comparison of Molding Sand from
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Abstract

This research study of properties of silica (SiO2) sands from five different sources in
Thailand, namely Rayong, Chantaburi, Trad, Chumporn, and Songkla. Physical properties, chemical
compositions, molding properties were investigated.

The results showed that the sands from Chantaburi and Trad had the highest silica
content of 99.2%. The sands from Songkla contained slightly lower silica content of 99%, and
those from Rayong and Chumporn 98.8%. When considering sand size and distribution, it was
found that largest percentage of the sands had the average particle size of around 0.150 mm
accounting for almost 70% (68 - 69%) for sand from Rayong and Songkla. The size distribution
of sands from Chantaburi were the widest (0.106 - 0.710 mm) compared to those from other
sources.

The results of molding properties showed that all sands had highest Green Compressive
Strength (GCS) at moisture content of 2 - 3%. Sand from Chantaburi gave the highest value of
GCS at 116 kN/m2. In the case of permeability properties, the values decreased in the order of
Chantaburi, Trad, Chumporn, Rayong and Songkla. The Dry Compressive Strength (DCS) of the
sand from Songkla gave the greatest value at 974.22 kN/m2 compared to the others. However,
when the moisture content of the sands was 8%, the greatest value of DCS was given by the sand
from Chumporn.
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1. º·¹Ó
áººËÅèÍ¹ÑºÇèÒà»ç¹à¤Ã×èÍ§Á×Í·ÕèÁÕ¤ÇÒÁÊÓ¤Ñ­à»ç¹ÍÂèÒ§ÂÔè§ã¹ÍØµÊÒË¡ÃÃÁËÅèÍâÅËÐ «Öè§áººËÅèÍ

ÊÒÁÒÃ¶¨Óá¹¡ÍÍ¡ä´éà»ç¹ËÅÒÂ»ÃÐàÀ· áººËÅèÍ·ÃÒÂà»ç¹áººËÅèÍ·Õè¹ÔÂÁãªéáººË¹Öè§µÑé§áµè
ã¹Í´Õµ¨¹¶Ö§»Ñ¨¨ØºÑ¹ â´Â·ÑèÇä»áÅéÇ·ÃÒÂ·Õè¹ÓÁÒãªé·ÓáººËÅèÍà»ç¹·ÃÒÂ«ÔÅÔ¡éÒ (SiO2) ¼ÊÁ¡Ñº
µÑÇ»ÃÐÊÒ¹·ÕèàËÁÒÐÊÁà¾×èÍãËé·ÃÒÂÊÒÁÒÃ¶ÂÖ´à¡ÒÐ¡Ñ¹ä´é´Õ·ÓãËéä´éáººËÅèÍ·Õèá¢ç§áÃ§ «Öè§¡ÒÃ¼ÅÔµ
ªÔé¹§Ò¹ËÅèÍ·Õè´Õ¹Ñé¹¤ÇÃàÃÔèÁµé¹µÑé§áµèáººËÅèÍ·Õè´Õ ã¹¡Ã³Õ¢Í§áººËÅèÍ·ÃÒÂ ·ÃÒÂ·Õè¹ÓÁÒãªé·Ó
áººËÅèÍ¤ÇÃà»ç¹·ÃÒÂ·ÕèÁÕÊÁºÑµÔàËÁÒÐÊÁ¡Ñº¡ÒÃ·Óà»ç¹áººËÅèÍ «Öè§ÊÁºÑµÔ¢Í§·ÃÒÂ·ÓáººËÅèÍ
·ÕèàËÁÒÐÊÁÁÕ´Ñ§µèÍä»¹Õé [1]

1. ·¹¤ÇÒÁÃéÍ¹ä´éÊÙ§
2. ÊÒÁÒÃ¶ÃÐºÒÂá¡êÊä´é´Õ¾Íã¹¢³Ðà·¹éÓâÅËÐ
3. ÁÕ¤ÇÒÁá¢ç§áÃ§·¹µèÍáÃ§ÍÑ´¢Í§¹éÓâÅËÐ
4. ÁÕ¤ÇÒÁá¹è¹áÅÐÃÑ¡ÉÒÃÙ»·Ã§ä´é´Õ
5. ·ÓÅÒÂËÃ×ÍÊÅÒÂµÑÇä´é§èÒÂËÅÑ§¨Ò¡¡ÒÃËÅèÍâÅËÐáÅÐÊÒÁÒÃ¶¹Ó¡ÅÑºÁÒãªéãËÁèä´é
6. äÁè¡èÍãËéà¡Ô´ÁÅÀÒÇÐàÁ×èÍ¹ÓÁÒãªé§Ò¹

áËÅè§·ÃÒÂã¹»ÃÐà·Èä·ÂÊèÇ¹ãË­èà»ç¹·ÃÒÂ«ÔÅÔ¡éÒ ¨Ò¡¡ÒÃÊÓÃÇ¨·Ò§¸Ã³ÕÇÔ·ÂÒ¢Í§¡ÃÁ
·ÃÑ¾ÂÒ¡Ã¸Ã³Õ¾ºÇèÒ·ÃÒÂ·ÕèÁÕ»ÃÔÁÒ³«ÔÅÔ¡éÒÊÙ§¨ÐÍÂÙèã¡Åé·ÐàÅ «Öè§»Ñ̈ Ø̈ºÑ¹ÂÑ§äÁèÁÕ¡ÒÃ¹Ó·ÃÒÂ¨Ò¡áËÅè§
àËÅèÒ¹Ñé¹ÁÒãªé·ÓáººËÅèÍÁÒ¡¹Ñ¡ ¹Í¡¨Ò¡·ÃÒÂ¨Ò¡¨Ñ§ËÇÑ´ÃÐÂÍ§ «Öè§à»ç¹·ÃÒÂ·Õèãªé¡Ñ¹ÁÒ¡
ã¹ÍØµÊÒË¡ÃÃÁËÅèÍâÅËÐã¹»ÃÐà·Èä·Â »Ñ¨¨ØºÑ¹·ÃÒÂ¨Ñ§ËÇÑ´ÃÐÂÍ§ÁÕ»ÃÔÁÒ³Å´Å§áÅÐ¤Ø³ÊÁºÑµÔ
Í×è¹æ ·ÕèÁÕ¼ÅµèÍ¡ÒÃËÅèÍàÃÔèÁà»ÅÕèÂ¹á»Å§ä»

»Ñ­ËÒ·ÕèÊÓ¤Ñ­»ÃÐ¡ÒÃË¹Öè§ÊÓËÃÑºªÔé¹§Ò¹·Õè¼èÒ¹§Ò¹ËÅèÍ¤×Í¢éÍº¡¾ÃèÍ§¢Í§ªÔé¹§Ò¹·Õèà¡Ố ¨Ò¡
¡ÒÃãªé·ÃÒÂ·ÕèäÁèÁÕ¤Ø³ÀÒ¾ã¹¡ÒÃ·ÓáººËÅèÍ âÃ§ËÅèÍ·ÕèËÅèÍªÔé¹§Ò¹¤Ø³ÀÒ¾ÊÙ§á¡é»Ñ­ËÒ¹Õéâ´Â¡ÒÃ
¹Óà¢éÒ·ÃÒÂËÅèÍ¨Ò¡µèÒ§»ÃÐà·È·ÓãËéµé¹·Ø¹¡ÒÃ¼ÅÔµÊÙ§¢Öé¹ ¡ÒÃá¡é»Ñ­ËÒàÃ×èÍ§¹Õé·Óä´éâ´Â¡ÒÃËÒ
áËÅè§·ÃÒÂ·ÕèÁÕ¤Ø³ÀÒ¾ÀÒÂã¹»ÃÐà·È

