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‡∂â“·°≈∫¢“«‡ªìπ«— ¥ÿºß∑’Ë‰¥â®“°‚√ßß“π‡º“Õ‘∞¡Õ≠ ‚¥¬§ÿ≥ ¡∫—µ‘∑’Ë»÷°…“‰¥â·°à §«“¡¢âπ‡À≈«ª°µ‘ √–¬–‡«≈“°“√°àÕµ—«
°”≈—ß√—∫·√ßÕ—¥·≈–·√ß¥÷ß·∫∫ºà“ ’́° µ—«·ª√∑’Ë„™â§◊ÕÕ—µ√“ à«ππÈ”µàÕ«— ¥ÿºß (ªŸπ ’́‡¡πµåÀ√◊ÕªŸπ ’́‡¡πµåº ¡‡∂â“·°≈∫
¢“«) ‡∑à“°—∫ 0.45 ·≈– 0.50 °“√·∑π∑’Ë¢Õß‡∂â“·°≈∫¢“«„πªŸπ ’́‡¡πµå‚¥¬πÈ”Àπ—°∑’Ë√âÕ¬≈– 20 ·≈– 40 ·≈–Õÿ≥À¿Ÿ¡‘
¢ÕßπÈ”∑’Ë„™â ”À√—∫∑”°“√∫à¡∑’Ë 25, 50 ·≈– 75 Õß»“‡´≈‡´’¬  µ“¡≈”¥—∫ ®“°º≈°“√∑¥ Õ∫æ∫«à“ °”≈—ß√—∫·√ß
Õ—¥·≈–·√ß¥÷ß·∫∫ºà“ ’́°¢Õß‡æ µå®“° ’́‡¡πµåº ¡‡∂â“·°≈∫¢“«¢÷ÈπÕ¬Ÿà°—∫Õ—µ√“ à«π°“√·∑π∑’Ë¢Õß‡∂â“·°≈∫¢“« ‚¥¬
°”≈—ß√—∫·√ß¢Õß‡æ µǻ ÷Ëß∑”°“√·∑π∑’Ë‡∂â“·°≈∫¢“«„πªŸπ ’́‡¡πµå√âÕ¬≈– 20 ‚¥¬πÈ”Àπ—° ¡’°”≈—ß√—∫·√ßÕ—¥ Ÿß°«à“°“√
·∑π∑’Ë‡∂â“·°≈∫¢“«∑’Ë√âÕ¬≈– 40 ∑’Ë∑ÿ°Õ“¬ÿ¢Õß°“√∫à¡ ·≈–°“√æ—≤π“°”≈—ß√—∫·√ßÕ—¥¢Õß´’‡¡πµå‡æ µå„π™à«ß·√°¡’
§à“ Ÿß¢÷Èπ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘∑’Ë„™â∑”°“√∫à¡‡æ‘Ë¡¢÷Èπ®“° 25 ‡ªìπ 50 ·≈– 75 Õß»“‡´≈‡´’¬  µ“¡≈”¥—∫ „π¢≥–∑’Ë°“√∫à¡„π
™à«ßÀ≈—ß°”≈—ß√—∫·√ßÕ—¥¢Õß‡æ µå∫à¡∑’Ë 75 Õß»“‡´≈‡´’¬  µË”°«à“°”≈—ß√—∫·√ßÕ—¥¢Õß‡æ µå∫à¡∑’Ë 25 Õß»“‡´≈‡´’¬ 
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The objective of this research was to study the effect of curing temperature on the mechanical properties
of cement paste mixed with White Rice Husk Ash (WRHA) from a brick factory.  The tested properties were
normal consistency, setting time, compressive and splitting tensile strengths.  The varied water to binder materials
(Portland cement type I and WRHA) ratios were 0.45 and 0.50. The replacements of WRHA for cement were
20% and 40% by weight of cementitious materials and curing water temperatures were 25, 50 and 75 degree
Celsius. The test results showed that the compressive and splitting tensile strengths of cement paste mixed with
WRHA depended on the percentage of WRHA replacement. The paste with 20% of WRHA replacement of
cement had higher strengths than those of paste with 40% of WRHA replacement at every ages of curing and the
development of the compressive strength at early age of cement paste increased when the curing temperature
increased form 25 to 50 and 75 degree Celsius respectively, whereas for a longer time of curing, the compressive
strength of paste cured at 75 degree Celsius was lower than that of paste cured at 25 degree Celsius.
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1. ∫∑π”

