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°“√»÷°…“«— ¥ÿ»“ µ√å∑’Ë‡°’Ë¬«¢âÕß°—∫§Õπ°√’µ (Concrete

Technology) ‰¥â‡®√‘≠°â“«Àπâ“‰ªÕ¬à“ß√«¥‡√Á«¡“°„π»µ«√√…

π’È ‚¥¬¡’°“√«‘®—¬·≈–æ—≤π“«— ¥ÿº ¡§Õπ°√’µª√–‡¿∑ Õ◊ËπÊ ́ ÷Ëß

¡’«—µ∂ÿª√– ß§å∑’Ë ”§—≠§◊Õ µâÕß°“√ª√—∫ª√ÿß§ÿ≥ ¡∫—µ‘ µà“ßÊ ¢Õß

§Õπ°√’µ„Àâ¥’¢÷Èπ ∑—Èß§Õπ°√’µ∑’ËÕ¬Ÿà ¿“æ‡À≈« ‡™àπ §«“¡ “¡“√∂

‡∑‰¥â ·≈–§Õπ°√’µ∑’Ë·¢Áßµ—«·≈â« ‡™àπ °”≈—ßÕ—¥ ·≈–∑’Ë ”§—≠¬‘Ëß

§◊Õ µâÕß°“√„Àâ‰¥â§Õπ°√’µ∑’Ë¡’§«“¡∑π∑“π √«¡∑—ÈßµâÕß°“√„Àâ

‰¥â§Õπ°√’µ∑’Ë¡’√“§“‡À¡“– ¡¥â«¬ ‚¥¬‰¥â¡’°“√π”«— ¥ÿÕ◊ËπÊ

¡“º ¡«— ¥ÿ∑’Ëπ”¡“„™â°—πÕ¬à“ß·æ√àÀ≈“¬°Á§◊Õ

1. Pulverized Fuel Ash (PFA)

2. Ground Granular Blast Furnace Slag

(GGBS) ·≈–

3. Microsilica (MS) À√◊Õ Silica Fume

°“√π”«— ¥ÿ‡À≈à“π’È¡“„™âπÕ°®“°®–‰¥âª√–‚¬™πå‚¥¬µ√ß

§◊Õ °“√ª√—∫ª√ÿß§ÿ≥ ¡∫—µ‘¢Õß§Õπ°√’µ„Àâ¥’¢÷Èπ·≈â« ¬—ß‰¥âª√–‚¬™πå

∑“ßÕâÕ¡ §◊Õ ‡ªìπ°“√π”¢Õß‡ ’¬ (Waste) ¡“„™â ´÷Ëß™à«¬¢®—¥

ªí≠À“‡√◊ËÕß¡≈¿“«–¥â«¬

2. Ground2. Ground2. Ground2. Ground2. Ground GranularGranularGranularGranularGranular BlastBlastBlastBlastBlast FurnaceFurnaceFurnaceFurnaceFurnace Slag (GGBS)Slag (GGBS)Slag (GGBS)Slag (GGBS)Slag (GGBS)

