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3
∫∑∑’Ë§ÿ≥ ¡∫—µ‘¢ÕßªŸπ´’‡¡πµå

∫∑§—¥¬àÕ∫∑§—¥¬àÕ∫∑§—¥¬àÕ∫∑§—¥¬àÕ∫∑§—¥¬àÕ
ªŸπ´’‡¡πµå ¡’≈—°…≥–‡ªìπºß≈–‡Õ’¬¥  “¡“√∂‡°‘¥°“√°àÕµ—«·≈–°“√·¢Áßµ—«‰¥â¥â«¬°“√∑”ªØ‘°‘√‘¬“°—∫πÈ”´÷Ëß‡√’¬°«à“ çªØ‘°‘√‘¬“

‰Œ‡¥√™—Ëπ (Hydration Reaction)é ∑”„Àâ¡’§ÿ≥ ¡∫—µ‘„π°“√√—∫·√ß‰¥â

°“√∑”§«“¡‡¢â“„®Õß§åª√–°Õ∫∑“ß‡§¡’·≈–§ÿ≥ ¡∫—µ‘∑“ßøî ‘° å¢ÕßªŸπ´’‡¡πµå ®–™à«¬„Àâ “¡“√∂·ª≈§«“¡À¡“¬º≈°“√

∑¥ Õ∫ªŸπ´’‡¡πµå‰¥âÕ¬à“ß∂Ÿ°µâÕß ∑—Èßπ’È‡æ√“–§ÿ≥ ¡∫—µ‘¢ÕßªŸπ´’‡¡πµå¡’º≈ ”§—≠µàÕ§ÿ≥ ¡∫—µ‘¢Õß¡Õ√åµ“√å·≈–§Õπ°√’µ

‡π◊ÈÕÀ“„π∫∑π’È ‰¥â°≈à“«∂÷ß §ÿ≥ ¡∫—µ‘¢Õß “√ª√–°Õ∫À≈—° 4 ™π‘¥ ¢ÕßªŸπ´’‡¡πµåªÕ√åµ·≈π¥å ‰¥â·°à ‰µ√§—≈‡´’¬¡´‘≈‘‡°µ

(C3S), ‰¥§—≈‡´’¬¡´‘≈‘‡°µ (C2S), ‰µ√§—≈‡´’¬¡Õ≈Ÿ¡‘‡πµ (C3A), ·≈–‡µµ√–§—≈‡´’¬¡Õ≈Ÿ¡‘‚π‡øÕ√å‰√µå (C4AF) √«¡∑—Èß “√ª√–°Õ∫√Õß

‰¥â·°à ¬‘ª´—Ë¡, Free Lime, ·¡°π’‡´’¬¡ÕÕ°‰´¥å, ·≈–Õ—≈§“‰≈ÕÕ°‰´¥å πÕ°®“°π’È¬—ß‰¥â°≈à“«∂÷ß °“√°àÕµ—«·≈–°“√·¢Áßµ—«, ªØ‘°‘√‘¬“

‰Œ‡¥√™—Ëπ, °“√æ—≤π“‚§√ß √â“ß¢Õß ’́‡¡πµå‡æ µå, ªí®®—¬∑’Ë¡’º≈µàÕÕ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ, §ÿ≥ ¡∫—µ‘∑“ß‡§¡’Õ◊ËπÊ (°“√

 Ÿ≠‡ ’¬πÈ”Àπ—°‡π◊ËÕß®“°°“√‡º“, ·≈–°“°∑’Ë‰¡à≈–≈“¬„π°√¥·≈–¥à“ß), ·≈–§ÿ≥ ¡∫—µ‘∑“ßøî ‘° å¢ÕßªŸπ´’‡¡πµå∑’Ë ”§—≠ ‰¥â·°à ¢π“¥

Õπÿ¿“§·≈–§«“¡≈–‡Õ’¬¥, §«“¡Õ¬Ÿàµ—«, §«“¡¢âπ‡À≈«, √–¬–‡«≈“°“√°àÕµ—«, °“√°àÕµ—«º‘¥ª°µ‘, °”≈—ßÕ—¥, ·≈–§«“¡√âÕπ®“°ªØ‘°‘√‘¬“

‰Œ‡¥√™—Ëπ

√Ÿª∑’Ë 3-1  ‡§√◊ËÕß¡◊Õ«‘‡§√“–ÀåÀ“Õß§åª√–°Õ∫∑“ß‡§¡’¢ÕßªŸπ´’‡¡πµå
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3.13.13.13.13.1 ∫∑π”∫∑π”∫∑π”∫∑π”∫∑π”
„π∫∑π’È®–°≈à“«∂÷ßÕß§åª√–°Õ∫∑“ß‡§¡’·≈–§ÿ≥ ¡∫—µ‘∑“ßøî ‘° å¢ÕßªŸπ´’‡¡πµå

´÷Ëß°“√∑”§«“¡‡¢â“„®‡√◊ËÕß¥—ß°≈à“«π’È ®–™à«¬„Àâ “¡“√∂·ª≈§«“¡À¡“¬º≈°“√∑¥ Õ∫ªŸπ

´’‡¡πµå‰¥âÕ¬à“ß∂Ÿ°µâÕß ∑—Èßπ’È‡æ√“–§ÿ≥ ¡∫—µ‘¢ÕßªŸπ´’‡¡πµå¡’º≈ ”§—≠µàÕ§ÿ≥ ¡∫—µ‘¢Õß

¡Õ√åµ“√å·≈–§Õπ°√’µ

 à«π‡π◊ÈÕÀ“‡°’Ë¬«°—∫ª√–‡¿∑¢ÕßªŸπ´’‡¡πµå, °“√ª√–¬ÿ°µå„™âß“πªŸπ´’‡¡πµå·µà≈–

ª√–‡¿∑, ·≈–¢âÕ°”Àπ¥¡“µ√∞“π§ÿ≥ ¡∫—µ‘∑—Èß∑“ß‡§¡’·≈–∑“ßøî ‘° å¢ÕßªŸπ´’‡¡πµå·µà≈–

ª√–‡¿∑ ®–‰¥â°≈à“«‰«â„π∫∑∑’Ë 4 µàÕ‰ª

3.23.23.23.23.2 Õß§åª√–°Õ∫∑“ß‡§¡’Õß§åª√–°Õ∫∑“ß‡§¡’Õß§åª√–°Õ∫∑“ß‡§¡’Õß§åª√–°Õ∫∑“ß‡§¡’Õß§åª√–°Õ∫∑“ß‡§¡’
‡¡◊ËÕ«—µ∂ÿ¥‘∫‰¥â√—∫°“√‡º“„πÀ¡âÕ‡º“ ªØ‘°‘√‘¬“®–‡°‘¥¢÷Èπ‡ªìπ¢—ÈπµÕπ¥—ßπ’È

¢—ÈπµÕπ∑’Ë 1  πÈ”®–√–‡À¬ÕÕ°®“° à«πº ¡∑—ÈßÀ¡¥

¢—ÈπµÕπ∑’Ë 2  °ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å (CO2) ®–∂Ÿ°¢—∫ÕÕ°®“°À‘πªŸπÀ√◊Õ¥‘π Õ

æÕß ‡À≈◊Õ‰«â‡æ’¬ß CaO

¢—ÈπµÕπ∑’Ë 3  ‡°‘¥°“√À≈Õ¡µ—«¢ÕßÕÕ°‰´¥å√–À«à“ß§—≈‡´’¬¡ (®“°À‘πªŸπ, À√◊Õ

¥‘π ÕæÕß) °—∫ ´‘≈‘°â“ Õ≈Ÿ¡‘πà“ ·≈–‡À≈Á° (®“°¥‘π¥”À√◊Õ¥‘π‡Àπ’¬«, À√◊Õ¥‘π¥“π)

¢—ÈπµÕπ∑’Ë 4  ‡°‘¥°“√√«¡µ—«∑“ß‡§¡’¢ÕßÕÕ°‰´¥åµà“ßÊ·≈–µ“¡¥â«¬°√–∫«π°“√

µ°º≈÷°‡¡◊ËÕ∑”„Àâ‡¬Áπµ—«≈ß

ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å∑’Ë‰¥â®–ª√–°Õ∫¥â«¬ÕÕ°‰´¥å 2 °≈ÿà¡„À≠à §◊Õ

ë ÕÕ°‰´¥åÀ≈—° ‰¥â·°à CaO, SiO2, Al2O3, ·≈– Fe2O3 ´÷Ëß√«¡°—πª√–¡“≥

90% ¢ÕßπÈ”Àπ—°ªŸπ´’‡¡πµå

ë ÕÕ°‰´¥å√Õß ‰¥â·°à MgO, Na2O, K2O, TiO2, P2O5, ·≈–¬‘ª´—Ë¡ ª√‘¡“≥ÕÕ°‰´¥å

µà“ßÊ ∑’Ë‡ªìπÕß§åª√–°Õ∫¢ÕßªŸπ´’‡¡πµåªÕ√åµ·≈π¥å· ¥ß„π µ“√“ß∑’Ë 3-1

µ“√“ß∑’Ë 3-1  §à“ÕÕ°‰´¥åµà“ßÊ ∑’Ë‡ªìπÕß§åª√–°Õ∫¢ÕßªŸπ´’‡¡πµåªÕ√åµ·≈π¥å

        ÕÕ°‰´¥å ‡ªÕ√å‡´Áπµå‚¥¬πÈ”Àπ—°
ÕÕ°‰´¥åÀ≈—°
CaO 60 - 67
SiO2 17 - 25
AI2O3 3 - 8
Fe2O3 0.5 - 6.0
ÕÕ°‰´¥å√Õß
MgO 0.1 - 5.5
Na2O + K2O 0.5 - 1.3
TiO2 0.1 - 0.4
P2O5 0.1 - 0.2
SO3 1 - 3
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ÕÕ°‰´¥åÀ≈—° ®–√«¡µ—«„π√–À«à“ß°“√‡°‘¥ªŸπ‡¡Á¥ (Clinker) ‡°‘¥‡ªìπ “√ª√–°Õ∫

À≈—°∑’Ë ”§—≠ 4 ™π‘¥ ¥—ß· ¥ß„π  µ“√“ß∑’Ë 3-2

°“√À“‡ªÕ√å‡´Áπµå¢Õß·µà≈–Õß§åª√–°Õ∫¢ÕßªŸπ´’‡¡πµå  “¡“√∂§”π«≥‰¥â®“° ¡Õ°.

15 ‡≈à¡ 18 °“√«‘‡§√“–Àå∑“ß‡§¡’¢ÕßªŸπ´’‡¡πµå‰Œ¥√Õ≈‘° À√◊Õ ASTM C 114  À√◊Õ„™â

 Ÿµ√°“√§”π«≥¢Õß Bogue ¥—ßπ’È

ª√‘¡“≥ C3S = 4.07 (CaO) - 7.60 (SiO2) - 6.72 (AI2O3) -

1.43 (Fe2O3) - 2.85 (SO3)

ª√‘¡“≥ C2S = 2.87 (SiO2) - 0.754 (C3S)

ª√‘¡“≥ C3A = 2.65 (AI2O3) - 1.69 (Fe2O3)

ª√‘¡“≥ C4AF = 3.04 (Fe2O3)

µ“√“ß∑’Ë 3-2   “√ª√–°Õ∫À≈—°¢ÕßªŸπ´’‡¡πµåªÕ√åµ·≈π¥å

     ™◊ËÕ “√ª√–°Õ∫À≈—°
‰µ√§—≈‡´’¬¡´‘≈‘‡°µ
(Tricalcium Silicate)
‰¥§—≈‡´’¬¡´‘≈‘‡°µ
(Dicalcium Silicate)
‰µ√§—≈‡´’¬¡Õ≈Ÿ¡‘‡πµ
(Tricalcium Aluminate)
‡µµ√–§—≈‡´’¬¡Õ≈Ÿ¡‘‚π‡øÕ√å‰√µå
(Tetracalcium Aluminoferrite)

 à«πª√–°Õ∫∑“ß‡§¡’ ™◊ËÕ¬àÕ

3CaOëSiO2 C3S

2CaOëSiO2 C2S

3CaOëAl2O3 C3A

4CaOëAl2O3ëFe2O3 C4AF

√Ÿª∑’Ë 3-2 ·ºπ¿“æ· ¥ß§«“¡ —¡æ—π∏å¢Õß°“√º≈‘µ·≈–°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢ÕßªŸπ´’‡¡πµå

Õß§åª√–°Õ∫¢Õß∏“µÿ„π«—µ∂ÿ¥‘∫∑’Ë„™â
O2        Ca        Si        AI        Fe

 “√ª√–°Õ∫ÕÕ°‰´¥å
CaO        SiO2        AI2O3        Fe2O3

 “√ª√–°Õ∫À≈—°„πªŸπ´’‡¡πµå
C3S        β C2S        C3A        C4AF

º≈‘µ¿—≥±å∑’Ë‡°‘¥®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ
CSH Gel        Ca(OH)2

ªŸπ´’‡¡πµåªÕ√åµ·≈π¥åª√–‡¿∑µà“ßÊ



  ªŸπ´’‡¡πµå·≈–°“√ª√–¬ÿ°µå„™âß“π

26

µ—«‡≈¢„π«ß‡≈Á∫ §◊Õ ‡ªÕ√å‡´Áπµå¢ÕßÕÕ°‰´¥å„π‡π◊ÈÕ¢ÕßªŸπ´’‡¡πµå∑—ÈßÀ¡¥ ·≈–ª√‘¡“≥

CaO „π Ÿµ√∑’Ë„™â§”π«≥ µâÕß‡ªìπ CaO ∑’Ë∑”ªØ‘°‘√‘¬“‡∑à“π—Èπ ‰¡à√«¡ Free Lime

µ—«Õ¬à“ß°“√§”π«≥À“ “√ª√–°Õ∫À≈—°µ“¡ Ÿµ√¢Õß Bogue Õ¬Ÿà„π µ“√“ß∑’Ë 3-3

¢ )  à«πª√–°Õ∫¢ÕßªŸπ‡¡Á¥ ª√–°Õ∫
¥â«¬ C3S (Alite) ´÷Ëß¡’ ’ÕàÕπ°«à“
·≈–√Ÿª√à“ß‡ªìπ‡À≈’Ë¬¡¡ÿ¡  à«πº≈÷°∑’Ë¡’
≈—°…≥–°≈¡·≈–¡’ ’∑÷∫§◊Õ C2S (Belite)
(¢¬“¬ 400 ‡∑à“)

