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This article outlines the experimental studies on using limestone ash , by product from lime

industry, as a new addition in concrete work. Limestone ash is generally a powder material with 204

micrometer in average particle diameter and has principal oxide composition of 59.33 % CaO. Tests

of high-early strength concrete were carried out not only on ordinary portland cement concrete but

also Mae Moh fly ash concrete containing 30 % fly ash replacement. Water to binder ratio was

controlled at 0.40 while percentages of limestone ash were varied from 0, 10, 20, 30 to 50 by weight

of fine aggregate. Strength development of concrete was relatively investigated at ages of 1, 2, 3, 7

and 28 days. Furthermore, durability properties such as drying shrinkage, carbonation depth as well

as sulfate resistance and chloride penetration were studied. From test results, it was derived  that

10 % and 20 % limestone ash can be applied as the potential addition for accelerating early strength

of concrete while maintaining 28-days compressive strength.
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1. ∫∑π”

‡∂â“À‘πªŸπ (Limestone Ash) ‡ªìπ¢Õß‡À≈◊Õ∑’Ë‰¥â®“°°√–∫«π°“√‡º“À‘πªŸπ„πÕÿµ “À°√√¡º≈‘µªŸπ¢“« ∑’Ë

„™âÕÿ≥À¿Ÿ¡‘ Ÿß∂÷ß 900-1,000 °´ ¡’≈—°…≥–∑—Ë«‰ª‡ªìπ«— ¥ÿºß·≈–¡’√Ÿª√à“ß¢ÕßÕπÿ¿“§‡ªìπ‡À≈’Ë¬¡¡ÿ¡ ¥—ß¿“æ¢¬“¬∑’Ë

‰¥â· ¥ß‰«â„π√Ÿª∑’Ë 1 ·≈–®“°°“√«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß·√à«‘∑¬“æ∫«à“¡’Õß§åª√–°Õ∫À≈—°∑“ß·√à«‘∑¬“‡ªìπ·§≈‰´µå

(CaCO3) ¥—ß· ¥ßº≈«‘‡§√“–Àå„π√Ÿª∑’Ë 2

Õß§åª√–°Õ∫À≈—°∑“ß‡§¡’¢Õß‡∂â“À‘πªŸπ‡ªìπ·§≈‡´’¬¡ÕÕ°‰´¥å (CaO) ´÷Ëß¡’·π«‚πâ¡∑’Ë “¡“√∂π”¡“æ—≤π“

„™â‡ªìπ«— ¥ÿº ¡‡æ‘Ë¡ (Addition) ∑’Ë™à«¬ª√—∫ª√ÿß ¡∫—µ‘¥â“π°”≈—ß„π§Õπ°√’µ‰¥â ‡π◊ËÕß®“° CaO ∑’Ë‰¥â®“°

°√–∫«π°“√‡º“À‘πªŸπ “¡“√∂∑”ªØ‘°‘√‘¬“°—∫´‘≈‘°“∑’Ë “¡“√∂‡°‘¥ªØ‘°‘√‘¬“‰¥â (Reactive slica) „πªŸπ´’‡¡πµå‡°‘¥

‡ªìπº≈º≈‘µ·§≈‡´’¬¡´‘≈‘‡°µ‰Œ‡¥√µ (CaO-SiO2-H2O) ·≈–¡’ ¡∫—µ‘∑’Ë‡ ∂’¬√(Stable) „ππÈ” [1] πÕ°®“°π’È

CaO °Á¬—ß¡’Õ‘∑∏‘æ≈µàÕªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ·≈– àßº≈µàÕ°“√æ—≤π“°”≈—ß™à«ßµâπ¢Õß§Õπ°√’µ [2,3]

∑’Ëºà“π¡“‰¥â¡’ß“π«‘®—¬∑’Ë‡°’Ë¬«¢âÕßæ∫«à“ ºß≈–‡Õ’¬¥®“°À‘πªŸπ¡’º≈µàÕªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ„π™à«ßµâπ¢ÕßÕß§å

ª√–°Õ∫ C3S, C3A ·≈– C4AF „πªŸπ ’́‡¡πµå [4] ·≈–¬—ßæ∫«à“‡ªìπ à«πÀπ÷Ëß„π°“√∑”ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢Õß´’‡¡πµå

[5, 6, 7] √«¡∂÷ß¡’Õ‘∑∏‘æ≈∑”„Àâ‚§√ß √â“ß®ÿ≈¿“§ (Microstructure) ¢Õß∫√‘‡«≥√–À«à“ßÕπÿ¿“§ªŸπ´’‡¡πµå°—∫¡«≈

√«¡ (Transition zone) „Àâ¡’°“√Õ—¥·πàπ (Packing effect) ¡“°¢÷Èπ [8]

®“°°“√»÷°…“∑¥≈Õß‡∫◊ÈÕßµâπ (Preliminary study) ‡¡◊ËÕπ”‡∂â“À‘πªŸπ¡“∑¥≈Õßº ¡§Õπ°√’µ„πª√‘¡“≥√âÕ¬≈–

5-10 ¢Õßª√‘¡“≥∑√“¬ æ∫«à“ °”≈—ßÕ—¥„π™à«ßµâπ¢Õß§Õπ°√’µ‡æ‘Ë¡¢÷Èπ√âÕ¬≈– 10-35 ·≈–°”≈—ßÕ—¥√–¬–¬“«‡∑’¬∫

‡∑à“°—∫§Õπ°√’µª°µ‘∑’Ë‰¡à„ à‡∂â“À‘πªŸπ ¥—ßπ—Èπ „π°“√»÷°…“§√—Èßπ’È®÷ß‰¥âª√–¬ÿ°µå„™â‡∂â“À‘πªŸπ„Àâ‡À¡“–°—∫ª√–‡¿∑¢Õß

§Õπ°√’µ ‚¥¬»÷°…“°—∫§Õπ°√’µ∑’ËµâÕß°”≈—ßÕ—¥ Ÿß„π™à«ßµâπ (High early strength concrete) ´÷Ëß„™â„π

Õÿµ “À°√√¡À≈àÕ™‘Èπ à«π§Õπ°√’µ ”‡√Á®√Ÿª ‡™àπ ·ºàπæ◊Èπ ”‡√Á®√Ÿª ‡ “‡¢Á¡Õ—¥·√ß ºπ—ß·≈–§“πÀ≈àÕ ”‡√Á® œ≈œ

