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This paper presents a study of the strength and chloride penetration of blended Portland cement

mortar containing classified fly ash (FA) and ground palm oil fuel ash (POA). Ordinary Portland cement

type I (OPC) was partially replaced with FA and POA at the dosage of 0–40% by weight of cementitious

materials. In addition to normal replacement, a blend of different weight portion of FA and POA was also

used to study the combined effect of the FA and POA. Sand–to–binder ratio of 2.75 by weight and water to

binder ratio of 0.5 were used. Superplasticizer (SP) was incorporated in order to obtain mortar mixes with

similar flow of 110 ± 5%. FA and POA with 1–3% by weight retained on a sieve No. 325 were used.

Compressive strength and chloride penetration depth of mortars were determined. The results revealed that

the use of FA and POA produced high strength mortars. The strength of mortar containing 10% and 20% of

pozzolans and blended of pozzolans were higher than that of OPC mortar at all ages. In addition, the use of

ternary blended of OPC, FA and POA also produced high strength mortars and excellent resistance to

chloride penetration.
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1. ∫∑π”
‡∂â“ª“≈å¡πÈ”¡—π‡ªìπ«— ¥ÿªÕ´‚´≈“π™π‘¥Àπ÷Ëß„πÀ≈“¬

™π‘¥·≈–æ∫‰¥â„πÀ≈“¬ª√–‡∑»∑—Ë«‚≈° ‡∂â“ª“≈å¡πÈ”¡—π
‡ªìπº≈æ≈Õ¬‰¥â®“°°√–∫«π°“√º≈‘µ°√–· ‰øøÑ“¢π“¥‡≈Á°
´÷Ëß„™â°–≈“ª“≈å¡·≈–‡ âπ„¬ª“≈å¡‡ªìπ‡™◊ÈÕ‡æ≈‘ß ‚¥¬‡º“∑’Ë
Õÿ≥À¿Ÿ¡‘‡∑à“°—∫ 800-1,000 °C [1] Õß§åª√–°Õ∫À≈—°∑“ß
‡§¡’¢Õß‡∂â“ª“≈å¡πÈ”¡—π§◊Õ´‘≈‘°“ ´÷Ëß‡ªìπÕß§åª√–°Õ∫À≈—°
¢Õß«— ¥ÿªÕ´‚´≈“π [1] πÕ°®“°‡∂â“ª“≈å¡πÈ”¡—π·≈â«
«— ¥ÿªÕ´‚´≈“πÕ’°™π‘¥Àπ÷Ëß∑’Ë‡√“√Ÿâ®—°§◊Õ‡∂â“∂à“πÀ‘π´÷Ëß
π‘¬¡π”¡“„™â„πß“π§Õπ°√’µ ª°µ‘·≈â«°“√„™â‡∂â“∂à“πÀ‘π
‡æ◊ËÕª√—∫ª√ÿß§ÿ≥ ¡∫—µ‘¢Õß§Õπ°√’µ„π¥â“π§«“¡§ß∑π
[1-3] ∑’Ëºà“π¡“¡’ß“π«‘®—¬À≈“¬™‘Èπ„™â«— ¥ÿª√– “π Õß
™π‘¥√«¡°—π·∑π∑’ËªŸπ´’‡¡πµå‡æ◊ËÕª√—∫ª√ÿß§ÿ≥ ¡∫—µ‘¢Õß
§Õπ°√’µÀ√◊Õ¡Õ√åµâ“√å„Àâ¥’¢÷Èπ‡π◊ËÕß®“°º≈¢Õß°“√‡°◊ÈÕÀπÿπ
°—πÀ√◊Õ‡√’¬°«à“ Synergic effects [1, 3] ß“π«‘®—¬¢Õß
Sumrerng Rukzon ·≈– Prinya Chindaprasirt [3]
√“¬ß“π«à“°“√„™â«— ¥ÿª√– “π “¡™π‘¥√«¡°—π¢ÕßªŸπ
´’‡¡πµå ‡∂â“·°≈∫·≈–‡∂â“∂à“πÀ‘π “¡“√∂‡æ‘Ë¡°”≈—ßÕ—¥¢Õ
ß¡Õ√åµâ“√å‰¥â¥’

æ◊Èπ∑’Ë ”À√—∫°“√∑‘Èß‡∂â“∂à“πÀ‘π·≈–‡∂â“ª“≈å¡πÈ”¡—π
‡ªìπªí≠À“„À≠à¢Õß°√–∫«π°“√º≈‘µ°√–· ‰øøÑ“ ‡æ√“–
‡∂â“∑‘Èß¥—ß°≈à“«‰¡à‰¥âπ”‰ª„™âª√–‚¬™πåÕ◊ËπÊ ¥—ßπ—Èπ
«—µ∂ÿª√– ß§å¢Õßß“π«‘®—¬π’È§◊Õ°“√„™âª√–‚¬™πå‚¥¬µ√ß
¢Õß‡∂â“∂à“πÀ‘π·≈–‡∂â“ª“≈å¡πÈ”¡—π‡ªìπ«— ¥ÿªÕ´‚´≈“π
 Õß™π‘¥√«¡°—π·∑π∑’ËªŸπ´’‡¡πµå‡æ◊ËÕ≈¥ªí≠À“ ‘Ëß·«¥≈âÕ¡
≈¥æ◊Èπ∑’Ë ”À√—∫°“√°”®—¥∑‘Èß ≈¥°“√„™âªŸπ´’‡¡πµå ·≈–≈¥