§Ò¹ÇÔ¨ÑÂ¹Õéà»ç¹¡ÒÃà»ÃÕÂºà·ÕÂº¤Ø³ÊÁºÑµÔ·ÃÒÂËÅèÍáµèÅÐáËÅè§ã¹»ÃÐà·Èä·Âã¹àÃ×èÍ§ÊÁºÑµÔ
·Ò§¡ÒÂÀÒ¾áÅÐÊÁºÑµÔ·Ò§¡Å¢Í§·ÃÒÂ·ÓáººËÅèÍ¨Ò¡áËÅè§µèÒ§æ à¾×èÍà»ç¹¢éÍÁÙÅ¾×é¹°Ò¹ãËé¡Ñº
ÍØµÊÒË¡ÃÃÁËÅèÍâÅËÐã¹àÃ×èÍ§¢Í§¤Ø³ÀÒ¾¢Í§·ÃÒÂËÅèÍÀÒÂã¹»ÃÐà·ÈÇèÒà»ç¹ÍÂèÒ§äÃ áÅÐàËÁÒÐÊÁ
¡Ñº¡ÒÃ·ÓáººËÅèÍËÃ×ÍäÁè à¾×èÍ·Õè¨Ðä´éÅ´»ÃÔÁÒ³¡ÒÃ¹Óà¢éÒ·ÃÒÂ¨Ò¡µèÒ§»ÃÐà·ÈáÅÐÅ´µé¹·Ø¹
¡ÒÃ¼ÅÔµ
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2. ¡ÒÃ·´ÅÍ§
à¡çºµÑÇÍÂèÒ§·ÃÒÂ¨Ò¡¨Ñ§ËÇÑ´ÃÐÂÍ§ ¨Ñ¹·ºØÃÕ µÃÒ´ ªØÁ¾Ã áÅÐÊ§¢ÅÒ ¨Ñ§ËÇÑ´ÅÐË¹Öè§áËÅè§

«Öè§áµèÅÐáËÅè§¶×ÍàÍÒ¾Ô¡Ñ´µÒÁá¼¹·Õè¸Ã³ÕÇÔ·ÂÒÁÒµÃÒÊèÇ¹ 1:50,000 ¢Í§¡ÃÁ·ÃÑ¾ÂÒ¡Ã¸Ã³Õ
¡ÃÐ·ÃÇ§ÍØµÊÒË¡ÃÃÁ´Ñ§µèÍä»¹Õé

1. á¼¹·ÕèáËÅÁ·Í§ËÅÒ§ ÅÓ Ñ́ºªǾ  L7017, ÃÐÇÒ§ 5334 III ¾ÔÁ¾ì¤ÃÑé§·Õè 1-RTSD, UTM Zone47

2. á¼¹·ÕèÍÓàÀÍà¢ÒÊÁÔ§ ÅÓ´ÑºªØ´ L7017, ÃÐÇÒ§ 5434 I ¾ÔÁ¾ì¤ÃÑé§·Õè 1-RTSD, UTM Zone48

3. á¼¹·ÕèÍÓàÀÍ¤ÅÍ§ãË­è ÅÓ Ñ́ºªǾ  L7017, ÃÐÇÒ§ 5532 I ¾ÔÁ¾ì¤ÃÑé§·Õè 1-RTSD, UTM Zone48

4. á¼¹·ÕèÍÓàÀÍ»Ð·ÔÇ ÅÓ´ÑºªØ´ L7017, ÃÐÇÒ§ 4830 II ¾ÔÁ¾ì¤ÃÑé§·Õè 1-TPC(29ETB), (RTSD-
1), UTM Zone47

5. á¼¹·Õè̈ Ñ§ËÇÑ́ Ê§¢ÅÒ ÅÓ Ñ́ºªǾ  L7017, ÃÐÇÒ§ 5123 III ¾ÔÁ¾ì¤ÃÑé§·Õè 4-RTSD, UTM Zone47

ã¹¡ÒÃà¡çºµÑÇÍÂèÒ§·ÃÒÂä»µÒÁá¼¹·Õè·Ò§ËÅÇ§ã¹»ÃÐà·Èä·ÂÁÒµÃÒÊèÇ¹ 1:1,600,000
¢Í§¡ÃÁ·Ò§ËÅÇ§ ºÍ¡¾Ô¡Ñ´µÓáË¹è§´éÇÂà¤Ã×èÍ§ËÒµÓáË¹è§¾Ô¡Ñ´´éÇÂ´ÒÇà·ÕÂÁ (Global Positioning
System, GPS) ÃØè¹ GPS45XL ¢Í§ GARMIN ¨Ò¡¹Ñé¹¹ÓÁÒ·´ÊÍº¤Ø³ÊÁºÑµÔ·Ò§¡ÒÂÀÒ¾ áÅÐ
¤Ø³ÊÁºÑµÔ·Ò§¡Å

¤Ø³ÊÁºÑµÔ·Ò§¡ÒÂÀÒ¾
1. µÃÇ¨ÊÍº¢¹Ò´áÅÐ¡ÒÃ¡ÃÐ¨ÒÂµÑÇ (size and distribution) ¢Í§àÁç´·ÃÒÂµÒÁ AFS Grain

Fineness Number (AFS GFN) ´éÇÂµÐá¡Ã§ÁÒµÃ°Ò¹ ASTM àºÍÃìµèÒ§æ ´Ñ§¹Õé 16/20/30/44/60/
100/140/200 áÅÐ pan

2. ¾×é¹·Õè¼ÔÇ (surface area) â´Âãªé¹éÓÁÑ¹¡êÒ«´Ñ¹ÅÁ¼èÒ¹·ÃÒÂáÅéÇ¨ÑºàÇÅÒ ¹Ó¢éÍÁÙÅ·Õèä´é
ÁÒ¤Ó¹Ç³µÒÁÊÁ¡ÒÃ

sw TVES 6244.17= (1)

17.6244   = ¤èÒ¤§·Õè¢Í§à¤Ã×èÍ§Á×Íà¹×èÍ§ÁÒ¨Ò¡¡ÒÃãªé¹éÓÁÑ¹¡êÒ««Öè§ÁÕ¤ÇÒÁ¶èÇ§¨Óà¾ÒÐ  0.811
áÅÐÍØ³ËÀÙÁÔÍÒ¡ÒÈ ³ ÍØ³ËÀÙÁÔËéÍ§ÁÕ¤èÒ dynamic viscosity 0.000181

E = ªèÍ§ÇèÒ§·ÕèÁÕÍÂÙè

g

g

S

DS
E

][ −
=
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S
g

= ¤ÇÒÁ¶èÇ§¨Óà¾ÒÐ¢Í§·ÃÒÂ («ÔÅÔ¡éÒ = 2.65)
D = »ÃÔÁÒ³¢Í§·ÃÒÂ 50 ¡ÃÑÁ ·ÕèãÊèã¹·èÍ»Ò¡¡ÃÇÂ·ÕèÁÕ¢Õ´ºÍ¡»ÃÔÁÒµÃ
T = àÇÅÒà»ç¹ÇÔ¹Ò·Õ
V

s
= »ÃÔÁÒµÃ¢Í§·ÃÒÂà»ç¹ cc.