√Ÿª∑’Ë 3-3 √Ÿª√à“ß¢Õß C3S  ´÷Ëß‡ªìπ
º≈÷°√Ÿª 6 ‡À≈’Ë¬¡ ·≈– C2S ‡ªìπ‡¡Á¥
°≈¡ ’¥”   8

µ“√“ß∑’Ë 3-3  µ—«Õ¬à“ß°“√§”π«≥À“ “√ª√–°Õ∫À≈—°¢ÕßªŸπ´’‡¡πµåªÕ√åµ·≈π¥å

·µà‡π◊ËÕß®“°°“√„™â Ÿµ√¢Õß Bogue ¡’§«“¡‰¡à·πàπÕπÕ¬Ÿà¥â«¬ ¥—ßπ—ÈπÕ“®„™â°“√

«‘‡§√“–Àå¥â«¬ XRD (X-Ray Diffraction) [ ASTM C 1365 ] ´÷Ëß„Àâ§à“∑’Ë¡’§«“¡·¡àπ¬”

∂Ÿ°µâÕß Ÿß°«à“

3.33.33.33.33.3 §ÿ≥ ¡∫—µ‘¢Õß “√ª√–°Õ∫À≈—°§ÿ≥ ¡∫—µ‘¢Õß “√ª√–°Õ∫À≈—°§ÿ≥ ¡∫—µ‘¢Õß “√ª√–°Õ∫À≈—°§ÿ≥ ¡∫—µ‘¢Õß “√ª√–°Õ∫À≈—°§ÿ≥ ¡∫—µ‘¢Õß “√ª√–°Õ∫À≈—°
§ÿ≥ ¡∫—µ‘¢Õß “√ª√–°Õ∫À≈—°∑—Èß 4 ™π‘¥ ¡’º≈µàÕ§ÿ≥ ¡∫—µ‘¢ÕßªŸπ´’‡¡πµå¥—ßπ’È

1. ‰µ√§—≈‡ ’́¬¡´‘≈‘‡°µ (C3S À√◊Õ Alite)

C3S ‡ªìπ “√ª√–°Õ∫∑’Ë¡’√Ÿª√à“ß‡ªìπº≈÷° 6 ‡À≈’Ë¬¡ ¡’ ’ÕàÕπ°«à“ C2S ¥—ß √Ÿª

∑’Ë 3-3 §ÿ≥ ¡∫—µ‘¢Õß C3S ®–‡À¡◊Õπ°—∫§ÿ≥ ¡∫—µ‘¢ÕßªŸπ´’‡¡πµåªÕ√åµ·≈π¥å

‡¡◊ËÕº ¡°—∫πÈ”®–‡°‘¥°“√°àÕµ—«·≈–°“√·¢Áßµ—«¿“¬„π 2 - 3 ™—Ë«‚¡ß °“√‡°‘¥

ªØ‘°‘√‘¬“°—∫πÈ”®–°àÕ„Àâ‡°‘¥§«“¡√âÕπ 500 ®Ÿ≈µàÕ°√—¡ ·≈–®–¡’°”≈—ßÕ—¥‡æ‘Ë¡

¢÷ÈπÕ¬à“ß¡“°„π™à«ß —ª¥“Àå·√° ¥—ß √Ÿª∑’Ë 3-4 ‚¥¬∑—Ë«‰ª·≈â«°”≈—ßÕ—¥„π

™à«ß·√°¢ÕßªŸπ´’‡¡πµåªÕ√åµ·≈π¥å®–¡’§à“‡æ‘Ë¡¢÷Èπ ‡¡◊ËÕ‡ªÕ√å‡´Áπµå¢Õß C3S

‡æ‘Ë¡¢÷Èπ ‚¥¬ª√‘¡“≥¬‘ª´—Ë¡®–¡’º≈µàÕ°”≈—ßÕ—¥¢Õß C3S ¥â«¬ „πªŸπ´’‡¡πµå

ªÕ√åµ·≈π¥å®–¡’ C3S Õ¬Ÿàª√–¡“≥ 50 - 70% ¥—ß µ“√“ß∑’Ë 3-4

2. ‰¥§—≈‡ ’́¬¡´‘≈‘‡°µ (C2S À√◊Õ Belite)

C2S ‡ªìπ “√ª√–°Õ∫∑’Ë¡’√Ÿª√à“ß°≈¡ ‚¥¬ C2S ¡’Õ¬ŸàÀ≈“¬√Ÿª·µà¡’‡æ’¬ß βC2S

‡∑à“π—Èπ∑’Ë¡’§«“¡‡ ∂’¬√ ≥ Õÿ≥À¿Ÿ¡‘∑—Ë«‰ª βC2S ¡’§ÿ≥ ¡∫—µ‘¬÷¥‡°“– ‡¡◊ËÕ

º ¡°—∫πÈ”®–·¢Áßµ—«·≈–‡°‘¥§«“¡√âÕπ 250 ®Ÿ≈µàÕ°√—¡ ‡¡◊ËÕ·¢Áßµ—«·≈â«®–

æ—≤π“°”≈—ßÕ—¥Õ¬à“ß™â“Ê „π™à«ß·√° ·≈–°”≈—ßÕ—¥®–‡æ‘Ë¡¡“°¢÷Èπ‡¡◊ËÕ¡’Õ“¬ÿ

° ) º≈÷° C3S (Alite) „πªŸπ‡¡Á¥¢Õß
ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å ‚¥¬„™â‡§√◊ËÕß
Scanning Electron Microscope
(SEM) (¢¬“¬ 3,000 ‡∑à“)

ÕÕ°‰´¥åµà“ßÊ „πªŸπ´’‡¡πµåªÕ√åµ·≈π¥å (%)  “√ª√–°Õ∫À≈—° §”π«≥®“° ¡°“√¢Õß Bogue
CaO 64.73 C3S = 4.07 x (64.73 - 1.60) - 7.60 x (21.20) -

  SiO2 21.20 6.72 x  (5.22) -  1.43 x (3.08) -
AI2O3 5.22 2.85 x (2.01)
Fe2O3 3.08 = 50.6%

C2S = 2.87 x (21.20) - 0.754 x (50.6)
MgO 1.04 = 22.7%
SO3 2.01
Na2O 0.19 C3A = 2.65 x (5.22) - 1.69 x (3.08)

= 8.6%
K2O 0.42
Loss on Ignition 1.45 C4AF = 3.04 x (3.08)
Insoluble Residue 0.66 = 9.4%
Free Lime 1.60
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√Ÿª∑’Ë 3-4 °“√æ—≤π“°”≈—ßÕ—¥¢Õß “√ª√–°Õ∫À≈—°„πªŸπ´’‡¡πµåªÕ√åµ·≈π¥å

¡“°°«à“ 7 «—π ·µà„π√–¬–¬“«®–‰¥â°”≈—ßÕ—¥„°≈â‡§’¬ß°—∫ C3S ªŸπ´’‡¡πµå

ªÕ√åµ·≈π¥å®–¡’ C2S Õ¬Ÿàª√–¡“≥ 15 - 30%

3. ‰µ√§—≈‡ ’́¬¡Õ≈Ÿ¡‘‡πµ (C3A)

C3A ‡ªìπ “√ª√–°Õ∫∑’Ë¡’√Ÿª√à“ß‡ªìπ‡À≈’Ë¬¡¡ÿ¡ ®–∑”ªØ‘°‘√‘¬“°—∫πÈ”∑—π∑’°àÕ„Àâ

‡°‘¥ Flash Set ·≈–‡°‘¥§«“¡√âÕπ Ÿß„π™à«ß·√° ª√–¡“≥ 850 ®Ÿ≈µàÕ°√—¡

°“√ªÑÕß°—π Flash Set ∑”‰¥â‚¥¬°“√‡µ‘¡¬‘ª´—Ë¡≈ß‰ª„π¢—ÈπµÕπ°“√∫¥ªŸπ´’‡¡πµå

‡æ◊ËÕ∑”Àπâ“∑’ËÀπà«ß°“√°àÕµ—«‡π◊ËÕß®“°°“√‡°‘¥ªØ‘°‘√‘¬“¢Õß C3A ·≈–®–

æ—≤π“°”≈—ßÕ—¥„π™à«ß 1 - 2 «—π ·µà¡’§à“°”≈—ßÕ—¥§àÕπ¢â“ßµË” ªŸπ´’‡¡πµå

ªÕ√åµ·≈π¥å®–¡’ C3A Õ¬Ÿàª√–¡“≥ 5 - 10% πÕ°®“°π’È¬—ßæ∫«à“ ªŸπ´’‡¡πµå

∑’Ë¡’ C3A µË”°«à“ ®– “¡“√∂∑π∑“πµàÕ´—≈‡øµ‰¥â¥’°«à“

4. ‡µµ√–§—≈‡ ’́¬¡Õ≈Ÿ¡‘‚π‡øÕ√å‰√µå (C4AF À√◊Õ Celite)

C4AF ‡ªìπ “√ª√–°Õ∫∑’Ë‰¥â®“°°“√„™â«—µ∂ÿ¥‘∫∑’Ë¡’ “√ª√–°Õ∫·√à‡À≈Á°·≈–

Õ≈Ÿ¡‘‡π’¬¡ ‡æ◊ËÕ≈¥Õÿ≥À¿Ÿ¡‘¢ÕßªŸπ‡¡Á¥√–À«à“ß°√–∫«π°“√º≈‘µªŸπ´’‡¡πµå ·≈–

®–¡’º≈µàÕ ’¢ÕßªŸπ´’‡¡πµå ‚¥¬∑”„ÀâªŸπ´’‡¡πµå¡’ ’‡∑“ C4AF ¡’§ÿ≥ ¡∫—µ‘∑”

ªØ‘°‘√‘¬“°—∫πÈ”Õ¬à“ß√«¥‡√Á« ·≈–°àÕµ—«¿“¬„π‰¡à°’Ëπ“∑’ §«“¡√âÕπ∑’Ë‡°‘¥¢÷Èπ

ª√–¡“≥ 420 ®Ÿ≈µàÕ°√—¡ §à“°”≈—ßÕ—¥¢Õß C4AF ¡’§à“µË”·≈–‰¡à·πàπÕπ  ªŸπ

´’‡¡πµåªÕ√åµ·≈π¥å®–¡’ C4AF Õ¬Ÿàª√–¡“≥ 5 - 15%

¢ )  °”≈—ßÕ—¥¢Õß “√ª√–°Õ∫À≈—°   6° )  Õ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ   8

µ“√“ß∑’Ë 3-4  ª√‘¡“≥Õß§åª√–°Õ∫
∑“ß‡§¡’¢Õß “√ª√–°Õ∫À≈—°¢ÕßªŸπ
‡¡Á¥   8

 “√ª√–°Õ∫ ª√‘¡“≥
(‡ªÕ√å‡´Áπµå¢ÕßªŸπ‡¡Á¥)

C3S (Alite) 50 - 70
C2S (Belite) 15 - 30
C3A 5 - 10
C4AF (Celite) 5 - 15
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3.43.43.43.43.4 §ÿ≥ ¡∫—µ‘¢Õß “√ª√–°Õ∫√Õß§ÿ≥ ¡∫—µ‘¢Õß “√ª√–°Õ∫√Õß§ÿ≥ ¡∫—µ‘¢Õß “√ª√–°Õ∫√Õß§ÿ≥ ¡∫—µ‘¢Õß “√ª√–°Õ∫√Õß§ÿ≥ ¡∫—µ‘¢Õß “√ª√–°Õ∫√Õß
1. ¬‘ª —́Ë¡ (Gypsum À√◊Õ Calcium Sulphate Dihydrate À√◊Õ CaSO4ë2H2O)

¬‘ª´—Ë¡‡ªìπÀπ÷Ëß„π “¡√Ÿª·∫∫¢Õß “√ª√–°Õ∫§—≈‡´’¬¡´—≈‡øµ ‰¥â·°à

1. ¬‘ª´—Ë¡ (Gypsum À√◊Õ Calcium Sulphate Dihydrate À√◊Õ CaSO4ë2H2O)

2. Anhydrite (À√◊Õ Anhydrous Calcium Sulphate À√◊Õ CaSO4)

3. Plaster À√◊Õ Hemihydrate (À√◊Õ Plaster of Paris À√◊Õ Bassanite

À√◊Õ Calcium Sulphate Hemihydrate À√◊Õ CaSO4ë1/2H2O)