        ªí®®ÿ∫—π‰¥â¡’°“√ àß‡ √‘¡„Àâ¡’°“√„™â∑√—æ¬“°√∑’Ë¡’Õ¬ŸàÕ¬à“ß√Ÿâ§ÿ≥§à“·≈–‡°‘¥ª√–‚¬™πå Ÿß ÿ¥ ‡æ√“–πÕ°®“°®–¡’
 à«π™à«¬„Àâª√–‡∑»øóôπµ—«®“°ªí≠À“∑“ß‡»√…∞°‘®‰¥â‡√Á«¢÷Èπ·≈â« ¬—ß‡ªìπ°“√æ—≤π“∑’Ë¡’§«“¡¬—Ëß¬◊π ‚¥¬‡ªìπ∑’Ë∑√“∫
°—π¥’«à“æ◊Èπ∞“π¢Õßª√–‡∑»‰∑¬‡ªìπª√–‡∑»‡°…µ√°√√¡ ∑”„Àâ¡’«— ¥ÿ∑’Ë‡À≈◊Õ∑‘Èß®“°¿“§°“√‡°…µ√Õ¬Ÿà‡ªìπ®”π«π¡“°
‡™àπ ·°≈∫ ø“ß¢â“« ‡ªìπµâπ ´÷Ëßß“π«‘®—¬∑—Èß„π·≈–µà“ßª√–‡∑»‰¥â∑”°“√»÷°…“ æ∫«à“«— ¥ÿ‡À≈◊Õ∑‘Èß®“°°“√‡°…µ√
¥—ß°≈à“« “¡“√∂π”¡“„™â‡ªìπ«— ¥ÿ°àÕ √â“ß‰¥â ‡™àπ ‡∂â“·°≈∫¢“«∑’Ëºà“π°√–∫«π°“√‡º“¿“¬„µâÕÿ≥À¿Ÿ¡‘·≈–√–¬–‡«≈“
∑’Ë‡À¡“– ¡ “¡“√∂π”¡“„™â∑¥·∑π„πªŸπ´’‡¡πµåªÕ√åµ·≈π¥åª√–‡¿∑∑’Ë 1 ‰¥â [1], [2] ·≈–ªí®®ÿ∫—π‰¥â¡’°“√π”‡∂â“·°≈∫
¢“«∑’Ë‰¥â®“°°“√‡º“Õ‘∞¡“„™âº ¡∑”‡ªìπ§Õπ°√’µ [3],[4] ª√–°Õ∫°—∫ª√–‡∑»‰∑¬‡ªìπª√–‡∑»„π‡¢µ√âÕπ∑”„Àâ°“√º≈‘µ
§Õπ°√’µµ—Èß·µà°“√º ¡ °“√≈”‡≈’¬ß °“√‡∑ ·≈–Õ—¥·πàπ ·¡â°√–∑—Ëß°“√∫à¡´÷Ëß‚¥¬ª°µ‘§Õπ°√’µ®–‡º™‘≠°—∫ ¿“«–
∑’Ë¡’Õÿ≥À¿Ÿ¡‘ ŸßÕ¬Ÿà·≈â« ¥—ßπ—Èπ°“√π”‡∂â“·°≈∫¢“«¡“„™â„πß“π§Õπ°√’µ¢Õßª√–‡∑»‰∑¬®÷ß§«√¡’°“√»÷°…“º≈¢Õß
Õÿ≥À¿Ÿ¡‘∑’Ë¡’µàÕ§ÿ≥ ¡∫—µ‘∑“ß°≈¢Õß§Õπ°√’µ ‚¥¬‡©æ“–°—∫§Õπ°√’µ∑’Ë¡’‡∂â“·°≈∫¢“«‡ªìπ à«πª√–°Õ∫

2. «—µ∂ÿª√– ß§å

        ‡æ◊ËÕ»÷°…“º≈¢ÕßÕÿ≥À¿Ÿ¡‘„π°“√∫à¡∑’Ë¡’µàÕ§ÿ≥ ¡∫—µ‘‡™‘ß°≈¢Õß´’‡¡πµå‡æ µå·≈–‡æ µåº ¡‡∂â“·°≈∫¢“«

3. °“√∑¥ Õ∫

3.1 «— ¥ÿ∑’Ë„™â„π°“√∑¥ Õ∫

ªŸπ´’‡¡πµå : „™âªŸπ´’‡¡πµåªÕ√åµ·≈π¥åª√–‡¿∑∑’Ë 1
‡∂â“·°≈∫¢“« : „™â‡∂â“·°≈∫¢“«∑’Ë‰¥â®“°‚√ßß“π‡º“Õ‘∞¡Õ≠

®—ßÀ«—¥æ√–π§√»√’Õ¬ÿ∏¬“ π”¡“∫¥„π‡§√◊ËÕß∫¥ (grinding machine) ´÷Ëß¡’
≈—°…≥–‡ªìπ∂—ß∑√ß°√–∫Õ°¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 61 ‡´πµ‘‡¡µ√ ¬“« 88
‡´πµ‘‡¡µ√ ·≈–¡’‡À≈Á°‡ âπ°≈¡¢π“¥ 9 ·≈– 12 ¡‘≈≈‘‡¡µ√ ¢π“¥≈–
®”π«π 45 ‡ âπ ·≈– ¢π“¥ 15 ¡‘≈≈‘‡¡µ√®”π«π 35 ‡ âπ ‚¥¬„™â‡«≈“„π
°“√∫¥‡∑à“°—∫ 75 ·≈– 120 π“∑’ ¥â«¬§«“¡‡√Á«√Õ∫‡∑à“°—∫ 52 √Õ∫µàÕπ“∑’
¥—ß· ¥ß„π√Ÿª∑’Ë 1

πÈ” : „™âπÈ”ª√–ª“

3.2 «‘∏’°“√∑¥ Õ∫

1. °“√∑¥ Õ∫À“ª√‘¡“≥πÈ”∑’Ë§«“¡¢âπ‡À≈«ª°µ‘·≈–√–¬–‡«≈“°“√°àÕµ—« µ“¡¡“µ√∞“π ASTM C 187
[5] ·≈– ASTM C 191 [6] µ“¡≈”¥—∫

2. °“√∑¥ Õ∫°”≈—ß√—∫·√ßÕ—¥·≈–°”≈—ß√—∫·√ß¥÷ß·∫∫ºà“ ’́°¢Õß‡æ µå „™âµ—«Õ¬à“ß√Ÿª∑√ß°√–∫Õ°¢π“¥
‡ âπºà“π»Ÿπ¬å°≈“ß 5 ‡´πµ‘‡¡µ√  Ÿß 10 ‡´πµ‘‡¡µ√ À≈—ß®“°∂Õ¥·∫∫∑’Ë√–¬–‡«≈“ 1 «—π ®÷ßπ”‰ª∫à¡„ππÈ”∑’ËÕÿ≥À¿Ÿ¡‘
25, 50 ·≈– 75 Õß»“‡´≈‡´’¬  ®π∂÷ß‡«≈“∑¥ Õ∫∑’ËÕ“¬ÿ 3, 7, 28, 60 ·≈– 90 «—π µ“¡≈”¥—∫ ‚¥¬∑¥ Õ∫°”≈—ß
√—∫·√ßÕ—¥·≈–·√ß¥÷ß·∫∫ºà“´’°µ“¡¡“µ√∞“π ASTM C 39 [7] ·≈– ASTM C 496 [8] µ“¡≈”¥—∫