3. µÃÇ¨ÊÍºÃÙ»ÃèÒ§¢Í§àÁḉ ·ÃÒÂ (shape) ́ éÇÂ¡ÅéÍ§ Ø̈Å·ÑÈ¹ìÍÔàÅç¡µÃÍ¹áººÊèÍ§¡ÇÒ´ÅÓáÊ§
(Scanning Electron Microscope, SEM) áÅÐ¤Ó¹Ç³¤èÒ angularity ¨Ò¡¢éÍÁÙÅ·Õèä´é¨Ò¡¡ÒÃ·´ÊÍº
ËÒ¢¹Ò´áÅÐ¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¡Ñº¡ÒÃ·´ÊÍº¾×é¹·Õè¼ÔÇ (surface area) ¨Ò¡ÊÁ¡ÒÃ

th

w

S

S
E = (2)

E = coefficient of angularity
S

w
= measured surface area ä´é¨Ò¡¡ÒÃ·´ÊÍºËÒ surface area

S
th

= theoretical surface area ä´é¨Ò¡¡ÒÃ·´ÊÍºËÒ¢¹Ò´áÅÐ¡ÒÃ¡ÃÐ¨ÒÂµÑÇ

4. µÃÇ¨ÊÍºÊèÇ¹¼ÊÁ·Ò§à¤ÁÕ¢Í§·ÃÒÂ (chemical analysis) µÒÁÁÒµÃ°Ò¹ ASTM C 146-
80 áÅÐËÒ¤èÒ Acid Demand Value (ADV) µÒÁÁÒµÃ°Ò¹ AFS 114-87-S

¤Ø³ÊÁºÑµÔ·Ò§¡ÅáÅÐ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃ»ÅèÍÂ«ÖÁÍÒ¡ÒÈ
1. ·´ÊÍº¤ÇÒÁµéÒ¹·Ò¹áÃ§ (strength) ´éÇÂáÃ§ÍÑ´ (compressive) áÅÐáÃ§à©×Í¹ (shear)

·Ñé§¤ÇÒÁá¢ç§áÃ§¢³Ðª×é¹ (green strength) áÅÐ¤ÇÒÁá¢ç§áÃ§¢³ÐáËé§ (dry strength)

2. ·´ÊÍº¤ÇÒÁá¢ç§ (hardness) áÅÐ·´ÊÍº¡ÒÃÍÑ´µÑÇ¢Í§·ÃÒÂ (compactability)

3. ·´ÊÍº¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃ»ÅèÍÂ«ÖÁÍÒ¡ÒÈ (permeability) ãªéà¤Ã×èÍ§·´ÊÍºáºº electric
permeability meter

·´ÊÍº·Õèà»ÍÃìà«ç¹µì¤ÇÒÁª×é¹ 1, 2, 5 áÅÐ 8% áÅÐà»ÍÃìà«ç¹µì sodium Bentonite 3, 6 áÅÐ 9%

3. ¼ÅáÅÐÍÀÔ»ÃÒÂ¼Å¡ÒÃ·´ÅÍ§
1. ¢¹Ò´áÅÐ¡ÒÃ¡ÃÐ¨ÒÂµÑÇ (size and distribution)
¨Ò¡¡ÒÃ¤Ó¹Ç³ËÒ¢¹Ò´àÁç´·ÃÒÂµÒÁ AFS Grain Fineness Number (AFS GFN) ¾ºÇèÒ

·ÃÒÂ¨Ò¡¨Ñ§ËÇÑ´¨Ñ¹·ºØÃÕÁÕ¢¹Ò´ãË­è¡ÇèÒáËÅè§Í×è¹æ ¡ÅèÒÇ¤×ÍÁÕ¢¹Ò´ AFS GFN ·ÕèÁÕ¤èÒ¹éÍÂ·ÕèÊØ´
´Ñ§µÒÃÒ§·Õè 1 «Öè§¢¹Ò´àÁç´·ÃÒÂËÅèÍ·ÕèàËÁÒÐÊÁÍÂÙèã¹ªèÇ§ 50-60 AFS ¡ÒÃãªé·ÃÒÂËÅèÍ·ÕèÁÕàÁç´·ÃÒÂ
¢¹Ò´àÅç¡¨ÐµéÍ§ãªéµÑÇ»ÃÐÊÒ¹ÁÒ¡¡ÇèÒàÁç´·ÃÒÂ¢¹Ò´ãË­è áÅÐàÁç´·ÃÒÂ¢¹Ò´ãË­èà¡Ô¹ä»¨Ð·ÓãËé
¼ÔÇÊÓàÃç¨¢Í§ªÔé¹§Ò¹ËÅèÍäÁèàÃÕÂº [2]
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µÒÃÒ§·Õè 1 AFS Grain Fineness Number ¢Í§·ÃÒÂáËÅè§µèÒ§æ

áËÅ�§·ÃÒÂ ÃÐÂÍ§ ¨Ñ¹·ºØÃÕ µÃÒ´ ªØÁ¾Ã Ê§¢ÅÒ
AFS Grain Fineness Number 68 51 59 60 68

ÃÙ»·Õè 1 áÊ´§¡ÒÃà»ÃÕÂºà·ÕÂº¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§·ÃÒÂáµèÅÐáËÅè§

¡ÒÃ¡ÃÐ¨ÒÂµÑÇ (distribution) ¾ºÇèÒ·ÃÒÂ¨Ò¡¨Ñ§ËÇÑ´¨Ñ¹·ºØÃÕÁÕ¡ÒÃ¡ÃÐ¨ÒÂµÑÇ·Õè¡ÇéÒ§¡ÇèÒ
·ÃÒÂáËÅè§Í×è¹´Ñ§áÊ´§ã¹ÃÙ»·Õè 1 ¤×ÍÁÕ¢¹Ò´µÑé§áµè 0.106 mm ¶Ö§ 0.710 mm ·ÃÒÂ¨Ñ§ËÇÑ´µÃÒ´ÁÕ¡ÒÃ
¡ÃÐ¨ÒÂµÑÇ·Õè¤ÅéÒÂ¡Ñº·ÃÒÂ¨Ñ§ËÇÑ´ªØÁ¾Ã áÅÐ·ÃÒÂ¨Ñ§ËÇÑ´ÃÐÂÍ§ÁÕ¡ÒÃ¡ÃÐ¨ÒÂµÑÇ·Õè¤ÅéÒÂ¡Ñº
·ÃÒÂ¨Ò¡Ê§¢ÅÒ

2. ¾×é¹·Õè¼ÔÇ (surface area)
¨Ò¡¡ÒÃ·´ÅÍ§¾ºÇèÒ·ÃÒÂ¨Ò¡¨Ñ§ËÇÑ´Ê§¢ÅÒáÅÐµÃÒ´ÁÕ¾×é¹·Õè¼ÔÇÁÒ¡¡ÇèÒ·ÃÒÂ¨Ò¡áËÅè§

Í×è¹ ´Ñ§áÊ´§ã¹µÒÃÒ§·Õè 2

¾×é¹·Õè¼ÔÇà»ç¹ÊÔè§Ë¹Öè§·ÕèÊÒÁÒÃ¶ºÍ¡¶Ö§ÃÙ»ÃèÒ§¢Í§àÁḉ ·ÃÒÂ â´Â·ÃÒÂàÁḉ ¡ÅÁ¨ÐÁÕ¾×é¹·Õè¼ÔÇ¹éÍÂ
¡ÇèÒ·ÃÒÂÃÙ»ÃèÒ§Í×è¹ ã¹¡ÒÃ·ÓáººËÅèÍ ·ÃÒÂàÁç´¡ÅÁÊÒÁÒÃ¶äËÅµÑÇà¢éÒªÔ´¡Ñ¹ä´é´Õ·ÕèÊØ´ãËé¤èÒ¤ÇÒÁ
á¢ç§áÃ§áÅÐ¡ÒÃ»ÅèÍÂ«ÖÁ·Õè¾ÍàËÁÒÐàÁ×èÍà·ÕÂº¡Ñº·ÃÒÂÃÙ»ÃèÒ§Í×è¹·Õèãªé»ÃÔÁÒ³µÑÇ»ÃÐÊÒ¹·Õèà·èÒ¡Ñ¹
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áËÅ�§·ÃÒÂ ÃÐÂÍ§ ¨Ñ¹·ºØÃÕ µÃÒ´ ªØÁ¾Ã Ê§¢ÅÒ
¾×é¹·Õè¼ÔÇ (cm2/g.) 138 133 153 144 151

