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ß“π«‘®—¬π’È‡ªìπ°“√»÷°…“°“√„™ấ ‘≈‘°“øŸ¡§«∫·πàπ√à«¡°—∫‡∂â“∂à“πÀ‘π·¬°≈–‡Õ’¬¥„π°“√∑”§Õπ°√’µ°”≈—ß Ÿß

‚¥¬°“√·∑π∑’ËªŸπ´’‡¡πµåªÕ√åµ·≈π¥åª√–‡¿∑ 1 ¥â«¬´‘≈‘°“øŸ¡§«∫·πàπ®“° Õß·À≈àßº≈‘µ„πÕ—µ√“√âÕ¬≈– 10 √à«¡

°—∫‡∂â“∂à“πÀ‘π®“°‚√ßº≈‘µ°√–· ‰øøÑ“·¡à‡¡“–∑’Ëºà“π°“√·¬°¥â«¬‡§√◊ËÕß Air Classifier „Àâ¡’§«“¡≈–‡Õ’¬¥ Ÿß·≈–

‡≈Á°®π¡’¢π“¥Õπÿ¿“§‡©≈’Ë¬ 3.2 ‰¡§√Õπ „πÕ—µ√“√âÕ¬≈– 0, 5, 15, 25 ·≈– 40 ‚¥¬πÈ”Àπ—° ‡ª√’¬∫‡∑’¬∫º≈°—∫

°“√„™â  ªŸπ´’‡¡πµåªÕ√åµ·≈π¥åª√–‡¿∑ 1 ‡ªìπ«— ¥ÿª√– “π‡æ’¬ßÕ¬à“ß‡¥’¬« ·µà≈– à«πº ¡§Õπ°√’µ„™â “√≈¥πÈ”

æ‘‡»…‡æ◊ËÕ„ÀâÕ—µ√“ à«ππÈ”µàÕ«— ¥ÿª√– “π§ß∑’Ë‡∑à“°—∫ 0.27 ‚¥¬„Àâ§Õπ°√’µ¡’§à“¬ÿ∫µ—«Õ¬Ÿà√–À«à“ß 20±2.5 ´¡. „™â

µ—«Õ¬à“ß∑√ß°√–∫Õ°¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 10 ´¡.  Ÿß 20 ´¡. ‡æ◊ËÕ∑¥ Õ∫°”≈—ßÕ—¥∑’ËÕ“¬ÿ 7, 28, 60, 90 ·≈– 180

«—π º≈°“√«‘®—¬æ∫«à“°“√„™â´‘≈‘°“øŸ¡§«∫·πàπ√âÕ¬≈– 10 √à«¡°—∫‡∂â“∂à“πÀ‘π·¬°≈–‡Õ’¬¥‰¡à‡°‘π√âÕ¬≈– 15 ®–‰¥â

§Õπ°√’µ∑’Ë¡’°”≈—ßÕ—¥ Ÿß°«à“À√◊Õ‡∑’¬∫‡∑à“°—∫°“√„™â´‘≈‘°“øŸ¡§«∫·πàπ√âÕ¬≈– 10 πÕ°®“°π—Èπ¬—ß„Àâ°”≈—ßÕ—¥¡“°°«à“

§Õπ°√’µ∑’Ë„™âªŸπ´’‡¡πµåªÕ√åµ·≈π¥åª√–‡¿∑ 1 ‡ªìπ«— ¥ÿª√– “π‡æ’¬ßÕ¬à“ß‡¥’¬«µ≈Õ¥Õ“¬ÿ°“√∑¥ Õ∫

°“√„™â´‘≈‘°“øŸ¡√à«¡°—∫‡∂â“∂à“πÀ‘π·¬°≈–‡Õ’¬¥„π°“√∑”§Õπ°√’µ°”≈—ß Ÿß
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This paper illustrates the study of condensed silica fume in combination with classified fly ash to make
high strength concrete. Two brands of condensed silica fume were used in this experimental program. Fly ash
from Mae Moh power plant was classified by air classifier to have high fineness (d

50
 = 3.2 micron). Condensed

silica fume at 10% and classified fly ash at 0, 5, 15, 25, and 40% were used to replace Portland cement type I (by
weight) to produce high strength concrete in order to compare with control concretes. The water to cementitious
material ratio (W/B) of 0.27 was kept constant and the superplasticizer was employed in all concrete mixes to
maintain the slump of fresh concrete between 20 ± 2.5 cm. All concrete samples were cast in cylindrical molds
of diameter 10-cm and 20-cm in height. They were tested to determine the compressive strength at the ages of
7, 28, 60, 90, and 180 days. The obtained results show that the replacement of cement by 10% of condensed silica
fume and classified fly ash not more than 15% can give equal or higher compressive strength than those of the
concrete with 10% replacement of condensed silica fume and also higher than the control concretes.
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1. ∫∑π”