´

µâπ∑ÿπ°“√º≈‘µ§Õπ°√’µ„π‚§√ß°“√°àÕ √â“ß ß“π«‘®—¬π’È
πÕ°®“°°“√„™â‡∂â“∂à“πÀ‘πÀ√◊Õ‡∂â“ª“≈å¡πÈ”¡—π‡æ’¬ß™π‘¥
‡¥’¬«·∑π∑’ËªŸπ´’‡¡πµå·≈â« ¬—ß‰¥âπ”‡∂â“∂à“πÀ‘π·≈–‡∂â“
ª“≈å¡πÈ”¡—π‡ªìπ«— ¥ÿª√– “π Õß™π‘¥√«¡°—π·∑π∑’ËªŸπ
´’‡¡πµå ‡√’¬°«à“√–∫∫°“√„™â«— ¥ÿª√– “π “¡™π‘¥√«¡°—π
À√◊Õ Ternary cementitious system (TCS) ∑—Èßπ’È‡æ◊ËÕ
»÷°…“∂÷ß§ÿ≥ ¡∫—µ‘µà“ßÊ À√◊Õ§ÿ≥ ¡∫—µ‘‡™‘ß°≈¢Õß«— ¥ÿ¥—ß
°≈à“«‰¡à«à“®–‡ªìπ¥â“π°“√√—∫°”≈—ßÕ—¥À√◊Õ°“√µâ“π∑“π
§≈Õ‰√¥å¢Õß¡Õ√åµâ“√å„π√–∫∫ TCS

2. °“√‡µ√’¬¡µ—«Õ¬à“ß·≈–«‘∏’°“√∑¥ Õ∫
2.1 «— ¥ÿ∑’Ë„™â«‘®—¬

«— ¥ÿªÕ´‚´≈“π„™â‡∂â“∂à“πÀ‘π®“°‚√ß‰øøÑ“
·¡à‡¡“–„π∑“ß¿“§‡Àπ◊Õ¢Õßª√–‡∑»‰∑¬ ‡∂â“ª“≈å¡πÈ”¡—π
„™â®“°‚√ß‰øøÑ“„π∑“ß¿“§„µâ¢Õßª√–‡∑»‰∑¬ „™âªŸπ
´’‡¡πµåªÕ√åµ·≈π¥åª√–‡¿∑∑’Ë 1 «— ¥ÿ¡«≈≈–‡Õ’¬¥„™â‡ªìπ
∑√“¬·¡àπÈ”¡’§«“¡∂à«ß®”‡æ“–‡∑à“°—∫ 2.65 ·≈–‚¡¥Ÿ≈— 
§«“¡≈–‡Õ’¬¥¢Õß∑√“¬‡∑à“°—∫ 2.82 „™â “√≈¥πÈ”æ‘‡»…™π‘¥
F (type-F superplasticizer, SP)  ”À√—∫ª√—∫§à“°“√
‰À≈·ºà¢Õß¡Õ√åµâ“√å ‡∂â“∂à“πÀ‘ππ”¡“·¬°¢π“¥≈–‡Õ’¬¥‡ªìπ
FA ¡’ª√‘¡“≥§â“ß∫πµ–·°√ß¡“µ√∞“π‡∫Õ√å 325 ‡∑à“°—∫
√âÕ¬≈– 1-3 ‚¥¬πÈ”Àπ—° ‡∂â“ª“≈å¡πÈ”¡—ππ”¡“∫¥
≈–‡Õ’¬¥‡ªìπ POA ¡’ª√‘¡“≥§â“ß∫πµ–·°√ß¡“µ√∞“π‡∫Õ√å
325 ‡∑à“°—∫√âÕ¬≈– 1-3 ‚¥¬πÈ”Àπ—° ¢π“¥°“√°√–®“¬
µ—«¢Õß«— ¥ÿ· ¥ß„π√Ÿª∑’Ë 1
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2.2 °“√‡µ√’¬¡ à«πº ¡¢Õß¡Õ√åµâ“√å
OPC ·∑π∑’Ë¥â«¬«— ¥ÿªÕ´‚´≈“π„πÕ—µ√“√âÕ¬≈–

0-40 ‚¥¬πÈ”Àπ—°«— ¥ÿª√– “π πÕ°®“°°“√·∑π∑’Ë«— ¥ÿ
ªÕ´‚´≈“π·µà≈–™π‘¥„πªŸπ´’‡¡πµå·≈â« ¬—ß‰¥âπ”«— ¥ÿªÕ´
‚´≈“π Õß™π‘¥√«¡°—π„πª√‘¡“≥∑’Ë·µ°µà“ß°—π·∑π∑’ËªŸπ
´’‡¡πµå√«¡‡ªìπ«— ¥ÿª√– “π “¡™π‘¥À√◊Õ√–∫∫ TCS „™â
∑√“¬„πÕ—µ√“ à«πµàÕ«— ¥ÿª√– “π‡∑à“°—∫ 2.75 ‚¥¬πÈ”