‚¥¬®–¡’°“√‡µ‘¡¬‘ª´—Ë¡„π√–À«à“ß°“√∫¥ªŸπ´’‡¡πµå ‡æ◊ËÕ∑”ªØ‘°‘√‘¬“°—∫ C3A ‡ªìπ

Ettringite (Calcium Trisulphoaluminate) ‡æ◊ËÕÀπà«ß°“√∑”ªØ‘°‘√‘¬“

‰Œ‡¥√™—Ëπ¢Õß C3A À√◊Õ‡ªìπ°“√§«∫§ÿ¡√–¬–‡«≈“°“√°àÕµ—«¢ÕßªŸπ´’‡¡πµå

∂â“‰¡à‰¥â‡µ‘¡¬‘ª´—Ë¡ ªŸπ´’‡¡πµå®–‡°‘¥°“√°àÕµ—«Õ¬à“ß√«¥‡√Á« ª√‘¡“≥¬‘ª´—Ë¡∑’Ë„ à

µâÕß‡À¡“– ¡ ‡æ◊ËÕ„ÀâªŸπ´’‡¡πµå‡°‘¥°”≈—ßÕ—¥ Ÿß∑’Ë ÿ¥ ·≈–‡°‘¥°“√À¥πâÕ¬∑’Ë ÿ¥

‚¥¬ª√‘¡“≥¬‘ª´—Ë¡∑’Ë‡À¡“– ¡®–¢÷ÈπÕ¬Ÿà°—∫ªí®®—¬¥—ßµàÕ‰ªπ’È

1.  ª√‘¡“≥Õ—≈§“‰≈ÕÕ°‰´¥å ‰¥â·°à Na2O ·≈– K2O

2.  ª√‘¡“≥ C3A

3.  §«“¡≈–‡Õ’¬¥ (Fineness) ¢ÕßªŸπ´’‡¡πµå

πÕ°®“°π’È®–µâÕß¡’°“√§«∫§ÿ¡ª√‘¡“≥¬‘ª´—Ë¡∑’Ë„ à‰¡à„Àâ¡“°‡°‘π‰ª ‡æ√“–Õ“®

 àßº≈„Àâ‡°‘¥°“√·µ°√â“«‡π◊ËÕß®“°ª√‘¡“µ√∑’Ë‡æ‘Ë¡¢÷Èπ®“°°“√‡°‘¥ Ettringite ¡“°

‡°‘π‰ª

2. Free Lime (CaO)

Free Lime  “¡“√∂‡°‘¥‰¥â 2 °√≥’ ‰¥â·°à

1. ‡¡◊ËÕ«—µ∂ÿ¥‘∫¡’ª√‘¡“≥ CaO ¡“°‡°‘π‰ª ∑”„Àâ‰¡à “¡“√∂∑”ªØ‘°‘√‘¬“°—∫ SiO
2
,

Al
2
O

3
, ·≈– Fe

2
O

3
 ‰¥âÀ¡¥

2. ‡¡◊ËÕ«—µ∂ÿ¥‘∫¡’ª√‘¡“≥ CaO ‰¡à¡“° ·µà∑”ªØ‘°‘√‘¬“°—∫ÕÕ°‰´¥åµà“ßÊ ‰¡à

 ¡∫Ÿ√≥å Free Lime ®–∑”ªØ‘°‘√‘¬“°—∫πÈ”Õ¬à“ß™â“Ê À≈—ß®“°∑’ËªŸπ´’‡¡πµå

µ“√“ß∑’Ë 3-5   √ÿª§ÿ≥ ¡∫—µ‘¢Õß “√ª√–°Õ∫À≈—°„πªŸπ´’‡¡πµåªÕ√åµ·≈π¥å

§ÿ≥ ¡∫—µ‘ C3S C2S C3A C4AF
(Alite) (Belite) (Celite)

1. Õ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ ‡√Á« ™â“ ∑—π∑’∑—π„¥ ‡√Á«¡“°
(Rate of Hydration) (™—Ë«‚¡ß) («—π) (π“∑’)

2. °“√æ—≤π“°”≈—ßÕ—¥ ‡√Á« ™â“ ‡√Á«¡“° ‡√Á«¡“°
   (Strength Development) («—π) ( —ª¥“Àå) («—π‡¥’¬«) («—π‡¥’¬«)
3. °”≈—ßÕ—¥ª√–≈—¬  Ÿß §àÕπ¢â“ß Ÿß µË” µË”

(Ultimate Strength)
4. §«“¡√âÕπ®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ ª“π°≈“ß πâÕ¬  Ÿß¡“° ª“π°≈“ß

(Heat of Hydration) (500 (250 (850 (420
®Ÿ≈µàÕ°√—¡) ®Ÿ≈µàÕ°√—¡) ®Ÿ≈µàÕ°√—¡) ®Ÿ≈µàÕ°√—¡)

5. §ÿ≥ ¡∫—µ‘Õ◊ËπÊ §ÿ≥ ¡∫—µ‘‡À¡◊Õπ       - ‰¡à‡ ∂’¬√„ππÈ” ∑”„ÀâªŸπ´’‡¡πµå
ªŸπ´’‡¡πµå ·≈–∂Ÿ°´—≈‡øµ ¡’ ’‡∑“
ªÕ√åµ·≈π¥å ∑”≈“¬‰¥âßà“¬
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·¢Áßµ—«·≈â« ∑”„Àâ‡°‘¥°“√¢¬“¬ª√‘¡“µ√ ∑’ËÕ“® àßº≈„Àâ‡°‘¥°“√·µ°√â“«

·≈–‡ ’¬À“¬‰¥â ‚¥¬®–‡√’¬°ª√“°Ø°“√≥åπ’È«à“ ç§«“¡‰¡àÕ¬Ÿàµ—«‡π◊ËÕß®“° Lime

(Unsoundness Due to Lime)é

πÕ°®“°ª√‘¡“≥ CaO ∑’Ë¡’º≈µàÕ§«“¡‰¡àÕ¬Ÿàµ—«·≈â« ¢π“¥¢ÕßÕπÿ¿“§

·≈–°“√°√–®“¬µ—«¢ÕßªŸπ´’‡¡πµå°Á‡ªìπªí®®—¬∑’Ë àßº≈‡™àπ°—π ®“°‡Àµÿº≈π’È

¡“µ√∞“π¢âÕ°”Àπ¥§ÿ≥¿“æ¢ÕßªŸπ´’‡¡πµå ¡Õ°. 15 ‡≈à¡ 1 ·≈– ASTM

C 150 ®÷ß¡‘‰¥â¡’°“√°”Àπ¥§à“ Ÿß ÿ¥¢Õßª√‘¡“≥ Free Lime ‰«â ·µà®–„™â

«‘∏’«—¥§à“°“√¢¬“¬µ—«·∑π

3. ·¡°π’‡´’¬¡ÕÕ°‰´¥å À√◊Õ ·¡°π’‡´’¬

(Magnesium Oxide À√◊Õ Magnesia À√◊Õ MgO)

«—µ∂ÿ¥‘∫„π°“√º≈‘µªŸπ´’‡¡πµå‚¥¬ª°µ‘®–¡’ MgCO3 ‡¡◊ËÕ‡º“®–‡°‘¥°“√·¬°µ—«‡ªìπ

MgO ·≈– CO2 ·¡°π’‡´’¬¡ÕÕ°‰´¥å∫“ß à«π®–À≈Õ¡‡ªìπªŸπ‡¡Á¥ ∑’Ë‡À≈◊Õ®–

Õ¬Ÿà„π√Ÿªº≈÷° Periclase (MgO) ́ ÷Ëß‡¡◊ËÕ‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ ®–‡À¡◊Õπ°—∫ CaO

§◊Õ ∑”„Àâª√‘¡“µ√‡æ‘Ë¡¢÷Èπ °àÕ„Àâ‡°‘¥§«“¡‰¡àÕ¬Ÿàµ—« (Unsoundness) ·≈–Õ“®

 àßº≈„Àâ‡°‘¥°“√·µ°√â“«‰¥â

°“√¢¬“¬µ—«®–¡“°À√◊ÕπâÕ¬¢÷ÈπÕ¬Ÿà°—∫

1.  ª√‘¡“≥¢Õß MgO „πªŸπ´’‡¡πµå

2.  ¢π“¥¢Õß MgO

§«“¡‰¡àÕ¬Ÿàµ—«¢Õß MgO ®–¢÷ÈπÕ¬Ÿà°—∫¢π“¥¢Õßº≈÷° ‡æ√“–∂â“º≈÷°¡’¢π“¥‡≈Á°

ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ°Á®–‡°‘¥¢÷Èπ‰¥âÕ¬à“ß√«¥‡√Á« ‚¥¬‰¡à°àÕ„Àâ‡°‘¥°“√¢¬“¬µ—«¢Õß

ªŸπ´’‡¡πµå∑’Ë·¢Áßµ—«·≈â«

∑’ËÕÿ≥À¿Ÿ¡‘ª°µ‘ MgO ®–∑”ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ‰¥â™â“¡“°‚¥¬„™â‡«≈“π“π‡ªìπªïÊ

¥—ßπ—Èπ°“√∑¥ Õ∫°“√¢¬“¬µ—«„π™à«ß‡«≈“ —ÈπÊ ®÷ß‡ªìπ«‘∏’∑’Ë‰¡à‡À¡“– ¡ ¥â«¬

‡Àµÿπ’È®÷ß‰¥âπ”«‘∏’°“√¢Õß Autoclave ¡“„™â„π°“√∑¥ Õ∫°“√¢¬“¬µ—« [ ASTM

C 151 ]  Õ’°∑—Èß¬—ß‡ªìπ«‘∏’∑’Ë “¡“√∂«—¥§à“°“√¢¬“¬µ—«√«¡Õ—π‡°‘¥®“° CaO

·≈– MgO ‰¥âÕ’°¥â«¬

4. Õ—≈§“‰≈ÕÕ°‰´¥å

(Alkali Oxides À√◊Õ Na2O, K2O)

Õ—≈§“‰≈ÕÕ°‰´¥å ∑’ËÕ¬Ÿà„πªŸπ´’‡¡πµåπ’È®– àßº≈‡ ’¬ „π°√≥’∑’Ë„™â¡«≈√«¡∫“ß

ª√–‡¿∑∑’Ë “¡“√∂∑”ªØ‘°‘√‘¬“°—∫Õ—≈§“‰≈À√◊Õ¥à“ß„πªŸπ´’‡¡πµå ¡“º ¡‡ªìπ

§Õπ°√’µ ®–∑”„Àâ‡°‘¥ çªØ‘°‘√‘¬“√–À«à“ß¥à“ß°—∫¡«≈√«¡ (Alkali-Aggregate

Reaction À√◊Õ AAR)é º≈®“°ªØ‘°‘√‘¬“®–°àÕ„Àâ‡°‘¥°“√¢¬“¬µ—«¥—π„Àâ

§Õπ°√’µ·µ°√â“«‡ ’¬À“¬ ¬“°µàÕ°“√·°â‰¢ „π°√≥’∑’Ë®”‡ªìπµâÕß„™â¡«≈√«¡∑’Ë

∑”ªØ‘°‘√‘¬“°—∫Õ—≈§“‰≈‰¥â  §«√‡≈◊Õ°„™âªŸπ´’‡¡πµå∑’Ë¡’Õ—≈§“‰≈µË” °≈à“«§◊Õ ª√‘¡“≥

Õ—≈§“‰≈„πªŸπ´’‡¡πµå À√◊Õ Total Alkalis (À√◊Õ Eq. Na2O) ®–µâÕß‰¡à‡°‘π

0.6% ‚¥¬ “¡“√∂§”π«≥À“§à“ Total Alkalis ‰¥â®“° Ÿµ√

Total Alkalis    =     N2O  +  0.658 (K2O)
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3.53.53.53.53.5 °“√°àÕµ—«·≈–°“√·¢Áßµ—«°“√°àÕµ—«·≈–°“√·¢Áßµ—«°“√°àÕµ—«·≈–°“√·¢Áßµ—«°“√°àÕµ—«·≈–°“√·¢Áßµ—«°“√°àÕµ—«·≈–°“√·¢Áßµ—«
ªŸπ´’‡¡πµå ¡’≈—°…≥–‡ªìπºß≈–‡Õ’¬¥  “¡“√∂‡°‘¥°“√°àÕµ—«·≈–°“√·¢Áßµ—«‰¥â¥â«¬

°“√∑”ªØ‘°‘√‘¬“°—∫πÈ”´÷Ëß‡√’¬°«à“ çªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ (Hydration Reaction)é ∑”„Àâ¡’

§ÿ≥ ¡∫—µ‘„π°“√√—∫·√ß‰¥â

ªŸπ´’‡¡πµå‡¡◊ËÕº ¡°—∫πÈ” ®–°àÕ„Àâ‡°‘¥´’‡¡πµå‡æ µå∑’ËÕ¬Ÿà„π ¿“æ‡À≈«·≈– “¡“√∂

≈◊Ëπ‰À≈‰¥â„π™à«ß‡«≈“Àπ÷Ëß ‚¥¬®–‡√’¬°™à«ß‡«≈“∑’Ë§ÿ≥ ¡∫—µ‘¢Õß´’‡¡πµå‡æ µå¬—ß§ß‰¡à¡’°“√

‡ª≈’Ë¬π·ª≈ßπ’È«à“ çDormant Periodé  À≈—ß®“°π—Èπ†´’‡¡πµå‡æ µå®–‡√‘Ë¡®—∫µ—« (Stiff) ∂÷ß

·¡â«à“®–¬—ßπ‘Ë¡Õ¬Ÿà ·µà°Á®–‰¡à “¡“√∂‰À≈µ—«‰¥âÕ’°·≈â« (Unworkable) ®ÿ¥π’È®–‡ªìπ®ÿ¥∑’Ë‡√’¬°

°—π«à“ ç®ÿ¥·¢Áßµ—«‡√‘Ë¡µâπ (Initial Set)é ·≈–√–¬–‡«≈“µ—Èß·µàªŸπ´’‡¡πµåº ¡°—∫πÈ”®π∂÷ß®ÿ¥

π’È ‡√’¬°«à“ ç‡«≈“°“√°àÕµ—«‡√‘Ë¡µâπ (Initial Setting Time)é  °“√°àÕµ—«¢Õß´’‡¡πµå‡æ µå

®–¬—ß§ß¥”‡π‘πµàÕ‰ª‡√◊ËÕ¬Ê ®π∂÷ß®ÿ¥∑’Ë‡ªìπ¢Õß·¢Áß∑’Ë§ß ¿“æ (Rigid Solid) ´÷Ëß®–‡√’¬°«à“

