
π‘æπ∏åµâπ©∫—∫

º≈°√–∑∫¢Õß°“√„™â‡∂â“∂à“πÀ‘π 5 ·À≈àß„πª√‘¡“≥ ŸßµàÕ°”≈—ßÕ—¥

·≈–°“√µâ“π∑“π°√¥¢Õß§Õπ°√’µ

 À≈“¿ ÀÕ¡«ÿ≤‘«ß»å 
1
  ≥√ß§å™—¬ «‘«—≤π“™à“ß

2
 ·≈– ™—¬ ®“µÿ√æ‘∑—°…å°ÿ≈

3

Abstract
Homwuttiwong, S.1, Vivatanachang, N.2, and Jaturapitakkul, C.1

Effect of high volume of fly ash from 5 sources on compressive strength and

acid resistance of concrete
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The purpose of this research was to examine the effect of high volume of fly ash from various sources

on compressive strength and acid resistance of concrete. Fly ashes from 5 sources were collected and classi-

fied by an air classifier into 3 groups of different degree of fineness; low, medium, and high fineness. Portland

cement type I was replaced by fly ash at the rate of 50% by weight of cementitious materials (Portland cement

type I and fly ash) to cast concrete cylinders of 10 cm in diameter and 20 cm in height. After fly ash concretes

were cured in water for 28 days, they were tested to determine the compressive strength. In addition, the
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specimens were immersed in 3% of sulfuric acid solution and the weight losses of concretes were measured

from 3 to 90 days. It was found that the compressive strengths of fly ash concretes were more than 77% of the

control concrete when the high fineness fly ashes were used. Each source of the fly ash had different effect on

the compressive strength as well as on the sulfuric acid resistance of concrete. The compressive strength of fly

ash concrete was improved with the use of high fineness fly ash; however, the sulfuric acid resistance of the

concrete tended to decrease as the fineness of fly ash increased.

Key words : fly ash, fineness, high volume, compressive strength, acid resistance
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ß“π«‘®—¬π’È‡ªìπ°“√»÷°…“°“√„™â‡∂â“∂à“πÀ‘πª√‘¡“≥ Ÿß®“°·À≈àß∑’Ëµà“ß°—π∑’Ë¡’º≈°√–∑∫µàÕ§Õπ°√’µ„π¥â“π°”≈—ß

Õ—¥·≈–°“√µâ“π∑“π°“√°—¥°√àÕπ¢Õß°√¥  ‚¥¬π”‡∂â“∂à“πÀ‘π®“° 5 ·À≈àß¡“∑”°“√·¬°¢π“¥¥â«¬‡§√◊ËÕß§—¥¢π“¥

¥â«¬·√ß≈¡‡æ◊ËÕ„Àâ¡’§«“¡≈–‡Õ’¬¥ 3 √–¥—∫ §◊Õ ≈–‡Õ’¬¥πâÕ¬, ≈–‡Õ’¬¥ª“π°≈“ß, ·≈–≈–‡Õ’¬¥ Ÿß  ®“°π—Èπ„™â‡∂â“

∂à“πÀ‘π·∑π∑’ËªŸπ´’‡¡πµåªÕ√åµ·≈π¥åª√–‡¿∑∑’ËÀπ÷Ëß 50% ‚¥¬πÈ”Àπ—°¢Õß«— ¥ÿª√– “π (ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å

ª√–‡¿∑∑’ËÀπ÷Ëß·≈–‡∂â“∂à“πÀ‘π) ∑”°“√À≈àÕµ—«Õ¬à“ß§Õπ°√’µ√Ÿª∑√ß°√–∫Õ°¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 10 ´¡.  Ÿß 20

´¡.  ·≈–∑¥ Õ∫°”≈—ßÕ—¥¢Õß§Õπ°√’µ∑’Ëº ¡‡∂â“∂à“πÀ‘π¿“¬À≈—ß®“°∫à¡πÈ”‡ªìπ‡«≈“ 28 «—π      πÕ°®“°π’È¬—ßπ”

µ—«Õ¬à“ß§Õπ°√’µ‰ª·™à„π “√≈–≈“¬°√¥´—≈øŸ√‘§§«“¡‡¢â¡¢âπ 3% ‚¥¬πÈ”Àπ—°‡ªìπ‡«≈“ 3 ∂÷ß 90 «—π ‡æ◊ËÕª√–‡¡‘π

°“√°—¥°√àÕπ„π√Ÿª°“√ Ÿ≠‡ ’¬πÈ”Àπ—°  º≈°“√»÷°…“æ∫«à“§Õπ°√’µº ¡‡∂â“∂à“πÀ‘π∑’Ë¡’§«“¡≈–‡Õ’¬¥ Ÿß “¡“√∂„Àâ

°”≈—ßÕ—¥‰¡àµË”°«à“ 77% ¢Õß§Õπ°√’µ§«∫§ÿ¡ §Õπ°√’µº ¡‡∂â“∂à“πÀ‘π®“°·À≈àßµà“ß°—π¡’°”≈—ßÕ—¥·≈–°“√µâ“π∑“π

°“√°—¥°√àÕπ®“°°√¥´—≈øŸ√‘§‰¡à‡∑à“°—π  °“√„™â‡∂â“∂à“πÀ‘π∑’Ë¡’§«“¡≈–‡Õ’¬¥¡“°¢÷Èπ∑”„Àâ°”≈—ßÕ—¥¢Õß§Õπ°√’µ Ÿß¢÷Èπ

·µà¡’·π«‚πâ¡°“√µâ“π∑“π°“√°—¥°√àÕπ‡π◊ËÕß®“°°√¥´—≈øŸ√‘§≈¥≈ß

¡“„™âª√–‚¬™πå¬—ßπâÕ¬‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ª√‘¡“≥∑’Ëº≈‘µ
¢÷Èπªï≈–ª√–¡“≥ 3.5 ≈â“πµ—π    ¥—ßπ—Èπ®÷ß¡’§«“¡æ¬“¬“¡
∑’Ë®–‡æ‘Ë¡Õ—µ√“ à«π°“√·∑π∑’ËªŸπ´’‡¡πµå¥â«¬‡∂â“∂à“πÀ‘π„Àâ
 Ÿß¡“°¢÷Èπ ‡™àπ ß“π«‘®—¬¢Õß Torii ·≈– Kawamura (1994)

æ∫«à“°“√·∑π∑’ËªŸπ´’‡¡πµå¥â«¬‡∂â“∂à“πÀ‘π¡“°°«à“ 30%

∑”„Àâ§Õπ°√’µµâ“π∑“πµàÕ°“√°—¥°√àÕπ¢Õß°√¥‰¥â¥’¢÷Èπ
Bouzoubaa ·≈–§≥– (2000) „™â‡∂â“∂à“πÀ‘π‡º“√à«¡°—∫
ªŸπ‡¡Á¥„πÕ—µ√“ à«π 55% ·≈â«π”¡“∑¥ Õ∫ æ∫«à“§ÿ≥-
 ¡∫—µ‘„π°“√µâ“π∑“πµàÕ§≈Õ‰√¥å¢Õß§Õπ°√’µ¥’¢÷Èπ ·µà°“√
„™â‡∂â“∂à“πÀ‘π„πª√‘¡“≥ Ÿß¥—ß°≈à“«¡’¢âÕ‡ ’¬§◊Õ∑”„Àâ°”≈—ß
Õ—¥¢Õß§Õπ°√’µ∑’ËÕ“¬ÿµâπµË”°«à“§Õπ°√’µª°µ‘§àÕπ¢â“ß¡“°
(Mehta, 1985)  °“√»÷°…“¢Õß Slanicka (1991) ·≈–

‡∂â“∂à“πÀ‘πÀ√◊Õ‡∂â“≈Õ¬ (Fly Ash) ‡ªìπ«— ¥ÿªÕ´-
‚´≈“π∑’Ë‰¥â®“°°√–∫«π°“√‡º“∂à“πÀ‘π®“°‚√ßß“πº≈‘µ
°√–· ‰øøÑ“    „π·µà≈–ªï¡’‡∂â“∂à“πÀ‘π∑’ËµâÕß°”®—¥∑‘Èß‡ªìπ
®”π«π¡“°®÷ß¡’°“√»÷°…“‡æ◊ËÕ„™âª√–‚¬™πå„π¥â“πµà“ßÊ
‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß°“√»÷°…“‡æ◊ËÕπ”‡∂â“∂à“πÀ‘π¡“·∑π∑’Ë
ªŸπ´’‡¡πµå„π°“√º≈‘µ§Õπ°√’µ ´÷Ëßæ∫«à“‡∂â“∂à“πÀ‘π™à«¬
„Àâ§ÿ≥ ¡∫—µ‘¥â“πµà“ßÊ ¢Õß§Õπ°√’µ¥’¢÷Èπ ‡™àπ ≈¥§«“¡
√âÕπ∑’Ë‡°‘¥®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ  ≈¥ª√‘¡“≥πÈ”„π à«π
º ¡§Õπ°√’µ ‡æ‘Ë¡°“√µâ“π∑“πµàÕ´—≈‡øµÀ√◊Õ§«“¡§ß∑π
µàÕ ¿“æ ‘Ëß·«¥≈âÕ¡Õ◊ËπÊ   „πªí®®ÿ∫—π¡’°“√„™â‡∂â“∂à“πÀ‘π
·∑π∑’ËªŸπ´’‡¡πµåÕ¬Ÿà„π™à«ß 20-30% ‡æ◊ËÕ‰¡à„Àâ¡’º≈°√–∑∫
µàÕ°”≈—ßÕ—¥¢Õß§Õπ°√’µ¡“°π—° ∑”„Àâ°“√π”‡∂â“∂à“πÀ‘π
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Paya ·≈–§≥– (1995) æ∫«à“°“√„™â‡∂â“∂à“πÀ‘π∑’Ë¡’§«“¡
≈–‡Õ’¬¥ Ÿß‡ªìπµ—«·ª√ ”§—≠µàÕ°“√‡æ‘Ë¡°”≈—ßÕ—¥¢Õß§Õπ°√’µ
‰¥â   ¥—ßπ—Èπ®÷ß¡’§«“¡‡ªìπ‰ª‰¥â„π°“√„™â‡∂â“∂à“πÀ‘π∑’Ë¡’§«“¡
≈–‡Õ’¬¥ Ÿß·∑π∑’ËªŸπ´’‡¡πµå„πÕ—µ√“ à«π¡“°¢÷Èπ ‡æ◊ËÕº≈‘µ
§Õπ°√’µ„Àâ¡’°”≈—ßÕ—¥∑’Ë‡∑’¬∫‡∑à“À√◊Õ„°≈â‡§’¬ß°—∫§Õπ°√’µ
´÷Ëß‰¡à„™â‡∂â“∂à“πÀ‘π