3. ÃÙ»ÃèÒ§¢Í§àÁç´·ÃÒÂ (shape)
¨Ò¡¡ÒÃµÃÇ¨ÊÍº¾ºÇèÒ·ÃÒÂáµèÅÐáËÅè§ÁÕÃÙ»ÃèÒ§·Õè¤ÅéÒÂ¡Ñ¹áÅÐ¨Ò¡¡ÒÃà»ÃÕÂºà·ÕÂº¡ÑºÃÙ»ÃèÒ§

·ÃÒÂµÒÁÁÒµÃ°Ò¹ AFS ¾ºÇèÒ·ÃÒÂáµèÅÐáËÅè§ÁÕÃÙ»ÃèÒ§à»ç¹àÁḉ ¡ÅÁ»Ò¹¡ÅÒ§ (medium sphericity)
»¹¡ÑºàÁç´¡ÅÁµèÓ (low sphericity) ¨Ñ´ÍÂÙèã¹¡ÅØèÁ·ÕèÁÕàËÅÕèÂÁÁØÁÁ¹ (sub-angular) ¼ÔÇ¢Í§àÁç´·ÃÒÂ
¤èÍ¹¢éÒ§¢ÃØ¢ÃÐáÅÐÁÕÃÙÍÂÙè·ÑèÇä»º¹¾×é¹¼ÔÇ ´Ñ§áÊ´§ã¹ÃÙ»·Õè 2

áËÅ�§·ÃÒÂ ÃÐÂÍ§ ¨Ñ¹·ºØÃÕ µÃÒ´ ªØÁ¾Ã Ê§¢ÅÒ
Coefficient of Angularity 1.16 1.37 1.35 1.25 1.12

µÒÃÒ§·Õè 3 ¤èÒ coefficient of angularity ¢Í§·ÃÒÂáµèÅÐáËÅè§

µÒÃÒ§·Õè 2 ¢¹Ò´¾×é¹·Õè¼ÔÇ¢Í§·ÃÒÂáµèÅÐáËÅè§

¨Ñ¹·ºØÃÕÃÐÂÍ§ µÃÒ´

ÃÙ»·Õè 2 áÊ´§ÃÙ»ÃèÒ§·ÃÒÂ¨Ò¡áËÅè§µèÒ§æ

¨Ò¡¡ÒÃ¤Ó¹Ç³ coefficient of angularity ¾ºÇèÒ·ÃÒÂ·Ø¡áËÅè§ãËé¤èÒ coefficient of angularity
ÁÒ¡¡ÇèÒ 1 «Öè§ËÁÒÂ¶Ö§·ÃÒÂÁÕÃÙ»ÃèÒ§¤èÍ¹¢éÒ§à»ç¹àËÅÕèÂÁ ´Ñ§áÊ´§ã¹µÒÃÒ§·Õè 3

ÃÙ»ÃèÒ§¢Í§àÁç´·ÃÒÂ·Õè´Õ¤ÇÃÁÕÅÑ¡É³Ð¼ÔÇàÃÕÂºáÅÐÁÕ¤ÇÒÁ¡ÅÁ»Ò¹¡ÅÒ§¶Ö§ÊÙ§ ÊÓËÃÑº
àÁç´·ÃÒÂ·ÕèÁÕ¤ÇÒÁ¡ÅÁµèÓ àÁ×èÍ¹Óä»·ÓáººËÅèÍ·ÓãËéáººÁÕ¤ÇÒÁË¹Òá¹è¹µèÓ áÅÐÁÕ¤ÇÒÁÊÒÁÒÃ¶
ã¹¡ÒÃäËÅµÑÇ¢Í§·ÃÒÂ¢³Ð·ÓáººäÁè´Õ [3] ¹Í¡¨Ò¡¹ÕéÂÑ§µéÍ§àµÔÁµÑÇ»ÃÐÊÒ¹ (binder) ã¹»ÃÔÁÒ³
ÊÙ§ [2]

Ê§¢ÅÒªØÁ¾Ã
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4. ¡ÒÃÇÔà¤ÃÒÐËìÊèÇ¹»ÃÐ¡Íº·Ò§à¤ÁÕ (chemical analysis)
¡ÒÃÇÔà¤ÃÒÐËìÊèÇ¹»ÃÐ¡Íº·Ò§à¤ÁÕ¢Í§àÁç´·ÃÒÂºÍ¡¶Ö§¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃµéÒ¹·Ò¹

¤ÇÒÁÃéÍ¹¢Í§·ÃÒÂ â´Â´Ùä´é¨Ò¡»ÃÔÁÒ³¢Í§«ÔÅÔ¡éÒ (SiO2) ¶éÒÁÕ»ÃÔÁÒ³ÁÒ¡ÊÒÁÒÃ¶·¹¤ÇÒÁÃéÍ¹
ä´éÁÒ¡ ¡ÅèÒÇ¤×Í«ÔÅÔ¡éÒ 100% ÁÕ¨Ø´ËÅÍÁàËÅÇÊÙ§¶Ö§ 1700oC [4] â´Â·ÃÒÂËÅèÍ·Õè´Õ¤ÇÃÁÕ»ÃÔÁÒ³
«ÔÅÔ¡éÒÍÂèÒ§¹éÍÂ 95-96% [2] ¼Å¡ÒÃÇÔà¤ÃÒÐËì¾ºÇèÒ·ÃÒÂáµèÅÐáËÅè§ÁÕ»ÃÔÁÒ³«ÔÅÔ¡éÒ·Õè¤èÍ¹¢éÒ§ÊÙ§
´Ñ§ã¹µÒÃÒ§·Õè 4

áËÅ�§·ÃÒÂ %SiO2 %Al2O3 %Fe2O3 %CaO %MgO
ÃÐÂÍ§
¨Ñ¹·ºØÃÕ
µÃÒ´
ªØÁ¾Ã
Ê§¢ÅÒ

98.8
99.2
99.2
98.8
99.0

0.2
0.1
0.1
0.1
0.3

0.07
0.15
0.01
0.01
0.05

0.4
0.3
0.3
0.2
0.3

0.08
0.05
0.05
0.04
0.05

µÒÃÒ§·Õè 4 à»ÃÕÂºà·ÕÂº¼Å¡ÒÃÇÔà¤ÃÒÐËìÊèÇ¹¼ÊÁ·Ò§à¤ÁÕ¢Í§·ÃÒÂáµèÅÐáËÅè§

¨Ò¡¡ÒÃ·´ÅÍ§ËÒ»ÃÔÁÒ³¡Ã´ Acid Demand Value (ADV) «Öè§·´ÊÍº·Õè¤èÒ pH 7 ¾ºÇèÒ
·ÃÒÂ¨Ñ§ËÇÑ´ªØÁ¾ÃÁÕ¤èÒÁÒ¡¡ÇèÒ·ÃÒÂ¨Ò¡áËÅè§Í×è¹ ´Ñ§áÊ´§ã¹µÒÃÒ§·Õè 5

µÒÃÒ§·Õè 5 à»ÃÕÂºà·ÕÂº¤èÒ ADV ¢Í§·ÃÒÂáµèÅÐáËÅè§
áËÅ�§·ÃÒÂ »ÃÔÁÒ³ NaOH ·Õè·íÒãË�ªÔé¹§Ò¹ä´�¤�Ò pH 7

(ml)
»ÃÔÁÒ³ NaOH ·Õè·íÒãË� Blank ä´�¤�Ò pH 7

(ml)
ADV (ml)