ç®ÿ¥·¢Áßµ—« ÿ¥∑â“¬ (Final Set)é ·≈–‡«≈“∑’Ë„™â®π∂÷ß®ÿ¥¥—ß°≈à“« ‡√’¬°«à“ ç‡«≈“°“√°àÕµ—« ÿ¥∑â“¬

(Final Setting Time)é  ’́‡¡πµå‡æ µå¬—ß§ß·¢Áßµ—«µàÕ‰ª ®π°√–∑—Ëß “¡“√∂√—∫πÈ”Àπ—°‰¥â

°√–∫«π°“√∑—ÈßÀ¡¥π’È ‡√’¬°«à“ ç°“√°àÕµ—«·≈–°“√·¢Áßµ—« (Setting and Hardening)é  ¥—ß

„π √Ÿª∑’Ë 3-5

3.63.63.63.63.6 ªØ‘°‘√‘¬“‰Œ‡¥√™—ËπªØ‘°‘√‘¬“‰Œ‡¥√™—ËπªØ‘°‘√‘¬“‰Œ‡¥√™—ËπªØ‘°‘√‘¬“‰Œ‡¥√™—ËπªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ
°“√°àÕµ—«·≈–°“√·¢Áßµ—«¢ÕßªŸπ´’‡¡πµå ‡°‘¥®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢ÕßÕß§å

ª√–°Õ∫¢ÕßªŸπ´’‡¡πµå ‚¥¬ªØ‘°‘√‘¬“π’È‡°‘¥¢÷Èπ„π 2 ≈—°…≥– §◊Õ

1. Õ“»—¬ “√≈–≈“¬ ªŸπ´’‡¡πµå®–≈–≈“¬„ππÈ” °àÕ„Àâ‡°‘¥ Ions „π “√≈–≈“¬ ·≈–

Ions π’È®–º ¡°—π∑”„Àâ‡°‘¥ “√ª√–°Õ∫„À¡à¢÷Èπ

√Ÿª∑’Ë 3-5 ¢—ÈπµÕπ°“√°àÕµ—«·≈–°“√·¢Áßµ—«¢Õß´’‡¡πµå‡æ µå

´’‡¡πµå‡æ µå¡’§«“¡‡À≈«·≈– “¡“√∂≈◊Ëπ‰À≈‰¥â
(Plastic and Workable Paste)

ªŸπ´’‡¡πµåº ¡πÈ” 
(Addition of Water)

™à«ß∑’Ë¬—ß‰¡à¡’°“√‡ª≈’Ë¬π·ª≈ß
(Dormant Period)

°“√°àÕµ—«
(Setting)

°“√·¢Áßµ—«
(Hardening)

®ÿ¥·¢Áßµ—«‡√‘Ë¡µâπ 
(Initial Set)

®ÿ¥·¢Áßµ—« ÿ¥∑â“¬ 
(Final Set)

´’‡¡πµå‡æ µå‡√‘Ë¡Õ¬Ÿàµ—«·≈–‰¡à “¡“√∂‰À≈µ—«‰¥â
(Stiff and Unworkable Paste)

´’‡¡πµå‡æ µå·¢Áßµ—«‡ªìπ¢Õß·¢Áß
·≈– “¡“√∂√—∫πÈ”Àπ—°‰¥â‡æ‘Ë¡¢÷Èπµ“¡‡«≈“

(Rigid Solid Gaining Strength with Time)

‡«≈“°“√°àÕµ—«‡√‘Ë¡µâπ
(Initial Setting Time)

‡«≈“°“√°àÕµ—« ÿ¥∑â“¬
(Final Setting Time)
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2. °“√‡°‘¥ªØ‘°‘√‘¬“√–À«à“ß¢Õß·¢Áß ªØ‘°‘√‘¬“‡°‘¥¢÷Èπ‚¥¬µ√ß∑’Ëº‘«¢Õß¢Õß·¢Áß ‚¥¬

‰¡à®”‡ªìπµâÕß„™â “√≈–≈“¬ ªØ‘°‘√‘¬“ª√–‡¿∑π’È‡√’¬°«à“ çSolid State Reactioné

ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢ÕßªŸπ´’‡¡πµå®–‡°‘¥¢÷Èπ∑—Èß 2 ≈—°…≥– ‚¥¬„π™à«ß·√°®–Õ“»—¬

 “√≈–≈“¬ ·≈–„π™à«ßµàÕ‰ª®–‡°‘¥ªØ‘°‘√‘¬“√–À«à“ß¢Õß·¢Áß

ªŸπ´’‡¡πµåª√–°Õ∫¥â«¬ “√ª√–°Õ∫À≈“¬™π‘¥ ‡¡◊ËÕ‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ º≈‘µ¿—≥±å

∑’Ë‰¥âÕ“®‡°‘¥ªØ‘°‘√‘¬“µàÕ‰ª ∑”„Àâ·µ°µà“ß®“°º≈‘µ¿—≥±å∑’Ë‰¥â§√—Èß·√° ¥—ßπ—Èπ„π∑’Ëπ’È‡√“®–·¬°

æ‘®“√≥“ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢Õß “√ª√–°Õ∫À≈—°·µà≈–™π‘¥¢ÕßªŸπ´’‡¡πµå

ë ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢Õß§—≈‡ ’́¬¡´‘≈‘‡°µ (C3S ·≈– C2S)

§—≈‡´’¬¡´‘≈‘‡°µ ®–∑”ªØ‘°‘√‘¬“°—∫πÈ”  °àÕ„Àâ‡°‘¥ ç§—≈‡ ’́¬¡‰Œ¥√Õ°‰´¥å (Ca(OH)2)é

ª√–¡“≥ 15 - 25% ·≈– “√ª√–°Õ∫ ç§—≈‡´’¬¡´‘≈‘‡°µ‰Œ‡¥√µ (Calcium Silicate

Hydrate À√◊Õ 3CaOë2SiO2ë3H2O À√◊Õ C3S2H3 À√◊Õ CSH)é ∑’Ë∑”Àπâ“∑’Ë‡ªìπµ—«‡™◊ËÕ¡

ª√– “π ·≈–„Àâ§«“¡·¢Áß·√ß ¥—ß ¡°“√µàÕ‰ªπ’È

 ¡°“√¢Õß C3S

2 (3CaOëSiO2)  +  6 H2O ---> 3CaOë2SiO2ë3H2O  +  3 Ca(OH)2

À√◊Õ     2 C3S  +  6 H2O ---> C3S2H3  +  3 Ca(OH)2

 ¡°“√¢Õß C2S

2 (2CaOëSiO2)  +  4 H2O ---> 3CaOë2SiO2ë3H2O +  Ca(OH)2

À√◊Õ     2 C2S  +  4 H2O ---> C3S2H3  +  Ca(OH)2

®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëππ’È ®–‡°‘¥ Gel ÷́Ëß‡¡◊ËÕ·¢Áßµ—«®–¡’≈—°…≥–∑’Ë ”§—≠ 2 ª√–°“√

§◊Õ ‚§√ß √â“ß‰¡à ¡Ë”‡ ¡Õ·≈–¡’√Ÿæ√ÿπ ‚¥¬Õß§åª√–°Õ∫∑“ß‡§¡’¢Õß CSH ®–¢÷ÈπÕ¬Ÿà°—∫ Õ“¬ÿ,

Õÿ≥À¿Ÿ¡‘, ·≈–Õ—µ√“ à«ππÈ”µàÕªŸπ´’‡¡πµå

Ca(OH)2 ∑’Ë‰¥â®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ∑”„Àâ´’‡¡πµå‡æ µå¡’§ÿ≥ ¡∫—µ‘‡ªìπ¥à“ß¡“° §◊Õ

¡’ pH ª√–¡“≥ 12.5  ÷́Ëß™à«¬ªÑÕß°—π°“√°—¥°√àÕπ¢Õß‡À≈Á°‡ √‘¡‰¥âÕ¬à“ß¥’¡“°

ë ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢Õß‰µ√§—≈‡ ’́¬¡Õ≈Ÿ¡‘‡πµ (C3A)

ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢Õß C3A ®–‡°‘¥∑—π∑’∑—π„¥ ·≈–°àÕ„Àâ‡°‘¥°“√·¢Áßµ—«Õ¬à“ß

√«¥‡√Á«¢Õß´’‡¡πµå‡æ µå¥—ß ¡°“√µàÕ‰ªπ’È

 ¡°“√¢Õß C3A

3CaOëAl2O3  +  6 H2O ---> 3CaOëAl2O3ë6H2O

À√◊Õ C3A  +  6 H2O ---> C3AH6

„π°√–∫«π°“√∫¥ªŸπ´’‡¡πµå ®–¡’°“√„ à¬‘ª´—Ë¡‡¢â“‰ª ‡æ◊ËÕÀπà«ß°“√‡°‘¥ªØ‘°‘√‘¬“

‰Œ‡¥√™—Ëπ¢Õß C3A ‰¡à„Àâ‡°‘¥‡√Á«‡°‘π‰ª ‚¥¬¬‘ª´—Ë¡∑’Ë„ à®–∑”ªØ‘°‘√‘¬“°—∫ C3A ∑”„Àâ‡°‘¥™—Èπ

¢Õß Ettringite ∫πº‘«¢ÕßÕπÿ¿“§ C3A ¥—ß ¡°“√µàÕ‰ªπ’È

3CaOëAl2O3  + CaSO4ë2H2O ---> 3CaOëAl2O3ë3CaSO4ë31H2O

À√◊Õ C3A  + Gypsum ---> Ettringite

√Ÿª∑’Ë 3-6 ·ºπ¿“æ· ¥ßº≈‘µ¿—≥±å∑’Ë
‡°‘¥®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢Õß§—≈‡´’¬¡
´‘≈‘‡°µ

√Ÿª∑’Ë 3-7 ¿“æ∂à“¬°”≈—ß¢¬“¬ Ÿß¢Õß
´’‡¡πµå‡æ µå∑’Ë·¢Áßµ—«·≈â«   8

CSH       Ca(OH)2     Ettringite
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™—Èπ¢Õß Ettringite °àÕ„Àâ‡°‘¥°“√Àπà«ß°“√°àÕµ—«¢Õß C3A ·≈–∑”„Àâ°“√°àÕµ—«

„π™à«ß·√°π’È¢÷ÈπÕ¬Ÿà°—∫ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢Õß C3S ·≈– C3A ‡ªìπ à«π„À≠à ·µà™—Èπ¢Õß

Ettringite ‰¡à‰¥âÀ¬ÿ¥°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ °≈à“«§◊Õ ‡¡◊ËÕ‡°‘¥ Ettringite ®–‡°‘¥·√ß

¥—π∑’Ë¡“®“°°“√‡æ‘Ë¡ª√‘¡“µ√¢Õß¢Õß·¢Áß ·√ß¥—ππ’È®–∑”„Àâ™—Èπ¢Õß Ettringite ·µ°ÕÕ° ·≈–

‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢Õß C3A ·µà‡¡◊ËÕ‡°‘¥°“√·µ°µ—« ®–‡°‘¥ Ettringite „À¡à‡¢â“‰ª·∑π∑’Ë

‡ªìπ°“√Àπà«ßªØ‘°‘√‘¬“‰Œ‡¥√™—ËπÕ’°§√—ÈßÀπ÷Ëß ¢—ÈπµÕπ®–‡ªìπÕ¬à“ßπ’È‰ª®π°√–∑—Ëß Sulphate Ions

¡’ª√‘¡“≥‰¡à‡æ’¬ßæÕ∑’Ë®–°àÕ„Àâ‡°‘¥ Ettringite ®–‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢Õß C3A ‚¥¬‡ª≈’Ë¬π

Ettringite ‰ª‡ªìπ Monosulphate ¥—ß· ¥ß„π √Ÿª∑’Ë 3-8 ·≈– √Ÿª∑’Ë 3-9

ë ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢Õß‡µµ√–§—≈‡ ’́¬¡Õ≈Ÿ¡‘‚π‡øÕ√å‰√µå (C4AF)

ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢Õß C4AF π’È ®–‡°‘¥„π™à«ßµâπ ‚¥¬ C4AF ®–∑”ªØ‘°‘√‘¬“°—∫

¬‘ª´—Ë¡ ·≈– Ca(OH)2 °àÕ„Àâ‡°‘¥Õπÿ¿“§∑’Ë¡’√Ÿª√à“ß‡À¡◊Õπ‡¢Á¡¢Õß Sulphoaluminate ·≈–

Sulphoferrite ¥—ß ¡°“√µàÕ‰ªπ’È

 ¡°“√¢Õß C4AF

4CaOëAl2O3ëFe2O3 + CaSO4ë2H2O + Ca(OH)2 ---> 3CaO (Al2O3, Fe2O3)ë3CaSO4

À√◊Õ C4AF  + Gypsum      + Ca(OH)2 ---> Sulphoaluminate ·≈–

‡«≈“∑’Ë„™â‡æ◊ËÕ„Àâ∫√√≈ÿ 80% ¢ÕßªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢Õß “√ª√–°Õ∫À≈—°∑—Èß 4 · ¥ß

„π µ“√“ß∑’Ë 3-6

√Ÿª∑’Ë 3-9 ¿“æ∂à“¬°”≈—ß¢¬“¬ Ÿß¢Õß
Ettringite ·≈– Monosulphate

µ“√“ß∑’Ë 3-6  ‡«≈“∑’Ë∑”„ÀâªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢Õß “√ª√–°Õ∫À≈—°  ”‡√Á® 80%

 “√ª√–°Õ∫ ‡«≈“ («—π)
C3S 10
C2S 100
C3A 6
C4AF 50

3.73.73.73.73.7 °“√æ—≤π“‚§√ß √â“ß¢Õß ’́‡¡πµå‡æ µå°“√æ—≤π“‚§√ß √â“ß¢Õß ’́‡¡πµå‡æ µå°“√æ—≤π“‚§√ß √â“ß¢Õß ’́‡¡πµå‡æ µå°“√æ—≤π“‚§√ß √â“ß¢Õß ’́‡¡πµå‡æ µå°“√æ—≤π“‚§√ß √â“ß¢Õß ’́‡¡πµå‡æ µå
º≈®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ‚¥¬√«¡¢Õß “√ª√–°Õ∫∑—Èß 4 π—Èπ ®–‡°‘¥ CSH Gel ·≈–