‡∂â“∂à“πÀ‘π∑’Ë‡°‘¥¢÷Èπ„π·µà≈–·À≈àß¡’§«“¡·µ°µà“ß
°—π∑—ÈßÕß§åª√–°Õ∫∑“ß‡§¡’·≈–≈—°…≥–∑“ß°“¬¿“æ ´÷Ëß àß
º≈°√–∑∫µàÕ°”≈—ßÕ—¥·≈–§«“¡µâ“π∑“πµàÕ°“√°—¥°√àÕπ®“°
 “√‡§¡’¢Õß§Õπ°√’µ   §ÿ≥ ¡∫—µ‘¥—ß°≈à“« “¡“√∂∫àß™’È∂÷ß
§ÿ≥¿“æ¢Õß§Õπ°√’µ∑’Ëπ”‰ª„™âß“π‰¥â√–¥—∫Àπ÷Ëß  ¥—ßπ—Èπ
°“√»÷°…“‡ª√’¬∫‡∑’¬∫‡∂â“∂à“πÀ‘π∑’Ë‰¥â®“°·À≈àßµà“ßÊ ‚¥¬
µ√ß·≈–‡∂â“∂à“πÀ‘π∑’Ëª√—∫ª√ÿß¢π“¥Õπÿ¿“§®–∑”„Àâ‡¢â“„®
§ÿ≥ ¡∫—µ‘¢Õß‡∂â“∂à“πÀ‘π‰¥â¥’¬‘Ëß¢÷Èπ  °“√ª√—∫ª√ÿß¢π“¥
Õπÿ¿“§¢Õß‡∂â“∂à“πÀ‘π∑’Ë„™â‚¥¬∑—Ë«‰ª¡’Õ¬Ÿà Õß«‘∏’§◊Õ °“√
„™â‡§√◊ËÕß§—¥·¬°¢π“¥¥â«¬·√ß≈¡ (Air Classifier) ·≈–
°“√„™â‡§√◊ËÕß∫¥„Àâ‡∂â“∂à“πÀ‘π¡’¢π“¥‡≈Á°≈ß ´÷Ëß¡’ß“π«‘®—¬
À≈“¬‡√◊ËÕß∑’Ë√–∫ÿ«à“ °“√ª√—∫ª√ÿß¢π“¥¢Õß‡∂â“∂à“πÀ‘π∑—Èß
 Õß«‘∏’¡’º≈µàÕÕß§åª√–°Õ∫∑“ß‡§¡’πâÕ¬¡“° (Berry et al.,

1989), ( ¡‘µ√ ·≈– ™—¬, 2538), (Erdogdu and Turker,

1998)

ß“π«‘®—¬π’È¡’‡ªÑ“À¡“¬„π°“√»÷°…“°”≈—ßÕ—¥·≈–§«“¡
µâ“π∑“πµàÕ°“√°—¥°√àÕπ¢Õß°√¥´—≈øŸ√‘§¢Õß§Õπ°√’µ∑’Ë
„™â‡∂â“∂à“πÀ‘π®“°·À≈àßµà“ßÊ ´÷Ëß¡’§«“¡≈–‡Õ’¬¥µà“ß°—π
·∑π∑’ËªŸπ´’‡¡πµå„πÕ—µ√“ à«π Ÿß∂÷ß 50% ́ ÷Ëßº≈°“√∑¥ Õ∫
∑’Ë‰¥â®–‡ªìπ¢âÕ¡Ÿ≈æ◊Èπ∞“π∑’Ë ”§—≠„π°“√æ—≤π“°“√„™â‡∂â“
∂à“πÀ‘π·∑π∑’ËªŸπ´’‡¡πµå„πª√‘¡“≥ ŸßÊ „Àâ¥’¬‘Ëß¢÷Èπ„πÕπ“§µ

«— ¥ÿ∑’Ë„™â„π°“√∑¥ Õ∫

«— ¥ÿ∑’Ë„™â„π°“√∑¥ Õ∫ª√–°Õ∫¥â«¬  ªŸπ ’́‡¡πµå
ªÕ√åµ·≈π¥åª√–‡¿∑∑’ËÀπ÷Ëß  ∑√“¬·¡àπÈ”∑’Ë¡’‚¡¥Ÿ≈— §«“¡
≈–‡Õ’¬¥ (Fineness Modulus) ‡∑à“°—∫ 2.4 À‘πªŸπ¬àÕ¬
¢π“¥„À≠à ÿ¥ 1/

2
 π‘È«  πÈ”ª√–ª“   “√≈–≈“¬°√¥´—≈øŸ√‘§

§«“¡‡¢â¡¢âπ 3% ‚¥¬πÈ”Àπ—°  ·≈–‡∂â“∂à“πÀ‘π®“° 5 ·À≈àß
º≈‘µ

‡∂â“∂à“πÀ‘π∑—Èß 5 ·À≈àßº≈‘µ¡’ —≠≈—°…≥å M,  P,  I,

T ·≈– N µ“¡≈”¥—∫  ‚¥¬‡∂â“∂à“πÀ‘π™π‘¥ M ‰¥â®“°°“√

‡º“∂à“πÀ‘π≈‘°‰πµå    à«π I ·≈– P ‡ªìπ‡∂â“∂à“πÀ‘π∑’Ë‰¥â
®“°°“√‡º“∂à“πÀ‘πª√–‡¿∑´—∫∫‘∑Ÿ¡‘π—   ‡∂â“∂à“πÀ‘π T ‰¥â
®“°‡º“∂à“πÀ‘π·Õπ∑√“‰´¥å ·≈–‡∂â“∂à“πÀ‘π N ‡ªìπ‡∂â“
∂à“πÀ‘π®“°µà“ßª√–‡∑»·µà‰¡à∑√“∫™π‘¥¢Õß∂à“πÀ‘π    à«π
 —≠≈—°…≥å O ·≈– F À¡“¬∂÷ß‡∂â“∂à“πÀ‘π°àÕπ§—¥¢π“¥
·≈–‡∂â“‡∂â“∂à“πÀ‘π∑’Ëºà“π°“√§—¥¢π“¥ µ“¡≈”¥—∫  ‚¥¬
°√–∫«π°“√§—¥¢π“¥‡∂â“∂à“πÀ‘π· ¥ß„π Figure 1 ´÷Ëß
„π°“√§—¥¢π“¥·µà≈–§√—Èß®–‰¥âª√‘¡“≥ à«πÀ¬“∫·≈– à«π
≈–‡Õ’¬¥∑’Ë‡∑à“Ê  °—πÀ√◊Õ§‘¥‡ªìπª√‘¡“≥ 50   25  ·≈– 12.5%

‚¥¬πÈ”Àπ—°¢Õß‡∂â“∂à“πÀ‘π°àÕπ§—¥¢π“¥  ”À√—∫‡∂â“∂à“πÀ‘π
∑’Ë¡’§«“¡≈–‡Õ’¬¥  F1,   F2  ·≈– F3 µ“¡≈”¥—∫

 à«πº ¡§Õπ°√’µ·≈–°“√∑¥ Õ∫

§Õπ°√’µ∑’Ë„™â„π°“√»÷°…“‡ªìπ∑√ß°√–∫Õ°‡ âπºà“π
»Ÿπ¬å°≈“ß 10 ´¡.    Ÿß 20 ´¡.  ‚¥¬∑’Ë§Õπ°√’µ§«∫§ÿ¡
(Control) „™âªŸπ´’‡¡πµåªÕ√åµ·≈π¥åª√–‡¿∑∑’ËÀπ÷Ëß ‡ªìπ
«— ¥ÿª√– “π≈â«π ·≈–§Õπ°√’µº ¡‡∂â“∂à“πÀ‘π„™âÕ—µ√“ à«π
∑√“¬  À‘π  ·≈–«— ¥ÿª√– “π  (ªŸπ´’‡¡πµå·≈–‡∂â“∂à“πÀ‘π)
‡À¡◊Õπ°—∫§Õπ°√’µ§«∫§ÿ¡·µà„™â‡∂â“∂à“πÀ‘π·∑π∑’ËªŸπ-
´’‡¡πµå 50% ‚¥¬πÈ”Àπ—°¢Õß«— ¥ÿª√– “π  ·≈–ª√—∫ª√‘¡“≥
πÈ”„π à«πº ¡‚¥¬„Àâ§Õπ°√’µ ¥¡’§à“¬ÿ∫µ—«Õ¬Ÿà„π™à«ß 9