√Ÿª∑’Ë 1 ‡§√◊ËÕß∫¥‡∂â“·°≈∫¢“«
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°“√∫à¡µ—«Õ¬à“ß∑’ËÕÿ≥À¿Ÿ¡‘ 25 Õß»“‡´≈‡´’¬  ∑”°“√∫à¡„πµŸâ∫à¡´÷Ëß§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘∑’Ë 25 ± 2 Õß»“‡´≈‡´’¬ 
§«“¡™◊Èπ —¡æ—∑∏å√âÕ¬≈– 60 ¥—ß· ¥ß„π√Ÿª∑’Ë 2 ‚¥¬°àÕππ”µ—«Õ¬à“ß‡¢â“‰ª∑”°“√∫à¡„Àâ„ àπÈ”≈ß„π¿“™π– —ß°– ’∑’Ë¡’
¢π“¥ 20x10x8 ‡´πµ‘‡¡µ√ ·≈–µ—Èß∑‘Èß‰«â„πµŸâ®πÕÿ≥À¿Ÿ¡‘¢ÕßπÈ”¡’§à“ª√–¡“≥ 25 Õß»“‡´≈‡´’¬  ®÷ßπ”µ—«Õ¬à“ß‡¢â“
‰ª∑”°“√∫à¡

°“√∫à¡µ—«Õ¬à“ß∑’ËÕÿ≥À¿Ÿ¡‘ 50 ·≈– 75 Õß»“‡´≈‡´’¬  ∑”°“√∫à¡„πµŸâ∫à¡∑’Ë§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ 50± 2 ·≈– 75
± 2 Õß»“‡´≈‡´’¬  µ“¡≈”¥—∫ ¥—ß· ¥ß„π√Ÿª∑’Ë 3 ‚¥¬°√–∑”‡™àπ‡¥’¬«°—∫°“√∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 25 ± 2 Õß»“‡´≈‡´’¬ 

3.3  —¥ à«π∑’Ë„™â„π°“√∑¥ Õ∫§ÿ≥ ¡∫—µ‘¢Õß´’‡¡πµå‡æ µå

 —¥ à«π¢Õß«— ¥ÿ∑’Ë„™â„π°“√»÷°…“§ÿ≥ ¡∫—µ‘¢Õß´’‡¡πµå‡æ µå · ¥ß‰¥â„πµ“√“ß∑’Ë 1

√Ÿª∑’Ë 3 µŸâ ”À√—∫„™â∫à¡µ—«Õ¬à“ß∑’ËÕÿ≥À¿Ÿ¡‘
50 ± 2 ·≈– 75 ± 2 Õß»“‡´≈‡´’¬ 

√Ÿª∑’Ë 2 µŸâ ”À√—∫„™â∫à¡µ—«Õ¬à“ß∑’ËÕÿ≥À¿Ÿ¡‘
252 Õß»“‡´≈‡ ’́¬ 

µ“√“ß∑’Ë 1  —¥ à«π¢Õß´’‡¡πµå‡æ µå·≈–‡æ µåº ¡‡∂â“·°≈∫¢“«∑’Ë‰¡àºà“π·≈–
ºà“π°“√∫¥∑’Ë‡«≈“ 75 ·≈– 120 π“∑’

√âÕ¬≈–°“√·∑π∑’Ë
¢Õß‡∂â“·°≈∫¢“«

Õ—µ√“ à«π
πÈ”µàÕ«— ¥ÿºß

 —¥ à«πº ¡ (°‘‚≈°√—¡µàÕ≈Ÿ°∫“»°å‡¡µ√)

ªŸπ´’‡¡πµå ‡∂â“·°≈∫¢“« πÈ”
1301
1222

1041

978
781

733

0
0

260

244
520

489

585
611

585

611
585

611

0
0

20

20
40

40

0.45
0.50

0.45

0.50
0.45

0.50
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4. º≈°“√∑¥ Õ∫

4.1 Õß§åª√–°Õ∫∑“ß‡§¡’¢ÕßªŸπ´’‡¡πµåªÕ√åµ·≈π¥åª√–‡¿∑∑’Ë 1 ·≈–‡∂â“·°≈∫¢“«

º≈°“√«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‡§¡’·≈–§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ¢ÕßªŸπ ’́‡¡πµåªÕ√åµ·≈π¥åª√–‡¿∑∑’Ë 1
·≈–‡∂â“·°≈∫¢“«· ¥ß„πµ“√“ß∑’Ë 2 ·≈– 3 µ“¡≈”¥—∫ ´÷Ëßæ∫«à“‡∂â“·°≈∫¢“«∑—Èß∑’Ë‰¡àºà“π°“√∫¥·≈–ºà“π°“√∫¥
∑’Ë‡«≈“ 75 ·≈– 120 π“∑’ ¡’ª√‘¡“≥ SiO2  Ÿß∂÷ß√âÕ¬≈– 98.04, 96.84 ·≈– 92.00 µ“¡≈”¥—∫ „π¢≥–∑’Ë¡’Õß§å
ª√–°Õ∫Õ◊Ëπ„πª√‘¡“≥πâÕ¬ ‚¥¬‡©æ“– CaO ∑’Ë¡’ª√‘¡“≥πâÕ¬°«à“ªŸπ´’‡¡πµåªÕ√åµ·≈π¥åÕ¬à“ß‡ÀÁπ‰¥â™—¥§◊Õ Õ¬Ÿà„π
™à«ß√âÕ¬≈– 0.57 ∂÷ß 4.70 „π¢≥–∑’ËªŸπ´’‡¡πµå¡’ª√‘¡“≥ Ÿß∂÷ß√âÕ¬≈– 65.91