Ettringite ‡§≈◊Õ∫Õ¬Ÿà∫πÕπÿ¿“§ªŸπ´’‡¡πµå ·≈–‡ªìπ°“√Àπà«ßªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ ´÷ËßÕ∏‘∫“¬

°“√‡°‘¥ çDormant Periodé Õ—π‡ªìπ™à«ß‡«≈“∑’Ë́ ’‡¡πµå‡æ µå‰¡à§àÕ¬‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß ‚¥¬∑’Ë

¬—ß§ß ¿“æ‡À≈«·≈– “¡“√∂‰À≈‰¥â„π™à«ß 1 - 2 ™—Ë«‚¡ß

‡¡◊ËÕ ‘Èπ ÿ¥™à«ß Dormant Period ®–‡¢â“ Ÿà®ÿ¥·¢Áßµ—«‡√‘Ë¡µâπ (Initial Set) ‚¥¬ CSH

∑’Ë‡§≈◊Õ∫Õ¬Ÿà∫πÕπÿ¿“§ªŸπ´’‡¡πµå®–‡°‘¥°“√·µ°ÕÕ°¥â«¬·√ß¥—π Osmotic ÷́Ëß·√ß¥—ππ’È‡°‘¥

®“°§«“¡·µ°µà“ß√–À«à“ß§«“¡‡¢â¡¢âπ¢ÕßÕ‘ÕÕπ„π “√≈–≈“¬∑’ËÕ¬Ÿà√–À«à“ß Gel °—∫Õπÿ¿“§

ªŸπ´’‡¡πµå ·≈–Õ‘ÕÕπ„π “√≈–≈“¬∑’ËÕ¬Ÿà√Õ∫Ê CSH ∑”„Àâ‡°‘¥°“√∑”ªØ‘°‘√‘¬“‰Œ‡¥√™—ËπµàÕ‰ª

√Ÿª∑’Ë 3-8 °√–∫«π°“√Àπà«ßªØ‘°‘√‘¬“
‰Œ‡¥√™—Ëπ¢Õß C3A
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C A3

Ettringite

Monosulphate

1. ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢Õß C A ®–‡°‘¥∑—π∑’À≈—ß®“°
   ∑’Ë¡’°“√º ¡πÈ”„πªŸπ´’‡¡πµå

2. ¬‘ª´—Ë¡®–∑”ªØ‘°‘√‘¬“°—∫ C A °àÕ„Àâ‡°‘¥™—Èπ¢Õß 
   Ettringite ∫πº‘«¢ÕßÕπÿ¿“§ C A (‡°‘¥°“√
   Àπà«ß°“√°àÕµ—«¢Õß C A)

3. ·√ß¥—π®“°º≈÷°¢Õß Ettringite ®–∑”„Àâ™—Èπ¢Õß 
   Ettringite ·µ°ÕÕ°

4.  à«π∑’Ë·µ°ÕÕ°®–‡°‘¥ Ettringite „À¡à‡¢â“‰ª·∑π∑’Ë 
   (‡°‘¥°“√Àπà«ß°“√°àÕµ—«¢Õß C A Õ’°§√—ÈßÀπ÷Ëß)

5. ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢Õß C A ®–‡°‘¥ ¡∫Ÿ√≥å 
   ‚¥¬‡ª≈’Ë¬π Ettringite ‰ª‡ªìπ Monosulphate 
   ·≈–®–À¬ÿ¥‡¡◊ËÕ SO  ¡’ª√‘¡“≥‰¡à‡æ’¬ßæÕ∑’Ë®–°àÕ
   „Àâ‡°‘¥ Ettringite

C A3

2-
4

3

3

3

3

3

3

Sulphoferrite
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ª√‘¡“µ√¢Õßº≈‘µ¿—≥±å∑’Ë‡°‘¥®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ ®–¡’¢π“¥„À≠à°«à“ 2 ‡∑à“¢Õß

ªŸπ´’‡¡πµå°àÕπ∑”ªØ‘°‘√‘¬“ ·≈–º≈‘µ¿—≥±å®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëππ’È®–‡¢â“‰ªÕÿ¥™àÕß«à“ß

√–À«à“ßÕπÿ¿“§ªŸπ´’‡¡πµå∑’≈–πâÕ¬ ®π‡°‘¥º‘« —¡º— √–À«à“ßÕπÿ¿“§ªŸπ´’‡¡πµå ∑”„Àâ‡°‘¥

°“√°àÕµ—«¢Õß´’‡¡πµå‡æ µå ‡¡◊ËÕ‡«≈“ºà“π‰ª§«“¡‡¢â¡¢âπ¢Õßº≈‘µ¿—≥±å®“°ªØ‘°‘√‘¬“

‰Œ‡¥√™—Ëπ®–¡“°¢÷Èπ ∑”„Àâ‡°‘¥®ÿ¥‡™◊ËÕ¡µàÕ¡“°¢÷Èπ ®πÕπÿ¿“§ªŸπ´’‡¡πµå‰¡à “¡“√∂‡§≈◊ËÕπ∑’Ë‰¥â

·≈–°≈“¬‡ªìπ¢Õß·¢Áß„π∑’Ë ÿ¥ ´÷Ëß∂◊Õ«à“‡¢â“ Ÿà®ÿ¥·¢Áßµ—« ÿ¥∑â“¬ (Final Set)

®“°·ºπ¿“æ„π √Ÿª∑’Ë 3-10 · ¥ß°√–∫«π°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ·≈–

‚§√ß √â“ß¢Õß´’‡¡πµå‡æ µå ‚¥¬Õπÿ¿“§ªŸπ´’‡¡πµå®–· ¥ß¥â«¬‡¡Á¥ ’¥” „π¢≥–∑’Ë Ca(OH)2

®–· ¥ß¥â«¬√ŸªÀ°‡À≈’Ë¬¡  à«π Ettringite ·≈– CSH ®–· ¥ß¥â«¬‡ âπ —Èπ∑÷∫ ·≈–‡ âπ —Èπ

∫“ß µ“¡≈”¥—∫  ´÷Ëß„π™à«ß Dormant Period Õπÿ¿“§ªŸπ´’‡¡πµå®–Õ¬Ÿà·¬°°—π ·≈–®–‡°‘¥

Ca(OH)2 °—∫ Ettringite ‡ªìπ à«π„À≠à  À≈—ß®“° 1 ™—Ë«‚¡ß CSH Gel ®–‡√‘Ë¡‡°‘¥¢÷Èπ‚¥¬¡’

√Ÿª√à“ß‡ªìπ‡ âπ„¬¬“« °“√‡°‘¥·≈–°“√¢¬“¬µ—«¢Õß CSH Gel π’È°àÕ„Àâ‡°‘¥°“√°àÕµ—« „π

¢≥–∑’Ë¢Õß·¢Áß¡’ª√‘¡“µ√‡æ‘Ë¡¢÷Èπ §«“¡æ√ÿπ¢Õß´’‡¡πµå‡æ µå®–≈¥≈ß ·≈–°”≈—ß‡√‘Ë¡æ—≤π“¢÷Èπ

        À≈—ß®“° 24 ™—Ë«‚¡ß‰ª·≈â« Sulphate Ions ∂Ÿ°„™âÀ¡¥‰ª ÕÕ°‰´¥å¢ÕßÕ≈Ÿ¡‘‡π’¬¡

·≈–‡À≈Á°‡√‘Ë¡°àÕµ—« ·≈– Ettringite ‰¥â∂Ÿ°‡ª≈’Ë¬π‰ª‡ªìπ Monosulphate   à«π  C3S ·≈–

C2S ®–‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—ËπÕ¬à“ßµàÕ‡π◊ËÕß‰¥â CSH ∑’Ë¡’≈—°…≥–‡ªìπ‡ âπ„¬ —Èπ º≈‘µ¿—≥±å

®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ∑—ÈßÀ¡¥π’È ®–‰ªÕÿ¥™àÕß«à“ß√–À«à“ßÕπÿ¿“§ªŸπ´’‡¡πµå ∑”„Àâ§«“¡æ√ÿπ

¢Õß´’‡¡πµå‡æ µå≈¥≈ß„π√–¬–¬“«

ª√
‘¡“

≥

Õ“¬ÿ
π“∑’ ™—Ë«‚¡ß «—π

0 5 1 2 6 1 2 7 28 9030

§«“¡æ√ÿπ

CSH (Long Fibres)

CSH (Short Fibres)

Monosulphate

Ca(OH)2

Ettringite

C4(A,F)H13

Dormant Period Setting Hardening

√Ÿª∑’Ë 3-10 ·ºπ¿“æ· ¥ß°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ·≈–°“√æ—≤π“‚§√ß √â“ß¢Õß ’́‡¡πµå‡æ µå
 6
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3.83.83.83.83.8 ªí®®—¬∑’Ë¡’º≈µàÕÕ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπªí®®—¬∑’Ë¡’º≈µàÕÕ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπªí®®—¬∑’Ë¡’º≈µàÕÕ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπªí®®—¬∑’Ë¡’º≈µàÕÕ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπªí®®—¬∑’Ë¡’º≈µàÕÕ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ
Õ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ®–¢÷ÈπÕ¬Ÿà°—∫ªí®®—¬À≈“¬ª√–°“√  ·≈–ªí®®—¬∑’Ë¡’º≈

µàÕÕ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ °Á®– àßº≈µàÕ§ÿ≥ ¡∫—µ‘¢Õß´’‡¡πµå‡æ µå∑’Ë·¢Áßµ—«·≈â«

¥â«¬‡™àπ°—π

ªí®®—¬∑’Ë¡’º≈µàÕÕ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ ‰¥â·°à

1. Õ“¬ÿ¢Õß ’́‡¡πµå‡æ µå ¬°‡«âπ™à«ß Dormant Period Õ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“

‰Œ‡¥√™—Ëπ®–¡“°∑’Ë ÿ¥„π™à«ß·√° ·≈–®–≈¥≈ß‡¡◊ËÕ‡«≈“ºà“π‰ª®π°√–∑—Ëß‡¡◊ËÕ∂÷ß®ÿ¥Ê Àπ÷Ëß

ªØ‘°‘√‘¬“®– ‘Èπ ÿ¥‚¥¬ ¡∫Ÿ√≥å

2. Õß§åª√–°Õ∫¢Õß´’‡¡πµå Õ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ„π™à«ß·√°‡∑à“π—Èπ∑’Ë®–

¢÷ÈπÕ¬Ÿà°—∫ “√ª√–°Õ∫À≈—°·µà≈– “√ ‚¥¬ªŸπ´’‡¡πµå∑’Ë¡’ C3S ·≈– C3A ¡“°®–‡°‘¥ªØ‘°‘√‘¬“

‰¥â‡√Á« ·µàÕ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ„π™à«ßª≈“¬¢Õß·µà≈– “√ª√–°Õ∫À≈—°®–‰¡à·µ°

µà“ß°—ππ—°

3. §«“¡≈–‡Õ’¬¥¢ÕßªŸπ´’‡¡πµå ‡¡◊ËÕ§«“¡≈–‡Õ’¬¥¢ÕßªŸπ´’‡¡πµå‡æ‘Ë¡¢÷Èπ ®–

∑”„Àâ¡’æ◊Èπ∑’Ëº‘« —¡º— °—∫πÈ”‰¥â¡“°¢÷Èπ  àßº≈„Àâ‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ„π™à«ß·√° Ÿß¢÷Èπ ·µà

Õ¬à“ß‰√°Áµ“¡§«“¡≈–‡Õ’¬¥®–‰¡à àßº≈µàÕÕ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ„π™à«ßª≈“¬

4. Õ—µ√“ à«ππÈ”µàÕªŸπ´’‡¡πµå „π™à«ßµâπ Õ—µ√“ à«ππÈ”µàÕªŸπ´’‡¡πµå ‰¡à¡’º≈

°√–∑∫µàÕÕ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ ·µà„π™à«ßÀ≈—ß ∂â“ à«πº ¡¡’§à“Õ—µ√“ à«ππÈ”µàÕ

ªŸπ´’‡¡πµå≈¥≈ß Õ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ®–≈¥≈ß  àßº≈„Àâ∑—ÈßÕ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“

‚¥¬‡©≈’Ë¬·≈–¥’°√’°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ≈¥≈ß¥â«¬

5. Õÿ≥À¿Ÿ¡‘  Õ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ„π™à«ß·√°®–‡æ‘Ë¡¢÷Èπ ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ

‚¥¬¡’¢âÕ·¡â«à“°“√‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘π’ÈµâÕß‰¡à°àÕ„Àâ‡°‘¥°“√·Àâßµ—«¢Õß ’́‡¡πµå‡æ µå

6.   “√º ¡‡æ‘Ë¡ ¡’Õ¬Ÿà¥â«¬°—π 2 ª√–‡¿∑ ‰¥â·°à  ª√–‡¿∑Àπà«ßªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ

‡™àπ  “√®”æ«°πÈ”µ“≈, °√¥·≈–‡°≈◊Õ¢Õß Lignosulphonic  ·≈–ª√–‡¿∑‡√àßªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ

‡™àπ CaCl2
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√–¬–‡«≈“∫à¡ (™—Ë«‚¡ß)
0

√Ÿª∑’Ë 3-12 º≈¢ÕßÕ—µ√“ à«ππÈ”µàÕªŸπ´’‡¡πµå∑’Ë¡’µàÕÕ—µ√“°“√‡°‘¥
ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ   6