Àπ—°·≈–Õ—µ√“ à«ππÈ”µàÕ«— ¥ÿª√– “π„™â§ß∑’Ë‡∑à“°—∫ 0.5 „™â
SP ª√—∫§à“°“√‰À≈·ºà„Àâ‰¥â‡∑à“°—∫√âÕ¬≈– 110 ± 5 µ—«
Õ¬à“ß¡Õ√åµâ“√å‡°Á∫„πµŸâ§«∫§ÿ¡∑’ËÕÿ≥À¿Ÿ¡‘‡∑à“°—∫ 23 °C À≈—ß
®“°À≈àÕ¡Õ√åµâ“√å 24 ™¡. ∂Õ¥·∫∫·≈–∫à¡„ππÈ” –Õ“¥∑’Ë
Õÿ≥À¿Ÿ¡‘‡∑à“°—∫ 23 °C ®π‰¥âÕ“¬ÿ°“√∑¥ Õ∫  à«πº ¡
¡Õ√åµâ“√å„™â„πµ“√“ß∑’Ë 1

 
√Ÿª∑’Ë 1  °“√°√–®“¬Õπÿ¿“§¢Õß«— ¥ÿªÕ´‚´≈“π·≈– OPC

À¡“¬‡≈¢  —≠≈—°…≥å OPC FA POA SP (%)
 à«πº ¡

1 OPC 100 - - 2.0

2 20FA 80 20 - 0.5

3 10FA10POA 80 10 10 0.7

4 20POA 80 - 20 2.1

5 40FA 60 40 - 0.2

6 20FA20POA 60 20 20 1.2

7 40POA 60 - 40 3.3

8 10FA 90 10 - 0.7

9 10POA 90 - 10 2.0

10 20FA10POA 70 20 10 1.1

11 15FA15POA 70 15 15 1.2

12 10FA20POA 70 10 20 1.3

µ“√“ß∑’Ë 1   à«πº ¡¡Õ√åµâ“√å
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2.3 °“√∑¥ Õ∫°”≈—ßÕ—¥
°“√∑¥ Õ∫°”≈—ßÕ—¥„™â·∫∫À≈àÕ¡Õ√åµâ“√å∑√ß≈Ÿ°∫“»°å

¢π“¥‡∑à“°—∫ 50 × 50 × 50 ¡¡. ∑¥ Õ∫°”≈—ßÕ—¥∑’ËÕ“¬ÿ 7,
28 ·≈– 90 «—π µ“¡≈”¥—∫ °“√∑¥ Õ∫‡ªìπ‰ªµ“¡¡“µ√∞“π
ASTM C109 [4] §à“°”≈—ßÕ—¥§”π«≥¥â«¬°“√„™âµ—«Õ¬à“ß
∑¥ Õ∫ 3 µ—«Õ¬à“ß·≈–À“§à“‡©≈’Ë¬

2.4 °“√∑¥ Õ∫°“√·∑√° ÷́¡§≈Õ‰√¥å
„™â·∫∫À≈àÕ¡Õ√åµâ“√å√Ÿª∑√ß°√–∫Õ°¢π“¥‡ âπ

ºà“π»Ÿπ¬å°≈“ß‡∑à“°—∫ 100 ¡¡.  Ÿß‡∑à“°—∫ 200 ¡¡. µ“¡
¡“µ√∞“π ASTM C39 [5] À≈—ß®“°À≈àÕ¡Õ√åµâ“√å„Àâ∂Õ¥
·∫∫„π 24 ™¡. ®“°π—Èπ∫à¡„ππÈ” –Õ“¥‡ªìπ‡«≈“ 27 «—π
π”¡“µ—¥∑’Ë°÷Ëß°≈“ß„Àâ¡’§«“¡Àπ“ 50 ¡¡. („™â¥â“π´â“¬
·≈–¢«“) µ“¡¡“µ√∞“π ASTM C1202 [6] ®–‰¥âµ—«Õ¬à“
ß¡Õ√åµâ“√å 2 °âÕπ ·≈–π”‰ª‡§≈◊Õ∫¥â«¬Õ’æÕ°´’ (Epoxy
coated) ‚¥¬√Õ∫∑√ß°√–∫Õ° ®“°π—Èπ∑‘Èß‰«âÕ’° 1 «—π π”
‰ª∑¥ Õ∫À“§«“¡≈÷°§≈Õ‰√¥å·∫∫‡√àß (Rapid migration
test, RMT) ·≈–§«“¡≈÷°§≈Õ‰√¥å·∫∫·™à (Immersion test,
IMT)

2.4.1 §«“¡≈÷°§≈Õ‰√¥å·∫∫‡√àß À√◊Õ Rapid
migration test (RMT)