µ“√“ß∑’Ë 2 Õß§åª√–°Õ∫∑“ß‡§¡’¢ÕßªŸπ´’‡¡πµåªÕ√åµ·≈π¥åª√–‡¿∑∑’Ë 1 ·≈–‡∂â“·°≈∫¢“«

Õß§åª√–°Õ∫∑“ß‡§¡’
(√âÕ¬≈–)

ªŸπ ’́‡¡πµå
ªÕ√åµ·≈π¥å

‡∂â“·°≈∫¢“«
‰¡à∫¥ ∫¥ 75 π“∑’ ∫¥ 120 π“∑’

´‘≈‘§Õπ‰¥ÕÕ°‰´¥å (SiO2)
Õ–≈Ÿ¡‘‡π’¬¡ÕÕ°‰´¥å (Al2O3)

‰Õ√ÕπÕÕ°‰´¥å (Fe2O3)

·§≈‡´’¬¡ÕÕ°‰´¥å (CaO)

·¡°π’‡´’¬¡ÕÕ°‰´¥å (MgO)

‚æ·∑ ‡´’¬¡ÕÕ°‰´¥å (K2O)

√âÕ¬≈–¢Õß°“√ Ÿ≠‡ ’¬πÈ”Àπ—°‡π◊ËÕß®“°

°“√‡º“‰À¡â

21.85
5.39

2.10

65.91

1.16

0.31

1.33

98.04
1.25

0.24

1.08

0.37

1.44

4.50

96.84
1.63

0.53

0.57

0.49

2.21

4.81

92.00
1.85

0.68

4.70

0.46

1.39

4.87

§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ
ªŸπ ’́‡¡πµå
ªÕ√åµ·≈π¥å

‡∂â“·°≈∫¢“«

‰¡à∫¥ ∫¥ 75 π“∑’ ∫¥ 120 π“∑’

ª√‘¡“≥§«“¡™◊Èπ (√âÕ¬≈–)
§«“¡≈–‡Õ’¬¥¥â«¬«‘∏’‡∫≈π

(µ“√“ß‡´πµ‘‡¡µ√µàÕ°√—¡)

§«“¡∂à«ß®”‡æ“–

§«“¡ “¡“√∂‡°Á∫°—°πÈ” (√âÕ¬≈–)

§«“¡Àπ“·πàπ√«¡ (bulk density)

(°‘‚≈°√—¡µàÕ≈‘µ√)

0.61

3235

3.14

50

1.03

3.10

4125

2.05

65

0.21

1.74

6635

2.13

56

0.51

2.26

9685

2.16

52

0.48

µ“√“ß∑’Ë 3 §ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ¢ÕßªŸπ´’‡¡πµåªÕ√åµ·≈π¥åª√–‡¿∑∑’Ë 1 ·≈–‡∂â“·°≈∫¢“«
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„π à«π¢Õß§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ¢Õß‡∂â“·°≈∫¢“« æ∫«à“§«“¡≈–‡Õ’¬¥¢Õßæ◊Èπ∑’Ëº‘«®”‡æ“–¥â«¬«‘∏’‡∫≈π¡’§à“
¡“°°«à“ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å ‚¥¬‡∂â“·°≈∫¢“«™π‘¥∑’Ë‰¡àºà“π°“√∫¥ ∫¥∑’Ë‡«≈“ 75 ·≈– 120 π“∑’ ¡’æ◊Èπ∑’Ëº‘«
®”‡æ“–‡∑à“°—∫ 4125, 6635 ·≈– 9685 µ“√“ß‡´πµ‘‡¡µ√µàÕ°√—¡ µ“¡≈”¥—∫  à«π§à“°“√ Ÿ≠‡ ’¬πÈ”Àπ—°‡π◊ËÕß®“°
°“√‡º“‰À¡â¢ÕßªŸπ ’́‡¡πµå¡’§à“‡∑à“°—∫√âÕ¬≈– 1.33 ́ ÷Ëß¡’§à“µË”°«à“‡∂â“·°≈∫¢“« „π¢≥–∑’Ëª√‘¡“≥§«“¡™◊Èπ‡¡◊ËÕ∑”°“√
‡ª√’¬∫‡∑’¬∫√–À«à“ßªŸπ´’‡¡πµåªÕ√åµ·≈π¥å·≈–‡∂â“·°≈∫¢“« æ∫«à“ª√‘¡“≥§«“¡™◊Èπ¢Õß‡∂â“·°≈∫¢“«¡’¡“°°«à“
ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å ·≈–®“°¿“æ∂à“¬Õπÿ¿“§¢Õß‡∂â“·°≈∫¢“«¥—ß· ¥ß„π√Ÿª∑’Ë 4 ·≈– 5 æ∫«à“‡∂â“·°≈∫¢“«¡’
‚æ√ßÕ“°“»®”π«π¡“°®÷ß∑”„Àâ “¡“√∂°—°‡°Á∫§«“¡™◊Èπ‰¥â¡“°‡ÀÁπ‰¥â®“°§«“¡ “¡“√∂„π°“√‡°Á∫°—°πÈ”¢Õß‡∂â“·°≈∫
¢“«∑’Ë‰¡à∫¥ ∫¥ 75 ·≈– 120 π“∑’ ¡’§à“‡∑à“°—∫√âÕ¬≈– 65, 56 ·≈– 52 µ“¡≈”¥—∫ ́ ÷Ëß¡“°°«à“ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å
∑’Ë¡’§à“‡∑à“°—∫√âÕ¬≈– 50 ·≈–®“°¿“æ∂à“¬¥—ß°≈à“« “¡“√∂Õ∏‘∫“¬∂÷ß§à“æ◊Èπ∑’Ëº‘«®”‡æ“–¢Õß‡∂â“·°≈∫¢“«∑’Ë¡“°°«à“
ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å

               (°)                          (¢)                          (§)                       (ß)