π—°«‘®—¬§Õπ°√’µ‰¥â„Àâ§«“¡ π„®§Õπ°√’µ°”≈—ß Ÿß ‡π◊ËÕß®“°§Õπ°√’µ°”≈—ß Ÿß “¡“√∂≈¥¢π“¥·≈–πÈ”Àπ—°

¢Õß‚§√ß √â“ß‰¥â‚¥¬‡©æ“–„π°“√°àÕ √â“ßÕ“§“√ ŸßÀ√◊Õ§“π∑’Ë¡’§«“¡¬“«¡“°Ê ´÷Ëß∑”„Àâ¢π“¥¢Õß‡ “·≈–∞“π√“°

≈¥≈ß ACI 363 [1] °”Àπ¥„Àâ§Õπ°√’µ∑√ß°√–∫Õ°‡ âπºà“π»Ÿπ¬å°≈“ß 15 ́ ¡.  Ÿß 30 ́ ¡. ∑’Ë¡’°”≈—ßÕ—¥∑’ËÕ“¬ÿ 28 «—π

¡“°°«à“ 410 °°/´¡2 ∂◊Õ«à“‡ªìπ§Õπ°√’µ°”≈—ß Ÿß ‚¥¬∑—Ë«‰ª„π°“√∑”§Õπ°√’µ°”≈—ß Ÿß®–„ à “√‡§¡’º ¡‡æ‘Ë¡ª√–‡¿∑

 “√≈¥πÈ”æ‘‡»…‡æ◊ËÕ≈¥Õ—µ√“ à«ππÈ”µàÕªŸπ´’‡¡πµå„ÀâµË”≈ß ·≈–„ à “√º ¡‡æ‘Ë¡ª√–‡¿∑«— ¥ÿªÕ´‚´≈“π‡æ◊ËÕ‡æ‘Ë¡

°”≈—ßÕ—¥ª√–≈—¬‡¡◊ËÕ§Õπ°√’µÕ“¬ÿ¡“°¢÷Èπ ‚¥¬«— ¥ÿªÕ´‚´≈“π∑’Ëπ‘¬¡„™â„π°“√∑”§Õπ°√’µ°”≈—ß Ÿß ‰¥â·°à ́ ‘≈‘°“øŸ¡ √Õß

≈ß¡“§◊Õ‡∂â“∂à“πÀ‘π

´‘≈‘°“øŸ¡À√◊Õ‰¡‚§√´‘≈‘°“‡ªìπº≈æ≈Õ¬‰¥â®“°¢∫«π°“√·ª≈ß·√à§«Õ√åµ∫√‘ ÿ∑∏‘Ï‡ªìπ´‘≈‘§Õπ ¡’¢π“¥Õπÿ¿“§

‡©≈’Ë¬ª√–¡“≥ 0.1 ‰¡§√Õπ Õß§åª√–°Õ∫∑“ß‡§¡’¢Õß´‘≈‘°“øŸ¡¡’´‘≈‘§ÕπÕÕ°‰´¥å¡“°°«à“√âÕ¬≈– 90 ¡’æ◊Èπ∑’Ëº‘« Ÿß

·≈–¡’‚§√ß √â“ß à«π¡“°‰¡à‡ªìπº≈÷°®÷ß∑”ªØ‘°‘√‘¬“ªÕ´‚´≈“π‰¥â‡√Á«¡“° ¥—ßπ—Èπ´‘≈‘°“øŸ¡®÷ßπ‘¬¡„™â∑”§Õπ°√’µ°”≈—ß

 Ÿß ´÷Ëß Duval ·≈– Kadri [2] æ∫«à“°“√·∑π∑’ËªŸπ´’‡¡πµå¥â«¬´‘≈‘°“øŸ¡„πÕ—µ√“√âÕ¬≈– 10 ·≈– 20 ®–‰¥â§Õπ°√’µ

∑’Ë¡’°”≈—ßÕ—¥ Ÿß°«à“§Õπ°√’µ§«∫§ÿ¡∑’Ë„™âªŸπ´’‡¡πµå‡ªìπ«— ¥ÿª√– “π‡æ’¬ßÕ¬à“ß‡¥’¬«

‡∂â“∂à“πÀ‘π‡ªìπº≈æ≈Õ¬‰¥â®“°¢∫«π°“√‡º“∂à“πÀ‘π‡ªìπ‡™◊ÈÕ‡æ≈‘ß¢Õß‚√ßß“πº≈‘µ°√–· ‰øøÑ“ ªí®®ÿ∫—π

ª√–‡∑»‰∑¬‰¥âπ”‡Õ“‡∂â“∂à“πÀ‘π¡“„™âª√–‚¬™πå°—πÕ¬à“ß°«â“ß¢«“ß‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„π°“√·∑π∑’ËªŸπ´’‡¡πµå∫“ß

 à«π„π§Õπ°√’µº ¡‡ √Á®  ®“°√“¬ß“π¢Õß  ‰°√«ÿ≤‘·≈–§≥– [3],  Slanicka [4]  æ∫«à“¢π“¥Õπÿ¿“§¢Õß‡∂â“∂à“πÀ‘π