∂÷ß 12 ´¡.  à«πº ¡¢Õß§Õπ°√’µ§«∫§ÿ¡¡’Õ—µ√“ à«πªŸπ
´’‡¡πµå : ∑√“¬ : À‘π ‡∑à“°—∫ 1 : 2.2 : 2.4  ‚¥¬πÈ”Àπ—°
 ”À√—∫§à“Õ—µ√“ à«ππÈ”µàÕ«— ¥ÿª√– “π·≈–§à“¬ÿ∫µ—«¢Õß
§Õπ°√’µ ¥· ¥ß„π Table 1

¿“¬À≈—ß®“°À≈àÕ§Õπ°√’µ 24 ™—Ë«‚¡ß®÷ß∂Õ¥·∫∫
·≈–π”‰ª∫à¡„ππÈ” 27 «—π ®“°π—Èππ”¡“∑¥ Õ∫°”≈—ßÕ—¥
·≈–π”§Õπ°√’µ à«π∑’Ë‡À≈◊Õ‰ª·™à„π “√≈–≈“¬°√¥ —́≈øŸ√‘§
§«“¡‡¢â¡¢âπ 3% ‚¥¬πÈ”Àπ—° ·≈–∑”°“√ª√–‡¡‘π°“√°—¥
°√àÕπ¢Õß§Õπ°√’µ‡¡◊ËÕ·™à„π “√≈–≈“¬°√¥´—≈øŸ√‘§‡ªìπ
‡«≈“ 3, 7, 14, 28, 60 ·≈– 90 «—π  ‚¥¬À≈—ß®“°·™à
µ—«Õ¬à“ßµ“¡‡«≈“∑’Ë°”Àπ¥®÷ßπ”§Õπ°√’µ¡“¢—¥º‘«∑’Ë —¡º— 
°√¥¥â«¬·ª√ß≈«¥‡æ◊ËÕ¢®—¥§Õπ°√’µ∑’Ë∂Ÿ°°—¥°√àÕπÕÕ°
®“°π—Èππ”§Õπ°√’µ¡“™—ËßπÈ”Àπ—°‡æ◊ËÕÀ“πÈ”Àπ—°∑’Ë Ÿ≠À“¬
‰ª‚¥¬‡ª√’¬∫‡∑’¬∫°—∫πÈ”Àπ—°¢Õß§Õπ°√’µ°àÕπ·™à„π
 “√≈–≈“¬°√¥
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Figure 1. Schematic process of  classified fly ash.

º≈°“√∑¥ Õ∫·≈–«‘‡§√“–Àåº≈

§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ¢Õß«— ¥ÿª√– “π

Figure 2 ‡ªìπ¿“æ∂à“¬Õπÿ¿“§ªŸπ´’‡¡πµå·≈–‡∂â“
∂à“πÀ‘π¥â«¬°≈âÕßÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥  (Scanning

Electron Microscope; SEM) ´÷Ëß· ¥ß„Àâ‡ÀÁπ«à“Õπÿ¿“§
¢ÕßªŸπ´’‡¡πµå¡’√Ÿª√à“ß‡ªìπ‡À≈’Ë¬¡¡ÿ¡¡’À≈“¬¢π“¥§≈–°—π
§≈â“¬°—∫‡∂â“∂à“πÀ‘π™π‘¥ T ·µàÕπÿ¿“§¢Õß‡∂â“∂à“πÀ‘π T

¡’º‘«∑’Ë¢√ÿ¢√–¡“°°«à“   ‡∂â“∂à“πÀ‘π M ¡’Õπÿ¿“§√Ÿª√à“ß
∑√ß°≈¡º‘«‡√’¬∫‡ªìπ à«π„À≠à    ”À√—∫‡∂â“∂à“πÀ‘π P ·≈–
N  ª√–°Õ∫¥â«¬Õπÿ¿“§√Ÿª√à“ß°≈¡º ¡°—∫Õπÿ¿“§∑’Ë‡ªìπ
‡À≈’Ë¬¡¡ÿ¡·≈–¡’≈—°…≥–º‘«∑’Ë‰¡à‡√’¬∫   à«π‡∂â“∂à“πÀ‘π I ¡’
√Ÿª√à“ß¢ÕßÕπÿ¿“§∑’Ë‰¡à·πàπÕπ¡’√Ÿæ√ÿπ  ‡ªìπ°âÕπªπ°—∫
√Ÿª√à“ß·∑àß¬“«∑’ËµàÕ‡π◊ËÕß°—π

Õß§åª√–°Õ∫∑“ß‡§¡’¢ÕßªŸπ ’́‡¡πµå·≈–‡∂â“∂à“πÀ‘π
∑’Ë¬—ß‰¡àºà“π°“√§—¥¢π“¥®“°·À≈àßµà“ßÊ · ¥ß„π Table 2

æ∫«à“ªŸπ´’‡¡πµå¡’Õß§åª√–°Õ∫À≈—° §◊Õ CaO ·≈– SiO
2

√«¡°—π‡∑à“°—∫ 85.61% ¢ÕßÕß§åª√–°Õ∫∑—ÈßÀ¡¥   à«π
‡∂â“∂à“πÀ‘π∑—Èß 5 ·À≈àß¡’ª√‘¡“≥¢Õß SiO

2
,  Al

2
O

3
 ·≈–

Fe
2
O

3
 √«¡°—πÕ¬Ÿà„π™à«ß 75-90% ·≈–¡’ª√‘¡“≥¢Õß SO

3

Õ¬Ÿà„π™à«ß 0.18 - 3.38%   ́ ÷Ëß‡∂â“∂à“πÀ‘π∑’Ë„™â„π°“√∑¥ Õ∫
§√—Èßπ’È®—¥Õ¬Ÿà„π Class F µ“¡¡“µ√∞“π ASTM C 618 ∑’Ë
°”Àπ¥ª√‘¡“≥¢Õß SiO

2 
, Al

2
O

3
 ·≈– Fe

2
O

3
 √«¡°—π‰¡à

πâÕ¬°«à“ 70%  ª√‘¡“≥¢Õß SO
3
 ·≈–§à“ LOI (Loss On

Ignition) ‰¡à‡°‘π 5 ·≈– 6% ‚¥¬πÈ”Àπ—°µ“¡≈”¥—∫   ”À√—∫
‡∂â“∂à“πÀ‘π™π‘¥ P ¡’ª√‘¡“≥¢Õß LOI  Ÿß°«à“¡“µ√∞“π
°”Àπ¥‡≈Á°πâÕ¬§◊Õ‡∑à“°—∫ 7.52%

Table 3  æ∫«à“‡∂â“∂à“πÀ‘π∑—Èß 5 ·À≈àß°àÕπ°“√
§—¥¢π“¥¡’¢π“¥Õπÿ¿“§‡©≈’Ë¬ (d

50
) √–À«à“ß 18 ∂÷ß 44

‰¡§√Õπ ÷́Ëß„À≠à°«à“¢π“¥‡©≈’Ë¬¢ÕßªŸπ ’́‡¡πµå∑’Ë¡’§à“‡∑à“°—∫
11 ‰¡§√Õπ ‡¡◊ËÕ§—¥¢π“¥‡∂â“∂à“πÀ‘π·≈â«æ∫«à“¢π“¥‡©≈’Ë¬
¢ÕßÕπÿ¿“§®–≈¥≈ßµ“¡≈”¥—∫·≈– à«π„À≠à¡’¢π“¥Õπÿ¿“§
‡≈Á°°«à“¢ÕßªŸπ´’‡¡πµå

æ◊Èπ∑’Ëº‘«®”‡æ“–∑’Ë«—¥¥â«¬«‘∏’¢Õß‡∫≈π¢ÕßªŸπ ’́‡¡πµå
‡∑à“°—∫ 3,150 ´¡2/°  ‡∂â“∂à“πÀ‘π°àÕπ°“√§—¥¢π“¥®“°
4 ·À≈àß§◊Õ P,  I,  T ·≈– N ¡’§«“¡≈–‡Õ’¬¥¢Õß‡∫≈π Ÿß
°«à“ªŸπ ’́‡¡πµå ‡æ√“–‡ªìπ‡∂â“∂à“πÀ‘π∑’Ë¡’√Ÿæ√ÿπ Ÿß·≈–√Ÿª√à“ß
‰¡à·πàπÕπ   ·≈–‡¡◊ËÕ∑”°“√§—¥¢π“¥„Àâ¡’§«“¡≈–‡Õ’¬¥ Ÿß
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Table 1. Properties of fresh concrete, compressive strength, and percentage of weight loss

after immersing in 3% of H
2
SO

4

   Compressive

     Strength at

       28 Days

(ksc) (%) 3 Days 7 Days 14 Days 28 Days 60 Days 90 Days

Control 0.55 11 405 100 0.9 1.9 3.4 4.2 8.0 14.4

M 0.51 10 298 74 0.5 1 1.4 3.1 7.3 10.1
MF1 0.48 11 335 83 0.1 0.3 1 4.6 8.1 11.4
MF2 0.46 10 352 87 0.5 0.7 1.7 5 8.5 11.9
MF3 0.45 9 362 89 2.7 2.9 3.8 7.1 10.3 12.1