√Ÿª∑’Ë 4 ¿“æ∂à“¬Õπÿ¿“§∑’Ë°”≈—ß¢¬“¬ 200 ‡∑à“¢Õß (°) ªŸπ´’‡¡πµåªÕ√åµ·≈π¥åª√–‡¿∑∑’Ë 1
(¢) ‡∂â“·°≈∫¢“«™π‘¥‰¡à∫¥ (§) ‡∂â“·°≈∫¢“«™π‘¥∫¥ 75 π“∑’ (ß) ‡∂â“·°≈∫¢“«™π‘¥∫¥ 120 π“∑’

               (°)                         (¢)                          (§)                         (ß)

√Ÿª∑’Ë 5 ¿“æ∂à“¬Õπÿ¿“§∑’Ë°”≈—ß¢¬“¬ 7500 ‡∑à“¢Õß (°) ªŸπ´’‡¡πµåªÕ√åµ·≈π¥åª√–‡¿∑∑’Ë 1
(¢) ‡∂â“·°≈∫¢“«™π‘¥‰¡à∫¥ (§) ‡∂â“·°≈∫¢“«™π‘¥∫¥ 75 π“∑’ (ß) ‡∂â“·°≈∫¢“«™π‘¥∫¥ 120 π“∑’
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®“°°“√∑¥ Õ∫°“√°√–®“¬µ—«¢Õß¢π“¥Õπÿ¿“§„π√Ÿª∑’Ë 6 æ∫«à“‡∂â“·°≈∫¢“«∑’Ë‰¡àºà“π°“√∫¥·≈–∫¥‡ªìπ‡«≈“
75 π“∑’ ¡’Õπÿ¿“§¢π“¥„À≠à°«à“ªŸπ´’‡¡πµåªÕ√åµ·≈π¥åª√–‡¿∑∑’Ë 1 „π¢≥–∑’Ë‡¡◊ËÕ∑”°“√∫¥‡∂â“·°≈∫¢“«‡ªìπ‡«≈“
120 π“∑’ ∑”„ÀâÕπÿ¿“§¡’¢π“¥‡≈Á°°«à“ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å

4.2 §ÿ≥ ¡∫—µ‘‡™‘ß°≈¢Õß´’‡¡πµå‡æ µå

4.2.1 §«“¡¢âπ‡À≈«ª°µ‘
º≈°“√∑¥ Õ∫§à“ª√‘¡“≥πÈ”∑’Ë§«“¡¢âπ‡À≈«ª°µ‘· ¥ß„π√Ÿª∑’Ë 7 æ∫«à“´’‡¡πµå‡æ µåº ¡‡∂â“·°≈∫¢“«

¡’§à“§«“¡¢âπ‡À≈«ª°µ‘¡“°°«à“´’‡¡πµå‡æ µå  ‡π◊ËÕß®“°§«“¡æ√ÿπ¢ÕßÕπÿ¿“§‡∂â“·°≈∫¢“«∑”„Àâ “¡“√∂¥Ÿ¥´—∫πÈ”
‡æ‘Ë¡¢÷Èπ „π¢≥–∑’Ë‡¡◊ËÕ∑”°“√∫¥‡∂â“·°≈∫¢“«„Àâ¡’§«“¡≈–‡Õ’¬¥‡æ‘Ë¡¢÷Èπ∑”„Àâ§à“§«“¡¢âπ‡À≈«ª°µ‘≈¥≈ß ∑—Èßπ’È‡æ√“–
°“√∫¥‡∂â“·°≈∫¢“«„Àâ≈–‡Õ’¬¥ “¡“√∂∑”≈“¬§«“¡æ√ÿπ¿“¬„πÕπÿ¿“§‰¥â ¥—ßπ—Èπ‡¡◊ËÕ§«“¡æ√ÿπ≈¥≈ß®÷ß‡ªìπ°“√≈¥
§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫πÈ”¢Õß‡∂â“·°≈∫¢“«®÷ß¡’º≈∑”„Àâ§à“§«“¡¢âπ‡À≈«ª°µ‘≈¥≈ß

√Ÿª∑’Ë 6 °“√°√–®“¬¢Õß¢π“¥¢ÕßªŸπ´’‡¡πµåªÕ√åµ·≈π¥åª√–‡¿∑∑’Ë 1 (OPC) ·≈–‡∂â“·°≈∫¢“«
(WRHA) ∑’Ë‰¡àºà“π·≈–ºà“π°“√∫¥∑’Ë 75 ·≈– 120 π“∑’

√Ÿª∑’Ë 7 §«“¡ —¡æ—π∏å√–À«à“ß√âÕ¬≈–°“√·∑π∑’Ë¢Õß‡∂â“·°≈∫¢“«°—∫ª√‘¡“≥πÈ”µàÕ«— ¥ÿºß∑’Ë‡À¡“– ¡
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4.2.2 √–¬–‡«≈“°“√°àÕµ—«
º≈°“√∑¥ Õ∫√–¬–‡«≈“°“√°àÕµ—«¢Õß‡æ µå· ¥ß„π√Ÿª∑’Ë 8 æ∫«à“´’‡¡πµå‡æ µå¡’√–¬–‡«≈“°àÕµ—«‡√‘Ë¡