√Ÿª∑’Ë 3-11 º≈¢Õß§«“¡≈–‡Õ’¬¥„π√Ÿª¢Õß§à“æ◊Èπ∑’Ëº‘«®”‡æ“–¢Õß
ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å∑’Ë¡’µàÕ°“√æ—≤π“°”≈—ßÕ—¥¢Õß§Õπ°√’µ   6
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√–¬–‡«≈“ §«“¡√âÕπ®“°
§ÿ≥ ¡∫—µ‘¢ÕßªŸπ´’‡¡πµå °“√°àÕµ—« ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ

(Setting Time) (Heat of Hydration)
 “√ª√–°Õ∫„πªŸπ‡¡Á¥
C3S ë ë ë ë
C2S
C3A ë ë ë ë ë
C4AF
Free CaO ë
MgO ë
K2O, Na2O ë ë ë ë
SO3 ë ë ë
¬‘ª´—Ë¡
(SO3 „πªŸπ´’‡¡πµå)
§«“¡≈–‡Õ’¬¥
(Fineness)

3.93.93.93.93.9 §ÿ≥ ¡∫—µ‘∑“ß‡§¡’Õ◊Ëπ Ê§ÿ≥ ¡∫—µ‘∑“ß‡§¡’Õ◊Ëπ Ê§ÿ≥ ¡∫—µ‘∑“ß‡§¡’Õ◊Ëπ Ê§ÿ≥ ¡∫—µ‘∑“ß‡§¡’Õ◊Ëπ Ê§ÿ≥ ¡∫—µ‘∑“ß‡§¡’Õ◊Ëπ Ê

3.9.1 °“√ Ÿ≠‡ ’¬πÈ”Àπ—°‡π◊ËÕß®“°°“√‡º“
(Loss on Ignition À√◊Õ LOI)

Loss on Ignition À√◊Õ LOI ‡ªìπ°“√À“°“√ Ÿ≠‡ ’¬πÈ”Àπ—°‡π◊ËÕß®“°°“√‡º“¢Õß

ªŸπ´’‡¡πµå ‚¥¬°“√π”µ—«Õ¬à“ßªŸπ´’‡¡πµå∑’Ë√ŸâπÈ”Àπ—°·πàπÕπ¡“∑”°“√‡º“∑’ËÕÿ≥À¿Ÿ¡‘ª√–¡“≥

900 - 1000 oC ®π°√–∑—ËßπÈ”Àπ—°∑’Ë‰¥â§ß∑’Ë ®“°π—Èπ§”π«ππÈ”Àπ—°∑’ËÀ“¬‰ª¢Õßµ—«Õ¬à“ß

´÷Ëß§à“ LOI ®–¡’§à“Õ¬Ÿà„π™à«ß 0 - 3% ‚¥¬ª°µ‘·≈â«§à“ LOI ®–∫àß∫Õ°«à“ªŸπ´’‡¡πµå‰¥â‡°‘¥

Prehydration ¢÷Èπ ´÷Ëß¡’ “‡Àµÿ¡“®“°°“√‡°Á∫ªŸπ´’‡¡πµ∑’Ë‰¡à‡À¡“– ¡À√◊ÕÕ“®‡°Á∫π“π‡°‘π

‰ª  ”À√—∫°“√∑¥ Õ∫‡ªìπ‰ªµ“¡¡“µ√∞“π ¡Õ°.  15 ‡≈à¡ 18 À√◊Õ ASTM C 114

3.9.2 °“°∑’Ë‰¡à≈–≈“¬„π°√¥·≈–¥à“ß
(Insoluble Residue)

°“°∑’Ë‰¡à≈–≈“¬„π°√¥·≈–¥à“ß §◊Õ °“°„πªŸπ´’‡¡πµå∑’Ë‰¡à≈–≈“¬∑—Èß„π “√≈–≈“¬

°√¥·≈– “√≈–≈“¬¥à“ß ∑—Èßπ’È°“√∑¥ Õ∫¥—ß°≈à“«‡ªìπ°“√µ√«® Õ∫«à“ªŸπ´’‡¡πµå¡’ ‘Ëßªπ

‡ªóôÕπ∑’Ë‰¡à≈–≈“¬„π°√¥¥à“ß¡“°πâÕ¬‡æ’¬ß„¥ ‚¥¬°“°¥—ß°≈à“« à«π„À≠à·≈â«®–‡ªìπæ«°¥‘π

À√◊Õ∑√“¬∑’Ëªπ‡ªóôÕπ„πªŸπ´’‡¡πµå  ”À√—∫°“√∑¥ Õ∫‡ªìπ‰ªµ“¡¡“µ√∞“π ¡Õ°. 15 ‡≈à¡

18 À√◊Õ ASTM C 114

µ“√“ß∑’Ë 3-7  ªí®®—¬ ”§—≠∑’Ë¡’º≈µàÕ§ÿ≥ ¡∫—µ‘¢ÕßªŸπ´’‡¡πµå

√Ÿª∑’Ë 3-13 ‡§√◊ËÕß¡◊Õ∑¥ Õ∫À“°“√
 Ÿ≠‡ ’¬πÈ”Àπ—°‡π◊ËÕß®“°°“√‡º“·≈–
°“°∑’Ë‰¡à≈–≈“¬„π°√¥·≈–¥à“ß¢ÕßªŸπ
´’‡¡πµå

°”≈—ß√–¬–µâπ
(Early Strength)

°”≈—ß√–¬–ª≈“¬
(Late Strength)

    §«“¡∑π∑“π
    (Durability)

§«“¡Õ¬Ÿàµ—«
(Soundness)

ë ë ë

ë ë ë

ë
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3.103.103.103.103.10 §ÿ≥ ¡∫—µ‘∑“ßøî ‘° å¢ÕßªŸπ´’‡¡πµå§ÿ≥ ¡∫—µ‘∑“ßøî ‘° å¢ÕßªŸπ´’‡¡πµå§ÿ≥ ¡∫—µ‘∑“ßøî ‘° å¢ÕßªŸπ´’‡¡πµå§ÿ≥ ¡∫—µ‘∑“ßøî ‘° å¢ÕßªŸπ´’‡¡πµå§ÿ≥ ¡∫—µ‘∑“ßøî ‘° å¢ÕßªŸπ´’‡¡πµå
¢âÕ°”Àπ¥§ÿ≥ ¡∫—µ‘¢ÕßªŸπ´’‡¡πµå πÕ°®“°®–¡’°“√°”Àπ¥Õß§åª√–°Õ∫∑“ß‡§¡’

(Chemical Composition) ·≈â«  ¬—ß¡’°“√°”Àπ¥§ÿ≥ ¡∫—µ‘∑“ßøî ‘° å (Physical Properties)

¥â«¬ °“√∑”§«“¡‡¢â“„®§ÿ≥ ¡∫—µ‘∑“ßøî ‘° åπ’È ®–™à«¬„π°“√·ª≈§«“¡À¡“¬º≈°“√∑¥ Õ∫

ªŸπ´’‡¡πµå‰¥âÕ¬à“ß∂Ÿ°µâÕß ‚¥¬ªŸπ´’‡¡πµå·µà≈–ª√–‡¿∑®–¡’¢âÕ°”Àπ¥§ÿ≥ ¡∫—µ‘·µ°µà“ß°—π‰ª

µ“¡∑’Ë®–‰¥â°≈à“«‰«â„π∫∑∑’Ë 4  °“√∑¥ Õ∫§ÿ≥ ¡∫—µ‘∑“ßøî ‘° å¢ÕßªŸπ´’‡¡πµå ‡À¡“– ”À√—∫

°“√ª√–‡¡‘π§ÿ≥ ¡∫—µ‘¢ÕßªŸπ´’‡¡πµå¡“°°«à“§ÿ≥ ¡∫—µ‘¢Õß§Õπ°√’µ  à«π°“√™—°µ—«Õ¬à“ß

ªŸπ´’‡¡πµå ”À√—∫°“√∑¥ Õ∫ „Àâ∑”µ“¡«‘∏’°“√∑¥ Õ∫¡“µ√∞“π ¡Õ°. 15 ‡≈à¡ 16 À√◊Õ

ASTM C 183

§ÿ≥ ¡∫—µ‘∑“ßøî ‘° å∑’Ë ”§—≠¢ÕßªŸπ´’‡¡πµå¡’¥—ßπ’È

3.10.1 ¢π“¥Õπÿ¿“§·≈–§«“¡≈–‡Õ’¬¥
(Particle Size and Fineness)

ªŸπ´’‡¡πµåªÕ√åµ·≈π¥åª√–°Õ∫¥â«¬Õπÿ¿“§∑’Ë‡ªìπ‡À≈’Ë¬¡¡ÿ¡ ¥—ß· ¥ß„π √Ÿª∑’Ë

3-14 ·≈–¡’¢π“¥µà“ßÊ °—π ´÷ËßÕπÿ¿“§ªŸπ´’‡¡πµåªÕ√åµ·≈π¥åª√–¡“≥ 95% ®–¡’¢π“¥

Õπÿ¿“§‡≈Á°°«à“ 45 ‰¡§√Õπ ¥—ß √Ÿª∑’Ë 3-15

§«“¡≈–‡Õ’¬¥¢ÕßªŸπ´’‡¡πµå®–¡’º≈µàÕ§«“¡√âÕπ·≈–Õ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ

‚¥¬ªŸπ´’‡¡πµå∑’Ë§«“¡≈–‡Õ’¬¥ Ÿß°«à“À√◊Õ¡’¢π“¥‡≈Á°°«à“ ®–¡’Õ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ

 Ÿß°«à“ ·≈–¡’°“√æ—≤π“°”≈—ß∑’Ë Ÿß°«à“Õ’°¥â«¬ ´÷Ëß®– —ß‡°µ‰¥â™—¥‡®π„π™à«ßÕ“¬ÿ 7 «—π·√°

ªí®®ÿ∫—π§à“§«“¡≈–‡Õ’¬¥®–«—¥„πÀπà«¬æ◊Èπ∑’Ëº‘«µàÕπÈ”Àπ—°ªŸπ´’‡¡πµå ‚¥¬„™â‡§√◊ËÕß¡◊Õ

Blaine Air Permeability µ“¡¡“µ√∞“π ¡Õ°. 15 ‡≈à¡ 6 À√◊Õ ASTM C 204  πÕ°®“°

π’ÈÕ“®„™â«‘∏’∑¥ Õ∫ Wagner Turbidimeter Test µ“¡¡“µ√∞“π ¡Õ°. 15 ‡≈à¡ 5 À√◊Õ

ASTM C 115 ¥—ß √Ÿª∑’Ë 3-16  À√◊ÕÕ“®„™â«‘∏’√àÕπºà“πµ–·°√ß¢π“¥ 45 ‰¡§√Õπ (No.

325) µ“¡¡“µ√∞“π ¡Õ°. 15 ‡≈à¡ 4 À√◊Õ  ASTM C 430 ¥—ß √Ÿª∑’Ë 3-17 ·≈–Õ“®„™â

°“√∑¥ Õ∫ Electronic (X-Ray or Laser) Particle Size Analyzer ¥—ß √Ÿª∑’Ë 3-18

√Ÿª∑’Ë 3-16 ‡§√◊ËÕß¡◊Õ∑¥ Õ∫À“§«“¡≈–‡Õ’¬¥¢ÕßªŸπ´’‡¡πµå

√Ÿª∑’Ë 3-14  ¿“æ∂à“¬°”≈—ß¢¬“¬ Ÿß
¢ÕßÕπÿ¿“§ªŸπ´’‡¡πµå

√Ÿª∑’Ë 3-18 · ¥ß°“√«‘‡§√“–Àå¢π“¥
Õπÿ¿“§ªŸπ ’́‡¡πµå¥â«¬‡§√◊ËÕß Laser
Particle Size Analyzer

√Ÿª∑’Ë 3-17 °“√∑¥ Õ∫À“§«“¡≈–‡Õ’¬¥
¢ÕßªŸπ ’́‡¡πµå‚¥¬„™âµ–·°√ß√àÕπ¢π“¥
45 ‰¡§√Õπ (No. 325)

° ) ‡§√◊ËÕß¡◊Õ∑¥ Õ∫ Blaine Air
Permeability

¢ ) ‡§√◊ËÕß¡◊Õ∑¥ Õ∫ Wagner
Turbidimeter   8

¢π“¥Õπÿ¿“§ªŸπ´’‡¡πµå (‰¡§√Õπ)
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√Ÿª∑’Ë 3-15  °“√°√–®“¬µ—«¢Õß¢π“¥
Õπÿ¿“§ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å   8
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3.10.2 §«“¡Õ¬Ÿàµ—« (Soundness)
§«“¡Õ¬Ÿàµ—« À√◊Õ Soundness §◊Õ §«“¡ “¡“√∂¢ÕßªŸπ´’‡¡πµå∑’Ë·¢Áßµ—«·≈â«¬—ß

√—°…“ª√‘¡“µ√‰«â‰¥â §«“¡‰¡àÕ¬Ÿàµ—«¢ÕßªŸπ´’‡¡πµåÀ√◊Õ°“√¢¬“¬µ—«‡°‘¥®“°¡’·¡°π’‡´’¬¡

ÕÕ°‰´¥å„π√Ÿªº≈÷° Periclase À√◊Õ·¡°π’‡´’¬ ·≈–À√◊Õ Free Lime ¡“°‡°‘π‰ª ∑”„Àâ‡°‘¥

°“√¢¬“¬µ—«®π·µ°√â“«‰¥â

°“√«—¥§à“§«“¡Õ¬Ÿàµ—« ∑”‰¥â‚¥¬°“√∑¥ Õ∫°“√¢¬“¬µ—«‚¥¬«‘∏’ÕÕ‚µ‡§≈ø

(Autoclave) µ“¡¡“µ√∞“π ¡Õ°. 15 ‡≈à¡ 11 À√◊Õ ASTM C 151 ¥—ß √Ÿª∑’Ë 3-19

3.10.3 §«“¡¢âπ‡À≈« (Consistency)
§«“¡¢âπ‡À≈« · ¥ß∂÷ß§«“¡ “¡“√∂„π°“√‡§≈◊ËÕπ∑’ËÀ√◊Õ°“√‰À≈¢Õß´’‡¡πµå