P 0.65 12 240 59 0.3 0.7 1.7 1.6 3.5 8.1
PF1 0.64 10 294 73 0.5 0.8 1.4 2.3 4.3 10.1
PF2 0.62 11 315 78 0.6 0.8 1.3 1.8 4.7 10.5
PF3 0.61 12 328 81 0.4 0.6 1.1 1.7 5.2 11.5

I 0.62 12 217 54 0.3 0.4 1.3 1.7 5 10.7
IF1 0.6 10 272 67 0.3 0.2 1 1.4 5.2 11.4
IF2 0.58 11 307 76 1 1.5 2.4 3.3 5.4 11.8
IF3 0.57 12 332 82 0.9 1.3 2.7 4.2 6.7 11.9

T 0.79 10 191 47 0.2 0.4 0.7 2.1 8.6 10.4
TF1 0.72 10 261 64 0.2 0.7 1.2 2.8 9.4 11.5
TF2 0.7 9 280 69 0.4 0.7 1.4 2.4 9.9 12.1
TF3 0.69 10 316 78 0.6 1.4 2.2 4.3 10.5 13.3

N 0.67 12 196 48 0.2 0.4 1 1.4 3.6 9.1
NF1 0.64 11 276 68 0.4 1 1.6 1.7 4.1 9.3
NF2 0.62 9 292 72 0.2 0.3 0.9 1 4.7 9.4
NF3 0.61 11 312 77 0.2 0.4 0.8 1.1 5.2 9.8

         Weight Loss after Immersing in 3% of H
2
SO

4 
(%)

Type    W/(C+F)
Slump

(cm)

(F3) ‡∂â“∂à“πÀ‘π∑—Èß 4 ·À≈àß¥—ß°≈à“«¡’æ◊Èπ∑’Ëº‘«®”‡æ“–
‡æ‘Ë¡ Ÿß¢÷ÈπÕ¬à“ß¡“°

Figure 3  · ¥ß°“√°√–®“¬µ—«¢ÕßÕπÿ¿“§¢Õß
ªŸπ´’‡¡πµå·≈–‡∂â“∂à“πÀ‘π®“°·À≈àßµà“ßÊ  ´÷Ëßæ∫«à“  ‡∂â“
∂à“πÀ‘π°àÕπ°“√§—¥¢π“¥®“°∑ÿ°·À≈àß¡’¢π“¥¢ÕßÕπÿ¿“§
ª√–¡“≥ 80%  °√–®“¬µ—«Õ¬Ÿà„π™à«ßª√–¡“≥ 1 ∂÷ß 100

‰¡§√Õπ  ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°“√°√–®“¬µ—«√–À«à“ßªŸπ ’́‡¡πµå
°—∫‡∂â“∂à“πÀ‘π®“°∑ÿ°·À≈àß°àÕπ°“√§—¥¢π“¥æ∫«à“°“√
°√–®“¬µ—«¢Õß‡∂â“∂à“πÀ‘πª√–°Õ∫¥â«¬Õπÿ¿“§∑’Ë¡’¢π“¥
„À≠à°«à“·≈–‡√‘Ë¡¡’Õπÿ¿“§∑’Ë‡≈Á°°«à“‡¡◊ËÕ‡∂â“∂à“πÀ‘πºà“π°“√

§—¥¢π“¥„π·µà≈–§√—Èß (Figures 3a  3b ·≈– 3c) ®π
°√–∑—Ëß‰¥â‡∂â“∂à“πÀ‘π≈–‡Õ’¬¥ Ÿß (F3)  ´÷Ëß¡’°“√°√–®“¬µ—«
¢ÕßÕπÿ¿“§∑’Ë¡’¢π“¥‡≈Á°°«à“ªŸπ´’‡¡πµå (Figure 3d)

‡∂â“∂à“πÀ‘π M ·≈– I ¡’°“√‡ª≈’Ë¬π·ª≈ß°“√
°√–®“¬µ—«¡“°∑’Ë ÿ¥  · ¥ß«à“ “¡“√∂∑”°“√§—¥·¬°¢π“¥
‰¥â¥’ ´÷Ëßµ√ß°—π¢â“¡°—∫‡∂â“∂à“πÀ‘π P,  N ·≈– T ∑’Ëæ∫«à“
°“√§—¥·¬°¥â«¬‡§√◊ËÕß¥—ß°≈à“«¡’ª√– ‘∑∏‘¿“æ∑’ËµË”°«à“ ∑—Èßπ’È
‡π◊ËÕß¡“®“°≈—°…≥–∑“ß°“¬¿“æ¢ÕßÕπÿ¿“§‡∂â“∂à“πÀ‘π ‚¥¬
‡∂â“∂à“πÀ‘π∑’Ë¡’Õπÿ¿“§·πàπµ—π (‡∂â“∂à“πÀ‘π M ·≈– I)
 “¡“√∂·¬°¢π“¥‰¥â¥’°«à“‡∂â“∂à“πÀ‘π∑’Ë¡’Õπÿ¿“§°≈«ß
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Figure 2. Scanning electron microscope of  Portland cement type I and original fly ash from

   different sources

À√◊Õ¡’§«“¡æ√ÿπ Ÿß (‡∂â“∂à“πÀ‘π P,  N ·≈– T) ‡æ√“–
‡§√◊ËÕß§—¥¢π“¥¥â«¬·√ß≈¡¡’À≈—°°“√«à“ «—µ∂ÿ∑’Ë¡’πÈ”Àπ—°
‡∫“®–∂Ÿ°·√ß≈¡‡ªÉ“„Àâ≈Õ¬„πÕ“°“»π“π°«à“«—µ∂ÿ∑’Ë¡’πÈ”Àπ—°
¡“°°«à“  ¥—ßπ—ÈπÕπÿ¿“§∑’Ë¡’¢π“¥„À≠à·≈–‡∫“ (‡π◊ËÕß®“°¡’

§«“¡æ√ÿπ) ®÷ß∂Ÿ°·√ß≈¡‡ªÉ“„Àâ≈Õ¬Õ¬Ÿà‰¥â‡À¡◊Õπ°—∫Õπÿ¿“§
∑’Ë¡’¢π“¥‡≈Á°°«à“ °“√§—¥·¬°¢π“¥¥â«¬‡§√◊ËÕß∑’Ë„™â·√ß≈¡®÷ß
¡’ª√– ‘∑∏‘¿“æ‰¡à‡µÁ¡∑’Ë‡¡◊ËÕ„™â°—∫‡∂â“∂à“πÀ‘π∑’Ë¡’§«“¡æ√ÿπ Ÿß
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Table 2. Chemical composition of Portland cement type I and original fly ashes from 5 sources

                 Chemical Composition (%)

SiO
2

Al
2
O

3
Fe

2
O

3
CaO SO

3
MgO Na

2
O K

2
O LOI

     Cement 20.62 5.22 3.10 64.99 2.70 0.91 0.77 0.50 1.13

                  M 46.25 26.43 10.71 7.61 1.85 2.21 1.11 3.07 0.05

                 P 43.92 36.62 3.97 3.05 0.64 0.55 0.38 0.44 7.52

Fly Ash       I 45.02 36.21 4.09 3.64 0.48 0.54 0.44 0.31 5.32

                  T 47.39 22.73 6.29 8.36 3.38 2.64 0.63 2.95 3.12

                  N 49.04 37.91 2.75 1.03 0.18 0.39 0.38 0.52 4.70

Material

a. Particle size distribution of original fly ashes (O) b. Particle size distribution of low fineness fly ashes (F1)

c. Particle size distribution of medium fineness

    fly ashes (F2)

d. Particle size distribution of high fineness fly

     ashes (F3)

Figure 3.  Particle size distribution of Portland cement type I and fly ashes

Particle Size (micron) Particle Size (micron)

Particle Size (micron) Particle Size (micron)

§ÿ≥ ¡∫—µ‘¢Õß‡æ µå·≈–¡Õ√åµâ“√å

Table 3 · ¥ßº≈°“√∑¥ Õ∫§«“¡¢âπ‡À≈«ª°µ‘
(normal consistency) ¢Õß‡æ µå √–¬–‡«≈“°“√°àÕµ—«

(setting time) ¢Õß‡æ µå  ·≈–¥—™π’°”≈—ß (strength   ac-

tivity index) ¢Õß¡Õ√åµâ“√å   ‡¡◊ËÕ„™â‡∂â“∂à“πÀ‘π·∑π∑’ËªŸπ
´’‡¡πµå„πÕ—µ√“ à«π 20% µ“¡¡“µ√∞“π ASTM C 311
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´÷Ëß‡ªìπ°“√∑¥ Õ∫§ÿ≥ ¡∫—µ‘¢Õß«— ¥ÿªÕ´‚´≈“π æ∫«à“  °“√
°àÕµ—«√–¬–µâπ·≈–√–¬–ª≈“¬¢Õß‡æ µå∑’Ëº ¡‡∂â“∂à“πÀ‘π
®“°∑ÿ°·À≈àß¡’√–¬–‡«≈“¡“°°«à“‡æ µå¢ÕßªŸπ ’́‡¡πµå  ·≈–
¡’·π«‚πâ¡≈¥≈ß‡¡◊ËÕ‡∂â“∂à“πÀ‘π¡’§«“¡≈–‡Õ’¬¥¡“°¢÷Èπ  ¡’
‡æ’¬ß‡æ µå MF2, MF3 ·≈– PF3 ∑’Ë¡’‡«≈“°“√°àÕµ—«√–¬–
µâππâÕ¬°«à“´’‡¡πµå‡æ µå   ´÷Ëß Õ¥§≈âÕß°—∫ß“π«‘®—¬¢Õß