À≈—ß°“√∫à¡µ—«Õ¬à“ß∑’ËÕ“¬ÿ 27 «—π µ—¥µ—«Õ¬à“ß∑’Ë

°÷Ëß°≈“ß„ÀâÀπ“‡∑à“°—∫ 50 ¡¡. ‡À¡◊Õπ„πÀ—«¢âÕ 2.4 π”
¡“‡§≈◊Õ∫¥â«¬Õ’æÕ°´’‚¥¬√Õ∫∑√ß°≈¡ ∑‘Èß‰«âÕ’° 1 «—π °“√
∑¥ Õ∫„™âµ“¡√Ÿª∑’Ë 2 ¥â«¬°“√ª√–¬ÿ°µå«‘∏’°“√∑¥ Õ∫
µ“¡¡“µ√∞“π ASTM C1202 [6] „π¥â“π¢—È«≈∫À√◊Õ¥â“π
·§‚∑¥ (Cathod side) „™â “√≈–≈“¬‚´‡¥’¬¡§≈Õ‰√¥å
√âÕ¬≈– 3 „ππÈ”ªŸπ„  (√âÕ¬≈– 3 NaCl in limewater)
 à«π¥â“π¢—È«∫«°À√◊Õ¥â“π·Õ‚π¥ (Anode side) ‡ªìππÈ”
ªŸπ„  (limewater) ·≈–∑¥ Õ∫„™â·√ß¥—π‰øøÑ“„π Õß¢—È«
‡∑à“°—∫ 30 ‚«≈µå (30 V DC) ‡ªìπ‡«≈“ 8 ™¡. ‡π◊ËÕß®“°
‡ªìπ§à“·√ß¥—π·≈–√–¬–‡«≈“∑’ËæÕ‡À¡“–´÷Ëß‰¡à àßº≈µàÕ
§«“¡√âÕπ„π “√≈–≈“¬ À“°„™â§à“·√ß¥—π·≈–√–¬–‡«≈“
∑’Ë Ÿß°«à“π’È ®–∑”„Àâ “√≈–≈“¬‡¥◊Õ¥·≈–Õÿ≥À¿Ÿ¡‘ Ÿß ®“°
π—ÈπÀ“§«“¡≈÷°§≈Õ‰√¥å¥â«¬°“√À—°¡Õ√åµâ“√å·≈–©’¥æàπ
¥â«¬ “√≈–≈“¬´‘≈‡«Õ√å‰π‡µ√∑ 0.1 ‚¡≈≈“√å À√◊Õ 0.1 M
AgNO3 [7] ‡æ◊ËÕµ√«® Õ∫°“√·∑√°´÷¡§≈Õ‰√¥å·≈–«—¥
√–¬–§«“¡≈÷°  ”À√—∫°“√«—¥§«“¡≈÷° „™â°“√«—¥√–¬–
·π«°“√·∑√° ÷́¡∑’ËÀπâ“µ—¥¡Õ√åµâ“√åª√–¡“≥ 6 ®ÿ¥·≈–
À“§à“‡©≈’Ë¬ °“√‡≈◊Õ°°“√∑¥ Õ∫«‘∏’π’È‡π◊ËÕß®“°µâÕß°“√
»÷°…“‡æ◊ËÕÀ“«‘∏’°“√∑¥ Õ∫°“√·∑√° ÷́¡§≈Õ‰√¥å·∫∫‡√àß
·≈–π”‰ª‡∑’¬∫°—∫·∫∫·™à ´÷Ëß‡ªìπ°“√·™à·∫∫∏√√¡™“µ‘
∑—Èßπ’È ‡æ◊ËÕ‡ªìπ·π«∑“ß°“√»÷°…“«‘®—¬„πÕπ“§µµàÕ‰ª

√Ÿª∑’Ë 2  °“√∑¥ Õ∫§«“¡≈÷°§≈Õ‰√¥å·∫∫‡√àß (RMT)
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2.4.2 §«“¡≈÷°§≈Õ‰√¥å·∫∫·™à À√◊Õ
Immersion test (IMT)

°“√∑¥ Õ∫ IMT „™â “√≈–≈“¬‚´‡¥’¬¡§≈Õ‰√¥å
√âÕ¬≈– 3 °“√µ‘¥µ—Èß°“√∑¥ Õ∫„™âµ“¡√Ÿª∑’Ë 3 §≈â“¬°—∫
À≈“¬ß“π«‘®—¬∑’Ëºà“π¡“ [1, 8] À≈—ß°“√∫à¡µ—«Õ¬à“ß∑’ËÕ“¬ÿ 27
«—π µ—¥µ—«Õ¬à“ß∑’Ë°÷Ëß°≈“ß„ÀâÀπ“‡∑à“°—∫ 50 ¡¡. ‡À¡◊Õπ
„πÀ—«¢âÕ 2.4 π”¡“‡§≈◊Õ∫¥â«¬Õ’æÕ°´’‚¥¬√Õ∫∑√ß°≈¡
·≈–‡À≈◊Õ‰«â‡æ’¬ß¥â“π‡¥’¬«‡æ◊ËÕ„Àâ¡’°“√·∑√° ÷́¡ ∑‘Èß‰«âÕ’° 1