‡æ µåÀ√◊Õ¡Õ√åµ“√å∑’Ëº ¡‡ √Á®„À¡àÊ ‚¥¬ª°µ‘·≈â«∂â“´’‡¡πµå‡æ µå∑’Ë∑”°“√º ¡¡’§«“¡¢âπ

‡À≈«ª°µ‘®–¡’√–¬–®¡¢Õß‡§√◊ËÕß Vicat Plunger ‡∑à“°—∫ 10 + 1 ¡‘≈≈‘‡¡µ√ µ“¡¡“µ√∞“π

¡Õ°. 15 ‡≈à¡ 8 À√◊Õ ASTM C 187 µ—«Õ¬à“ß¢Õß°“√∑¥ Õ∫§«“¡¢âπ‡À≈«· ¥ß¥—ß √Ÿª∑’Ë

3-20  ”À√—∫°“√º ¡¡Õ√åµ“√å  “¡“√∂∑”°“√°”Àπ¥§à“Õ—µ√“ à«π W/C À√◊Õ Flow Õ¬à“ß

„¥Õ¬à“ßÀπ÷Ëß„Àâ§ß∑’Ë ́ ÷Ëß°“√«—¥ Flow ¢Õß¡Õ√åµ“√å ®–„™â Flow Table µ“¡¡“µ√∞“π ASTM

C 230 ·≈– ASTM C 1437 ¥—ß √Ÿª∑’Ë 3-21

√Ÿª∑’Ë 3-20 °“√∑¥ Õ∫§«“¡¢âπ‡À≈«
‚¥¬„™â Vicat Plunger

3.10.4 √–¬–‡«≈“°“√°àÕµ—« (Setting Time)
®ÿ¥ª√– ß§å¢Õß°“√∑¥ Õ∫À“√–¬–‡«≈“°“√°àÕµ—« §◊Õ

1. ‡æ◊ËÕÀ“√–¬–‡«≈“µ—Èß·µà‡√‘Ë¡º ¡®π°√–∑—Ëß´’‡¡πµå‡æ µå‰¡à¡’§ÿ≥ ¡∫—µ‘≈◊Ëπ‰À≈

‡¢â“·∫∫À√◊Õ¡’§ÿ≥ ¡∫—µ‘ Plasticity ‰¥âÕ’°µàÕ‰ª À√◊Õ∑’Ë‡√’¬°«à“ ‡«≈“°“√°àÕµ—«

‡√‘Ë¡µâπ ≥ ®ÿ¥·¢Áßµ—«‡√‘Ë¡µâπ (Initial Set)

√Ÿª∑’Ë 3-21 °“√∑¥ Õ∫§à“§«“¡¢âπ
‡À≈«¢Õß¡Õ√åµ“√å‚¥¬„™â Flow Table

√Ÿª∑’Ë 3-19 °“√∑¥ Õ∫§«“¡Õ¬Ÿàµ—«
(Soundness) ‚¥¬„™â‡§√◊ËÕß Autoclave
¿“¬„µâÕÿ≥À¿Ÿ¡‘·≈–§«“¡¥—π Ÿß
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2. ‡æ◊ËÕÀ“√–¬–‡«≈“µ—Èß·µà‡√‘Ë¡º ¡®π°√–∑—Ëß´’‡¡πµå‡æ µå‡ª≈’Ë¬π ¿“æ‡ªìπ¢Õß·¢Áß

À√◊Õ∑’Ë‡√’¬°«à“ ‡«≈“°“√°àÕµ—« ÿ¥∑â“¬ ≥ ®ÿ¥·¢Áßµ—« ÿ¥∑â“¬ (Final Set)

°“√À“√–¬–‡«≈“°“√°àÕµ—«®–„™â‡§√◊ËÕß¡◊Õ Vicat Needle µ“¡¡“µ√∞“π ¡Õ°. 15

‡≈à¡ 9 À√◊Õ ASTM C 191 À√◊Õ‡§√◊ËÕß¡◊Õ Gillmore Needle µ“¡¡“µ√∞“π ¡Õ°. 15 ‡≈à¡

10 À√◊Õ ASTM C 266 Õ¬à“ß„¥Õ¬à“ßÀπ÷Ëß ¥—ß √Ÿª∑’Ë 3-22 ·≈– √Ÿª∑’Ë 3-23 µ“¡≈”¥—∫

‚¥¬§à“‡©≈’Ë¬¢Õß√–¬–‡«≈“°“√°àÕµ—«¢ÕßªŸπ´’‡¡πµåªÕ√åµ·≈π¥åª√–‡¿∑µà“ßÊ „πª√–‡∑»‰∑¬

· ¥ß¥—ß √Ÿª∑’Ë 3-24

3.10.5 °“√°àÕµ—«º‘¥ª°µ‘
(Early Stiffening À√◊Õ False Set and Flash Set)

°“√‡°‘¥°“√°àÕµ—«º‘¥ª°µ‘ ¡’ “‡Àµÿ¡“®“°§«“¡‰¡à ¡¥ÿ≈√–À«à“ß “√ª√–°Õ∫

´—≈‡øµ·≈–Õ≈Ÿ¡‘‡πµ, Õÿ≥À¿Ÿ¡‘, ·≈–§«“¡≈–‡Õ’¬¥¢ÕßªŸπ´’‡¡πµå ´÷Ëß‡ªìπµ—«§«∫§ÿ¡°“√‡°‘¥

ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ

False Set §◊Õ ≈—°…≥–∑’Ë‡°‘¥°“√ Ÿ≠‡ ’¬§«“¡≈◊Ëπ‰À≈À√◊Õ Plasticity À≈—ß®“°

∑”°“√º ¡„π√–¬–‡«≈“Õ—π —Èπ °“√‡°‘¥ False Set ¢ÕßªŸπ´’‡¡πµå®–‰¡à¡’º≈°√–∑∫µàÕ

§Õπ°√’µ ∂â“À“°«à“¡’°“√º ¡‡ªìπ‡«≈“π“π°«à“ª°µ‘ À√◊Õ¡’°“√º ¡´È” (Remixed) ‚¥¬

ª√“»®“°°“√‡µ‘¡πÈ”°àÕπ∑’Ë®–∑”°“√‡∑≈ß„π·∫∫  False Set ‡°‘¥¢÷Èπ‡¡◊ËÕ¬‘ª´—Ë¡∑’Ë„ à„π

√–À«à“ß°“√∫¥ªŸπ´’‡¡πµå Ÿ≠‡ ’¬πÈ” (Dehydrate) ∑”„ÀâÕ¬Ÿà„π√Ÿª Plaster (Calcium

Sulphate Hemihydrate) „πª√‘¡“≥∑’Ë¡“°‡°‘π‰ª

ª√‘¡“≥¢Õß´—≈‡øµ„π√Ÿª Plaster ¡’º≈Õ¬à“ß¡“°µàÕ°“√‡°‘¥°“√°àÕµ—«º‘¥ª°µ‘ °≈à“«

§◊Õ ∂â“¡’ Plaster ¡“°‡°‘π‰ª ®–∑”„Àâ‡°‘¥ False Set ·µàÀ“°¡’ Plaster πâÕ¬‡°‘π‰ª °Á®–

∑”„Àâ‡°‘¥ Flash Set ‰¥â

√Ÿª∑’Ë 3-24 √–¬–‡«≈“°“√°àÕµ—«¢ÕßªŸπ´’‡¡πµåªÕ√åµ·≈π¥åª√–‡¿∑µà“ßÊ „πª√–‡∑»‰∑¬√Ÿª∑’Ë 3-23 °“√∑¥ Õ∫√–¬–‡«≈“°“√
°àÕµ—«¢Õß´’‡¡πµå‡æ µå‚¥¬„™â Gillmore
Needle

√Ÿª∑’Ë 3-22 °“√∑¥ Õ∫√–¬–‡«≈“°“√
°àÕµ—«¢Õß´’‡¡πµå‡æ µå‚¥¬„™â Vicat
Needle

‡«≈“°“√°àÕµ—« (π“∑’) («‘∏’‰«·§µ)

ª√–‡¿∑ 5

ª√–‡¿∑ 3

ª√–‡¿∑ 1

500 100 150 200 250 300 350 400 450

Initial Set

Final Set

Initial Set
µË” ÿ¥

45 π“∑’

Final Set
 Ÿß ÿ¥

375 π“∑’

(ªŸπµ√“™â“ß∑π´—≈‡øµ Ÿß)

(ªŸπµ√“™â“ß√—∫°”≈—ßÕ—¥‡√Á«)

(ªŸπµ√“™â“ß)
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Flash Set À√◊Õ Quick Set §◊Õ °“√ Ÿ≠‡ ’¬§«“¡ “¡“√∂‡∑‰¥â (Workability)

Õ¬à“ß∑—π∑’∑—π„¥¢Õß´’‡¡πµå‡æ µå, ¡Õ√åµ“√å, À√◊Õ§Õπ°√’µ  ∑”„Àâ‰¡à “¡“√∂≈◊Ëπ‰À≈‡¢â“·∫∫

À√◊Õ¡’§ÿ≥ ¡∫—µ‘ Plasticity ‰¥âÕ’° ∂÷ß·¡â®–∑”°“√º ¡„Àâπ“π¢÷Èπ‚¥¬ª√“»®“°°“√‡µ‘¡πÈ”°Áµ“¡

°“√‡°‘¥ Flash Set ‚¥¬ª°µ‘®–¡’§«“¡√âÕπ‡°‘¥¢÷Èπ ‡π◊ËÕß®“°°“√∑”ªØ‘°‘√‘¬“Õ¬à“ß√«¥‡√Á«

¢ÕßÕ≈Ÿ¡‘‡πµ„πªŸπ´’‡¡πµå

°“√∑¥ Õ∫ Early Stiffening „π°√≥’∑’Ë‡ªìπ´’‡¡πµå‡æ µå ∑”µ“¡¡“µ√∞“π ¡Õ°.

15 ‡≈à¡ 15 À√◊Õ ASTM C 451 ·≈–„π°√≥’∑’Ë‡ªìπ¡Õ√åµ“√å ∑”µ“¡¡“µ√∞“π ASTM C

359

3.10.6 °”≈—ßÕ—¥ (Compressive Strength)
°“√∑¥ Õ∫À“°”≈—ßÕ—¥¢Õß¡Õ√åµ“√å ∑”‰¥â‚¥¬°“√À≈àÕµ—«Õ¬à“ß¡Õ√åµ“√å√Ÿª∑√ß≈Ÿ°

∫“»°å¢π“¥ 5.0 ‡´πµ‘‡¡µ√ ‚¥¬«‘∏’°“√∑¥ Õ∫µ“¡¡“µ√∞“π ¡Õ°. 15 ‡≈à¡ 12 À√◊Õ ASTM

C 109 ¥—ß √Ÿª∑’Ë 3-25

ªí®®—¬∑’Ë¡’º≈µàÕ°”≈—ßÕ—¥¢ÕßªŸπ´’‡¡πµå„π√Ÿª¢Õß¡Õ√åµ“√å∑’Ë ”§—≠ ‰¥â·°à ª√–‡¿∑

¢ÕßªŸπ´’‡¡πµå, Õß§åª√–°Õ∫∑“ß‡§¡’, ·≈–§«“¡≈–‡Õ’¬¥¢ÕßªŸπ´’‡¡πµå

‚¥¬∑—Ë«‰ª °”≈—ßÕ—¥¢ÕßªŸπ´’‡¡πµå„π√Ÿª¡Õ√åµ“√å®“°º≈°“√∑¥ Õ∫µ“¡«‘∏’°“√

¡“µ√∞“π¥—ß°≈à“« ‰¡à “¡“√∂π”‰ª„™â∑”π“¬°”≈—ßÕ—¥¢Õß§Õπ°√’µ‰¥âÕ¬à“ß·¡àπ¬”π—° ∑—Èßπ’È

‡æ√“–¡’ªí®®—¬Õ◊ËπÊ Õ’°¡“°¡“¬∑’Ë¡’º≈°√–∑∫µàÕ§ÿ≥ ¡∫—µ‘¢Õß§Õπ°√’µ ‰¥â·°à §ÿ≥ ¡∫—µ‘¢Õß

¡«≈√«¡,  à«πº ¡§Õπ°√’µ∑’Ë„™â, «‘∏’°“√°àÕ √â“ß, ·≈– ¿“æ·«¥≈âÕ¡„π ∂“π∑’Ë°àÕ √â“ß®√‘ß

√Ÿª∑’Ë 3-26 ·≈– √Ÿª∑’Ë 3-27 · ¥ß∂÷ß°“√æ—≤π“°”≈—ßÕ—¥¢ÕßªŸπ´’‡¡πµåªÕ√åµ

·≈π¥åª√–‡¿∑µà“ßÊ

§ ) °“√°¥°âÕπµ—«Õ¬à“ß¡Õ√åµ“√å

¢ ) °“√À≈àÕµ—«Õ¬à“ß¡Õ√åµ“√å√Ÿª∑√ß
≈Ÿ°∫“»°å

√Ÿª∑’Ë 3-27 °“√æ—≤π“°”≈—ßÕ—¥¢Õß§Õπ°√’µ∑’Ë„™âªŸπ´’‡¡πµå
ªÕ√åµ·≈π¥åª√–‡¿∑µà“ßÊ

√Ÿª∑’Ë 3-26 °“√æ—≤π“°”≈—ßÕ—¥¢Õß¡Õ√åµ“√å∑’Ë„™âªŸπ´’‡¡πµåªÕ√åµ·≈π¥å
ª√–‡¿∑µà“ßÊ   8