‰°√«ÿ≤‘ ·≈–§≥– (2539)  ∑’Ëæ∫«à“‡∂â“∂à“πÀ‘π∑’Ë¡’§«“¡
≈–‡Õ’¬¥ Ÿß®–„™âπÈ”„π à«πº ¡πâÕ¬≈ß·≈– àßº≈„Àâ°“√°àÕ
µ—«¢Õß‡æ µå‡√Á«¢÷Èπ √–¬–‡«≈“°“√°àÕµ—«®“°πâÕ¬‰ªÀ“¡“°
 ”À√—∫‡æ µå∑’Ëº ¡‡∂â“∂à“πÀ‘π§◊Õ M, P, I, N ·≈– T

µ“¡≈”¥—∫
¡“µ√∞“π  ASTM C 618  °”Àπ¥„Àâ¥—™π’°”≈—ß
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¢Õß¡Õ√åµâ“√å∑’Ëº ¡‡∂â“∂à“πÀ‘π∑’ËÕ“¬ÿ 7 À√◊Õ 28 «—π‰¡àµË”
°«à“ 75% ¢Õß¡Õ√åµâ“√å∑’Ë„™âªŸπ´’‡¡πµå≈â«π ®÷ß®–∂◊Õ«à“‡∂â“
∂à“πÀ‘π¥—ß°≈à“«¡’§«“¡‡À¡“– ¡ ”À√—∫„™â„πß“π§Õπ°√’µ
‰¥â  ´÷Ëßº≈°“√∑¥ Õ∫æ∫«à“‡∂â“∂à“πÀ‘π®“°∑ÿ°·À≈àß¡’
¥—™π’°”≈—ß Ÿß°«à“¡“µ√∞“π∑’Ë°”Àπ¥‰«â ·≈–¥—™π’°”≈—ß‡æ‘Ë¡
 Ÿß¢÷Èπ‡¡◊ËÕ‡∂â“∂à“πÀ‘π¡’¢π“¥Õπÿ¿“§‡≈Á°≈ß  ‚¥¬æ∫«à“‡∂â“
∂à“πÀ‘π M ¡’¥—™π’°”≈—ß Ÿß∑’Ë ÿ¥  √Õß≈ß¡“§◊Õ‡∂â“∂à“πÀ‘π
I,  P,  N ·≈– T µ“¡≈”¥—∫   ·≈–¥—™π’°”≈—ß Ÿß ÿ¥§◊Õ
¡Õ√åµâ“√åº ¡‡∂â“∂à“πÀ‘π MF3 ¡’§à“ 151% ¢Õß¡Õ√åµâ“√å
∑’Ë„™âªŸπ´’‡¡πµå≈â«π‡ªìπ«— ¥ÿª√– “π‡¡◊ËÕÕ“¬ÿ 28 «—π

°”≈—ßÕ—¥¢Õß§Õπ°√’µ

°”≈—ßÕ—¥¢Õß§Õπ°√’µ à«πº ¡µà“ßÊ ∑’ËÕ“¬ÿ 28 «—π
· ¥ß„π Table 1 ‚¥¬§Õπ°√’µ§«∫§ÿ¡ (Control) ¡’°”≈—ß
Õ—¥‡∑à“°—∫ 405 °°/´¡2   Ÿß°«à“§Õπ°√’µº ¡‡∂â“∂à“πÀ‘π
∑ÿ°™π‘¥ ‡æ√“–§Õπ°√’µº ¡‡∂â“∂à“πÀ‘π¡’°“√æ—≤π“°”≈—ß
Õ—¥„πÕ“¬ÿµâπ™â“‡π◊ËÕß®“°ªØ‘°‘√‘¬“ªÕ´‚´≈“π‡°‘¥®“°ÕÕ°-
‰´¥å¢Õß´‘≈‘°“·≈–Õ≈Ÿ¡‘πà“„π‡∂â“∂à“πÀ‘π∑”ªØ‘°‘√‘¬“°—∫
·§≈‡´’¬¡‰Œ¥√Õ°‰´¥å∑’Ë‡°‘¥®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢ÕßªŸπ
´’‡¡πµå°—∫πÈ”  ¥—ßπ—ÈπªØ‘°‘√‘¬“ªÕ´‚´≈“π®÷ß‡√‘Ë¡À≈—ß®“°°“√
º ¡§Õπ°√’µª√–¡“≥Àπ÷Ëß —ª¥“Àå (Fraay et al, 1989)

πÕ°®“°π’È°”≈—ßÕ—¥¢Õß§Õπ°√’µº ¡‡∂â“∂à“πÀ‘π·µà≈–™π‘¥
¡’§à“‰¡à‡∑à“°—π  ‚¥¬‡∂â“∂à“πÀ‘π∑’Ë§—¥¢π“¥„Àâ¡’§«“¡≈–‡Õ’¬¥
¡“°®–∑”„Àâ°”≈—ßÕ—¥¢Õß§Õπ°√’µ‡æ‘Ë¡ Ÿß¢÷Èπ¥â«¬     ´÷Ëß

 Õ¥§≈âÕß°—∫ß“π«‘®—¬¢Õß Sybertz ·≈– Wiens (1991)

°”≈—ßÕ—¥ Ÿß ÿ¥¢Õß§Õπ°√’µº ¡‡∂â“∂à“πÀ‘π§◊Õ MF3 ¡’§à“
89% ¢Õß§Õπ°√’µ§«∫§ÿ¡

Figure 4 · ¥ß√âÕ¬≈–¢Õß°”≈—ßÕ—¥§Õπ°√’µº ¡
‡∂â“∂à“πÀ‘π∑—Èß 5 ·À≈àß‡ª√’¬∫‡∑’¬∫°—∫§Õπ°√’µ§«∫§ÿ¡
æ∫«à“§Õπ°√’µº ¡‡∂â“∂à“πÀ‘π M ¡’°”≈—ßÕ—¥ Ÿß∑’Ë ÿ¥„π
°≈ÿà¡¢Õß‡∂â“∂à“πÀ‘π∑—ÈßÀ¡¥‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫„π°≈ÿà¡¢Õß
‡∂â“∂à“πÀ‘π∑’Ë¬—ß‰¡àºà“π°“√§—¥¢π“¥‚¥¬¡’°”≈—ßÕ—¥ 298

°°/´¡2 À√◊Õª√–¡“≥ 74% ¢Õß§Õπ°√’µ§«∫§ÿ¡ °“√∑’Ë
‡∂â“∂à“πÀ‘π M „Àâ°”≈—ßÕ—¥∑’Ë§àÕπ Ÿß‡π◊ËÕß®“°¡’§à“ W/(C+F)

µË”°«à“§Õπ°√’µ™π‘¥Õ◊ËπÊ  ·≈–‡¡◊ËÕæ‘®“√≥“‡ª√’¬∫‡∑’¬∫
§Õπ°√’µ∑’Ëº ¡‡∂â“∂à“πÀ‘π∑’Ë‰¡à‰¥â§—¥¢π“¥¥â«¬°—π√–À«à“ß
M,   P ·≈– N æ∫«à“°”≈—ßÕ—¥¢Õß§Õπ°√’µ P ·≈– N µË”
°«à“§Õπ°√’µ M ∑—ÈßÊ ∑’Ë‡∂â“∂à“πÀ‘π∑—Èß Õß¡’¢π“¥‡©≈’Ë¬
¢ÕßÕπÿ¿“§‡≈Á°°«à“·≈–¡’æ◊Èπ∑’Ëº‘«®”‡æ“–∑’Ë Ÿß°«à“‡∂â“∂à“πÀ‘π
M ·µà‡π◊ËÕß®“°§à“ W/(C+F) ¢Õß§Õπ°√’µ∑—Èß Õß™π‘¥¡’
§à“ Ÿß°«à“π—Ëπ‡Õß

§Õπ°√’µ∑’Ëº ¡‡∂â“∂à“πÀ‘π P ∂÷ß·¡â«à“¡’¢π“¥‡©≈’Ë¬
¢ÕßÕπÿ¿“§∑’Ë‡≈Á°°«à“·≈–¡’§à“æ◊Èπ∑’Ëº‘«®”‡æ“–∑’Ë Ÿß°«à“‡∂â“
∂à“πÀ‘π M °Áµ“¡  ·µà‡π◊ËÕß®“°§à“  W/(C+F) ∑’Ë Ÿß°«à“
∑”„Àâ§Õπ°√’µ P ¡’°”≈—ßÕ—¥µË”°«à“§Õπ°√’µ M ‚¥¬¡’§à“
ª√–¡“≥ 60% ¢Õß§Õπ°√’µ§«∫§ÿ¡    à«π§Õπ°√’µº ¡
‡∂â“∂à“πÀ‘π I,   T ·≈– N ¡’°”≈—ßÕ—¥§àÕπ¢â“ßµË”§◊Õª√–¡“≥
50% ¢Õß§Õπ°√’µ§«∫§ÿ¡  ‡¡◊ËÕæ‘®“√≥“æ∫«à“§Õπ°√’µ  T