∑’Ë°”≈—ß‡ªìπ∑’Ëπ‘¬¡ ”À√—∫ß“π°àÕ √â“ß§Õπ°√’µ„πªí®®ÿ∫—π

√Ÿª∑’Ë 1  ¿“æ∂à“¬ Scanning Electron Microscope ¢¬“¬ 2,000 ‡∑à“¢Õß∂à“πÀ‘πªŸπ
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2. «— ¥ÿ Õÿª°√≥å ·≈–«‘∏’°“√

2.1 «— ¥ÿ∑’Ë„™â

„™âªŸπ ’́‡¡πµåªÕ√åµ·≈π¥å ª√–‡¿∑∑’Ë 1 µ√“™â“ß ·≈–‡∂â“≈Õ¬®“°‚√ß‰øøÑ“·¡à‡¡“–  ”À√—∫‡∂â“À‘πªŸπ

„™â®“°·À≈àß∫√‘…—∑ Lime Master Co., Ltd.  ¡«≈√«¡≈–‡Õ’¬¥„™â∑√“¬·¡àπÈ”‚¡¥Ÿ≈— §«“¡≈–‡Õ’¬¥‡∑à“°—∫ 2.56 §à“

°“√¥Ÿ¥´÷¡√âÕ¬≈– 0.5 ·≈– ¡«≈√«¡À¬“∫À‘πªŸπ¬àÕ¬¡’¢π“¥‚µ ÿ¥ 19 ¡¡. §à“°“√¥Ÿ¥´÷¡√âÕ¬≈– 0.7 ·≈–πÈ”¬“

º ¡‡æ‘Ë¡™π‘¥≈¥πÈ”®”π«π¡“° (Type F Superplasticizer)

2.2  à«πº ¡§Õπ°√’µ

„π°“√ÕÕ°·∫∫ à«πº ¡§Õπ°√’µ®–°”Àπ¥„Àâ‡∂â“À‘πªŸπ‡ªìπ«— ¥ÿº ¡‡æ‘Ë¡ §‘¥‡ªìπ√âÕ¬≈–‚¥¬πÈ”Àπ—°

¢Õß∑√“¬µ—Èß·µà√âÕ¬≈– 10, 20, 30 ·≈– 50 „π°“√ÕÕ°·∫∫ à«πº ¡§Õπ°√’µæ‘®“√≥“‡À¡◊Õπ°—∫°“√ÕÕ°·∫∫

 à«πº ¡‚¥¬∑—Ë«‰ª ‚¥¬„™â§à“§«“¡∂à«ß®”‡æ“–¢Õß«— ¥ÿº ¡ªŸπ´’‡¡πµå À‘π ∑√“¬ ·≈–‡∂â“À‘πªŸπ ‡∑à“°—∫ 3.15, 2.70,

2.65 ·≈– 2.68 µ“¡≈”¥—∫  ”À√—∫µ—«·ª√§ß∑’Ë´÷Ëß‰¥â°”Àπ¥„π§√—Èßπ’È‰¥â·°à Õ—µ√“ à«ππÈ”µàÕ«— ¥ÿª√– “π (Water to

Binder Ratio, W/B) ‡∑à“°—∫ 0.40 §à“Õ—µ√“ à«π∑√“¬µàÕ¡«≈√«¡ (Sand to Aggregate Ratio, S/A) ‡∑à“°—∫ 0.45

§à“Õ—µ√“ à«π‡æ µåµàÕª√‘¡“µ√™àÕß«à“ßÕ“°“» (Paste to Void Ratio, γ) ‡∑à“°—∫ 1.25 „π°“√»÷°…“·∫àß‡ªìπ°“√

∑¥≈Õß°—∫§Õπ°√’µ 2 ª√–‡¿∑ ‰¥â·°à §Õπ°√’µ∑’Ë‰¡à„ à‡∂â“≈Õ¬ (OPC) ·≈–§Õπ°√’µ∑’Ë∑¥·∑π‡∂â“≈Õ¬√âÕ¬≈– 30

‚¥¬πÈ”Àπ—°¢ÕßªŸπ ’́‡¡πµå (FA) ‚¥¬¡’√“¬≈–‡Õ’¬¥ à«πº ¡§Õπ°√’µµ“¡µ“√“ß∑’Ë 1

√Ÿª∑’Ë 2  º≈«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß·√à«‘∑¬“ (XRD) ¢Õß‡∂â“À‘πªŸπ
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ª√–‡¿∑

§Õπ°√’µ

‡∂â“À‘πªŸπ

(%)

‡∂â“≈Õ¬

(%)

 à«πº ¡ (°‘‚≈°√—¡/≈Ÿ°∫“»°å‡¡µ√)

ªŸπ´’‡¡πµå
ª√–‡¿∑∑’Ë 1

‡∂â“≈Õ¬ πÈ” ∑√“¬ ‡∂â“À‘πªŸπ
À‘π

3/4é -#4
Superplasticizer

(cc)
OPC 0 0 400 0 160 1,050 850 0 4,000

OPC 10 0 400 0 160 1,050 765 85 4,000

OPC 20 0 400 0 160 1,050 680 170 4,000

OPC 30 0 400 0 160 1,050 595 255 4,000

OPC 50 0 400 0 160 1,050 425 425 4,000

OPC+FA 0 30 264 114 150 1,070 830 0 2,640

OPC+FA 10 30 264 114 150 1,070 747 83 2,640

OPC+FA 20 30 264 114 150 1,070 664 166 2,640
OPC+FA 30 30 264 114 150 1,070 581 249 2,640
OPC+FA 50 30 264 114 150 1,070 415 415 2,640