µâπ‡∑à“°—∫ 90 π“∑’ √–¬–‡«≈“°àÕµ—« ÿ¥∑â“¬‡∑à“°—∫ 180 π“∑’ „π¢≥–∑’Ë‡æ µåº ¡‡∂â“·°≈∫¢“«¡’√–¬–‡«≈“°àÕµ—«
‡√‘Ë¡µâπ¬“«π“π°«à“´’‡¡πµå‡æ µå °≈à“«§◊Õ‡¡◊ËÕ¡’°“√·∑π∑’Ë‡∂â“·°≈∫¢“«‰¡à∫¥∑’Ë√âÕ¬≈– 20 ¡’§à“√–¬–‡«≈“°àÕµ—«‡√‘Ë¡
µâπ‡∑à“°—∫ 120 π“∑’ ‡π◊ËÕß¡“®“°À≈—ß®“° ‘Èπ ÿ¥™à«ß¥Õ√å·¡π∑å (Dormant Period) ´÷Ëß°”≈—ß‡¢â“ Ÿà®ÿ¥°àÕµ—«‡√‘Ë¡µâπ
º≈‘µ¿—≥±å∑’Ë‡°‘¥®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ∑’Ë‡°“–Õπÿ¿“§ªŸπ´’‡¡πµå®–·µ°µ—«‡æ◊ËÕ∑”ªØ‘°‘√‘¬“¡’ª√‘¡“≥∑’ËπâÕ¬°«à“∑”„Àâ„™â
‡«≈“„π°“√°àÕµ—«‡√‘Ë¡µâππ“π¢÷Èπ ‡¡◊ËÕæ‘®“√≥“º≈¢Õß§«“¡≈–‡Õ’¬¥¢Õß‡∂â“·°≈∫¢“«∑’Ë¡’º≈µàÕ√–¬–‡«≈“°àÕµ—«‡√‘Ë¡µâπ
®–¡’§à“„°≈â‡§’¬ß°—π ‡π◊ËÕß®“°„π™à«ß‡«≈“¥—ß°≈à“«‡∂â“·°≈∫¢“«¬—ß‰¡à “¡“√∂∑”ªØ‘°‘√‘¬“ ª√–°Õ∫°—∫°“√·∑π∑’Ë‡∂â“
·°≈∫¢“«„πªŸπ ’́‡¡πµå∑’Ëª√‘¡“≥‡æ‘Ë¡¢÷Èπ¡’º≈∑”„Àâ≈¥ª√‘¡“≥ªŸπ ’́‡¡πµå∑’Ë∑”ªØ‘°‘√‘¬“„π™à«ß·√° „π¢≥–∑’Ë√–¬–‡«≈“
°“√°àÕµ—« ÿ¥∑â“¬¢Õß‡æ µåº ¡‡∂â“·°≈∫¢“«∑’Ë¡’§«“¡≈–‡Õ’¬¥¡“°¢÷Èπ¡’º≈„Àâ√–¬–‡«≈“°àÕµ—« ÿ¥∑â“¬‡√Á«¢÷Èπ   à«πº≈¢Õß
°“√·∑π∑’Ë‡∂â“·°≈∫¢“«„π√âÕ¬≈–∑’Ë¡“°¢÷Èπ ∑”„Àâ‡æ µå¡’√–¬–‡«≈“°àÕµ—« ÿ¥∑â“¬π“π¢÷Èπ ‡π◊ËÕß®“°°“√·∑π∑’Ë‡∂â“
·°≈∫¢“«¡“°¢÷Èπ∑”„Àâª√‘¡“≥ªŸπ´’‡¡πµå≈¥≈ß‡ªìπ‡Àµÿ„Àâ°“√°àÕµ—« ÿ¥∑â“¬π“π¢÷Èπ

√Ÿª∑’Ë 8 √–¬–‡«≈“°àÕµ—«‡√‘Ë¡µâπ·≈– ÿ¥∑â“¬¢Õß´’‡¡πµå‡æ µå·≈–‡æ µåº ¡‡∂â“·°≈∫¢“«

4.2.3 °”≈—ß√—∫·√ßÕ—¥¢Õß´’‡¡πµå‡æ µåº ¡‡∂â“·°≈∫¢“«
‡¡◊ËÕæ‘®“√≥“§«“¡ —¡æ—π∏å√–À«à“ß°”≈—ß√—∫·√ßÕ—¥°—∫√–¬–‡«≈“„π°“√∫à¡¢Õß‡æ µå∑’Ë¡’Õ—µ√“ à«ππÈ”µàÕ

«— ¥ÿºß‡∑à“°—∫ 0.45 ¥—ß· ¥ß„π√Ÿª∑’Ë 9 æ∫«à“∑’ËÕÿ≥À¿Ÿ¡‘¢Õß°“√∫à¡‡∑à“°—∫ 25 Õß»“‡´≈‡´’¬  °“√·∑π∑’Ë‡∂â“·°≈∫
¢“«∑’Ë‰¡àºà“π°“√∫¥„πªŸπ ’́‡¡πµåªÕ√åµ·≈π¥å∑’Ë√âÕ¬≈– 20 ‚¥¬πÈ”Àπ—° (°“√·∑π∑’Ë‡∂â“·°≈∫¢“«∑’Ë√âÕ¬≈– 40 ‰¡à “¡“√∂
º ¡‡ªìπ‡æ µå‰¥â‡π◊ËÕß®“°°“√¥Ÿ¥ —́∫πÈ”¢Õß‡∂â“·°≈∫¢“«¡’¡“°°«à“Õ—µ√“ à«ππÈ”µàÕ«— ¥ÿºß∑’Ë„™âÀ√◊Õ¥Ÿ‰¥â®“°§à“ §«“¡
¢âπ‡À≈«ª°µ‘„π√Ÿª∑’Ë 7) ∑”„Àâ°”≈—ß√—∫·√ßÕ—¥„π™à«ßµâπ¡’§à“‡æ‘Ë¡¢÷Èπ·≈– Ÿß°«à“´’‡¡πµå‡æ µå∑’ËÕ“¬ÿ 3 «—π ∑—Èßπ’È‡æ√“–
°“√·∑π∑’Ë‡∂â“·°≈∫¢“« ÷́Ëß¡’ ‘́≈‘§Õπ‰¥ÕÕ°‰´¥å·≈–Õ–≈Ÿ¡‘‡π’¬¡ÕÕ°‰´¥å®–∑”ªØ‘°‘√‘¬“°—∫·§≈‡´’¬¡‰Œ¥√Õ°‰´¥å
(Ca(OH)2) ´÷Ëß‡ªìπº≈‘µ¿—≥±å®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ‡°‘¥‡ªìπ·§≈‡´’¬¡´‘≈‘‡°µ‰Œ‡¥√µ (C-S-H) ‰¥â‡æ‘Ë¡¢÷Èπ®÷ß àßº≈„Àâ
‡æ µå ¡’§«“¡·¢Áß Ÿß∑”„Àâ°”≈—ß√—∫·√ß Ÿß¢÷Èπ ·≈–®–‡ÀÁπ«à“‡¡◊ËÕ‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘¢Õß°“√∫à¡‡ªìπ 50 ·≈– 75 Õß»“‡´≈‡´’¬ 
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®–‡ªìπ°“√™à«¬‡√àßªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ∑”„Àâ‡°‘¥·§≈‡´’¬¡‰Œ¥√Õ°‰´¥å∑’Ë®–∑”ªØ‘°‘√‘¬“ªÕ´‚´≈“π°—∫‡∂â“·°≈∫¢“«‡æ‘Ë¡¢÷Èπ
º≈°Á§◊Õ®–‰¥â‡æ µå∑’Ë¡’§«“¡·¢Áß Ÿß¢÷Èπµ“¡≈”¥—∫