ÃÐÂÍ§
¨Ñ¹·ºØÃÕ
µÃÒ´
ªØÁ¾Ã
Ê§¢ÅÒ

62.8
61.3
60.7
61.3
62.5

62.5
61.2
60.5
60.5
62.4

0.3
0.1
0.2
0.8
0.1

¤èÒ Acid Demand Value (ADV) à»ç¹¤èÒ·ÕèáÊ´§¶Ö§»ÃÔÁÒ³¡Ã´·ÕèµéÍ§¡ÒÃã¹¡ÒÃ·Õè̈ Ð·ÓãËé·ÃÒÂ
ÁÕÊÁºÑµÔ·Õèà»ç¹¡ÅÒ§ (pH 7) ¶éÒ·ÃÒÂÁÕ¤èÒ ADV ÊÙ§ ËÁÒÂ¤ÇÒÁÇèÒ·ÃÒÂÁÕÊÀÒ¾à»ç¹´èÒ§ÁÒ¡ ´Ñ§¹Ñé¹
ã¹·Ò§» Ô̄ºÑµÔ·ÃÒÂ Ñ́§¡ÅèÒÇäÁèàËÁÒÐ·Õè̈ ÐãªéµÑÇ»ÃÐÊÒ¹à¤ÁÕ·ÕèãªéµÑÇàÃè§» Ô̄¡ÃÔÂÒ·ÕèÁÕÊÀÒ¾à»ç¹¡Ã´ (acid
catalyst) «Öè§¨Ð·ÓãËéµéÍ§ãªéµÑÇàÃè§»¯Ô¡ÔÃÔÂÒã¹»ÃÔÁÒ³·ÕèÁÒ¡¢Öé¹ à¹×èÍ§¨Ò¡µÑÇàÃè§»¯Ô¡ÔÃÔÂÒ¨Ðä»·Ó
»¯Ô¡ÔÃÔÂÒ¡Ñº´èÒ§·ÕèÁÒ¡Ñº·ÃÒÂ [4]

5. ¤ÇÒÁµéÒ¹·Ò¹áÃ§ (strength)
ã¹¡ÒÃ·´ÊÍº¤ÇÒÁµéÒ¹·Ò¹áÃ§ÍÑ´¢³Ðª×é¹ (green compressive strength, GCS) ¾ºÇèÒ

·ÃÒÂáµèÅÐáËÅè§ãËé¤ÇÒÁá¢ç§áÃ§ÊÙ§·Õè¤ÇÒÁª×é¹»ÃÐÁÒ³ 2% ÊÓËÃÑº¤èÒ¤ÇÒÁµéÒ¹·Ò¹áÃ§à©×Í¹¢³Ðª×é¹
(green shear strength, GSS) ¾ºÇèÒÁÕ¤èÒÊÍ´¤ÅéÍ§¡Ñº¤èÒ¤ÇÒÁµéÒ¹·Ò¹áÃ§ÍÑ´¢³Ðª×é¹¤×ÍÁÕ¤èÒ
ÊÙ§ÊØ´·Õè»ÃÔÁÒ³¤ÇÒÁª×é¹ 2% ´Ñ§áÊ´§ã¹µÒÃÒ§·Õè 6

ËÁÒÂàËµØ ¤ÇÒÁà¢éÁ¢é¹¢Í§ NaOH ·ÕèàµÃÕÂÁä´é = 0.097N
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¤èÒ¤ÇÒÁµéÒ¹·Ò¹áÃ§ÍÑ´¢³ÐáËé§ (dry compressive strength, DCS) áÅÐ¤ÇÒÁµéÒ¹·Ò¹
áÃ§à©×Í¹¢³ÐáËé§ (dry shear strength, DSS) ¨Ò¡·Õè·Ó¡ÒÃ·´ÅÍ§¾ºÇèÒ·ÃÒÂ·Ø¡áËÅè§¨ÐãËé¤èÒ
¤ÇÒÁµéÒ¹áÃ§ÊÙ§¢Öé¹àÁ×èÍ»ÃÔÁÒ³¤ÇÒÁª×é¹à¾ÔèÁ¢Öé¹´Ñ§áÊ´§ã¹µÒÃÒ§·Õè 7

µÒÃÒ§·Õè 6 à»ÃÕÂºà·ÕÂº¤ÇÒÁµéÒ¹·Ò¹áÃ§ÍÑ´¢³Ðª×é¹  (GCS) áÅÐ¤ÇÒÁµéÒ¹·Ò¹áÃ§à©×Í¹¢³Ðª×é¹ (GSS) ¢Í§·ÃÒÂ
áµèÅÐáËÅè§·Õè»ÃÔÁÒ³¤ÇÒÁª×é¹µèÒ§¡Ñ¹

1%¹íéÒ 6%àº¹·Íä¹µ� 2%¹íéÒ 6%àº¹·Íä¹µ� 5%¹íéÒ 6%àº¹·Íä¹µ� 8%¹íéÒ 6%àº¹·Íä¹µ�áËÅ�§
·ÃÒÂ GCS

(kN/m2)
GSS

(kN/m3)
GCS

(kN/m2)
GSS

(kN/m3)
GCS

(kN/m2)
GSS

(kN/m3)
GCS

(kN/m2)
GSS

(kN/m3)
ÃÐÂÍ§
¨Ñ¹·ºØÃÕ
µÃÒ´
ªØÁ¾Ã
Ê§¢ÅÒ

29.87
41.4
13.62
18.25

20

5.87
9

2.5
4.25
4.5

56.8
55.8
38.5
56.3
46.7

15.86
15.2
10.5
15.75
13.48

38.62
43.48
34.56
45.5
41.96

8.28
10.52
7.66
10.32
10.7

38
43

32.5
41.74
41.5

7.3
8.46
6.3
6.3
8.7

¤ÇÒÁµéÒ¹·Ò¹áÃ§ÍÑ´¢³Ðª×é¹¢Í§·ÃÒÂ¾ºÇèÒà¾ÔèÁ¢Öé¹µÒÁ»ÃÔÁÒ³àº¹·Íä¹µì (Bentonite)
«Öè§à»ç¹ä»µÒÁ·ÄÉ®Õ¡ÒÃ»ÃÐÊÒ¹¡Ñ¹â´Â¡ÒÃáÅ¡à»ÅÕèÂ¹äÍÍÍ¹ (ion exchange) ÃÐËÇèÒ§àº¹·Íä¹µì
¡Ñºàº¹·Íä¹µì áÅÐàº¹·Íä¹µì¡Ñº·ÃÒÂàÁ×èÍä´éÃÑº¤ÇÒÁª×é¹ «Öè§´Ô¹¨Ðà¡Ô´äÁà«Å (micelles) «Öè§ÁÕ
ÊÍ§¢ÑéÇ áÃ§ÂÖ´à¡ÒÐÃÐËÇèÒ§äÁà«Å¢Í§àº¹·Íä¹µì¡Ñºàº¹·Íä¹µì¨Ðá¢ç§áÃ§¡ÇèÒáÃ§ÂÖ´à¡ÒÐÃÐËÇèÒ§
äÁà«Å¢Í§àº¹·Íä¹µì¡Ñº·ÃÒÂ à¹×èÍ§¨Ò¡¼ÔÇ·ÃÒÂÁÕ·Ñé§¢ÑéÇºÇ¡áÅÐ¢ÑéÇÅºµÅÍ´¾×é¹¼ÔÇ «Öè§äÁà«Å
¢Í§àº¹·Íä¹µì·ÕèÁÒà¡ÒÐÍÒ¨¨Ð¼ÅÑ¡¡Ñº¢ÑéÇàËÁ×Í¹¡Ñ¹·ÕèÍÂÙèã¡Åé¡Ñ¹º¹¼ÔÇ·ÃÒÂ ¤ÇÒÁµéÒ¹·Ò¹áÃ§ÍÑ´
¢³Ðª×é¹¨Ð¢Öé¹ÍÂÙè¡Ñº»ÃÔÁÒ³¤ÇÒÁª×é¹ «Öè§¤ÇÒÁª×é¹¨Ðà»ç¹µÑÇ¡ÒÃ·Õè·ÓãËéÃÐÂÐËèÒ§ÃÐËÇèÒ§¢ÑéÇ·Õè¼ÅÑ¡¡Ñ¹
áÅÐ¢ÑéÇ·Õè´Ö§´Ù´¡Ñ¹à»ÅÕèÂ¹ä» â´Â¤ÇÒÁµéÒ¹·Ò¹áÃ§ÍÑ´¢³Ðª×é¹à¡Ô´¢Öé¹ÊÙ§ÊØ´àÁ×èÍÃÐÂÐËèÒ§ÃÐËÇèÒ§
¢ÑéÇ·Õè¼ÅÑ¡¡Ñ¹¢Í§äÁà«ÅÊÍ§µÑÇÁÕ¤èÒ·ÓãËéáÃ§¼ÅÑ¡à»ç¹ÈÙ¹Âì «Öè§ËÁÒÂ¶Ö§ÃÐÂÐËèÒ§ÁÕÁÒ¡äÁèÁÕáÃ§¼ÅÑ¡
à¡Ô´¢Öé¹áÅéÇÂÑ§·ÓãËéáÃ§´Ö§´Ù´ÁÕ¹éÍÂÅ§´éÇÂ [4] ¨Ò¡¡ÒÃ·´ÅÍ§¾ºÇèÒ»ÃÔÁÒ³¤ÇÒÁª×é¹·ÕèàËÁÒÐÊÁ
·ÕèãËé¤èÒ¤ÇÒÁá¢ç§áÃ§¢³Ðª×é¹ÊÙ§ÊØ´ÍÂÙèã¹ªèÇ§»ÃÐÁÒ³ 2% ·Õè 6% àº¹·Íä¹µì