GGBS ‡ªìπ¢Õß‡À≈◊Õ (By-Product) ¢Õß¢∫«π

°“√º≈‘µ‡À≈Á°‚¥¬„™â‡µ“À≈Õ¡ Slag ∑’Ë‡°‘¥¢÷Èππ’È‡ªìπº≈®“°°“√

À≈Õ¡µ—«¢Õß§—≈‡´’¬¡ÕÕ°‰´¥å®“°À‘πªŸπ°—∫´‘≈‘°Õπ·≈–Õ≈Ÿ¡‘π“

®“°·∑àß‡À≈Á°·≈–∂à“π Coke

§ÿ≥¿“æ¢Õß‡À≈Á°∑’Ë‰¥â®– —¡æ—π∏å°—∫Õß§åª√–°Õ∫∑“ß

‡§¡’¢ÕßπÈ”‡À≈Á° ·≈–Õß§åª√–°Õ∫∑“ß‡§¡’¢Õß Slag ¥—ßπ—Èπ

„π°“√§«∫§ÿ¡§ÿ≥¿“æ¢Õß‡À≈Á°∑’ËÀ≈Õ¡ ºŸâº≈‘µ®–∑”°“√µ√«®

 Õ∫§ÿ≥ ¡∫—µ‘∑“ß‡§¡’¢Õß Slag Õ¬Ÿàµ≈Õ¥‡«≈“ ‡æ◊ËÕ∑”°“√ª√—∫

ª√ÿß¥—¥·ª≈ß —¥ à«π¢Õß«—µ∂ÿ¥‘∫·≈– ¿“æ°“√∑”ß“π¢Õß‡µ“‡º“

Slag ∑’ËÀ≈Õ¡≈Õ¬Õ¬Ÿà¥â“π∫π¢Õß‡∫â“À≈Õ¡ ®–∂Ÿ°∑”„Àâ‡¬Áπ

Õ¬à“ß√«¥‡√Á«‚¥¬°“√‡∑≈ß„ππÈ”À√◊Õ„™âπÈ”©’¥∑—π∑’ º≈°Á§◊Õ Slag

 à«π„À≠à®–°≈“¬‡ªìπ‡¡Á¥·°â«°≈¡∑’Ë¡’Õß§åª√–°Õ∫∑“ß‡§¡’∑’Ë§àÕπ

¢â“ß·πàπÕπ À≈—ß®“°π—Èπ®–ºà“π¢∫«π°“√√–‡À¬πÈ”ÕÕ° ·≈–∑”

°“√∫¥‡™àπ‡¥’¬«°—∫°“√∫¥ªŸπ´’‡¡πµå ‚¥¬‰¡à¡’°“√‡µ‘¡«— ¥ÿÕ◊Ëπ‡¢â“

‰ª  ÿ¥∑â“¬®–∑”°“√µ√«® Õ∫§ÿ≥¿“æ‡æ◊ËÕ¥Ÿ§«“¡ ¡Ë”‡ ¡Õ¢Õß

Õß§åª√–°Õ∫∑“ß‡§¡’

3. Microsilica (MS) À√◊Õ Silica Fume3. Microsilica (MS) À√◊Õ Silica Fume3. Microsilica (MS) À√◊Õ Silica Fume3. Microsilica (MS) À√◊Õ Silica Fume3. Microsilica (MS) À√◊Õ Silica Fume

MS À√◊Õ Silica Fume À√◊Õ Condensed Silica

Fume ‡ªìπ¢Õß‡À≈◊Õ (By-Product) ®“°¢∫«π°“√º≈‘µ

Silicon Metal À√◊Õ Ferrosilicon Alloy ‚¥¬°“√π”‡Õ“

«—µ∂ÿ¥‘∫Õ—π‰¥â·°à À‘π§«Õ√åµ ∂à“π·≈–‡À≈Á° À≈Õ¡√«¡°—π„π

Õ—µ√“ à«π∑’Ë°”Àπ¥ ‡¡◊ËÕ«—µ∂ÿ¥‘∫π’È‰¥â√—∫§«“¡√âÕπ ‡°‘¥°“√À≈Õ¡

µ—«®–‡°‘¥‰Õ¢Õß´‘≈‘°Õπ‚¡‚πÕÕ°‰´¥å≈Õ¬µ—«¢÷Èπ ‰Õ‡À≈à“π’È®–∂Ÿ°

¥—°®—∫‰«â·≈–∑”„Àâ‡¬Áπµ—« ‰¥â‡ªìπÕπÿ¿“§∑’Ë¡’¢π“¥‡≈Á°¡“°¢Õß

Amorphous Silica ‚¥¬¡’¢π“¥‡≈Á°°«à“‡¡Á¥´’‡¡πµåª√–¡“≥

100 ‡∑à“ À≈—ß®“°π—Èπ®–∂Ÿ° àß‰ª∫√√®ÿ„π‰´‚≈·≈–·¬°„ à∂ÿßÕÕ°

®”Àπà“¬ §ÿ≥ ¡∫—µ‘¢Õß MS ®–·µ°µà“ß®“° PFA ·≈– GGBS

§◊Õ MS „π·À≈àß‡¥’¬«°—π®–¡’§«“¡º—π·ª√¥â“πÕß§åª√–°Õ∫

∑“ß‡§¡’πâÕ¬¡“° ‡æ√“–«—µ∂ÿ¥‘∫ ”À√—∫¢∫«π°“√º≈‘µ Silicon

À√◊Õ Ferrosilicon §àÕπ¢â“ß∫√‘ ÿ∑∏‘Ï¡“°

∫∑∑’Ë 6

«— ¥ÿ„À¡à ”À√—∫ß“π§Õπ°√’µ

6.1 °√√¡«‘∏’°“√º≈‘µ

1. Pulverized Fuel Ash (PFA)1. Pulverized Fuel Ash (PFA)1. Pulverized Fuel Ash (PFA)1. Pulverized Fuel Ash (PFA)1. Pulverized Fuel Ash (PFA)