µ“√“ß∑’Ë 1   à«πº ¡§Õπ°√’µ∑’Ë„™â„π°“√∑¥≈Õß

2.3 «‘∏’°“√∑¥ Õ∫§ÿ≥ ¡∫—µ‘¢Õß§Õπ°√’µ

2.3.1 °”≈—ßÕ—¥¢Õß§Õπ°√’µ Õâ“ßÕ‘ß¡“µ√∞“π ASTM C 39/C 39M [9] ‚¥¬°”Àπ¥«‘∏’∑¥ Õ∫ 2

≈—°…≥– ‰¥â·°à

�  ¿“æ°“√∫à¡µ—«Õ¬à“ß¥â«¬πÈ”µ“¡ª°µ‘  ·≈–∑¥ Õ∫°”≈—ßÕ—¥§Õπ°√’µ∑’ËÕ“¬ÿ 1, 2 , 3 , 7 ·≈–

28 «—π  ‚¥¬®–π”º≈‰ª°”Àπ¥ª√‘¡“≥°“√„™â‡∂â“À‘πªŸπ„π°“√∑¥ Õ∫§«“¡§ß∑π¢Õß§Õπ°√’µ

�  ¿“æ°“√∫à¡µ—«Õ¬à“ß·∫∫‡√àß¥â«¬Õÿ≥À¿Ÿ¡‘ Ÿß ‡ªìπ»÷°…“æƒµ‘°√√¡°“√æ—≤π“°”≈—ßÕ—¥¢Õß

§Õπ°√’µ‚¥¬°“√®”≈Õß«‘∏’°“√∫à¡§Õπ°√’µ®“°°√–∫«π°“√º≈‘µ„π‚√ßß“π§Õπ°√’µß“πÀ≈àÕ

™‘Èπ à«π ”‡√Á®√Ÿª ´÷Ëß‚¥¬ª°µ‘®–„™â«‘∏’∫à¡¥â«¬‰ÕπÈ”∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß ‡æ◊ËÕ‡√àß°“√æ—≤π“°”≈—ß„π

™à«ßµâπ¢Õß§Õπ°√’µ„Àâ “¡“√∂µ—¥≈«¥ ∂Õ¥·∫∫ ·≈–π”‰ª„™âß“π‰¥â‡√Á«¢÷Èπ „π°“√»÷°…“®–

∑”°“√®”≈Õß«‘∏’°“√·≈–∑¥ Õ∫‡©æ“–°—∫§Õπ°√’µº ¡‡∂â“≈Õ¬√âÕ¬≈– 30 ‚¥¬À≈—ß®“°

À≈àÕµ—«Õ¬à“ß§Õπ°√’µ·≈â«‡ √Á® ®–π”µ—«Õ¬à“ß§Õπ°√’µ‡¢â“µŸâÕ∫∑’Ë¡’∂“¥„ àπÈ”Õ¬Ÿà¿“¬„π ‚¥¬

§«∫§ÿ¡√–¥—∫Õÿ≥À¿Ÿ¡‘¿“¬„πµŸâÕ∫∑’Ë 50 °´ ·≈– 70 °´ √«¡∑—Èß°”Àπ¥§à“√–¬–‡«≈“°“√

∫à¡π“π 8 ·≈– 10 ™—Ë«‚¡ß  µ—«Õ¬à“ß§Õπ°√’µ„™â∑√ß≈Ÿ°∫“»°å¢π“¥ 15x15x15 ´¡.

2.3.2 §«“¡§ß∑π¢Õß§Õπ°√’µ

� °“√À¥µ—«·∫∫·Àâß (Drying shrinkage) µ“¡¡“µ√∞“π ASTM C 387-99 [9]

� °“√‡°‘¥ªØ‘°‘√‘¬“§“√å∫Õ‡π™—Ëπ (Carbonation ) µ“¡«‘∏’°“√¢Õß RILEM Committee CPC-

18, Measurement of Hardened Concrete Carbonation Depth [10]

� °“√´÷¡ºà“π¢Õß§≈Õ‰√¥å (Chloride Penetration) µ“¡¡“µ√∞“π ASTM C 1202 [9]

� §«“¡µâ“π∑“πµàÕ°“√∑”≈“¬®“°·¡°π’‡´’¬¡´—≈‡øµ (Sulfate attack) „™âµ—«Õ¬à“ß§Õπ°√’µ

∑√ß≈Ÿ°∫“»°å¢π“¥ 15x15x15 ´¡. µ—«Õ¬à“ß§Õπ°√’µ§√∫Õ“¬ÿ 23 1/2 ± 1/2 ™—Ë«‚¡ß π”°âÕπ

µ—«Õ¬à“ß‰ª∑”°“√™—ËßπÈ”Àπ—° ®¥∫—π∑÷°·≈–®“°π—Èππ”µ—«Õ¬à“ß∑—ÈßÀ¡¥‰ª·™à„π “√≈–≈“¬
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·¡°π’‡´’¬¡ —́≈‡øµ ‡¢â¡¢âπ√âÕ¬≈– 5 ‚¥¬πÈ”Àπ—° ‡æ◊ËÕ«—¥°“√ Ÿ≠‡ ’¬πÈ”Àπ—°¢Õßµ—«Õ¬à“ß∑’Ë

Õ“¬ÿ 1, 2, 3, 4, 5, 6, 7 «—π ·≈– 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22 ·≈– 24  —ª¥“Àå [11]

3. º≈°“√«‘®—¬·≈–«‘®“√≥å

3.1 §ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ¢Õß«— ¥ÿ

®“°√Ÿª∑’Ë 1 ≈—°…≥–∑“ß°“¬¿“æ‚¥¬∑—Ë«‰ª¢Õß‡∂â“À‘πªŸπ¡’√Ÿª√à“ß§≈â“¬Õπÿ¿“§ªŸπ´’‡¡πµå∑’Ë¡’§«“¡‡ªìπ

‡À≈’Ë¬¡¡ÿ¡·≈–‰¡à¡’√Ÿ‚æ√ß ®“°µ“√“ß∑’Ë 2 °“√∑¥ Õ∫§à“æ◊Èπ∑’Ëº‘«®”‡æ“–¢Õß‡∂â“À‘πªŸπ¥â«¬ Air Permeability Test

¡’§à“‡∑à“°—∫ 11,180 µ“√“ß‡´πµ‘‡¡µ√/°√—¡ ·µà‡¡◊ËÕπ”¡“∑¥ Õ∫°“√°√–®“¬¢Õß¢π“¥Õπÿ¿“§ æ∫«à“ §à“‡©≈’Ë¬¢Õß