Figure 4. Comparison between compressive strength of fly ash concretes and control concrete
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¡’§à“ W/(C+F)  Ÿß·≈–„™â‡∂â“∂à“πÀ‘π¡’Õπÿ¿“§¢π“¥„À≠à
 à«π§Õπ°√’µ I ·≈– N π—Èπ∂÷ß·¡â«à“§à“ W/(C+F) µË”°«à“
·≈–¢π“¥‡©≈’Ë¬¢ÕßÕπÿ¿“§‡≈Á°°«à“‡∂â“∂à“πÀ‘π T °Áµ“¡
·µà‡∂â“∂à“πÀ‘π T ¡’æ◊Èπ∑’Ëº‘«®”‡æ“– Ÿß°«à“¡“°   ®÷ß∑”„Àâ
°”≈—ßÕ—¥¢Õß§Õπ°√’µ∑—Èß “¡ª√–‡¿∑¡’§à“„°≈â‡§’¬ß°—π

‡¡◊ËÕ„™â‡∂â“∂à“πÀ‘π§«“¡≈–‡Õ’¬¥πâÕ¬ (F1) æ∫«à“
§Õπ°√’µ MF1 ¡’§à“√âÕ¬≈–¢Õß°”≈—ßÕ—¥ Ÿß ÿ¥  √Õß≈ß¡“
§◊Õ§Õπ°√’µ PF1,  NF1,  IF1 ·≈– TF1 ´÷Ëß¡’°”≈—ß‡∑à“°—∫
73,  68,  67 ·≈– 64% ¢Õß§Õπ°√’µ§«∫§ÿ¡µ“¡≈”¥—∫
§Õπ°√’µ NF1 ¡’Õ—µ√“°“√‡æ‘Ë¡¢Õß°”≈—ß¡“°°«à“§Õπ°√’µ
Õ◊Ëπ   ‚¥¬‡æ‘Ë¡®“°§Õπ°√’µ N ∑’Ë¡’°”≈—ß 48 ‡ªìπ 68% ‡ªìπ
º≈‡π◊ËÕß®“°°“√≈¥≈ß¢Õß¢π“¥Õπÿ¿“§‡∂â“∂à“πÀ‘π®“° 27

‰¡§√Õπ ‡À≈◊Õ 12.5 ‰¡§√Õπ  ª√‘¡“≥πÈ”∑’Ë≈¥≈ß®“° 0.67

‡ªìπ 0.64 ·≈–ª√–°Õ∫°—∫°”≈—ßÕ—¥¢Õß§Õπ°√’µº ¡‡∂â“
∂à“πÀ‘π N ¡’§à“§àÕπ¢â“ßµË”®÷ß∑”„ÀâÕ—µ√“°“√‡æ‘Ë¡¢Õß°”≈—ß
Õ—¥¡’§à“¡“°°«à“§Õπ°√’µ™π‘¥Õ◊Ëπ

√âÕ¬≈–°”≈—ßÕ—¥ Ÿß ÿ¥¢Õß§Õπ°√’µº ¡‡∂â“∂à“πÀ‘π
≈–‡Õ’¬¥ª“π°≈“ß (F2) ‡ªìπ¢Õß§Õπ°√’µ MF2 ‚¥¬¡’§à“
‡∑à“°—∫ 87% ¢Õß§Õπ°√’µ§«∫§ÿ¡ √Õß≈ß¡“§◊Õ§Õπ°√’µ
PF2 ·≈– IF2 ¡’§à“ 78 ·≈– 76% µ“¡≈”¥—∫   ”À√—∫
§Õπ°√’µ TF2 ·≈– NF2 ¬—ß§ß¡’°”≈—ßµË”§◊Õ¡’§à“ª√–¡“≥

69 ·≈– 72% µ“¡≈”¥—∫   §Õπ°√’µ IF2 ¡’°“√æ—≤π“
°”≈—ßÕ—¥®“° IF1 §àÕπ¢â“ß Ÿß‚¥¬æ—≤π“®“° 67 ‡ªìπ 76%

‡π◊ËÕß®“°¢π“¥Õπÿ¿“§‡©≈’Ë¬¢Õß‡∂â“∂à“πÀ‘π IF2 ¡’¢π“¥
‡≈Á°°«à“ ‡∂â“∂à“πÀ‘π IF1 Õ¬à“ß¡“°‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫
‡∂â“∂à“πÀ‘π™π‘¥Õ◊Ëπ „π¢≥–∑’Ë§à“ W/(C+F) ¢Õß§Õπ°√’µ
·µà≈–™π‘¥≈¥≈ß„°≈â‡§’¬ß°—π

‡¡◊ËÕ·∑π∑’ËªŸπ´’‡¡πµå¥â«¬‡∂â“∂à“πÀ‘π∑’Ë¡’§«“¡
≈–‡Õ’¬¥ Ÿß (F3) æ∫«à“§Õπ°√’µ MF3, PF3 ·≈– IF3 ¡’
§à“°”≈—ßÕ—¥ Ÿß°«à“ 80% ¢Õß§Õπ°√’µ§«∫§ÿ¡   à«π§Õπ°√’µ
TF3 ·≈– NF3 ¡’§à“ 78 ·≈– 77% µ“¡≈”¥—∫  ‡π◊ËÕß®“°
‡∂â“∂à“πÀ‘π∑ÿ°™π‘¥¡’¢π“¥‡©≈’Ë¬¢ÕßÕπÿ¿“§∑’Ë‡≈Á°„°≈â‡§’¬ß
°—πª√–¡“≥ 2.4 ∂÷ß 4.7 ‰¡§√Õπ  ¬°‡«âπ‡∂â“∂à“πÀ‘π TF3

∑’Ë¡’Õπÿ¿“§„À≠à°«à“‡∂â“∂à“πÀ‘π™π‘¥Õ◊Ëπ¡“°·µà°Á¡’æ◊Èπ∑’Ëº‘«
®”‡æ“–∑’Ë Ÿß∑’Ë ÿ¥‡∑à“°—∫ 14290 ´¡2/°  ®÷ß∑”„Àâ°”≈—ßÕ—¥
¢Õß§Õπ°√’µ TF3 „°≈â‡§’¬ß°—∫§Õπ°√’µ™π‘¥Õ◊Ëπ

Figure 5 · ¥ß§«“¡ —¡æ—π∏å√–À«à“ß√âÕ¬≈–¢Õß
°”≈—ßÕ—¥¢Õß§Õπ°√’µ∑’Ëº ¡‡∂â“∂à“πÀ‘π°—∫§à“ W/(C+F) æ∫
«à“°”≈—ßÕ—¥¢Õß§Õπ°√’µ¡’·π«‚πâ¡≈¥≈ß‡¡◊ËÕ§à“ W/(C+F)

‡æ‘Ë¡¢÷Èπ   ‚¥¬∑’Ë§à“ W/(C+F)  à«π„À≠à¡’§à“Õ¬Ÿà„π™à«ß
0.55 ∂÷ß 0.70  ´÷Ëß°”≈—ßÕ—¥¢Õß§Õπ°√’µ„π™à«ß¥—ß°≈à“«¡’
§à“ª√–¡“≥ 50 ∂÷ß 80% ¢Õß§Õπ°√’µ§«∫§ÿ¡   ‡¡◊ËÕ

Figure 5. Relationship between percentage of compressive strength of fly ash concretes and

water to cementitious material ratio  (W/(C+F))
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æ‘®“√≥“§Õπ°√’µ∑’Ë¡’§à“ W/(C+F) ‡∑à“°—∫ 0.62 §◊Õ PF2,

NF2 ·≈– I   æ∫«à“¡’°”≈—ßÕ—¥‡∑à“°—∫ 315,  292 ·≈– 217

°°/´¡2 ·≈–¢π“¥Õπÿ¿“§‡©≈’Ë¬¢Õß‡∂â“∂à“πÀ‘π¡’§à“‡∑à“°—∫
4.4, 8.2 ·≈– 32 ‰¡§√Õπµ“¡≈”¥—∫   · ¥ß„Àâ‡ÀÁπ«à“¢π“¥
¢ÕßÕπÿ¿“§¢Õß‡∂â“∂à“πÀ‘π¡’Õ‘∑∏‘æ≈Õ¬à“ß¡“°µàÕ°”≈—ßÕ—¥
¢Õß§Õπ°√’µ  ‚¥¬∑’Ë¢π“¥Õπÿ¿“§‡©≈’Ë¬¢Õß‡∂â“∂à“πÀ‘π
·ª√º°º—π°—∫°”≈—ßÕ—¥¢Õß§Õπ°√’µ   ´÷Ëß Õ¥§≈âÕß°—∫ß“π
«‘®—¬¢Õß Slanicka (1991), Paya ·≈–§≥– (1995) ·≈–
Erdogdu ·≈– Turker (1998) ∑’Ëæ∫«à“‡∂â“∂à“πÀ‘π§«“¡
≈–‡Õ’¬¥ Ÿß„Àâ°”≈—ßÕ—¥¢Õß§Õπ°√’µ Ÿß°«à“§Õπ°√’µ∑’Ëº ¡
‡∂â“∂à“πÀ‘π§«“¡≈–‡Õ’¬¥µË”

Figure 6 · ¥ß§«“¡ —¡æ—π∏å√–À«à“ß√âÕ¬≈–¢Õß
°”≈—ßÕ—¥¢Õß§Õπ°√’µ∑’Ëº ¡‡∂â“∂à“πÀ‘π°—∫¢π“¥‡©≈’Ë¬ (d