PFA ‡ªìπ¢Õß·¢Áß‡¡Á¥°≈¡¡’§«“¡≈–‡Õ’¬¥ ́ ÷Ëß≈Õ¬¢÷Èπ¡“

æ√âÕ¡°—∫Õ“°“»√âÕπ∑’Ë‡°‘¥®“°°“√‡º“‰À¡â∂à“πÀ‘π∑’Ë∫¥≈–‡Õ’¬¥

(Pulverized Coal) „π‚√ßß“πº≈‘µ°√–· ‰øøÑ“ ·≈–®–∂Ÿ°

®—∫¥â«¬‡§√◊ËÕß¥—°®—∫ (Precipitator) À≈—ß®“°π—Èπ®–∂Ÿ° àßµàÕ‰ª

¬—ß∂—ß‡°Á∫ ∂à“πÀ‘π∑’Ëπ”¡“„™â‡ªìπ‡™◊ÈÕ‡æ≈‘ßπ’Èª√–°Õ∫¥â«¬  “√

ª√–°Õ∫§“√å∫Õπ·≈–·√à∏“µÿÕ◊ËπÊ ‡™àπ ¥‘π¥“π, ¥‘π‡Àπ’¬«, ́ —≈-

‰ø¥å ·≈–§“√å∫Õ‡πµ ‡¡◊ËÕ∂Ÿ°‡º“∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß„π‡µ“‡º“§ÿ≥ ¡∫—µ‘

¢Õß “√ª√–°Õ∫µà“ßÊ „π∂à“πÀ‘π®–‡ª≈’Ë¬π·ª≈ß‰ª ∑—Èß¥â“π°“¬

¿“æ·≈–¥â“π‡§¡’ ∑—Èßπ’È¢÷ÈπÕ¬Ÿà°—∫Õÿ≥À¿Ÿ¡‘„π‡µ“‡º“ √«¡∑—Èß«‘∏’°“√

∑”„Àâ‡¬Áπ PFA ∑’Ë‰¥â®“°°“√‡º“π’È  à«π„À≠à‡ªìπÕÕ°‰´¥å¢Õß

´‘≈‘°â“ ·≈–Õ≈Ÿ¡‘π“
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6.2 Õß§åª√–°Õ∫∑“ß‡§¡’

Õß§åª√–°Õ∫∑“ß‡§¡’¢Õß PFA GGBS ·≈– MS ®–

‡À¡◊Õπ°—∫¢ÕßªŸπ´’‡¡πµåªÕ√åµ·≈π¥å ·µà —¥ à«π®–·µ°µà“ß°—π

¥—ß· ¥ß§à“‰«â„πµ“√“ß∑’Ë 6.1
SiO2 20 48 37 92

Al2O3 5 26 1 1 0.7

Fe2O3 3 1 0 0.3 1.2

CaO 65 3 40 0.2

MgO 1.1 2 7 0.2

SO3 2.4 0.7 0.3 -

Na2O 0.2 1.0 0.4 1.2

K2O 0.9 3.0 0.7 1.9

ÕÕ°‰´¥åÕ◊ËπÊ 1.4 1.3 2.3 2.6

Loss of 1 5 - -

Ignitionµ“√“ß∑’Ë µ“√“ß∑’Ë µ“√“ß∑’Ë µ“√“ß∑’Ë µ“√“ß∑’Ë 6.16.16.16.16.1  Õß§åª√–°Õ∫∑“ß‡§¡’¢ÕßªÕ√åµ·≈π¥ǻ ’‡¡πµå, PFA, GGBS
  ·≈– MS

6.3 ≈—°…≥–∑“ß°“¬¿“æ

≈—°…≥–∑“ß°“¬¿“æ∑—Ë«‰ª¢ÕßªŸπ´’‡¡πµå, PFA,

GGBS ·≈– MS · ¥ß‡ª√’¬∫‡∑’¬∫‰«â„πµ“√“ß∑’Ë 6.2

√Ÿª∑’Ë √Ÿª∑’Ë √Ÿª∑’Ë √Ÿª∑’Ë √Ÿª∑’Ë 6.16.16.16.16.1 Õπÿ¿“§¢Õß ’́‡¡πµå PFA ·≈– GGBS, PFA ¡’√Ÿª√à“ß §àÕπ¢â“ß
°≈¡„π¢≥–∑’Ë´’‡¡πµå·≈– GGBS ¡’√Ÿª√à“ß‡ªìπ‡À≈’Ë¬¡¡ÿ¡