µÒÃÒ§·Õè 7 à»ÃÕÂºà·ÕÂº¤ÇÒÁµéÒ¹·Ò¹áÃ§ÍÑ́ ¢³ÐáËé§ (DCS) áÅÐ¤ÇÒÁµéÒ¹·Ò¹áÃ§à©×Í¹¢³ÐáËé§ (DSS) ¢Í§·ÃÒÂáµèÅÐáËÅè§
·Õè»ÃÔÁÒ³¤ÇÒÁª×é¹µèÒ§¡Ñ¹

1%¹íéÒ 6%àº¹·Íä¹µ� 2%¹íéÒ 6%àº¹·Íä¹µ� 5%¹íéÒ 6%àº¹·Íä¹µ� 8%¹íéÒ 6%àº¹·Íä¹µ�áËÅ�§
·ÃÒÂ DCS

(kN/m2)
DSS

(kN/m3)
DCS

(kN/m2)
DSS

(kN/m3)
DCS

(kN/m2)
DSS

(kN/m3)
DCS

(kN/m2)
DSS

(kN/m3)
ÃÐÂÍ§
¨Ñ¹·ºØÃÕ
µÃÒ´
ªØÁ¾Ã
Ê§¢ÅÒ

-
26.17

-
-
-

-
7.6
-
-
-

231.68
523.00
337.84
225.60
315.60

52.44
109.00
88.54
43.82
107.50

873.00
935.16
833.14
877.43
974.22

163.36
175.23
167.56
173.6
182.06

1036.38
1186.43
1352.64
1549.20
1040.38

196.50
246.82
290.24
335.78
216.66



ÇÒÃÊÒÃÇÔ¨ÑÂáÅÐ¾Ñ²¹Ò Á¨¸. »Õ·Õè 24 ©ºÑº·Õè 1 Á¡ÃÒ¤Á-àÁÉÒÂ¹ 254466

àÁ× èÍà»ÃÕÂºà·ÕÂº¡Ñ¹ÃÐËÇèÒ§·ÃÒÂáËÅè§µèÒ§æ ¾ºÇèÒ·ÃÒÂ¨Ò¡¨Ñ§ËÇÑ´¨Ñ¹·ºØÃÕãËé¤èÒ
¤ÇÒÁµéÒ¹·Ò¹áÃ§ÍÑ´¢³Ðª×é¹ÊÙ§·ÕèÊØ´ «Öè§ÊÙ§¡ÇèÒ·ÃÒÂ¨Ñ§ËÇÑ´ÃÐÂÍ§ 21% ÊÙ§¡ÇèÒ·ÃÒÂ¨Ñ§ËÇÑ´µÃÒ´
35%  ÊÙ§¡ÇèÒ·ÃÒÂ¨Ñ§ËÇÑ´ªØÁ¾Ã 34% áÅÐÊÙ§¡ÇèÒ·ÃÒÂ¨Ñ§ËÇÑ´Ê§¢ÅÒ 22% à»ç¹ä»ä´éÇèÒ·ÃÒÂ¨Ñ§ËÇÑ´
¨Ñ¹·ºØÃÕÁÕ¤èÒ¡ÒÃ¡ÃÐ¨ÒÂµÑÇ·Õè¡ÇéÒ§¡ÇèÒ·ÃÒÂ¨Ò¡áËÅè§Í×è¹æ ¨Ò¡¤ÇÒÁÊÑÁ¾Ñ¹¸ìÃÐËÇèÒ§¡ÒÃ¡ÃÐ¨ÒÂµÑÇ
áÅÐ¤èÒ¤ÇÒÁµéÒ¹·Ò¹áÃ§ÍÑ´¢³Ðª×é¹ ¾ºÇèÒ·ÃÒÂ¨Ñ§ËÇÑ´µÃÒ´áÅÐªØÁ¾ÃãËé¤èÒ¤ÇÒÁµéÒ¹·Ò¹
áÃ§ÍÑ´¢³Ðª×é¹ã¡Åéà¤ÕÂ§¡Ñ¹àªè¹à´ÕÂÇ¡Ñº·ÃÒÂ¨Ñ§ËÇÑ´ÃÐÂÍ§áÅÐÊ§¢ÅÒ

ÊÓËÃÑº¤èÒ¤ÇÒÁµéÒ¹·Ò¹áÃ§ÍÑ´¢³ÐáËé§ ¾ºÇèÒÁÕ¤èÒà¾ÔèÁ¢Öé¹àÁ×èÍ»ÃÔÁÒ³¤ÇÒÁª×é¹à¾ÔèÁ¢Öé¹
ÊÒàËµØà¹×èÍ§¨Ò¡àÁ×èÍÁÕ¤ÇÒÁª×é¹ÁÒ¡¨Ð·ÓãËéà·¹·Íä¹µì¡ÃÐ¨ÒÂà¤Å×Íº¼ÔÇ·ÃÒÂä é́ÁÒ¡¢Öé¹ àÁ×èÍà¡Ố ¡ÒÃ
ÊÙ­àÊÕÂ¤ÇÒÁª×é¹ÍÍ¡ä»·ÓãËéÃÐÂÐËèÒ§ÃÐËÇèÒ§äÁà«ÅÁÕ¤èÒ¹éÍÂÅ§¨¹¶Ö§ÃÐÂÐ·ÕèãËé¤ÇÒÁá¢ç§áÃ§ÊÙ§ÊØ´
«Öè§ËÁÒÂ¤ÇÒÁÇèÒ¤ÇÒÁª×é¹·ÓãËé¡ÒÃ¡ÃÐ¨ÒÂàº¹·Íä¹µìä»à¤Å×Íº¼ÔÇ·ÃÒÂä´éÁÒ¡¢Öé¹ [5] «Öè§àÁ×èÍ
ÊÙ­àÊÕÂ¤ÇÒÁª×é¹ÍÍ¡ä»¨Ð·ÓãËéÁÕ¨Ø´·Õè»ÃÐÊÒ¹¡Ñ¹ÁÒ¡¢Öé¹¹Ñè¹àÍ§

6. ¤ÇÒÁá¢ç§ (hardness) áÅÐ ¡ÒÃÍÑ´µÑÇ (compactability)
¨Ò¡¡ÒÃ·´ÅÍ§¾ºÇèÒ·ÃÒÂ·Ø¡áËÅè§ãËé¤èÒ¤ÇÒÁá¢ç§ÊÙ§ÊØ´·Õè¤ÇÒÁª×é¹»ÃÐÁÒ³ 2% ´Ñ§áÊ´§

ã¹µÒÃÒ§·Õè 8 áÅÐ¤ÇÒÁá¢ç§¨Ðà¾ÔèÁ¢Öé¹µÒÁ»ÃÔÁÒ³àº¹·Íä¹µì ´Ñ§áÊ´§ã¹µÒÃÒ§·Õè 9
µÒÃÒ§·Õè 8 à»ÃÕÂºà·ÕÂº¤èÒ¤ÇÒÁá¢ç§áÅÐ¤èÒ¡ÒÃÍÑ´µÑÇ¢Í§·ÃÒÂ·Õè»ÃÔÁÒ³¤ÇÒÁª×é¹µèÒ§¡Ñ¹

1%¹íéÒ 6%àº¹·Íä¹µ� 2%¹íéÒ 6%àº¹·Íä¹µ� 5%¹íéÒ 6%àº¹·Íä¹µ� 8%¹íéÒ 6%àº¹·Íä¹µ�áËÅ�§
·ÃÒÂ hardness compact. Hardness compact. hardness compact. hardness compact.