¢π“¥Õπÿ¿“§‡∑à“°—∫ 203.71 ‰¡‚§√‡¡µ√ ´÷Ëß„À≠à°«à“ªŸπ´’‡¡πµå·≈–‡∂â“≈Õ¬ ∑—Èßπ’È ‡π◊ËÕß®“° ¡∫—µ‘∑“ß‡§¡’¡’Õß§å

ª√–°Õ∫À≈—°‡ªìπ CaO ª√–¡“≥√âÕ¬≈– 60 ́ ÷Ëß„°≈â‡§’¬ß°—∫´’‡¡πµå ‡∂â“À‘πªŸπ®÷ß¡’§«“¡‰«µàÕ§«“¡™◊Èπ„π∫√√¬“°“»

·≈–¡’·π«‚πâ¡∑’Ë®–‡°‘¥ªØ‘°‘√‘¬“∫“ß à«π·≈–‡√‘Ë¡‡°“–µ—«°—π‡ªìπÕπÿ¿“§∑’Ë„À≠à ́ ÷Ëß·µ°µà“ß®“°«— ¥ÿª√–‡¿∑Õ◊ËπÊ ‡™àπ

‡∂â“≈Õ¬, ´‘≈‘°“øŸ¡ ∑’Ë‰¡à∑”ªØ‘°‘√‘¬“°—∫πÈ”‚¥¬µ√ß ®“°‡Àµÿº≈¥—ß°≈à“« ∑”„Àâ°“√∑¥ Õ∫À“§à“‡©≈’Ë¬¢ÕßÕπÿ¿“§®“°

«‘∏’°“√°√–®“¬¢Õß¢π“¥Õπÿ¿“§ (Size distribution) ‰¥â§à“∑’Ë¡’¢π“¥Õ¬Ÿà√–À«à“ßÕπÿ¿“§ªŸπ´’‡¡πµå°—∫¡«≈√«¡≈–‡Õ’¬¥

·≈–‰¡à Õ¥§≈âÕß°—∫º≈®“°°“√∑¥ Õ∫æ◊Èπ∑’Ëº‘«¥â«¬«‘∏’ Air Permeability

§à“§«“¡∂à«ß®”‡æ“–¢Õß‡∂â“À‘πªŸπ¡’§à“‡∑à“°—∫ 2.68 §à“ à«π§â“ßµ–·°√ß‡∫Õ√å 325 ‡∑à“°—∫√âÕ¬≈– 64.9

„π¢≥–∑’Ë°“√¢¬“¬µ—«·∫∫ÕÕ‚µ‡§≈ø«å¢Õß¡Õ√åµ“√å¡’§à“√âÕ¬≈– 0.01 ́ ÷Ëß Ÿß°«à“ªŸπ´’‡¡πµå·≈–‡∂â“≈Õ¬∑¥·∑π√âÕ¬≈–

20 ‡≈Á°πâÕ¬ ·µàµË”°«à“¡“°‡¡◊ËÕ‡∑’¬∫°—∫§à“∑’Ë¬Õ¡„Àâ§◊Õ √âÕ¬≈– 0.8 Õ¬à“ß‰√°Áµ“¡ º≈∑¥ Õ∫§«“¡§ßµ—«®–¡’§à“

¡“°À√◊ÕπâÕ¬¢÷ÈπÕ¬Ÿà°—∫ —¥ à«πª√‘¡“≥°“√„™â‡∂â“À‘πªŸπ ∑—Èßπ’È „π∫∑§«“¡π’È„™â‡∂â“À‘πªŸπ√âÕ¬≈– 20 ‚¥¬πÈ”Àπ—°∑√“¬

´÷Ëß·π«‚πâ¡¢Õß§à“ Autoclave Expansion ∑’Ë∑¥ Õ∫ÕÕ°¡“æ∫«à“µ—«Õ¬à“ß¡’°“√¢¬“¬µ—«√âÕ¬≈– 0.01

´÷Ëß Õ¥§≈âÕß°—∫ª√‘¡“≥ Free CaO ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ªŸπ´’‡¡πµå·≈–‡∂â“≈Õ¬ ÷́Ëßµ—«Õ¬à“ß∑’Ë∑¥ Õ∫¡’°“√À¥µ—«

‡∑à“°—∫√âÕ¬≈– -0.01 ·≈–√âÕ¬≈– -0.02 µ“¡≈”¥—∫

 ”À√—∫§à“¥—™π’°”≈—ß¡’§à“ Ÿß°«à“∑—ÈßªŸπ ’́‡¡πµå·≈–‡∂â“≈Õ¬ ‚¥¬¡’§à“‡∑à“°—∫√âÕ¬≈– 101.8 ´÷Ëß®“°√Ÿª∑’Ë 3

æ∫«à“ Õπÿ¿“§¡’°“√°√–®“¬µ—«Õ¬Ÿà√–À«à“ßÕπÿ¿“§ªŸπ´’‡¡πµå°—∫¡«≈√«¡≈–‡Õ’¬¥ ´÷Ëß®–¡’Õ‘∑∏‘æ≈µàÕ§à“¥—™π’°”≈—ß

¥â«¬º≈¢Õß°“√·∑√°µ—«√–À«à“ßÕπÿ¿“§¡«≈√«¡≈–‡Õ’¬¥´÷Ëß¡’¢π“¥„À≠à°«à“ (Packing effect)
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µ“√“ß∑’Ë 2  ‡ª√’¬∫‡∑’¬∫ ¡∫—µ‘∑“ß°“¬¿“æ¢Õß«— ¥ÿ