´’‡¡πµå

PFAPFAPFAPFAPFAGGBSGGBSGGBSGGBSGGBS

ÕÕ°‰́ ¥å

% ‚¥¬πÈ”Àπ—°

PFAPFAPFAPFAPFA GGBSGGBSGGBSGGBSGGBS MSMSMSMSMS
ªŸπ ’́‡¡πµåªÕ√åµ -

·≈π¥åª√–‡¿∑ 1
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µ“√“ß∑’Ë µ“√“ß∑’Ë µ“√“ß∑’Ë µ“√“ß∑’Ë µ“√“ß∑’Ë 6.26.26.26.26.2 ≈—°…≥–∑“ß°“¬¿“æ¢ÕßªŸπ´’‡¡πµå, PFA, GGBS ·≈– MS

√Ÿª∑’Ë √Ÿª∑’Ë √Ÿª∑’Ë √Ÿª∑’Ë √Ÿª∑’Ë 6.2 6.2 6.2 6.2 6.2 ¢π“¥¢Õß Microsilica ‡∑’Ë¬∫°—∫ªŸπ ’́‡¡πµå

®“°µ“√“ß∑’Ë 6.2 ®–æ∫«à“

1 ) OPC, PFA ·≈– GGBS ∑’Ë‡À¡“– ”À√—∫º ¡

§Õπ°√’µ ®–¡’§«“¡≈–‡Õ’¬¥„°≈â‡§’¬ß°—π ·µà MS ®–¡’§«“¡

≈–‡Õ’¬¥ Ÿß¡“°

2) ®“°§à“§«“¡∂à«ß®”‡æ“–∂â“π” PFA, GGBS À√◊Õ

MS ¡“º ¡°—∫ OPC ‚¥¬πÈ”Àπ—°®–‡ªìπ°“√‡æ‘Ë¡ª√‘¡“µ√¢Õß

 à«π≈–‡Õ’¬¥‡¡◊ËÕ‡∑’¬∫°—∫ OPC ∑’ËπÈ”Àπ—°‡∑à“°—π ´÷Ëß®–¡’º≈µàÕ

§«“¡ “¡“√∂‡∑‰¥â¢Õß§Õπ°√’µ∑’ËºŸâÕÕ°·∫∫®–µâÕßπ”¡“æ‘®“√≥“

3) MS ´÷Ëß¡’¢π“¥‡≈Á°°«à“ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å

ª√–‡¿∑ 1 ª√–¡“≥ 100 ‡∑à“ ́ ÷Ëß∑”„Àâ°“√®—¥‡°Á∫·≈–°“√≈”‡≈’¬ß

∑”‰¥â≈”∫“° °“√·°â‰¢ªí≠À“π’È∑”‰¥â‚¥¬°“√º ¡πÈ”°—∫ MS „π

Õ—µ√“ à«π‡∑à“°—π ‡æ◊ËÕ„Àâ‰¥â¢Õß‡À≈« (Slurry)  –¥«°µàÕ°“√

®—¥‡°Á∫·≈–°“√≈”‡≈’¬ß √«¡∑—Èß™à«¬„Àâ°“√°√–®“¬µ—«¢Õß MS

„π à«πº ¡§Õπ°√’µ ¥¥’¢÷Èπ¥â«¬

CEMENTCEMENTCEMENTCEMENTCEMENT
1/1001/1001/1001/1001/100
     MICROSILICA     MICROSILICA     MICROSILICA     MICROSILICA     MICROSILICA

§ÿ≥ ¡∫—µ‘ ´’‡¡πµåªÕ√åµ·≈π¥å PFAPFAPFAPFAPFA GGBSGGBSGGBSGGBSGGBS MSMSMSMSMS
ª√–‡¿∑ 1

§«“¡≈–‡Õ’¬¥
3,400 3,800 3,500 150,000

(µ√.´¡./°√—¡)

§«“¡Àπ“·πàπ
1,400 900 1,200

240
(°‘‚≈°√—¡/≈∫.¡.) 600 (Õ—¥µ—«·πàπ)

§«“¡∂à«ß®”‡æ“–
3.15 2.3 2.9 2.2

(°√—¡/≈∫.´¡.)