«—π π”µ—«Õ¬à“ß·™à„π “√≈–≈“¬‚´‡¥’¬¡§≈Õ‰√¥å‡ªìπ‡«≈“
30 «—π „™â§«“¡ Ÿß®“°º‘«¢Õß “√≈–≈“¬∂÷ß¥â“π∫πµ—«
Õ¬à“ß¡Õ√åµâ“√åª√–¡“≥ 10 ´¡. ®“°π—ÈπÀ“§«“¡≈÷°§≈Õ
‰√¥å¥â«¬°“√À—°¡Õ√åµâ“√å·≈–©’¥æàπ¥â«¬ “√≈–≈“¬ ‘́≈‡«Õ√å
‰π‡µ√∑ 0.1 ‚¡≈≈“√å À√◊Õ 0.1 M AgNO3 [7] ‡æ◊ËÕµ√«®
 Õ∫°“√·∑√°´÷¡§≈Õ‰√¥å·≈–«—¥√–¬–§«“¡≈÷°  ”À√—∫
°“√«—¥§«“¡≈÷° „™â°“√«—¥√–¬–·π«°“√·∑√°´÷¡∑’ËÀπâ“
µ—¥¡Õ√åµâ“√åª√–¡“≥ 6 ®ÿ¥·≈–À“§à“‡©≈’Ë¬

√Ÿª∑’Ë 3  °“√∑¥ Õ∫§«“¡≈÷°§≈Õ‰√¥å·∫∫·™à∏√√¡™“µ‘ (IMT)

3. º≈°“√∑¥ Õ∫·≈–«‘‡§√“–Àåº≈
3.1 Õß§åª√–°Õ∫∑“ß‡§¡’·≈–§ÿ≥ ¡∫—µ‘∑“ß

°“¬¿“æ
§«“¡≈–‡Õ’¬¥¢Õß OPC ·≈–«— ¥ÿªÕ´‚´≈“π

· ¥ß‰«â„πµ“√“ß∑’Ë 2 §«“¡≈–‡Õ’¬¥¢Õß OPC ‚¥¬«‘∏’
¢Õß‡∫≈π (Blaine fineness) ¡’§à“‡∑à“°—∫ 3,600 µ√.´¡./
°. §«“¡≈–‡Õ’¬¥¢Õß FA ·≈– POA ¡’§à“‡∑à“°—∫ 5700
·≈– 11,800 µ√.´¡./°. µ“¡≈”¥—∫ §«“¡∂à«ß®”‡æ“–¢Õß
OPC, FA ·≈– POA ‡∑à“°—∫ 3.14, 2.45 ·≈– 2.25 °./
≈∫.´¡. µ“¡≈”¥—∫ ¢π“¥Õπÿ¿“§‡©≈’Ë¬¢Õß OPC, FA ·≈–
POA ‡∑à“°—∫ 15, 4.9 ·≈– 7.2 ‰¡§√Õπ µ“¡≈”¥—∫ Õß§å
ª√–°Õ∫‡§¡’¢Õß«— ¥ÿª√– “π· ¥ß„πµ“√“ß∑’Ë 3 ´÷Ëßæ∫

«à“‡∂â“∂à“πÀ‘π FA ®“°·¡à‡¡“–∑’Ë„™â‡ªìπ™π‘¥ F (Class F)
¡’º≈√«¡¢Õß SiO2 + Al2O3 + Fe2O3 ‡∑à“°—∫√âÕ¬≈– 74 ́ ÷Ëß
¡“°°«à“√âÕ¬≈– 70 ¡’§à“ SO3 ‡∑à“°—∫√âÕ¬≈– 2.2 ·≈–¡’§à“
LOI ‡∑à“°—∫√âÕ¬≈– 2.5 ́ ÷Ëß‡ªìπ‰ªµ“¡¡“µ√∞“π¢Õß ASTM
C618 [9]  à«π POA ¡’Õß§åª√–°Õ∫‡§¡’ SiO2 ‡∑à“°—∫√âÕ¬≈–
63.6 ¡’Õß§åª√–°Õ∫‡§¡’¢Õß CaO ·≈– K2O ‡∑à“°—∫√âÕ¬
≈– 7.6 ·≈– 6.9 µ“¡≈”¥—∫  à«π LOI ¡’‡∑à“°—∫√âÕ¬≈– 9.6
´÷Ëß‰¡à Ÿß¡“°π—°‡π◊ËÕß®“°°“√‡º“∑’ËÕÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡ ·≈–
º≈√«¡¢Õß  SiO2 + Al2O3 + Fe2O3 ‡∑à“°—∫√âÕ¬≈– 66.6
´÷ËßπâÕ¬°«à“√âÕ¬≈– 70 ‡æ’¬ß‡≈Á°πâÕ¬·≈–®—¥‡ªìπ«— ¥ÿªÕ´
‚´≈“π™π‘¥∑—Ë«‰ªµ“¡¡“µ√∞“π ASTM C618 [9]
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3.2 °”≈—ßÕ—¥
√Ÿª∑’Ë 4 ‡ªìπº≈°“√∑¥ Õ∫°”≈—ßÕ—¥¢Õß¡Õ√åµâ“√å