®“°√Ÿª¥—ß°≈à“«¢â“ßµâπ‰¥â· ¥ß„Àâ‡ÀÁπ«à“°”≈—ß√—∫·√ßÕ—¥„π™à«ßÀ≈—ß¢Õß´’‡¡πµå‡æ µå·≈–‡æ µåº ¡‡∂â“
·°≈∫¢“«´÷Ëß∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 50 ·≈– 75 Õß»“‡´≈‡´’¬  ¡’§à“≈¥≈ßµ“¡≈”¥—∫ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫∑’ËÕÿ≥À¿Ÿ¡‘ 25 Õß»“
‡´≈‡´’¬  Õ—π‡π◊ËÕß¡“®“°º≈¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë Ÿß∑”„Àâ‡°‘¥√Õ¬·µ°¢π“¥‡≈Á°À√◊Õ∑’Ë‡√’¬°«à“ Micro Crack „π‡π◊ÈÕ‡æ µå
´÷Ëß àßº≈µàÕ°”≈—ß√—∫·√ßÕ—¥∑’Ë≈¥≈ßµ“¡≈”¥—∫ [9], [10]

√Ÿª∑’Ë 9 §«“¡ —¡æ—π∏å√–À«à“ß°”≈—ß√—∫·√ßÕ—¥¢Õß‡æ µåº ¡‡∂â“·°≈∫¢“«∑’Ë‰¡àºà“π°“√∫¥°—∫√–¬–‡«≈“„π°“√∫à¡ ‚¥¬¡’
Õ—µ√“ à«ππÈ”µàÕ«— ¥ÿºß (w/b) ‡∑à“°—∫ 0.45 ·≈–°“√·∑π∑’Ë¢Õß‡∂â“·°≈∫¢“«„πªŸπ´’‡¡πµåªÕ√åµ·≈π¥å

ª√–‡¿∑∑’Ë 1 ‡∑à“°—∫√âÕ¬≈– 20 ‚¥¬πÈ”Àπ—°

À¡“¬‡Àµÿ : WXTY §◊Õ√âÕ¬≈–°“√·∑π∑’Ë¢Õß‡∂â“·°≈∫¢“« (W) „πªŸπ´’‡¡πµåªÕ√åµ·≈π¥åª√–‡¿∑∑’Ë 1 ‡∑à“°—∫ X ‚¥¬πÈ”Àπ—°

·≈–„™âÕÿ≥À¿Ÿ¡‘„π°“√∫à¡ (T) ‡∑à“°—∫ Y

§«“¡ —¡æ—π∏å√–À«à“ß°”≈—ß√—∫·√ßÕ—¥°—∫√–¬–‡«≈“„π°“√∫à¡¢Õß‡æ µåº ¡‡∂â“·°≈∫¢“«∫¥ 75 π“∑’ ∑’Ë
Õ—µ√“ à«ππÈ”µàÕ«— ¥ÿºß‡∑à“°—∫ 0.45 · ¥ß„π√Ÿª∑’Ë 10 ·≈– 11 ·≈–‡æ µåº ¡‡∂â“·°≈∫¢“«‰¡àºà“π°“√∫¥·≈–∫¥
75 π“∑’ ∑’ËÕ—µ√“ à«ππÈ”µàÕ«— ¥ÿºß‡∑à“°—∫ 0.50 · ¥ß„π√Ÿª∑’Ë 12 ·≈– 13 µ“¡≈”¥—∫ æ∫«à“·π«‚πâ¡¢Õß°”≈—ß√—∫
·√ßÕ—¥∑’Ë‰¥â®–¡’≈—°…≥–‡™àπ‡¥’¬«°—∫‡æ µåº ¡‡∂â“·°≈∫¢“«‰¡à∫¥ ·µà‡æ µåº ¡‡∂â“·°≈∫¢“«∫¥ 75 π“∑’®–¡’§à“ Ÿß°«à“
Õ—π‡π◊ËÕß®“°§«“¡≈–‡Õ’¬¥¢Õß‡∂â“·°≈∫¢“«∑’Ë‡æ‘Ë¡¢÷Èπ®–∑”„Àâ§«“¡ “¡“√∂„π°“√∑”ªØ‘°‘√‘¬“ªÕ´‚´≈“π‡æ‘Ë¡¢÷Èπ
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√Ÿª∑’Ë 10  §«“¡ —¡æ—π∏å√–À«à“ß°”≈—ß√—∫·√ßÕ—¥¢Õß‡æ µåº ¡‡∂â“·°≈∫¢“«∑’Ëºà“π°“√∫¥ 75 π“∑’ °—∫√–¬–‡«≈“„π°“√∫à¡
‚¥¬∑’ËÕ—µ√“ à«ππÈ”µàÕ«— ¥ÿºß (w/b) ‡∑à“°—∫ 0.45 ·≈–¡’°“√·∑π∑’Ë‡∂â“·°≈∫¢“«„πªŸπ´’‡¡πµåªÕ√åµ·≈π¥å