æ◊Èπ∑’Ëº‘«®”‡æ“–, cm2/g 11,180 2,640 3,240

 à«π§â“ßµ–·°√ß‡∫Õ√å 325, % 64.9 46.1 -

§«“¡∂à«ß®”‡æ“– 2.68 2.30 3.10

Autoclave Expansion, % 0.01 1 -0.02 2 -0.01

§à“¥—™π’°”≈—ß, % 101.8 1 80.5 2 100

¢π“¥Õπÿ¿“§‡©≈’Ë¬, µm 203.71 62.06 20.25

1 ∑¥·∑π∑√“¬√âÕ¬≈– 20 ‚¥¬πÈ”Àπ—°, 2 ∑¥·∑πªŸπ ’́‡¡πµå√âÕ¬≈– 20 ‚¥¬πÈ”Àπ—°

 ¡∫—µ‘
º≈∑¥ Õ∫

‡∂â“À‘πªŸπ ‡∂â“≈Õ¬·¡à‡¡“– ªŸπ´’‡¡πµåª√–‡¿∑∑’Ë 1

√Ÿª∑’Ë 3  °“√°√–®“¬¢Õß¢π“¥Õπÿ¿“§¢Õß‡∂â“À‘πªŸπ ªŸπ´’‡¡πµåª√–‡¿∑∑’Ë 1 ·≈–‡∂â“≈Õ¬·¡à‡¡“–

3.2 §ÿ≥ ¡∫—µ‘∑“ß‡§¡’¢Õß«— ¥ÿ

®“°µ“√“ß∑’Ë 3 Õß§åª√–°Õ∫À≈—°∑’Ëæ∫‡ªìπ·§≈‡´’¬¡ÕÕ°‰´¥å (CaO) ¡’ª√‘¡“≥ Ÿß∂÷ß√âÕ¬≈– 59.33 ´÷Ëß

®– àßº≈‚¥¬µ√ßµàÕ ¡∫—µ‘¥â“π°”≈—ß„π™à«ßµâπ¢Õß§Õπ°√’µ  ”À√—∫ SiO2, Al2O3 ·≈– Fe2O3 ¡’Õ¬Ÿà„πª√‘¡“≥πâÕ¬

¡“°‡π◊ËÕß®“°‡∂â“À‘πªŸπ‰¥â®“°°√–∫«π°“√‡º“À‘πªŸπ´÷Ëß¡’Õß§åª√–°Õ∫À≈—°‡ªìπ·§≈‡´’¬¡§“√å∫Õ‡πµ  (CaCO3)  ”À√—∫

ª√‘¡“≥ Free CaO ¡’§à“√âÕ¬≈– 25.98 ´÷Ëß àßº≈°√–∑∫µàÕ§«“¡§ßµ—«¥—ß∑’Ë‰¥â°≈à“«∂÷ßº≈∑¥ Õ∫°“√¢¬“¬µ—«·∫∫

ÕÕ‚µ‡§≈ø«å„π¢â“ßµâπ „π¢≥–∑’Ë§à“ LOI ¡’§à“ Ÿß´÷Ëß®– àßº≈µàÕ§«“¡µâÕß°“√πÈ”∑’Ë‡æ‘Ë¡¢÷Èπ·≈–≈¥ “¡“√∂‡∑‰¥â¢Õß

§Õπ°√’µ Õ¬à“ß‰√°Áµ“¡  “¡“√∂ª√—∫ª√ÿß ¡∫—µ‘§«“¡ “¡“√∂‡∑‰¥â¢Õß§Õπ°√’µ∑’Ëº ¡‡∂â“À‘πªŸπ ‚¥¬°“√„™â

 “√‡§¡’º ¡‡æ‘Ë¡ (Mineral admixture) ∑’Ë‡À¡“– ¡
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3.3 °”≈—ßÕ—¥¢Õß§Õπ°√’µº ¡‡∂â“À‘πªŸπ

3.3.1 °”≈—ßÕ—¥§Õπ°√’µ∑’ËÕ¬Ÿà„π ¿“æ∫à¡πÈ”

„π à«πº ¡§Õπ°√’µ∑’Ë‰¡à„ à‡∂â“≈Õ¬ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ à«πº ¡§«∫§ÿ¡ æ∫«à“ ∑’Ëª√‘¡“≥‡∂â“

À‘πªŸπ√âÕ¬≈– 10, 20, 30 ·≈– 50 ¡’º≈∑”„Àâ°”≈—ßÕ—¥™à«ßµâπ∑’ËÕ“¬ÿ 1, 2 ·≈– 3 «—π ‡æ‘Ë¡¢÷Èπ ·µà∑’Ëª√‘¡“≥‡∂â“

À‘πªŸπ√âÕ¬≈– 30 ·≈–√âÕ¬≈– 50 ¡’º≈∑”„Àâ°”≈—ßÕ—¥∑’ËÕ“¬ÿ 7 ·≈– 28 «—π ≈¥≈ß ¥—ß· ¥ß‰«â„π√Ÿª∑’Ë 4

 ”À√—∫ à«πº ¡§Õπ°√’µ∑’Ëº ¡‡∂â“≈Õ¬√âÕ¬≈– 30 ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ à«πº ¡§«∫§ÿ¡ æ∫«à“

∑’Ëª√‘¡“≥‡∂â“À‘πªŸπ√âÕ¬≈– 10, 20, 30 ·≈– 50 ¡’º≈∑”„Àâ°”≈—ßÕ—¥™à«ßµâπ∑’ËÕ“¬ÿ 1 ·≈– 2 «—π ¡’§à“‡æ‘Ë¡¢÷Èπ‡™àπ°—π

·µà‡¡◊ËÕæ‘®“√≥“∑’Ëª√‘¡“≥‡∂â“À‘πªŸπ√âÕ¬≈– 30 ·≈– 50 ¡’·π«‚πâ¡∑”„Àâ°”≈—ßÕ—¥∑’ËÕ“¬ÿ 7 ·≈– 28 «—π ≈¥≈ß ¥—ß

· ¥ß‰«â„π√Ÿª∑’Ë 5

®“°º≈∑¥ Õ∫ °≈à“«‰¥â«à“‡∂â“À‘πªŸπ “¡“√∂™à«¬ª√—∫ª√ÿß ¡∫—µ‘¢Õß§Õπ°√’µ¥â“π°”≈—ßÕ—¥„π

Õ“¬ÿ™à«ßµâπ ́ ÷Ëß‡ªìπº≈∑“ßªØ‘°‘√‘¬“‡§¡’®“°Õß§åª√–°Õ∫À≈—°∑“ß‡§¡’∑’Ë‡ªìπ·§≈‡´’¬¡ÕÕ°‰´¥ǻ ÷Ëß “¡“√∂∑”ªØ‘°‘√‘¬“°—∫