„π·µà≈– à«πº ¡´÷Ëßæ∫«à“°”≈—ßÕ—¥¢Õß¡Õ√åµâ“√åº ¡«— ¥ÿ
ªÕ´‚´≈“π„πÕ—µ√“√âÕ¬≈– 10 ·≈– 20 ¡’§à“ Ÿß°«à“¡Õ√åµâ“√å
OPC ∑ÿ°Õ“¬ÿ°“√∑¥ Õ∫

§«“¡≈–‡Õ’¬¥¢Õß FA  “¡“√∂°√–®“¬µ—«·≈–
‡¢â“‰ª·∑√°µ—«„π√Ÿæ√ÿπ¢Õß‡æ µå∑”Àπâ“∑’Ë‡ªìπ»Ÿπ¬å°≈“ß
°“√°√–µÿâπ°“√‡°‘¥ªØ‘°‘√‘¬“‰¥â¡“°¢÷Èπ·≈–‡æ‘Ë¡ªØ‘°‘√‘¬“
ªÕ´‚´≈“π [2, 10] °“√„™â POA „π¡Õ√åµâ“√å àßº≈„Àâ‡°‘¥
°“√Õ—¥µ—«„π‡æ µå·≈–∑”„Àâ¡Õ√åµâ“√å¡’§«“¡∑÷∫·πàπ¢÷Èπ
‡π◊ËÕß®“°§«“¡≈–‡Õ’¬¥¢Õß POA ·≈–‡π◊ËÕß®“°æ◊Èπ∑’Ëº‘«

®”‡æ“–∑’Ë Ÿß¢Õß POA  àßº≈„Àâ‡°‘¥ªØ‘°‘√‘¬“ªÕ´‚´≈“π∑’Ë
¡“°¢÷Èπ [1] °“√‡æ‘Ë¡ª√‘¡“≥°“√·∑π∑’Ë¥â«¬«— ¥ÿªÕ´‚´
≈“π∑—Èß FA ·≈– POA „πÕ—µ√“√âÕ¬≈– 40  àßº≈„Àâ§à“
°”≈—ßÕ—¥≈¥≈ß„πÕ“¬ÿµâπ¢Õß¡Õ√åµâ“√å Õ¬à“ß‰√°Áµ“¡ °”≈—ß
Õ—¥¢Õß¡Õ√åµâ“√å∑’ËÕ“¬ÿ 90 «—π Ÿß°«à“¡Õ√åµâ“√å OPC · ¥ß
„Àâ‡ÀÁπ«à“Õ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“ªÕ´‚´≈“π‡°‘¥¢÷Èπ™â“„π
Õ“¬ÿµâπ ·≈–°”≈—ßÕ—¥¢Õß¡Õ√åµâ“√å Ÿß¢÷Èπ‡¡◊ËÕÕ“¬ÿ∑¥ Õ∫
 Ÿß¢÷Èπ∑’Ë 90 «—π ¥—ß· ¥ß„π√Ÿª∑’Ë 4 º≈∑¥ Õ∫™’È„Àâ‡ÀÁπ
«à“°“√„™â FA ·≈– POA ‡°‘¥ªØ‘°‘√‘¬“‰¥â¡“°·≈–‡æ‘Ë¡
ªØ‘°‘√‘¬“ªÕ´‚´≈“π‡¡◊ËÕÕ“¬ÿ‡æ‘Ë¡¢÷Èπ

µ“√“ß∑’Ë 2  §ÿ≥ ¡∫—µ‘°“¬¿“æ¢Õß«— ¥ÿ

OPC 15.0 - 3.14 3,600

FA 4.9 1-3 2.45 5,700

POA 7.9 1-3 2.25 11,800

µ—«Õ¬à“ß ¢π“¥Õπÿ¿“§‡©≈’Ë¬
(‰¡§√Õπ)

ª√‘¡“≥§â“ß∫πµ–·°√ß
¡“µ√∞“π‡∫Õ√å 325

(√âÕ¬≈–)

§«“¡∂à«ß®”‡æ“–
(°./≈∫.´¡.)

§«“¡≈–‡Õ’¬¥
(µ√.´¡./°.)