ÃÐÂÍ§
¨Ñ¹·ºØÃÕ
µÃÒ´
ªØÁ¾Ã
Ê§¢ÅÒ

75
73
72
67
71

14
31
29
13
14

83
83
78
81
81

53
57
53
50
55

77
79
77
79
79

60
61
58
60
61

75
78
74
78
77

61
60
59
63
61

µÒÃÒ§·Õè 9 à»ÃÕÂºà·ÕÂº¤èÒ¤ÇÒÁá¢ç§áÅÐ¤èÒ¡ÒÃÍÑ´µÑÇ¢Í§·ÃÒÂ·Õè»ÃÔÁÒ³àº¹·Íä¹µìµèÒ§¡Ñ¹

3%àº¹·Íä¹µ�  2%¹íéÒ 6%àº¹·Íä¹µ�  2%¹íéÒ 9%àº¹·Íä¹µ�  2%¹íéÒáËÅ�§·ÃÒÂ
hardness compact hardness compact hardness Compact

ÃÐÂÍ§
¨Ñ¹·ºØÃÕ
µÃÒ´
ªØÁ¾Ã
Ê§¢ÅÒ

66
67
62
66
64

51
50
47
48
49

83
83
78
81
81

53
57
53
50
55

85
87
85
82
86

37
45
49
34
49

¤èÒ¡ÒÃÍÑ́ µÑÇ¢Í§·ÃÒÂ¢Öé¹ÍÂÙè¡Ñº»ÃÔÁÒ³¤ÇÒÁª×é¹ ¶éÒ¤ÇÒÁª×é¹¹éÍÂ¤èÒ¡ÒÃÍÑ́ µÑÇ¢Í§·ÃÒÂ¨ÐµèÓ
¤èÒ¡ÒÃÍÑ´µÑÇ¢Í§·ÃÒÂ·Õ èàËÁÒÐÊÁÊÓËÃÑº·ÓáººËÅèÍÍÂÙ èã¹ªèÇ§ 40-50% ¶éÒáººËÅèÍÁÕ¤èÒ
¡ÒÃÍÑ´µÑÇ¢Í§·ÃÒÂµèÓ¡ÇèÒ¹Õé¨Ðà»ç¹áººËÅèÍ·Õèà»ÃÒÐ (brittle) áÅÐ¶éÒÊÙ§¡ÇèÒ¹Õé¨Ðà»ç¹áººËÅèÍ·Õèá¢ç§
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(stiff) [6] ¨Ò¡¡ÒÃ·´ÊÍº·Õè 6% àº¹·Íä¹µì 1% ¤ÇÒÁª×é¹ ¾ºÇèÒ¤èÒ¡ÒÃÍÑ´µÑÇ¢Í§·ÃÒÂ·Õèä´é»ÃÐÁÒ³
14% Â¡àÇé¹·ÃÒÂ¨Ò¡¨Ñ§ËÇÑ´µÃÒ´ä´é 29% áÅÐ¨Ñ¹·ºØÃÕä´é 31% ÍÒ¨à»ç¹à¾ÃÒÐ·ÃÒÂ·Ñé§ÊÍ§áËÅè§
ÁÕàÁḉ ·ÃÒÂ¢¹Ò´ãË­è»¹ÍÂÙè ·ÓãËéÁÕªèÍ§ÇèÒ§ÊÒÁÒÃ¶ÍÑ́ ä é́ÁÒ¡¡ÇèÒ áµèÍÂèÒ§äÃ¡çµÒÁàÁ×èÍ¤ÇÒÁª×é¹à¾ÔèÁ¢Öé¹
ÁÒÍÂÙèã¹ªèÇ§ 2-8% ·ÃÒÂáµèÅÐáËÅè§ãËé¤èÒ¡ÒÃÍÑ´µÑÇ¢Í§·ÃÒÂ ¤èÍ¹¢éÒ§ã¡Åéà¤ÕÂ§¡Ñ¹¤×ÍÍÂÙèã¹ªèÇ§
50-65% ·Õè»ÃÔÁÒ³àº¹·Íä¹µì 6% ·Ñé§¹Õéà»ç¹à¾ÃÒÐ·ÃÒÂÊÒÁÒÃ¶äËÅµÑÇä´é´Õ

7.  ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃ»ÅèÍÂ«ÖÁÍÒ¡ÒÈ (permeability)
¨Ò¡¡ÒÃ·´ÅÍ§¾ºÇèÒ·ÃÒÂ·Ø¡áËÅè§¨ÐãËé¤èÒ¡ÒÃ»ÅèÍÂ«ÖÁÍÒ¡ÒÈÊÙ§ã¹ªèÇ§¤ÇÒÁª×é¹ 2-5%

áÅÐ¾ºÇèÒ·ÃÒÂ¨Ò¡¨Ñ§ËÇÑ´µÃÒ´ãËé¤èÒ¡ÒÃ»ÅèÍÂ«ÖÁÍÒ¡ÒÈÊÙ§¡ÇèÒ·ÃÒÂ¨Ò¡áËÅè§Í×è¹æ ´Ñ§áÊ´§
ã¹µÒÃÒ§·Õè 10

µÒÃÒ§·Õè 10 à»ÃÕÂºà·ÕÂº¤èÒ¡ÒÃ»ÅèÍÂ«ÖÁÍÒ¡ÒÈ¢Í§·ÃÒÂáµèÅÐáËÅè§·Õè 2% ¤ÇÒÁª×é¹ áÅÐ»ÃÔÁÒ³àº¹·Íä¹µì·ÕèµèÒ§¡Ñ¹

¤�Ò¡ÒÃ»Å�ÍÂ«ÖÁÍÒ¡ÒÈ·Õè 2%¹íéÒáËÅ�§·ÃÒÂ
3%àº¹·Íä¹µ� 6%àº¹·Íä¹µ� 9%àº¹·Íä¹µ�

ÃÐÂÍ§
¨Ñ¹·ºØÃÕ
µÃÒ´
ªØÁ¾Ã
Ê§¢ÅÒ

146
248
236
173
140

131
184
218
156
127

79
161
168
75
100

¤èÒ¡ÒÃ»ÅèÍÂ«ÖÁÍÒ¡ÒÈà»ç¹¤èÒ·Õ èºÍ¡¶Ö§¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃË¹ÕÍÍ¡¨Ò¡áºº¢Í§á¡êÊ
ã¹ÃÐËÇèÒ§¡ÒÃà·¹éÓâÅËÐ «Öè§¤èÒ¡ÒÃ»ÅèÍÂ«ÖÁÍÒ¡ÒÈ¨Ð¢Öé¹ÍÂÙè¡Ñº¢¹Ò´àÁç´·ÃÒÂ àÁç´·ÃÒÂ·ÕèÁÕ
¢¹Ò´àÅç¡ÁÕ¤èÒ¡ÒÃ»ÅèÍÂ«ÖÁÍÒ¡ÒÈµèÓ¡ÇèÒàÁç´·ÃÒÂ·Õ èÁÕ¢¹Ò´ãË­è ¤èÒ¡ÒÃ»ÅèÍÂ«ÖÁÍÒ¡ÒÈ
·ÕèàËÁÒÐÊÁÍÂÙèã¹ªèÇ§ 50-150 ¶éÒÁÕ¤èÒ·ÕèµèÓ¡ÇèÒ¹Õéá¡êÊ¨ÐË¹ÕÍÍ¡¨Ò¡áººËÅèÍä´éÂÒ¡·ÓãËéà¡Ô´¨Ø´àÊÕÂ
(defect) ã¹ªÔé¹§Ò¹à¹×èÍ§¨Ò¡¡ÒÃµ¡¤éÒ§¢Í§á¡êÊã¹âÅËÐ [6]