Reactive SiO2 „πªŸπ ’́‡¡πµå°—∫πÈ”„π§Õπ°√’µ ∑”„Àâ‰¥âº≈º≈‘µ∑’Ë‡ªìπ·§≈‡´’¬¡´‘≈‘‡°µ‰Œ‡¥√µ (CaO-SiO2-H2O) [1]

´÷Ëß‡ªìπÕß§åª√–°Õ∫∑’Ë “¡“√∂√—∫°”≈—ß‰¥â ‚¥¬√Ÿª∑’Ë 6 ·≈– 7 · ¥ßº≈¿“æ¢¬“¬ 200 ‡∑à“ ¥â«¬ Scanning Electron

Microscope (SEM) ‡ª√’¬∫‡∑’¬∫‚§√ß √â“ß®ÿ≈¿“§¢Õß ’́‡¡πµå‡æ µå∑’ËÕ“¬ÿ 1 «—π ·≈–πÕ°®“°π’È·≈â« ¬—ß¡’º≈

∑“ß°“¬¿“æ∑’Ë‡°‘¥®“°¢π“¥¢ÕßÕπÿ¿“§¢Õß‡∂â“À‘πªŸπ·∑√°µ—«Õ¬Ÿà√–À«à“ßÕπÿ¿“§¡«≈√«¡≈–‡Õ’¬¥Õ’°¥â«¬‡™àπ°—π

µ“√“ß∑’Ë 3  Õß§åª√–°Õ∫∑“ß‡§¡’¢Õß«— ¥ÿ∑’Ë„™â∑¥ Õ∫

SiO2 < 0.01 38.07 2810
Al2O3 0.19 22.89 4.93
Fe2O3 0.17 12.12 3.35
CaO 59.33 18.40 66.04
MgO 1.70 2.26 0.81
K2O < 0.01 2.29 0.56
Na2O < 0.01 1.09 < 0.01
SO3 2.45 1.77 2.57
Free CaO 25.98 0.72 0.73
LOI 36.10  0.03 1.03

‡∂â“À‘πªŸπ ‡∂â“≈Õ¬·¡à‡¡“– ªŸπ´’‡¡πµåª√–‡¿∑∑’Ë 1
Õß§åª√–°Õ∫

∑“ß‡§¡’
ª√‘¡“≥ (√âÕ¬≈–‚¥¬πÈ”Àπ—°)
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√Ÿª∑’Ë 6  ¿“æ¢¬“¬ 200 ‡∑à“ ‚§√ß √â“ß®ÿ≈¿“§¢Õß´’‡¡πµå‡æ µåÕ“¬ÿ 1 «—π

√Ÿª∑’Ë 4  °”≈—ßÕ—¥¢Õß§Õπ°√’µ∑’Ë‰¡àº ¡‡∂â“≈Õ¬
‡ª√’¬∫‡∑’¬∫∑’Ëª√‘¡“≥‡∂â“À‘πªŸπ√âÕ¬≈– 0, 10,

20, 30 ·≈– 50 ¢ÕßπÈ”Àπ—°∑√“¬

√Ÿª∑’Ë 5  °”≈—ßÕ—¥¢Õß§Õπ°√’µ∑’Ëº ¡‡∂â“≈Õ¬√âÕ¬≈– 30
‡ª√’¬∫‡∑’¬∫∑’Ëª√‘¡“≥‡∂â“À‘πªŸπ√âÕ¬≈– 0, 10,

20, 30 ·≈– 50 ¢ÕßπÈ”Àπ—°∑√“¬

(°) ‰¡àº ¡‡∂â“À‘πªŸπ (¢) º ¡‡∂â“À‘πªŸπ√âÕ¬≈– 20
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3.3.2 °”≈—ßÕ—¥§Õπ°√’µ∑’ËÕ¬Ÿà„π ¿“æ∫à¡·∫∫‡√àß°”≈—ßÕ—¥

®“°°“√∑¥ Õ∫‚¥¬°”Àπ¥ ¿“æ°“√∫à¡§Õπ°√’µ 3 ≈—°…≥–‰¥â·°à ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß¿“¬πÕ°µŸâ

Õ∫ ·≈–∫à¡·∫∫§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘¿“¬„πµŸâÕ∫∑’ËÕÿ≥À¿Ÿ¡‘ 50 °´ °—∫∑’ËÕÿ≥À¿Ÿ¡‘ 70 °´ æ∫«à“ °”≈—ßÕ—¥§Õπ°√’µ∑’Ëº ¡

‡∂â“À‘πªŸπª√‘¡“≥√âÕ¬≈– 10 ·≈– 20 ‚¥¬πÈ”Àπ—°¢Õß∑√“¬ ¡’°”≈—ßÕ—¥ Ÿß°«à“ à«πº ¡§«∫§ÿ¡∑’Ë‰¡àº ¡‡∂â“À‘πªŸπ

∑—Èß™à«ß√–¬–‡«≈“°“√∫à¡π“π 8 ·≈– 10 ™—Ë«‚¡ß ∑—Èßπ’È‡π◊ËÕß®“°Õÿ≥À¿Ÿ¡‘°“√∫à¡ àßº≈µàÕ°“√‡°‘¥º≈º≈‘µ·§≈‡´’¬¡

´‘≈‘‡°µ‰Œ‡¥√µ (CaO-SiO2-H2O) „πÕ“¬ÿ™à«ßµâπ„Àâ‡æ‘Ë¡¡“°¢÷ÈπÕ¬à“ß√«¥‡√Á« ¥—ßº≈∑¥ Õ∫°”≈—ßÕ—¥∑’Ë· ¥ß‰«â„π√Ÿª∑’Ë

8 ·≈– 9

√Ÿª∑’Ë 7  ¿“æ¢¬“¬ 200 ‡∑à“ ‚§√ß √â“ß®ÿ≈¿“§¢Õß´’‡¡πµå‡æ µåº ¡‡∂â“≈Õ¬√âÕ¬≈– 30 ∑’ËÕ“¬ÿ 1 «—π

(°) ‰¡àº ¡‡∂â“À‘πªŸπ (¢) º ¡‡∂â“À‘πªŸπ√âÕ¬≈– 20

√Ÿª∑’Ë 8  º≈∑¥ Õ∫°”≈—ßÕ—¥À≈—ß®“°∫à¡µ—«Õ¬à“ß
‡ªìπ‡«≈“π“π 8 ™—Ë«‚¡ß ‡ª√’¬∫‡∑’¬∫∑’Ëª√‘¡“≥