ÕÕ°‰´¥å OPC POA FA

SiO2 20.5 63.6 41.0

Al2O3 4.5 1.5 21.5

Fe2O3 3.4 1.5 11.5

CaO 65.4 7.6 14.4

MgO 1.3 3.9 3.3

Na2O 0.2 0.1 1.1

K2O 0.4 6.9 2.6

SO3 2.7 0.2 2.2

LOI 0.9 9.6 2.5

SiO2 + Al2O3 + Fe2O3 - 66.6 74.0

µ“√“ß∑’Ë 3  Õß§åª√–°Õ∫‡§¡’¢Õß«— ¥ÿ
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√Ÿª∑’Ë 5 ‡ªìπ§à“√âÕ¬≈–°”≈—ßÕ—¥¢Õßµ—«Õ¬à“ß¡Õ√åµâ“√å
º ¡¥â«¬ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å·≈–«— ¥ÿªÕ´‚´≈“π  ”À√—∫
°“√„™â«— ¥ÿªÕ´‚´≈“π„π√–∫∫ TCS æ∫«à“§à“¥—™π’°”≈—ß
Õ—¥¢Õß¡Õ√åµâ“√å∑’ËÕ“¬ÿ 7 «—π ¡’§à“√–À«à“ß√âÕ¬≈– 95-101
¢Õß¡Õ√åµâ“√å OPC ¥—ß· ¥ß„π√Ÿª∑’Ë 5 ‚¥¬∑’Ë ∑’ËÕ“¬ÿ 28 ·≈–
90 «—π §à“¥—™π’°”≈—ßÕ—¥¢Õß¡Õ√åµâ“√åÕ¬Ÿà√–À«à“ß√âÕ¬≈– 99-
103 ·≈–√âÕ¬≈– 100-103 ¢Õß¡Õ√åµâ“√å OPC µ“¡≈”¥—∫
º≈∑¥ Õ∫™’È„Àâ‡ÀÁπ«à“°“√·∑π∑’Ë„πÕ—µ√“√âÕ¬≈– 40 ¥â«¬

√–∫∫ TCS æ—≤π“°”≈—ßÕ—¥„πÕ“¬ÿµÕπµâπ¢Õß¡Õ√åµâ“√å
‡¡◊ËÕ‡∑’¬∫°—∫°“√„™â«— ¥ÿªÕ´‚´≈“π‡æ’¬ß™π‘¥‡¥’¬«·∑π∑’Ë
ªŸπ´’‡¡πµå ∑—Èßπ’È‡ªìπº≈¢Õß°“√‡°◊ÈÕÀπÿπ°—π¢Õß«— ¥ÿ
ª√– “π∑’Ë„™â„π°“√∑¥ Õ∫„π√–∫∫ TCS [3, 8, 11]  à«π
º≈¢Õßª√‘¡“≥ SP ¢Õß POA æ∫«à“ Ÿß°«à“ FA ‡≈Á°πâÕ¬
‡π◊ËÕß®“°°“√∫¥„Àâ POA ¡’§«“¡≈–‡Õ’¬¥∑’Ë Ÿß àßº≈„Àâ
§«“¡æ√ÿπ≈¥≈ßµ“¡‰ª¥â«¬

√Ÿª∑’Ë 4  °”≈—ßÕ—¥¢Õß¡Õ√åµâ“√å

√Ÿª∑’Ë 5  √âÕ¬≈–°”≈—ßÕ—¥¢Õß¡Õ√åµâ“√å
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3.3 °“√·∑√°´÷¡§≈Õ‰√¥å
3.3.1 §«“¡≈÷°§≈Õ‰√¥å¥â«¬ RMT
º≈°“√∑¥ Õ∫§«“¡≈÷°§≈Õ‰√¥å¥â«¬ RMT · ¥ß

„π√Ÿª∑’Ë 6 º≈∑¥ Õ∫æ∫«à“‡¡◊ËÕ„™â«— ¥ÿªÕ´‚´≈“π·∑π∑’Ë
ªŸπ´’‡¡πµå àßº≈„Àâ§«“¡≈÷°§≈Õ‰√¥å≈¥≈ß‡¡◊ËÕ‡∑’¬∫°—∫
¡Õ√åµâ“√å OPC °“√·∑π∑’ËªŸπ´’‡¡πµå¥â«¬ FA „πÕ—µ√“√âÕ¬≈–
10, 20 ·≈– 40 ¡’§«“¡≈÷°§≈Õ‰√¥å‡∑à“°—∫ 12, 11 ·≈– 10
¡¡. µ“¡≈”¥—∫ ¢≥–∑’Ë§«“¡≈÷°§≈Õ‰√¥å¢Õß¡Õ√åµâ“√å OPC

¡’§à“‡∑à“°—∫ 18 ¡¡.  à«π°“√·∑π∑’ËªŸπ´’‡¡πµå¥â«¬ POA
„πÕ—µ√“√âÕ¬≈– 10, 20 ·≈– 40 ¡’§«“¡≈÷°§≈Õ‰√¥å‡∑à“°—∫
11.5, 9 ·≈– 5.5 ¡¡. µ“¡≈”¥—∫ ‡π◊ËÕß®“°°“√„™â FA ·≈–
POA  “¡“√∂∑”Àπâ“∑’Ë‡ªìπµ—«°√–µÿâπªØ‘°‘√‘¬“‰Œ‡¥√™—π
„π´’‡¡πµå‡æ µå ≈¥ª√‘¡“≥·§≈‡´’¬¡‰Œ¥√Õ°‰´¥å·≈–≈¥
°“√´÷¡ºà“π„π¡Õ√åµâ“√å °“√∑¥ Õ∫æ∫«à“ POA µâ“π∑“π
§≈Õ‰√¥å‰¥â¥’ µ“¡¥â«¬ FA ·≈– OPC µ“¡≈”¥—∫