 ’ ‡∑“
‡∑“ÕàÕπ®π∂÷ß  

¢“« ‡∑“¥”‡∑“‡¢â¡À√◊Õ∫“ß§√—Èß
 ’πÈ”µ“≈
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6.4 ≈—°…≥–°“√∑”ß“π

1. Pulverized Fuel Ash1. Pulverized Fuel Ash1. Pulverized Fuel Ash1. Pulverized Fuel Ash1. Pulverized Fuel Ash

ªŸπ´’‡¡πµå‡¡◊ËÕº ¡°—∫πÈ”®–‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ‰¥â

 “√ª√–°Õ∫ 2 ™π‘¥ §◊Õ Calcium Silicate Hydrate (CSH)

·≈– Free Lime À√◊Õ Calcium Hydroxide Ca(OH)2
¥—ß ¡°“√

ªŸπ´’‡¡πµå+πÈ”    CSH + Ca(OH)2

CSH ∑”Àπâ“∑’Ë‡ªìπ°“«‡™◊ËÕ¡„Àâ à«πº ¡¢Õß§Õπ°√’µ®—∫µ—«°—π

 à«π Ca(OH)2 ∑’Ë‡°‘¥¢÷Èππ’Èª√–¡“≥ 25% ‚¥¬ª√‘¡“µ√

´÷Ëß‰¡à°àÕ„Àâ‡°‘¥ª√–‚¬™πå„¥Ê „π∫“ß§√—Èß¬—ß°àÕ„Àâ‡°‘¥º≈‡ ’¬°—∫

§Õπ°√’µ¥â«¬ ‡™àπ °àÕ„Àâ‡°‘¥ΩÑ“¢“«∫πº‘«Àπâ“§Õπ°√’µ (Efflores-

cence) À√◊Õ‡°‘¥‡ªìπøî≈å¡∫πº‘«¡«≈√«¡ ∑”„Àâ°“√¬÷¥√–À«à“ß

¡«≈√«¡·≈–¡Õ√åµâ“‰¡à¥’π—° ·µà‡¡◊ËÕ„ à PFA ‡ªìπ à«πº ¡ SiO2

∑’Ë¡’Õ¬Ÿà®”π«π¡“°„π PFA π’È ®–∑”ªØ‘°‘√‘¬“°—∫ Ca(OH)2 ·≈–

°àÕ„Àâ‡°‘¥ CSH ‡æ‘Ë¡¢÷Èπ¥—ß ¡°“√

Ca(OH)2 + SiO2 ®“° PFA + πÈ” → CSH

CSH ́ ÷Ëß∑”Àπâ“∑’Ë‡ªìπ°“«∑’Ë‡æ‘Ë¡¢÷Èππ’È ®–™à«¬ª√—∫ª√ÿß§ÿ≥ ¡∫—µ‘

µà“ßÊ ¢Õß§Õπ°√’µ„Àâ¥’¢÷Èπ‰¡à«à“®–‡ªìπ§ÿ≥ ¡∫—µ‘¥â“π°”≈—ßÕ—¥,

§«“¡∑π∑“π, °“√µâ“π°“√´÷¡ºà“π¢ÕßπÈ” ‡ªìπµâπ

2. Ground Granular Blast Furnace Slag2. Ground Granular Blast Furnace Slag2. Ground Granular Blast Furnace Slag2. Ground Granular Blast Furnace Slag2. Ground Granular Blast Furnace Slag

‡π◊ËÕß®“° GGBS ¡’Õß§åª√–°Õ∫∑“ß‡§¡’¢Õß CaO

Õ¬Ÿà‡ªìπ®”π«π¡“° ¥—ßπ—Èπ ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢Õß GGBS ®–

„°≈â‡§’¬ß°—∫ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢Õß´’‡¡πµå∑—Ë«‰ª ·µà‡°‘¥™â“°«à“

À≈—ß®“°‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ·≈â« °Á®–‡°‘¥ªØ‘°‘√‘¬“√–À«à“ß SiO2

„π GGBS °—∫ Ca(OH)2 ®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢ÕßªŸπ ’́‡¡πµå

Õ’°§√—ÈßÀπ÷Ëß¥—ß ¡°“√

ªŸπ´’‡¡πµå + πÈ” → CSH + Ca(OH)2
GGBS   + πÈ” → CSH + Ca(OH)2
Ca(OH)2 + SiO2 ®“° GGBS + πÈ” → CSH

ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢Õß GGBS Õ“®‡√àß„Àâ‡°‘¥‡√Á«¢÷Èπ

‰¥â‚¥¬°“√∫¥ GGBS „Àâ¡’§«“¡≈–‡Õ’¬¥¡“°¢÷Èπ √Ÿª∑’Ë √Ÿª∑’Ë √Ÿª∑’Ë √Ÿª∑’Ë √Ÿª∑’Ë 6.36.36.36.36.3 Õπÿ¿“§¢Õß Microsilica ·∑√°µ—«Õ¬Ÿà√–À«à“ß‡¡Á¥´’‡¡πµå

3. Microsilica3. Microsilica3. Microsilica3. Microsilica3. Microsilica

‡π◊ËÕß®“° MS ¡’ª√‘¡“≥ SiO2 Õ¬Ÿà Ÿß∂÷ß°«à“ 90%

ªØ‘°‘√‘¬“¢Õß MS „π à«πº ¡§Õπ°√’µ®–‡À¡◊Õπ°—∫¢Õß PFA

·µàÕ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“®–‡√Á«¡“° ‡π◊ËÕß®“° MS ¡’§«“¡

≈–‡Õ’¬¥ Ÿß¡“° àßº≈„Àâ°“√æ—≤π“°”≈—ßÕ—¥∑—Èß™à«ßµâπ·≈–™à«ß

ª≈“¬‡ªìπ‰ª‰¥â‡√Á«°«à“§Õπ°√’µ∑—Ë«Ê ‰ª

πÕ°®“°ªØ‘°‘√‘¬“‡§¡’∑’Ë‡°‘¥¢÷Èπ·≈â« MS ¬—ß™à«¬ª√—∫ª√ÿß

§ÿ≥ ¡∫—µ‘¢Õß§Õπ°√’µ ¥â«¬º≈∑“ß°“¬¿“æÕ’°¥â“πÀπ÷Ëß°≈à“«

§◊Õ MS ‡ªìπÕπÿ¿“§∑’Ë¡’¢π“¥‡≈Á°¡“° ¥—ßπ—Èπ®–‰ªÕÿ¥™àÕß«à“ß

√–À«à“ß‡¡Á¥ ’́‡¡πµå (Microfiller Effect) ∑”„Àâ§Õπ°√’µ¡’§«“¡

Àπ“·πàπ Ÿß¡“° ‡ªìπº≈¥’∑—Èß¥â“π°”≈—ßÕ—¥·≈–§«“¡∑π∑“π

→

‡¡Á¥´’‡¡πµå‡¡Á¥´’‡¡πµå‡¡Á¥´’‡¡πµå‡¡Á¥´’‡¡πµå‡¡Á¥´’‡¡πµå

MSMSMSMSMS
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6.5 §ÿ≥ª√–‚¬™πå·≈–°“√„™âß“π

1. Pulverized Fuel Ash1. Pulverized Fuel Ash1. Pulverized Fuel Ash1. Pulverized Fuel Ash1. Pulverized Fuel Ash

ª√–‚¬™πå∑’Ë‰¥â√—∫®“°°“√„™â PFA ‡ªìπ à«πº ¡§Õπ-

°√’µ¡’¥—ßπ’È

1)ª√—∫ª√ÿß§«“¡ “¡“√∂‡∑‰¥â¢Õß§Õπ°√’µ ∑”„Àâ

§Õπ°√’µ≈◊Ëπ‰À≈‡¢â“·∫∫‰¥â¥’ ‡π◊ËÕ®“°§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ¢Õß