‡∂â“À‘πªŸπ√âÕ¬≈– 0, 10, 20 ‚¥¬πÈ”Àπ—°¢Õß∑√“¬

√Ÿª∑’Ë 9  º≈∑¥ Õ∫°”≈—ßÕ—¥À≈—ß®“°∫à¡µ—«Õ¬à“ß
‡ªìπ‡«≈“π“π 10 ™—Ë«‚¡ß ‡ª√’¬∫‡∑’¬∫∑’Ëª√‘¡“≥

‡∂â“À‘πªŸπ√âÕ¬≈– 0, 10, 20 ‚¥¬πÈ”Àπ—°¢Õß∑√“¬
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3.4 §«“¡§ß∑π¢Õß§Õπ°√’µº ¡‡∂â“À‘πªŸπ

3.4.1 °“√À¥µ—«·∫∫·Àâß  §à“°“√À¥µ—«·∫∫·Àâß∑’Ë 28 «—π¡’§à“„°≈â‡§’¬ßÀ√◊Õ‡∑’¬∫‡∑à“°—π∑ÿ° à«πº ¡

π—Ëπ· ¥ß«à“  à«πº ¡§Õπ°√’µ∑’Ë¡’‡∂â“À‘πªŸπª√‘¡“≥√âÕ¬≈– 10 ·≈– 20 ‚¥¬πÈ”Àπ—°¢Õß∑√“¬ ‰¡à àßº≈µàÕ ¡∫—µ‘

°“√À¥µ—«·∫∫·Àâß ∑—Èßπ’È‡π◊ËÕß®“°ª√‘¡“≥°“√„™â‡∂â“À‘πªŸπ∑’Ë‰¡à Ÿß¡“° ∑”„Àâ§«“¡µâÕß°“√πÈ”¢Õß§Õπ°√’µº ¡‡∂â“

À‘πªŸπ‰¡à‡æ‘Ë¡¢÷Èπ ª√‘¡“≥πÈ”Õ‘ √– (Free water) „π§Õπ°√’µ®÷ß¡’§à“‰¡à·µ°µà“ß°—π ®÷ß‰¡à àßº≈µàÕ°“√À¥µ—«·∫∫

·Àâß¥â«¬‡™àπ°—π º≈∑¥ Õ∫°“√À¥µ—«·∫∫·Àâß· ¥ß‰«â„π√Ÿª∑’Ë 10

3.4.2 °“√‡°‘¥ªØ‘°‘√‘¬“§“√å∫Õ‡π™—Ëπ ®“°º≈∑¥ Õ∫°“√¥—ß· ¥ß‰«â„π√Ÿª∑’Ë 11 æ∫«à“ ª√‘¡“≥‡∂â“

À‘πªŸπ∑’Ë‡æ‘Ë¡¢÷Èπµ—Èß·µà√âÕ¬≈– 10, 20, 30 ·≈– 50 ¢ÕßπÈ”Àπ—°∑√“¬ ¡’º≈∑”„Àâ°“√‡°‘¥ªØ‘°‘√‘¬“§“√å∫Õ‡π™—Ëπ¡’§à“

≈¥≈ßÕ¬à“ß™—¥‡®π ∑—Èßπ’È‡π◊ËÕß®“°‡ªìπº≈¢Õß°“√‡°‘¥º≈º≈‘µ·§≈‡´’¬¡´‘≈‘‡°µ‰Œ‡¥√µ (CaO-SiO2-H2O) „πÕ“¬ÿ™à«ß

µâπ√«¡∑—Èßº≈¢Õß°“√·∑√°µ—« (Filler effect) ¢Õß‡∂â“À‘πªŸπ √«¡∂÷ßªí®®—¬®“° ¿“æ·«¥≈âÕ¡¢Õß°“√∑¥ Õ∫∑’Ë

·Àâß·≈–‰¡à —¡º— °—∫πÈ” ®÷ß∑”„Àâ§Õπ°√’µ¡’§«“¡∑÷∫·πàπ¡“°¢÷Èπ·≈– àßº≈∑”„Àâ°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å´÷¡ºà“π‰¥â

πâÕ¬≈ß §«“¡≈÷°¢Õß°“√‡°‘¥ªØ‘°‘√‘¬“§“√å∫Õ‡π™—Ëπ„π§Õπ°√’µ®÷ß≈¥≈ßÕ¬à“ß¡“°‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫§Õπ°√’µ∑’Ë‰¡à

º ¡‡∂â“À‘πªŸπ

3.4.3 °“√ ÷́¡ºà“π¢Õß§≈Õ‰√¥å ∑’ËÕ“¬ÿ§Õπ°√’µ 28 «—π  º≈∑¥ Õ∫°“√´÷¡ºà“π¢Õß§≈Õ‰√¥å· ¥ß‰«â„π

√Ÿª∑’Ë 12 ®–‡ÀÁπ«à“ ¡’·π«‚πâ¡ Ÿß¢÷Èπ„π à«πº ¡§Õπ°√’µ∑’Ëº ¡‡∂â“À‘πªŸπ ́ ÷Ëß‡ªìπº≈¡“®“°§à“§«“¡æ√ÿπ (Porosity)

¢Õß§Õπ°√’µ∑’Ë¡’·π«‚πâ¡ Ÿß¢÷Èπ‡≈Á°πâÕ¬ Õ—π‡π◊ËÕß¡“®“°°“√∑’Ë§Õπ°√’µµâÕß —¡º— °—∫ “√≈–≈“¬µ≈Õ¥‡«≈“ ∑”„Àâ

·§≈‡´’¬¡‰Œ¥√Õ°‰´¥å∫“ß à«π„π‡∂â“À‘πªŸπ´÷Ëß‚¥¬ª°µ‘®–‰¡à‡ ∂’¬√„ππÈ”„π™à«ß‡«≈“√–¬–¬“«[1] ∂Ÿ°™–≈â“ßÕÕ°¡“