50
)

¢ÕßÕπÿ¿“§‡∂â“∂à“πÀ‘π   æ∫«à“°”≈—ßÕ—¥¢Õß§Õπ°√’µ¡’
·π«‚πâ¡≈¥≈ß‡¡◊ËÕÕπÿ¿“§‡∂â“∂à“πÀ‘π¡’¢π“¥„À≠à¢÷Èπ ·≈–
‡¡◊ËÕæ‘®“√≥“§Õπ°√’µº ¡‡∂â“∂à“πÀ‘π∑’Ë¡’¢π“¥Õπÿ¿“§
‡©≈’Ë¬„°≈â‡§’¬ß°—π§◊Õ MF1, PF2 ·≈– NF3 ¡’§à“°”≈—ßÕ—¥
‡∑à“°—∫ 335, 315 ·≈– 312 °°/´¡2    ´÷Ëß¡’¢π“¥Õπÿ¿“§
‡©≈’Ë¬¢Õß‡∂â“∂à“πÀ‘π‡∑à“°—∫ 4.4, 4.4 ·≈– 4.7 ‰¡§√Õπ
µ“¡≈”¥—∫   æ∫«à“§«“¡·µ°µà“ß¢Õß°”≈—ßÕ—¥‰¡à¡“°π—°

·¡â«à“§à“ W/(C+F) ¢Õß§Õπ°√’µ∑—Èß 3 ™π‘¥¡’§à“∑’Ë·µ°µà“ß
°—π¡“°§◊Õ 0.48,  0.62 ·≈– 0.61 µ“¡≈”¥—∫  · ¥ß„Àâ‡ÀÁπ
«à“¢π“¥·≈–√Ÿª√à“ß (°≈¡µ—π  ¢√ÿ¢√–À√◊Õæ√ÿπ) ¢ÕßÕπÿ¿“§
‡∂â“∂à“πÀ‘π¡’º≈µàÕ°”≈—ß¢Õß§Õπ°√’µÕ¬à“ß¡“°

°“√µâ“π∑“π°“√°—¥°√àÕπ¢Õß°√¥´—≈øŸ√‘§

Figure 7  · ¥ß√âÕ¬≈–°“√ Ÿ≠‡ ’¬πÈ”Àπ—°¢Õß
§Õπ°√’µ §«∫§ÿ¡·≈–§Õπ°√’µº ¡‡∂â“∂à“πÀ‘π∑’Ë‰¡à‰¥â·¬°
¢π“¥æ∫«à“§Õπ°√’µ P  I ·≈– N   Ÿ≠‡ ’¬πÈ”Àπ—°„°≈â‡§’¬ß
°—π‚¥¬¡’§à“‡∑à“°—∫ 3.5  5.0 ·≈– 3.6% ∑’ËÕ“¬ÿ 60 «—π  ·≈–
¡’§à“µË”°«à“§Õπ°√’µ T ·≈– M   ´÷Ëß¡’§à“‡∑à“°—∫ 8.6 ·≈–
7.3% ‡π◊ËÕß®“°‡∂â“∂à“πÀ‘π P  I ·≈– N   ¡’ª√‘¡“≥ SO

3

‡∑à“°—∫ 0.64, 0.48 ·≈– 0.18% µ“¡≈”¥—∫   ´÷ËßµË”°«à“
‡∂â“∂à“πÀ‘π M ·≈– T ∑’Ë¡’ª√‘¡“≥¢Õß SO

3
 ‡∑à“°—∫ 1.85

·≈– 3.38% ‡ªìπº≈„Àâ§Õπ°√’µ M ·≈– T ¡’°“√°—¥°√àÕπ
¢Õß°√¥´—≈øŸ√‘§∫√‘‡«≥º‘«µ—«Õ¬à“ß∑’Ë‡ªìπ¡Õ√åµâ“√å‰¥â√ÿπ·√ß
·≈–¡“°°«à“

§Õπ°√’µ N ¡’Õ—µ√“°“√ Ÿ≠‡ ’¬πÈ”Àπ—°µË” ÿ¥·≈–¡’
ª√‘¡“≥¢Õß SO

3
 µË” ÿ¥¥â«¬‡™àπ°—π  à«π§Õπ°√’µ P ·≈–

I ¡’Õ—µ√“°“√ Ÿ≠‡ ’¬πÈ”Àπ—°§àÕπ¢â“ßµË”„π™à«ß·√°¢Õß°“√

Figure 6. Relationship between percentage of compressive strength of fly ash concretes

and median particle size of fly ash (d
50

)
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∑¥ Õ∫§◊ÕÕ¬Ÿà„π™à«ß 1.6 ∂÷ß 1.7% ‡¡◊ËÕ·™à°√¥ 28 «—π
·≈–¡’Õ—µ√“‡æ‘Ë¡¢÷Èπ‡ªìπ 8.1 ·≈– 10.7% ‡¡◊ËÕ·™à°√¥ 90

«—π ‡π◊ËÕß®“°§Õπ°√’µ∑—Èß Õß™π‘¥¡’§à“ W/(C+F) §àÕπ¢â“ß
 Ÿß∑”„Àâ¡’§«“¡µâ“π∑“πµàÕ°“√°—¥°√àÕπ¢Õß°√¥µË” ÷́Ëß
º≈°“√»÷°…“‡ªìπ‡™àπ‡¥’¬«°—∫ß“π«‘®—¬¢Õß Wilson ·≈–
Wallbank (1993)   ”À√—∫§Õπ°√’µº ¡‡∂â“∂à“πÀ‘π T ∂÷ß
·¡â®–¡’§à“ W/(C+F)   Ÿß¡“°·µà°Áª√–°Õ∫¥â«¬Õπÿ¿“§
¢π“¥„À≠à®÷ß “¡“√∂µâ“π∑“πµàÕ°“√°—¥°√àÕπ¢Õß°√¥‰¥â¥’

(‰°√«ÿ≤‘·≈–§≥–, 2540)  · ¥ß«à“‡¡◊ËÕ‡∂â“∂à“πÀ‘π¡’§«“¡
≈–‡Õ’¬¥ Ÿß¢÷Èπ®–‡ªìπº≈„Àâ°“√ Ÿ≠‡ ’¬πÈ”Àπ—°‡π◊ËÕß®“°°“√
°—¥°√àÕπ¢Õß°√¥´—≈øŸ√‘§‡æ‘Ë¡¢÷Èπ¥â«¬‡™àπ°—π

æ‘®“√≥“®“°  Figures 8  ·≈–  9  ´÷Ëß· ¥ß°“√
 Ÿ≠‡ ’¬πÈ”Àπ—°¢Õß§Õπ°√’µº ¡‡∂â“∂à“πÀ‘π§«“¡≈–‡Õ’¬¥
πâÕ¬ (F1) ·≈–§«“¡≈–‡Õ’¬¥ª“π°≈“ß (F2) æ∫«à“¡’°“√
 Ÿ≠‡ ’¬πÈ”Àπ—°∑’Ë„°≈â‡§’¬ß°—π   §Õπ°√’µº ¡‡∂â“∂à“πÀ‘π
§«“¡≈–‡Õ’¬¥πâÕ¬¡’°“√ Ÿ≠‡ ’¬πÈ”Àπ—°‡≈Á°πâÕ¬„π™à«ßÕ“¬ÿ

Figure 7. Percentage of weight loss of original fly ash concretes in 3% of H
2
SO

4

Figure 8. Percentage of weight loss of low fineness fly ash concretes in 3% of H
2
SO

4
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µâπÊ ¢Õß°“√·™à°√¥  ·µà°Á¡’§Õπ°√’µ∫“ß™π‘¥∑’Ë¡’Õ—µ√“
°“√ Ÿ≠‡ ’¬πÈ”Àπ—°¡“°°«à“§Õπ°√’µº ¡‡∂â“∂à“πÀ‘π§«“¡
≈–‡Õ’¬¥ª“π°≈“ß ‡™àπ §Õπ°√’µ NF1 ¡’Õ—µ√“°“√ Ÿ≠‡ ’¬
πÈ”Àπ—° 1.6%  ‡¡◊ËÕ·™à°√¥ 28 «—π ¡“°°«à“§Õπ°√’µ
NF2  ∑’Ë¡’Õ—µ√“°“√ Ÿ≠‡ ’¬πÈ”Àπ—° 0.9% ‡¡◊ËÕ·™à°√¥‡ªìπ
‡«≈“‡∑à“°—π

§Õπ°√’µ  MF1,  MF2,  TF1 ·≈– TF2 ¡’°“√
 Ÿ≠‡ ’¬πÈ”Àπ—°¡“°°«à“§Õπ°√’µ§«∫§ÿ¡∑’Ë·™à°√¥ 28 ·≈–
60 «—π  ‡π◊ËÕß®“°°“√°—¥°√àÕπÕ¬à“ß√ÿπ·√ß∑’Ë∫√‘‡«≥º‘«

µ—«Õ¬à“ß„π√–¬–·√°  ´÷Ëß¡’·π«‚πâ¡‡À¡◊Õπ°—∫§Õπ°√’µ  M
·≈– T ·µàÕ—µ√“°“√ Ÿ≠‡ ’¬πÈ”Àπ—°µË”°«à“§Õπ°√’µ§«∫§ÿ¡
‡¡◊ËÕ·™à°√¥‡ªìπ‡«≈“ 90 «—π   Õ¥§≈âÕß°—∫ß“π«‘®—¬¢Õß
‰°√«ÿ≤‘·≈–§≥– (2540) ∑’Ëæ∫«à“¡Õ√åµâ“√åº ¡‡∂â“∂à“πÀ‘π
∑’Ë¡’ª√‘¡“≥ SO