√Ÿª∑’Ë 6  §«“¡≈÷°§≈Õ‰√¥å¥â«¬ RMT

 ”À√—∫°“√„™â«— ¥ÿª√– “π “¡™π‘¥√«¡°—π„π
¡Õ√åµâ“√åæ∫«à“ “¡“√∂µâ“π∑“π§≈Õ‰√¥å‰¥â¥’ §«“¡≈÷°§≈Õ
‰√¥å¢Õß¡Õ√åµâ“√å  10FA10POA, 20FA20POA,
20FA10POA, 15FA15POA ·≈– 10FA20POA §◊Õ 6.0,
3.5, 5.0, 4.5 ·≈– 4.0 ¡¡. µ“¡≈”¥—∫ ¢≥–∑’Ë§«“¡≈÷°
§≈Õ‰√¥å¢Õß¡Õ√µâ“√å OPC ¡’§à“‡∑à“°—∫ 18 ¡¡. º≈°“√
∑¥ Õ∫ π—∫ πÿπ‡Àµÿº≈®“°°“√‡°◊ÈÕÀπÿπ°—π¢Õß«— ¥ÿ
ªÕ´‚´≈“π ¢Õß FA ·≈– POA ‡™àπ‡¥’¬«°—∫°“√∑¥ Õ∫
°”≈—ßÕ—¥∑’Ë„Àâ§à“∑’Ë Ÿß‡¡◊ËÕ„™â«— ¥ÿªÕ´‚´≈“π Õß™π‘¥√«¡°—π
[3, 8, 11] º≈¢ÕßÕπÿ¿“§∑’Ë‡≈Á°À√◊Õ§«“¡≈–‡Õ’¬¥¢Õß‡∂â“
∂à“πÀ‘π·≈–‡∂â“ª“≈å¡πÈ”¡—π àßº≈¢Õß°“√‡√àß„Àâ‡°‘¥ªØ‘°‘√‘¬“
√«¡∑—Èß°“√‡°‘¥ªØ‘°‘√‘¬“ªÕ´‚´≈“π‡æ‘Ë¡‡µ‘¡®“°‰Œ‡¥√™—π
∑”„Àâ¡Õ√åµâ“√å¡’§«“¡∑÷∫·πàπÕ“®‡π◊ËÕß®“°º≈º≈‘µ¢Õß
·§≈‡´’¬¡´‘≈‘‡°µ‰Œ‡¥√∑„π´’‡¡πµå‡æ µå [12] ®÷ß∑”„Àâ

¡Õ√åµâ“√å¡’°”≈—ßÕ—¥∑’Ë Ÿß·≈–µâ“π∑“π§≈Õ‰√¥å‰¥â¥’ ‚¥¬
‡©æ“–‡¡◊ËÕ„™â FA √«¡°—∫ POA ·∑π∑’ËªŸπ´’‡¡πµå

3.3.2 §«“¡≈÷°§≈Õ‰√¥å¥â«¬ IMT
º≈∑¥ Õ∫§«“¡≈÷°§≈Õ‰√¥å¥â«¬ IMT · ¥ß„π√Ÿª∑’Ë

7 ¡’·π«‚πâ¡‰ª„π∑‘»∑“ß‡¥’¬«°—∫º≈∑¥ Õ∫ RMT ·µ°
µà“ß°—π‡æ’¬ß§à“∑’Ë‰¥â®“°°“√∑¥ Õ∫‡∑à“π—Èπ ·≈–æ∫«à“
¡Õ√åµâ“√åº ¡¥â«¬ POA À√◊Õ°“√„™â FA √«¡°—∫ POA
µâ“π∑“π§≈Õ‰√¥å‰¥â¥’ °“√∑¥ Õ∫¥â«¬ IMT ‡ªìπ°“√«—¥
§à“§«“¡≈÷°§≈Õ‰√¥å‚¥¬µ√ß·∫∫∏√√¡™“µ‘¥â«¬°“√·™à
µ—«Õ¬à“ß∑¥ Õ∫„π “√≈–≈“¬‚´‡¥’¬¡§≈Õ‰√¥å¢≥–∑’Ë°“√
∑¥ Õ∫ RMT ‡ªìπ«‘∏’°“√·∫∫‡√àßº≈∑¥ Õ∫ Õ¬à“ß‰√
°Áµ“¡º≈∑¥ Õ∫™’È„Àâ‡ÀÁπ«à“°“√∑¥ Õ∫ RMT  “¡“√∂„™â
‡ªìπ«‘∏’°“√∑¥ Õ∫°“√·∑√°´÷¡§≈Õ‰√¥å‰¥â ·≈–ª√–À¬—¥
‡«≈“„π°“√∑¥ Õ∫
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