º≈∑¥ Õ∫§à“§«“¡æ√ÿπ ÷́Ëß«—¥„π√Ÿª¢Õßª√‘¡“≥™àÕß«à“ß„π‡æ µå∑’Ë¡’Õ“¬ÿ 28 «—π‰¥â· ¥ß‰«â„π√Ÿª∑’Ë 13

3.4.4 §«“¡µâ“π∑“πµàÕ°“√∑”≈“¬®“°´—≈‡øµ  à«πº ¡§Õπ°√’µ∑’Ëº ¡‡∂â“À‘πªŸπ„πª√‘¡“≥√âÕ¬≈– 10

·≈– 20 ‚¥¬πÈ”Àπ—°∑√“¬ ¡’°“√ Ÿ≠‡ ’¬πÈ”Àπ—°®“°°“√∑”≈“¬¢Õß·¡°π’‡´’¬¡´—≈‡øµ¡“°°«à“ à«πº ¡§«∫§ÿ¡

‡≈Á°πâÕ¬ ‚¥¬‡ªìπº≈®“°ª√‘¡“≥·§≈‡ ’́¬¡‰Œ¥√Õ°‰´¥å∫“ß à«π„π‡∂â“À‘πªŸπ∑’Ë‰¡à‡ ∂’¬√„ππÈ”„π™à«ß‡«≈“√–¬–¬“« [1]

·≈–∑”„Àâ§Õπ°√’µ¡’§«“¡æ√ÿπ¡“°¢÷Èπ º≈∑¥ Õ∫°“√ Ÿ≠‡ ’¬πÈ”Àπ—°¢Õß§Õπ°√’µ®“° “√≈–≈“¬·¡°π’‡´’¬¡

´—≈‡øµ· ¥ß‰«â„π√Ÿª∑’Ë 14
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√Ÿª∑’Ë 14  πÈ”Àπ—°∑’Ë Ÿ≠‡ ’¬®“°°“√·™à„π “√≈–≈“¬·¡°π’‡´’¬¡´—≈‡øµ
 ‡ª√’¬∫‡∑’¬∫∑’Ëª√‘¡“≥‡∂â“À‘πªŸπ√âÕ¬≈– 0, 10 ·≈– 20 ¢ÕßπÈ”Àπ—°∑√“¬

√Ÿª∑’Ë 10  °“√À¥µ—«·∫∫·Àâß¢Õß§Õπ°√’µ∑’Ëº ¡‡∂â“≈Õ¬
√âÕ¬≈– 30 (FA) ‡ª√’¬∫‡∑’¬∫∑’Ëª√‘¡“≥‡∂â“À‘πªŸπ

√âÕ¬≈– 0, 10, ·≈– 20 ¢ÕßπÈ”Àπ—°∑√“¬

√Ÿª∑’Ë 11  §«“¡≈÷°§“√å∫Õ‡π™—Ëπ¢Õß§Õπ°√’µ∑’Ëº ¡‡∂â“≈Õ¬
√âÕ¬≈– 30 (FA) ∑’Ëª√‘¡“≥‡∂â“À‘πªŸπ√âÕ¬≈– 0, 10, 20,

30 ·≈– 50 ¢ÕßπÈ”Àπ—°∑√“¬
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4.  √ÿªº≈°“√«‘®—¬

º≈°“√»÷°…“æ∫«à“ ‡∂â“À‘πªŸπ®“°Õÿµ “À°√√¡º≈‘µªŸπ¢“« “¡“√∂π”¡“„™âß“π‡ªìπ “√º ¡‡æ‘Ë¡„πß“π

§Õπ°√’µ‰¥â‚¥¬ª√‘¡“≥∑’Ë‡À¡“– ¡§◊Õ√âÕ¬≈– 10 ∂÷ß 20 ‚¥¬πÈ”Àπ—°¢Õß∑√“¬‚¥¬§ÿ≥ ¡∫—µ‘°“√√—∫°”≈—ßÕ—¥¢Õß

§Õπ°√’µº ¡‡∂â“À‘πªŸπ¡’·π«‚πâ¡ Ÿß¢÷Èπ„πÕ“¬ÿ™à«ßµâπ∑’Ë 1 «—πÕ¬à“ß™—¥‡®π ·≈–‰¡à°√–∑∫µàÕ°”≈—ßÕ—¥∑’Ë 28 «—π

„π¥â“π§«“¡§ß∑π ‡∂â“À‘πªŸπ‰¡à°√–∑∫µàÕ§ÿ≥ ¡∫—µ‘¥â“π°“√À¥µ—«·∫∫·Àâß„π§Õπ°√’µ ·µà àßº≈µàÕ°“√

ª√—∫ª√ÿß§ÿ≥ ¡∫—µ‘§«“¡§ß∑π¥â“π°“√‡°‘¥ªØ‘°‘√‘¬“§“√å∫Õ‡π™—Ëπ„Àâ¥’¢÷Èπ ®÷ß‡À¡“– ”À√—∫ß“π‚§√ß √â“ß∑’ËÕ¬Ÿà„π∫√‘‡«≥

 ¿“æ·«¥≈âÕ¡∑’Ë —¡º— °—∫°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥åÀπ“·πàπ Õ¬à“ß‰√°Áµ“¡ §«“¡§ß∑πµàÕ°“√∑”≈“¬®“° —́≈‡øµ

·≈–§≈Õ‰√¥å®–≈¥≈ß ´÷Ëß„π°“√„™âß“π§«√æ‘®“√≥“„™â„Àâ‡À¡“–°—∫≈—°…≥–ß“π‚§√ß √â“ß´÷Ëß‰¡à§«√ —¡º— À√◊ÕÕ¬Ÿà„π

 ¿“æ·«¥≈âÕ¡∑’Ë¡’´—≈‡øµ·≈–§≈Õ‰√¥å

5. °‘µµ‘°√√¡ª√–°“»

ºŸâ‡¢’¬π¢Õ¢Õ∫§ÿ≥ ∫√‘…—∑ ‰≈¡å¡“ ‡µÕ√å ®”°—¥ „π∞“π–ºŸâ π—∫ πÿπ·≈–Õπÿ‡§√“–Àåµ—«Õ¬à“ß‡∂â“À‘πªŸπ„π°“√

»÷°…“§√—Èßπ’È
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