PFA ´÷Ëß¡’√Ÿª√à“ß°≈¡ ¥—ß· ¥ß„π√Ÿª 6.1

2)≈¥°“√‡¬‘È¡ (Bleeding)(Bleeding)(Bleeding)(Bleeding)(Bleeding) ·≈–·π«‚πâ¡°“√·¬°

µ—«¢Õß§Õπ°√’µ ¥

3)Õ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ™â“ ¥—ßπ—Èπ

§«“¡√âÕπ®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ®–≈¥≈ß´÷Ëß≈¥‚Õ°“ 

°“√·µ°√â“«¢Õß§Õπ°√’µ ‚¥¬‡©æ“–‚§√ß √â“ß¢π“¥„À≠à

4)‡æ‘Ë¡°”≈—ßÕ—¥§Õπ°√’µ∑’ËÕ“¬ÿ¡“°°«à“ 28 «—π

5)‡æ‘Ë¡§«“¡∑π∑“π¢Õß§Õπ°√’µ ¥â«¬‡Àµÿº≈ 2

ª√–°“√§◊Õ

ë ª√‘¡“≥πÈ”∑’Ë„™â≈¥≈ß‡¡◊ËÕµâÕß°“√§«“¡ “¡“√∂‡∑‰¥â

‡∑à“°—π

ë ªØ‘°‘√‘¬“√–À«à“ß PFA °—∫ Ca(OH)2 ∑”„Àâ™àÕß«à“ß„π

‡π◊ÈÕ§Õπ°√’µ≈¥≈ß

°“√„™âß“π PFA ∑”‰¥â 2 ≈—°…≥–

1 ) º ¡ PFA °—∫´’‡¡πµå„πª√‘¡“≥∑’ËµâÕß°“√®“°

‚√ßß“πº ¡

2) „™â PFA ‡ ¡◊Õπ‡ªìπ à«πº ¡Õ’° à«πÀπ÷Ëß¢Õß

§Õπ°√’µ ‚¥¬º ¡ ≥ ‚√ßß“π§Õπ°√’µº ¡‡ √Á®

ª√‘¡“≥∑’Ë„™â®–Õ¬Ÿà„π™à«ß 15-50% ‚¥¬πÈ”Àπ—°¢ÕßªŸπ

´’‡¡πµå

¢âÕ§«√§”π÷ß∂÷ß„π°“√„™â PFAPFAPFAPFAPFA

1 ) PFA ‚¥¬∑—Ë«Ê ‰ª®–≈¥°”≈—ßÕ—¥¢Õß§Õπ°√’µ„π™à«ß·√°

2) °“√∫à¡¡’º≈Õ¬à“ß¡“°µàÕ§Õπ°√’µ∑’Ëº ¡ PFA °≈à“«

§◊Õ °“√æ—≤π“°”≈—ßÕ—¥¢Õß PFA §Õπ°√’µ®–‡°‘¥‡¡◊ËÕ§Õπ°√’µ

π—Èπ‰¥â√—∫°“√∫à¡™◊Èπ‡∑à“π—Èπ

2. Ground Granular Blast Furnace Slag2. Ground Granular Blast Furnace Slag2. Ground Granular Blast Furnace Slag2. Ground Granular Blast Furnace Slag2. Ground Granular Blast Furnace Slag

ª√–‚¬™πå∑’Ë‰¥â√—∫®“°°“√„™â GGBS ‡ªìπ à«πº ¡

§Õπ°√’µ¡’¥—ßπ’È

1) ªØ‘°‘√‘¬“¢Õß§Õπ°√’µ∑’Ëº ¡¥â«¬ SlagSlagSlagSlagSlag ®–™â“

°«à“§Õπ°√’µ∑—Ë«Ê ‰ª  àßº≈„Àâ §«“¡√âÕπ®“°ªØ‘°‘√‘¬“µË” ∑”„Àâ

‡À¡“–∑’Ë®–„™â„πß“π‚§√ß √â“ß∑’Ë¡’ªí≠À“°“√·µ°√â“«‡π◊ËÕß®“°

§«“¡√âÕπ ‡™àπ ∞“π√“°·ºà¢π“¥„À≠à, ‡¢◊ËÕπ ‡ªìπµâπ

2) §Õπ°√’µ¡’§«“¡∑π∑“πµàÕ´—≈‡øµ, πÈ”∑–‡≈

·≈– “√‡§¡’‰¥â¥’

3) ≈¥ªØ‘°‘√‘¬“ Alkali-Aggregate ReactionAlkali-Aggregate ReactionAlkali-Aggregate ReactionAlkali-Aggregate ReactionAlkali-Aggregate Reaction „π

§Õπ°√’µ∑’Ë„™âÀ‘π∑’Ë∑”ªØ‘°‘√‘¬“°—∫ Alkali „πªŸπ

4) ∑”„Àâ§Õπ°√’µ¡’‡π◊ÈÕ·πàπ ¡’§«“¡µâ“π∑“π°“√

´÷¡ºà“π¢ÕßπÈ”‰¥â¥’ (Low Permeability)(Low Permeability)(Low Permeability)(Low Permeability)(Low Permeability) ∑”„Àâ‡À¡“–∑’Ë®–