Õ“¬ÿ («—π) Õ“¬ÿ§Õπ°√’µ (Log Scale)
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¢Õß¡Õ√åµ“√å
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3.10.7  §«“¡√âÕπ®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ
(Heat of Hydration)

§«“¡√âÕπ∑’Ë‡°‘¥®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ®–‡°‘¥¢÷ÈπµàÕ‡¡◊ËÕªŸπ´’‡¡πµå·≈–πÈ”∑”

ªØ‘°‘√‘¬“°—π ª√‘¡“≥§«“¡√âÕπ∑’Ë‡°‘¥®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢÷ÈπÕ¬Ÿà°—∫Õß§åª√–°Õ∫∑“ß‡§¡’

¢ÕßªŸπ´’‡¡πµå‡ªìπÀ≈—° π—Ëπ§◊Õ C3A ·≈– C3S πÕ°®“°π’È¬—ß¢÷ÈπÕ¬Ÿà°—∫ª√‘¡“≥¢ÕßªŸπ

´’‡¡πµåÀ√◊Õ§à“ W/C, §à“§«“¡≈–‡Õ’¬¥, ·≈–Õÿ≥À¿Ÿ¡‘¢Õß°“√∫à¡ ‡ªìπµâπ ´÷Ëß “¡“√∂ √ÿª‰¥â

¥—ß √Ÿª∑’Ë 3-28

∂÷ß·¡â«à“§«“¡√âÕπ∑’Ë‡°‘¥®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢ÕßªŸπ´’‡¡πµå®–¡’°“√æ—≤π“‡ªìπ

‡«≈“À≈“¬ªï ·µàÕ—µ√“°“√‡°‘¥§«“¡√âÕπ®–¡’§à“ Ÿß„π™à«ß·√°‡∑à“π—Èπ °≈à“«§◊Õ §«“¡√âÕπ∑’Ë

‡°‘¥¢÷Èπ®–¡’§à“ Ÿß„π 3 «—π·√°

°“√∑¥ Õ∫À“§à“§«“¡√âÕπ®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ „™â«‘∏’°“√∑¥ Õ∫µ“¡¡“µ√∞“π

¡Õ°. 15 ‡≈à¡ 7 À√◊Õ ASTM C 186 À√◊Õ∑¥ Õ∫‚¥¬„™â Conduction Calorimetry

√Ÿª∑’Ë 3-28 · ¥ßªí®®—¬∑’Ë¡’º≈µàÕ§«“¡√âÕπ®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ

C3S, C3A ‡æ‘Ë¡¢÷Èπ

§«“¡≈–‡Õ’¬¥ ‡æ‘Ë¡¢÷Èπ Õÿ≥À¿Ÿ¡‘¢Õß°“√∫à¡ ‡æ‘Ë¡¢÷Èπ

ª√‘¡“≥ªŸπ´’‡¡πµå ‡æ‘Ë¡¢÷Èπ

§«“¡√âÕπ®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ ‡æ‘Ë¡¢÷Èπ
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ë ¡Õ°. 15 ‡≈à¡ 1-2547 : ¡“µ√∞“πº≈‘µ¿—≥±åÕÿµ “À°√√¡ ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å ‡≈à¡ 1 ¢âÕ°”Àπ¥‡°≥±å§ÿ≥¿“æ

ë ¡Õ°. 15 ‡≈à¡ 2-2521 : ¡“µ√∞“πº≈‘µ¿—≥±åÕÿµ “À°√√¡ ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å ‡≈à¡ 2 °“√∑¥ Õ∫§«“¡∂à«ß®”‡æ“–

¢ÕßªŸπ´’‡¡πµå‰Œ¥√Õ≈‘°

ë ¡Õ°. 15 ‡≈à¡ 3-2519 : ¡“µ√∞“πº≈‘µ¿—≥±åÕÿµ “À°√√¡ ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å ‡≈à¡ 3 «‘∏’∑¥ Õ∫§«“¡≈–‡Õ’¬¥

¢ÕßªŸπ´’‡¡πµå‰Œ¥√Õ≈‘° ‚¥¬„™â·√àß¢π“¥ 150 ·≈– 75 ‰¡‚§√‡¡µ√

ë ¡Õ°. 15 ‡≈à¡ 4-2519 : ¡“µ√∞“πº≈‘µ¿—≥±åÕÿµ “À°√√¡ ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å ‡≈à¡ 4 «‘∏’∑¥ Õ∫§«“¡≈–‡Õ’¬¥

¢ÕßªŸπ´’‡¡πµå‰Œ¥√Õ≈‘° ‚¥¬„™â·√àß¢π“¥ 45 ‰¡‚§√‡¡µ√

ë ¡Õ°. 15 ‡≈à¡ 5-2519 : ¡“µ√∞“πº≈‘µ¿—≥±åÕÿµ “À°√√¡ ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å ‡≈à¡ 5 «‘∏’∑¥ Õ∫§«“¡≈–‡Õ’¬¥

¢ÕßªŸπ´’‡¡πµåªÕ√åµ·≈π¥å ‚¥¬„™â‡∑Õ√å∫‘¥‘¡‘‡µÕ√å

ë ¡Õ°. 15 ‡≈à¡ 6-2521 : ¡“µ√∞“πº≈‘µ¿—≥±åÕÿµ “À°√√¡ ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å ‡≈à¡ 6 «‘∏’∑¥ Õ∫§«“¡≈–‡Õ’¬¥

¢ÕßªŸπ´’‡¡πµåªÕ√åµ·≈π¥å ‚¥¬„™â‡§√◊ËÕß·Õ√å‡æÕ√å¡’Õ–∫‘≈‘µ’

ë ¡Õ°. 15 ‡≈à¡ 7-2521 : ¡“µ√∞“πº≈‘µ¿—≥±åÕÿµ “À°√√¡ ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å ‡≈à¡ 7 °“√∑¥ Õ∫§«“¡√âÕπ∑’Ë

‡°‘¥®“°ªØ‘°‘√‘¬“√–À«à“ßªŸπ´’‡¡πµå‰Œ¥√Õ≈‘°°—∫πÈ”

ë ¡Õ°. 15 ‡≈à¡ 8-2514 : ¡“µ√∞“πº≈‘µ¿—≥±åÕÿµ “À°√√¡ ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å ‡≈à¡ 8 ¢âÕ°”Àπ¥«‘∏’∑¥ Õ∫

®”π«ππÈ”∑’Ë‡À¡“– ¡ ‡æ◊ËÕ„Àâ‰¥â§«“¡¢âπ‡À≈«ª°µ‘¢ÕßªŸπ´’‡¡πµå‰Œ¥√Õ≈‘°

ë ¡Õ°. 15 ‡≈à¡ 9-2518 : ¡“µ√∞“πº≈‘µ¿—≥±åÕÿµ “À°√√¡ ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å ‡≈à¡ 9 °“√À“√–¬–‡«≈“°àÕµ—«

¢ÕßªŸπ´’‡¡πµå‰Œ¥√Õ≈‘° ‚¥¬„™â‡¢Á¡·∫∫‰«·§µ

ë ¡Õ°. 15 ‡≈à¡ 10-2518 : ¡“µ√∞“πº≈‘µ¿—≥±åÕÿµ “À°√√¡ ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å ‡≈à¡ 10 °“√À“√–¬–‡«≈“

°àÕµ—«¢ÕßªŸπ´’‡¡πµå‰Œ¥√Õ≈‘° ‚¥¬„™â‡¢Á¡·∫∫°‘≈‚¡√å

ë ¡Õ°. 15 ‡≈à¡ 11-2521 : ¡“µ√∞“πº≈‘µ¿—≥±åÕÿµ “À°√√¡ ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å ‡≈à¡ 11 °“√∑¥ Õ∫À“°“√

¢¬“¬µ—« ¢ÕßªŸπ´’‡¡πµåªÕ√åµ·≈π¥å ‚¥¬«‘∏’ÕÕ‚µ‡§≈ø

ë ¡Õ°. 15 ‡≈à¡ 12-2532 : ¡“µ√∞“πº≈‘µ¿—≥±åÕÿµ “À°√√¡ ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å ‡≈à¡ 12 «‘∏’∑¥ Õ∫§«“¡µâ“π

·√ßÕ—¥¢Õß¡Õ√åµ“√åªŸπ´’‡¡πµå‰Œ¥√Õ≈‘°

ë ¡Õ°. 15 ‡≈à¡ 13-2521 : ¡“µ√∞“πº≈‘µ¿—≥±åÕÿµ “À°√√¡ ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å ‡≈à¡ 13 «‘∏’∑¥ Õ∫À“ª√‘¡“≥

Õ“°“»„π¡Õ√åµ“√å¢ÕßªŸπ´’‡¡πµå‰Œ¥√Õ≈‘°

ë ¡Õ°. 15 ‡≈à¡ 14-2520 : ¡“µ√∞“πº≈‘µ¿—≥±åÕÿµ “À°√√¡ ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å ‡≈à¡ 14 °“√∑¥ Õ∫À“°“√

¢¬“¬µ—«¢Õß¡Õ√åµ“√åªŸπ´’‡¡πµåªÕ√åµ·≈π¥å‡π◊ËÕß®“°´—≈‡øµ

ë ¡Õ°. 15 ‡≈à¡ 15-2519 : ¡“µ√∞“πº≈‘µ¿—≥±åÕÿµ “À°√√¡ ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å ‡≈à¡ 15 «‘∏’∑¥ Õ∫°“√°àÕµ—«

º‘¥ª°µ‘¢ÕßªŸπ´’‡¡πµåªÕ√åµ·≈π¥å (‚¥¬„™â«‘∏’‡æ µå)

ë ¡Õ°. 15 ‡≈à¡ 16-2535 : ¡“µ√∞“πº≈‘µ¿—≥±åÕÿµ “À°√√¡ ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å ‡≈à¡ 16 °“√™—°µ—«Õ¬à“ß·≈–

°“√¬Õ¡√—∫ªŸπ´’‡¡πµå‰Œ¥√Õ≈‘°

ë ¡Õ°. 15 ‡≈à¡ 17-2516 : ¡“µ√∞“πº≈‘µ¿—≥±åÕÿµ “À°√√¡ ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å ‡≈à¡ 17 °“√º ¡¡Õ√åµ“√å

ªŸπ´’‡¡πµå‰Œ¥√Õ≈‘°¥â«¬‡§√◊ËÕßº ¡

¡“µ√∞“πÕâ“ßÕ‘ß¡“µ√∞“πÕâ“ßÕ‘ß¡“µ√∞“πÕâ“ßÕ‘ß¡“µ√∞“πÕâ“ßÕ‘ß¡“µ√∞“πÕâ“ßÕ‘ß



  ªŸπ´’‡¡πµå·≈–°“√ª√–¬ÿ°µå„™âß“π

42

ë ¡Õ°. 15 ‡≈à¡ 18-2519 : ¡“µ√∞“πº≈‘µ¿—≥±åÕÿµ “À°√√¡ ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å ‡≈à¡ 18 °“√«‘‡§√“–Àå∑“ß‡§¡’

¢ÕßªŸπ´’‡¡πµå‰Œ¥√Õ≈‘°

ë ¡Õ°. 15 ‡≈à¡ 20-2521 : ¡“µ√∞“πº≈‘µ¿—≥±åÕÿµ “À°√√¡ ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å ‡≈à¡ 20 °“√„™â«— ¥ÿº ¡‡æ‘Ë¡„π

°“√∑”ªŸπ´’‡¡πµå‰Œ¥√Õ≈‘°

ë ¡Õ°. 15 ‡≈à¡ 21-2533 : ¡“µ√∞“πº≈‘µ¿—≥±åÕÿµ “À°√√¡ ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å ‡≈à¡ 21 «‘∏’À“ª√‘¡“≥

·§≈‡ ’́¬¡´—≈‡øµÕ‘ √–„π‰Œ‡¥√‡∑¥¡Õ√åµ“√åªŸπ´’‡¡πµåªÕ√åµ·≈π¥å

ë ASTM C 109-02  : Standard Test Method for Compressive Strength of Hydraulic Cement

Mortars (Using 2-in. or [50 mm] Cube Specimens)

ë ASTM C 114-04  : Standard Test Methods for Chemical Analysis of Hydraulic Cement

ë ASTM C 115-03  : Standard Test Methods for Fineness of Portland Cement by the Turbidimeter

ë ASTM C 150-04  : Standard Specification for Portland Cement

ë ASTM C 151-00  : Standard Test Method for Autoclave Expansion of Portland Cement

ë ASTM C 183-02  : Standard Practice for Sampling and the Amount of Testing of Hydraulic

Cement

ë ASTM C 186-98  : Standard Test Method for Heat of Hydration of Hydraulic Cement

ë ASTM C 187-98  : Standard Test Method for Normal Consistency of Hydraulic Cement

ë ASTM C 191-04  : Standard Test Method for Time of Setting of Hydraulic Cement by Vicat

Needle

ë ASTM C 204-00  : Standard Test Method for Fineness of Hydraulic Cement by Air Permeability

Apparatus

ë ASTM C 230-03  : Standard Specification for Flow Table for Use in Tests of Hydraulic Cement

ë ASTM C 266-03  : Standard Test Method for Time of Setting of Hydraulic-Cement Paste by

Gillmore Needles

ë ASTM C 359-03  : Standard Test Method for Early Stiffening of Hydraulic Cement (Mortar

Method)

ë ASTM C 430-03  : Standard Test Method for Fineness of Hydraulic Cement by the 45-µm

(No. 325) Sieve

ë ASTM C 451-04  : Standard Test Method for Early Stiffening of Hydraulic Cement (Paste

Method)

ë ASTM C 1365-98  : Standard Test Method for Determination of the Proportion of Phases in

Portland Cement and Portland-Cement Clinker Using X-Ray Powder Diffraction Analysis

ë ASTM C 1437-01  : Standard Test Method for Flow of Hydraulic Cement Mortar
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