4. ÊÃØ»¼Å¡ÒÃ·´ÅÍ§
1. ¢¹Ò´ ¡ÒÃ¡ÃÐ¨ÒÂµÑÇáÅÐÃÙ»ÃèÒ§¢Í§·ÃÒÂáµèÅÐáËÅè§ÊèÇ¹ãË­èÁÕÃÙ»ÃèÒ§à»ç¹àÁç´¡ÅÁ

»Ò¹¡ÅÒ§»¹¡ÑºàÁç´¡ÅÁµèÓ ¨Ñ´ÍÂÙèã¹¡ÅØèÁ·ÕèÁÕÅÑ¡É³ÐàÁç´àËÅÕèÂÁÁØÁÁ¹ (sub-angular)

2. ·ÃÒÂáµèÅÐáËÅè§ÁÕ»ÃÔÁÒ³«ÔÅÔ¡éÒ¤èÍ¹¢éÒ§ÊÙ§àËÁÒÐÊÓËÃÑº¡ÒÃ·ÓáººËÅèÍ ·ÃÒÂ¨Ñ§ËÇÑ´
ÃÐÂÍ§ Ê§¢ÅÒ ªØÁ¾Ã àËÁÒÐ¡Ñº§Ò¹ËÅèÍ·ÕèµéÍ§¡ÒÃ¼ÔÇÊÓàÃç¨·ÕèàÃÕÂº à¹×èÍ§¨Ò¡àÁç´·ÃÒÂÁÕ¢¹Ò´àÅç¡

3. ¡ÒÃ·´ÊÍº¤èÒ Acid Demand Value (ADV) ¾ºÇèÒ·ÃÒÂ¨Ñ§ËÇÑ´ªØÁ¾ÃãËé¤èÒ·ÕèÊÙ§ÊØ´¤×Í
0.8 ml ·Õè pH 7 «Öè§ËÁÒÂ¶Ö§·ÃÒÂªØÁ¾ÃÁÕ¤ÇÒÁà»ç¹´èÒ§ÊÙ§¡ÇèÒ·ÃÒÂ¨Ò¡áËÅè§Í×è¹ ´Ñ§¹Ñé¹ã¹¡ÒÃ
¾Ô¨ÒÃ³ÒàÅ×Í¡·ÃÒÂä»ãªé¡ÑºµÑÇ»ÃÐÊÒ¹à¤ÁÕ·ÕèãªéµÑÇàÃè§»¯Ô¡ÔÃÔÂÒ·ÕèÁÕÊÀÒ¾à»ç¹¡Ã´ ·ÃÒÂáËÅè§¹Õé
¨ÐµéÍ§ãªéµÑÇ»ÃÐÊÒ¹ÁÒ¡¡ÇèÒ·ÃÒÂáËÅè§Í×è¹
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4. ·ÃÒÂ·Ø¡áËÅè§ãËé¤èÒ¤ÇÒÁµéÒ¹·Ò¹áÃ§ÍÑ́ ¢³Ðª×é¹ÊÙ§·ÕèªèÇ§¤ÇÒÁª×é¹»ÃÐÁÒ³ 2 % áÅÐ·ÃÒÂ
¨Ñ§ËÇÑ´¨Ñ¹·ºØÃÕà»ç¹·ÃÒÂ·ÕèãËé¤èÒ¤ÇÒÁµéÒ¹·Ò¹áÃ§ÍÑ´¢³Ðª×é¹ÊÙ§·ÕèÊØ´ã¹ªèÇ§¤ÇÒÁª×é¹ 1-8%

5. ¨Ò¡¡ÒÃ·´ÊÍºÊÁºÑµÔ·Ò§¡ÒÂÀÒ¾ ÊÁºÑµÔ·Ò§¡Å áÅÐ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃ»ÅèÍÂ«ÖÁ
ÍÒ¡ÒÈ¢Í§·ÃÒÂã¹áµèÅÐáËÅè§ ¾ºÇèÒ·ÃÒÂ·Ø¡áËÅè§ÊÒÁÒÃ¶¹ÓÁÒãªé·ÓáººËÅèÍä´é â´ÂÁÕ
¤ÇÒÁàËÁÒÐÊÁ¡Ñº§Ò¹áµ¡µèÒ§¡Ñ¹ä» ¢Öé¹ÍÂÙè¡ÑºËÅÒÂ»Ñ¨¨ÑÂ àªè¹ ª¹Ô´¢Í§âÅËÐ·Õè·Ó¡ÒÃËÅèÍáÅÐ
ª¹Ô´¢Í§µÑÇ»ÃÐÊÒ¹ à»ç¹µé¹

¡ÔµµÔ¡ÃÃÁ»ÃÐ¡ÒÈ
¤³Ð¼ÙéÇÔ¨ÑÂ¢Í¢Íº¤Ø³ÈÙ¹Âìà·¤â¹âÅÂÕâÅËÐáÅÐÇÑÊ´ØáËè§ªÒµÔ ·Õèä´éãËé·Ø¹ÍØ´Ë¹Ø¹¡ÒÃÇÔ¨ÑÂ

àÃ×èÍ§¡ÒÃà»ÃÕÂºà·ÕÂº ¤Ø³ÊÁºÑµÔ·ÃÒÂËÅèÍáµèÅÐáËÅè§ã¹»ÃÐà·Èä·Âà»ç¹àÇÅÒ 2 »Õ ¼È.´Ã.»Ñ­­Ò
ÈÃÕ¨Ñ¹·Ãì ÍÒ¨ÒÃÂìÊÒÂÇÔªÒà·¤â¹âÅÂÕÇÑÊ´Ø ¤³Ð¾ÅÑ§§Ò¹áÅÐÇÑÊ´Ø ¼È.¾ÂÙÃ à¡µØ¡ÃÒÂ ÍÒ¨ÒÃÂìàªÒÇì
à¹ÕÂÁÊÍ¹ áÅÐÍÒ¨ÒÃÂìàÁ¸Ô¹Õ ÁØ¡´ÒÊÔÃÔ ÍÒ¨ÒÃÂìÀÒ¤ÇÔªÒÇÔÈÇ¡ÃÃÁÍØµÊÒË¡ÒÃ ¤³ÐÇÔÈÇ¡ÃÃÁÈÒÊµÃì
ÁËÒÇÔ·ÂÒÅÑÂà·¤â¹âÅÂÕ¾ÃÐ¨ÍÁà¡ÅéÒ¸¹ºØÃÕ ·Õèä é́ãËé¤Ó»ÃÖ¡ÉÒ á¹Ð¹Ó áÅÐÍÓ¹ÇÂ¤ÇÒÁÊÐ´Ç¡ã¹ é́Ò¹
à¤Ã×èÍ§Á×Íã¹¡ÒÃÇÔà¤ÃÒÐËìÇÔ¨ÑÂ äÇé ³ âÍ¡ÒÊ¹Õé
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