„™â„πß“π  √–«à“¬πÈ” ∂—ß‡°Á∫πÈ” ‡ªìπµâπ

5) ‡æ‘Ë¡°”≈—ßÕ—¥·≈–°”≈—ß¥—¥ (Flexural Strength)(Flexural Strength)(Flexural Strength)(Flexural Strength)(Flexural Strength)

§Õπ°√’µ∑’ËÕ“¬ÿ¡“°°«à“ 28 «—π

°“√„™âß“π GGBS ∑”‰¥â 2 ≈—°…≥–‡™àπ‡¥’¬«°—∫ PFA

‚¥¬ª√‘¡“≥°“√„™â®–Õ¬Ÿà„π™à«ß 25-65% ·µà ”À√—∫ Supersul-

phate ´’‡¡πµå®–º ¡ Slag  Ÿß∂÷ß 85%

¢âÕ§”π÷ß°“√„™â GGBSGGBSGGBSGGBSGGBS

1 ) ‡«≈“°“√°àÕµ—«¢Õß§Õπ°√’µ∑’Ëº ¡¥â«¬ GGBS

®–™â“°«à“§Õπ°√’µ∑—Ë«Ê ‰ª

2) °”≈—ßÕ—¥„π™à«ßµâπ®–æ—≤π“™â“·≈–°“√∫à¡®–¡’º≈

Õ¬à“ß¡“°‡™àπ‡¥’¬«°—∫§Õπ°√’µ∑’Ëº ¡

3. Microsilica3. Microsilica3. Microsilica3. Microsilica3. Microsilica

ª√–‚¬™πå∑’Ë‰¥â√—∫®“°°“√„™â MS ‡ªìπ à«πº ¡§Õπ°√’µ

¡’¥—ßπ’È

1)≈¥°“√‡¬‘È¡ (Bleeding)(Bleeding)(Bleeding)(Bleeding)(Bleeding) ·≈–°“√·¬°µ—«¢Õß§Õπ-

°√’µ ¥

2)‡æ‘Ë¡°”≈—ßÕ—¥ ¢Õß§Õπ°√’µ∑—Èß„π√–¬– —Èπ·≈–

√–¬–¬“«

3)‡æ‘Ë¡§«“¡Àπ“·πàπ ∑”„Àâ§Õπ°√’µ¡’‡π◊ÈÕ·πàπ¡“°

 àßº≈„Àâ¡’§«“¡∑π∑“π Ÿß °“√ ÷́¡ºà“π¢ÕßπÈ”·≈–Õ“°“»‡ªìπ‰ª

‰¥â¬“°

°“√„™âß“π MS „π∑“ßªØ‘∫—µ‘‡√“ “¡“√∂„™â MS º ¡

§Õπ°√’µ‰¥â 2 ≈—°…≥– §◊Õ

1) „™â MS „π≈—°…≥–∑’Ë‡ªìπ¢Õß·¢Áßº ¡‰ª„π§Õπ°√’µ

≈—°…≥–‡¥’¬«°—∫ªŸπ´’‡¡πµå
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2) „™â MS „π≈—°…≥–∑’Ë‡ªìπ¢Õß‡À≈«‡À¡◊ÕππÈ”¬“º ¡

§Õπ°√’µ∑—Ë«Ê ‰ª

ª√‘¡“≥°“√„™â®–Õ¬Ÿà„π™à«ß 7-10% ‚¥¬πÈ”Àπ—°¢Õß

ªŸπ ’́‡¡πµå

¢âÕ§”π÷ß∂÷ß„π°“√„™â MSMSMSMSMS

1 ) §Õπ°√’µ∑’Ëº ¡ MS §«“¡ “¡“√∂‡∑‰¥â®–≈¥≈ß

Õ¬à“ß¡“° ®÷ß®”‡ªìπµâÕß„™âπÈ”¬“ª√–‡¿∑≈¥πÈ”®”π«π¡“°

(Superplasticizer) º ¡‡æ◊ËÕ‡æ‘Ë¡§à“¬ÿ∫µ—«

2) §Õπ°√’µ ¥∑’Ëº ¡ MS ¡’·π«‚πâ¡®–‡°‘¥ Plastic

Shrinkage Crack ¡“°°«à“§Õπ°√’µª°µ‘ ¥—ßπ—Èπ®÷ß§«√À“

«‘∏’°“√ªÑÕß°—π