ª√–‡¿∑∑’Ë 1 ‡∑à“°—∫√âÕ¬≈– 20 ‚¥¬πÈ”Àπ—°

√Ÿª∑’Ë 11 §«“¡ —¡æ—π∏å√–À«à“ß°”≈—ß√—∫·√ßÕ—¥¢Õß‡æ µåº ¡‡∂â“·°≈∫¢“«∑’Ëºà“π°“√∫¥ 75 π“∑’ °—∫√–¬–‡«≈“„π°“√∫à¡
‚¥¬∑’ËÕ—µ√“ à«ππÈ”µàÕ«— ¥ÿºß (w/b) ‡∑à“°—∫ 0.45 ·≈–¡’°“√·∑π∑’Ë‡∂â“·°≈∫¢“«„πªŸπ´’‡¡πµåªÕ√åµ·≈π¥å

ª√–‡¿∑∑’Ë 1 ‡∑à“°—∫√âÕ¬≈– 40 ‚¥¬πÈ”Àπ—°
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√Ÿª∑’Ë 12 §«“¡ —¡æ—π∏å√–À«à“ß°”≈—ß√—∫·√ßÕ—¥¢Õß‡æ µåº ¡‡∂â“·°≈∫¢“«‰¡à∫¥°—∫√–¬–‡«≈“„π°“√∫à¡‚¥¬∑’ËÕ—µ√“ à«ππÈ”
µàÕ«— ¥ÿºß (w/b) ‡∑à“°—∫ 0.50 ·≈–°“√·∑π∑’Ë‡∂â“·°≈∫¢“« ‡∑à“°—∫√âÕ¬≈– 20 ‚¥¬πÈ”Àπ—°

√Ÿª∑’Ë 13 §«“¡ —¡æ—π∏å√–À«à“ß°”≈—ß√—∫·√ßÕ—¥¢Õß‡æ µåº ¡‡∂â“·°≈∫¢“«∑’Ëºà“π°“√∫¥ 75 π“∑’ °—∫√–¬–‡«≈“„π°“√∫à¡
‚¥¬∑’ËÕ—µ√“ à«ππÈ”µàÕ«— ¥ÿºß (w/b) ‡∑à“°—∫ 0.50 ·≈–¡’°“√·∑π∑’Ë‡∂â“·°≈∫¢“«„πªŸπ´’‡¡πµåªÕ√åµ·≈π¥å

‡∑à“°—∫√âÕ¬≈– 20 ·≈– 40 ‚¥¬πÈ”Àπ—°
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4.2.4 §«“¡ —¡æ—π∏å√–À«à“ß°”≈—ß√—∫·√ßÕ—¥·≈–·√ß¥÷ß·∫∫ºà“ ’́°¢Õß‡æ µǻ ’‡¡πµåº ¡‡∂â“·°≈∫¢“«
®“°§«“¡ —¡æ—π∏åæ∫«à“ Õÿ≥À¿Ÿ¡‘∑’Ë„™â∑”°“√∫à¡‰¡à¡’º≈°√–∑∫µàÕ§«“¡ —¡æ—π∏å¢Õß°”≈—ß√—∫·√ßÕ—¥·≈–

·√ß¥÷ß·∫∫ºà“´’°¢Õß´’‡¡πµå‡æ µåº ¡‡∂â“·°≈∫¢“« ¥—ß· ¥ß„π√Ÿª∑’Ë 14

5.  √ÿªº≈°“√«‘®—¬

1. ‡æ µå∑’Ë¡’°“√·∑π∑’Ë‡∂â“·°≈∫¢“«„πªŸπ´’‡¡πµå√âÕ¬≈– 20 ·≈–„™âÕÿ≥À¿Ÿ¡‘„π°“√∫à¡‡∑à“°—∫ 25, 50 ·≈–
75 Õß»“‡´≈‡´’¬  ®–¡’°“√æ—≤π“°”≈—ß√—∫·√ßÕ—¥ Ÿß°«à“´’‡¡πµå‡æ µå

2. °”≈—ß√—∫·√ßÕ—¥¢Õß´’‡¡πµå‡æ µå·≈–‡æ µå∑’Ëº ¡‡∂â“·°≈∫¢“«„π™à«ßµâπ Ÿß¢÷Èπµ“¡Õÿ≥À¿Ÿ¡‘∑’Ë„™â„π°“√
∫à¡∑’Ë‡æ‘Ë¡¢÷Èπ „π¢≥–∑’Ë°”≈—ß√—∫·√ßÕ—¥„π™à«ßÀ≈—ß¢Õß´’‡¡πµå‡æ µå·≈–‡æ µåº ¡‡∂â“·°≈∫¢“«∑’Ëºà“π°“√∫à¡∑’Ë 75 Õß»“
‡´≈‡´’¬  ¡’§à“µË”°«à“´’‡¡πµå‡æ µå·≈–‡æ µåº ¡‡∂â“·°≈∫¢“«∑’Ëºà“π°“√∫à¡∑’Ë 25 Õß»“‡´≈‡´’¬ 

6. °‘µµ‘°√√¡ª√–°“»

ºŸâ‡¢’¬π„§√à¢Õ¢Õ∫§ÿ≥ ∫√‘…—∑ ªŸπ ’́‡¡πµåπ§√À≈«ß ®”°—¥ (¡À“™π) ∑’Ë„Àâ§«“¡Õπÿ‡§√“–Àå°“√∑¥ Õ∫
§ÿ≥ ¡∫—µ‘¢Õß‡∂â“·°≈∫¢“« ®πß“π«‘®—¬ ”‡√Á®≈ÿ≈à«ß¥â«¬¥’

√Ÿª∑’Ë 14  §«“¡ —¡æ—π∏å¢Õß°”≈—ß√—∫·√ßÕ—¥·≈–·√ß¥÷ß·∫∫ºà“´’°¢Õß‡æ µåº ¡‡∂â“·°≈∫¢“«
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