3
 µË”    “¡“√∂∑π∑“πµàÕ°“√°—¥°√àÕπ

¢Õß°√¥ —́≈øŸ√‘§‰¥â¡“°°«à“‡∂â“∂à“πÀ‘π∑’Ë¡’ª√‘¡“≥  SO
3

 Ÿß°«à“    ”À√—∫§Õπ°√’µº ¡‡∂â“∂à“πÀ‘π§«“¡≈–‡Õ’¬¥ Ÿß
(F3) (¥Ÿ Figure 10 ª√–°Õ∫) æ∫«à“¡’·π«‚πâ¡¢Õß°“√
 Ÿ≠‡ ’¬πÈ”Àπ—°‰¡à·µ°µà“ß®“°§Õπ°√’µº ¡‡∂â“∂à“πÀ‘π

Figure 10. Percentage of weight loss of high fineness fly ash concretes in 3% of H
2
SO

4

Figure 9. Percentage of weight loss of medium fineness fly ash concretes in 3% of H
2
SO

4
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§«“¡≈–‡Õ’¬¥πâÕ¬·≈–≈–‡Õ’¬¥ª“π°≈“ß·≈–¡’·π«‚πâ¡
¢ÕßÕ—µ√“°“√ Ÿ≠‡ ’¬πÈ”Àπ—°∑’Ë¡“°°«à“  ‚¥¬‡©æ“–§Õπ°√’µ
MF3 ¡’Õ—µ√“°“√ Ÿ≠‡ ’¬πÈ”Àπ—°¡“°¢÷ÈπÕ¬à“ß™—¥‡®π‡¡◊ËÕ
·™àµ—«Õ¬à“ß„π°√¥ 28 ·≈– 60 «—π ‚¥¬¡’§à“‡∑à“°—∫ 7.1 ·≈–
10.3% µ“¡≈”¥—∫

‡¡◊ËÕæ‘®“√≥“ Figure 11  ´÷Ëß· ¥ß§à“√âÕ¬≈–¢Õß
πÈ”Àπ—°∑’Ë Ÿ≠‡ ’¬¢Õß§Õπ°√’µº ¡‡∂â“∂à“πÀ‘πµà“ßÊ ∑’Ë·™à
°√¥‡ªìπ‡«≈“ 90 «—π  æ∫«à“‡∂â“∂à“πÀ‘π M,  P,  I ·≈– T
‡¡◊ËÕ§—¥¢π“¥Õπÿ¿“§‡∂â“∂à“πÀ‘π„Àâ‡≈Á°≈ß (F3) ®–∑”„Àâ
§«“¡ “¡“√∂µâ“π∑“π°“√°—¥°√àÕπ®“°°√¥´—≈øŸ√‘§¢Õß
§Õπ°√’µ≈¥≈ßÕ¬à“ß™—¥‡®π‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫§Õπ°√’µ∑’Ë
º ¡‡∂â“∂à“πÀ‘π‰¡àºà“π°“√§—¥¢π“¥ (O) ·µà§Õπ°√’µº ¡
‡∂â“∂à“πÀ‘π N æ∫«à“°“√§—¥¢π“¥Õπÿ¿“§„Àâ‡≈Á°≈ß∑”„Àâ
Õ—µ√“°“√ Ÿ≠‡ ’¬πÈ”Àπ—°·µ°µà“ß°—π‡æ’¬ß 0.70% · ¥ß
«à“°“√§—¥¢π“¥Õπÿ¿“§¡’º≈°√–∑∫§àÕπ¢â“ßπâÕ¬µàÕ§«“¡
 “¡“√∂„π°“√µâ“π∑“π°√¥¢Õß§Õπ°√’µº ¡‡∂â“∂à“πÀ‘π
N   ∑—Èßπ’ÈÕ“®‡π◊ËÕß¡“®“°‡∂â“∂à“πÀ‘π N ¡’ª√‘¡“≥¢Õß SO

3

∑’ËµË”¡“°π—Ëπ‡Õß   · ¥ß«à“‡∂â“∂à“πÀ‘π∑’Ë¡’ª√‘¡“≥¢Õß SO
3

µË” ¡’º≈°√–∑∫‡æ’¬ß‡≈Á°πâÕ¬µàÕ°“√µâ“π∑“π°“√°—¥°√àÕπ
¢Õß°√¥´—≈øŸ√‘§‡¡◊ËÕ≈¥¢π“¥Õπÿ¿“§¢Õß‡∂â“∂à“πÀ‘π

 √ÿªº≈°“√«‘®—¬

®“°°“√»÷°…“º≈°√–∑∫¢Õß§Õπ°√’µ‡π◊ËÕß®“°°“√
„™â‡∂â“∂à“πÀ‘π 5 ·À≈àß∑’Ë¡’§«“¡≈–‡Õ’¬¥µà“ß°—π‡æ◊ËÕ·∑π∑’Ë

ªŸπ ’́‡¡πµå„πª√‘¡“≥ Ÿß 50% µàÕ°”≈—ßÕ—¥·≈–°“√°—¥°√àÕπ
‡π◊ËÕß®“° “√≈–≈“¬°√¥´—≈øŸ√‘§§«“¡‡¢â¡¢âπ  3%   ‚¥¬
πÈ”Àπ—°  “¡“√∂ √ÿªº≈‰¥â¥—ßπ’È

1. ‡∂â“∂à“πÀ‘π·µà≈–·À≈àß¡’§ÿ≥ ¡∫—µ‘·≈–≈—°…≥–
∑“ß°“¬¿“æ∑’Ë·µ°µà“ß°—π·≈–‡¡◊ËÕ∑”°“√§—¥·¬°¥â«¬‡§√◊ËÕß
§—¥¢π“¥¥â«¬·√ß≈¡ æ∫«à“‡∂â“∂à“πÀ‘π∑’Ë¡’Õπÿ¿“§°≈¡µ—π
 “¡“√∂∑”°“√§—¥·¬°‰¥â¥’·≈–ßà“¬°«à“‡∂â“∂à“πÀ‘π∑’Ë¡’Õπÿ¿“§
°≈«ß·≈–æ√ÿπ

2. ¡Õ√åµâ“√å∑’Ëº ¡‡∂â“∂à“πÀ‘π¡’√–¬–‡«≈“°“√°àÕµ—«
‡æ‘Ë¡¢÷Èπ ·µà¡’·π«‚πâ¡≈¥≈ß‡¡◊ËÕ‡∂â“∂à“πÀ‘π¡’§«“¡≈–‡Õ’¬¥
¡“°¢÷Èπ    à«π§à“¥—™π’°”≈—ß¢Õß¡Õ√åµâ“√å¡’·π«‚πâ¡ Ÿß¢÷Èπ
µ“¡§«“¡≈–‡Õ’¬¥¢Õß‡∂â“∂à“πÀ‘π∑’Ë‡æ‘Ë¡¢÷Èπ

3. ¢π“¥Õπÿ¿“§¢Õß‡∂â“∂à“πÀ‘π‡ªìπªí®®—¬ ”§—≠∑’Ë¡’
º≈µàÕ°”≈—ßÕ—¥¢Õß§Õπ°√’µº ¡‡∂â“∂à“πÀ‘π   °“√„™â‡∂â“
∂à“πÀ‘π§«“¡≈–‡Õ’¬¥ Ÿß (F3) ®“°∑—Èß 5 ·À≈àß·∑π∑’ËªŸπ
’́‡¡πµå„πª√‘¡“≥ Ÿß∂÷ß 50%    “¡“√∂„Àâ°”≈—ßÕ—¥¢Õß

§Õπ°√’µ¡“°°«à“ 77% ¢Õß§Õπ°√’µ§«∫§ÿ¡∑’ËÕ“¬ÿ 28 «—π
4. §«“¡ “¡“√∂„π°“√µâ“π∑“π°“√°—¥°√àÕπ‡π◊ËÕß

®“° “√≈–≈“¬°√¥´—≈øŸ√‘§¢Õß§Õπ°√’µº ¡‡∂â“∂à“πÀ‘π
∑—Èß 5 ·À≈àß¡’§à“·µ°µà“ß°—π §«“¡µâ“π∑“π®–¥’¢÷Èπ‡¡◊ËÕ≈¥
ª√‘¡“≥ªŸπ´’‡¡πµå„π à«πº ¡   ‡∂â“∂à“πÀ‘π¡’Õπÿ¿“§„À≠à
¡’ª√‘¡“≥ SO

3
 µË”  ·≈– §à“ W/(C+F) ¢Õß à«πº ¡

§Õπ°√’µµË”
5. §Õπ°√’µ∑’Ë„™â‡∂â“∂à“πÀ‘π∑—Èß∑’Ë‰¡à‰¥â§—¥¢π“¥·≈–

∑’Ë§—¥¢π“¥·∑π∑’ËªŸπ´’‡¡πµå„πª√‘¡“≥ Ÿß¡’§«“¡µâ“π∑“π

Figure 11. Comparison between the weight loss of  fly ash concretes and control concrete after

immersing in 3% of H
2
SO

4
 at 90 days
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