¡’º≈µàÕ°”≈—ßÕ—¥¢Õß¡Õ√åµâ“√å ‚¥¬‡∂â“∂à“πÀ‘π∑’Ë¡’¢π“¥Õπÿ¿“§‡≈Á° ¡’æ◊Èπ∑’Ëº‘«¡“°  “¡“√∂∑”ªØ‘°‘√‘¬“ªÕ´‚´≈“π‰¥â

‡√Á«®÷ßæ—≤π“°”≈—ßÕ—¥„π™à«ßÕ“¬ÿµâπ‰¥â Ÿß·≈–√«¥‡√Á«  Hague ·≈– Kayali [5] ‰¥â»÷°…“°“√„™â‡∂â“∂à“πÀ‘π∑’Ë¡’§«“¡

≈–‡Õ’¬¥ Ÿß„π°“√∑”§Õπ°√’µ°”≈—ß Ÿß·≈–‰¥â§Õπ°√’µ∑’Ë¡’°”≈—ßÕ—¥Õ¬Ÿà√–À«à“ß 940-1110 °°/´¡2 ‡¡◊ËÕ„™â‡∂â“∂à“πÀ‘π

∑’Ë¡’§«“¡≈–‡Õ’¬¥·∑π∑’ËªŸπ´’‡¡πµå„πÕ—µ√“√âÕ¬≈– 10 πÕ°®“°π—Èπ ∏’√√“™·≈–™—¬ [6] æ∫«à“°“√„™â‡∂â“∂à“πÀ‘π·¬°

≈–‡Õ’¬¥·∑π∑’ËªŸπ´’‡¡πµå√âÕ¬≈– 15 ∂÷ß 35  “¡“√∂∑¥·∑π°“√„™â´‘≈‘°“øŸ¡§«∫·πàπ√âÕ¬≈– 5 ∂÷ß 15 ‰¥â ·≈–¡’

°”≈—ßÕ—¥„π√–¥—∫‡¥’¬«°—π ®“°°“√»÷°…“¢Õß Angsuwattana ·≈–§≥– [7] æ∫«à“°“√„™â´‘≈‘°“øŸ¡§«∫·πàπ®–

∑”„Àâ§Õπ°√’µ¡’§«“¡µâÕß°“√ “√≈¥πÈ”æ‘‡»…®”π«π¡“°°«à“°“√„™â‡∂â“∂à“πÀ‘π·¬°≈–‡Õ’¬¥„π¢≥–∑’Ë°”Àπ¥§à“¬ÿ∫

µ—«¢Õß§Õπ°√’µ‡∑à“°—π

°“√»÷°…“∑’Ëºà“π¡“¡—°‡ªìπ°“√»÷°…“‡√◊ËÕß°“√„™â´‘≈‘°“øŸ¡À√◊Õ‡∂â“∂à“πÀ‘π·µà‡æ’¬ßÕ¬à“ß‡¥’¬«„π°“√·∑π∑’Ë

ªŸπ ’́‡¡πµå‡æ◊ËÕ∑”§Õπ°√’µ°”≈—ß Ÿß  ·µà°“√»÷°…“∂÷ß°“√„™â«— ¥ÿªÕ´‚´≈“π∑—Èß Õß√à«¡°—π„π§Õπ°√’µ°”≈—ß Ÿß¬—ß¡’§àÕπ

¢â“ßπâÕ¬‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß°“√„™â‡∂â“∂à“πÀ‘π∑’Ëº≈‘µ„πª√–‡∑»‰∑¬ ¥—ßπ—Èπß“π«‘®—¬π’È®÷ß»÷°…“°“√„™ấ ‘≈‘°“øŸ¡§«∫·πàπ

√à«¡°—∫‡∂â“∂à“πÀ‘π®“°‚√ßß“π‰øøÑ“·¡à‡¡“–∑’Ëºà“π°“√·¬°≈–‡Õ’¬¥‡æ◊ËÕ·∑π∑’ËªŸπ´’‡¡πµå∫“ß à«π„π°“√∑”§Õπ°√’µ

°”≈—ß Ÿß
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2. «—µ∂ÿª√– ß§å

°“√«‘®—¬„π§√—Èßπ’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“°“√„™â´‘≈‘°“øŸ¡§«∫·πàπ√à«¡°—∫‡∂â“∂à“πÀ‘π·¬°≈–‡Õ’¬¥ „π°“√

∑”§Õπ°√’µ°”≈—ß Ÿß·≈–‡ª√’¬∫‡∑’¬∫°”≈—ßÕ—¥°—∫°“√„™â´‘≈‘°“øŸ¡§«∫·πàπ‡æ’¬ßÕ¬à“ß‡¥’¬«

3. «‘∏’°“√»÷°…“

3.1 «— ¥ÿ∑’Ë„™â„π°“√∑¥ Õ∫

«— ¥ÿ∑’Ë„™â„π°“√»÷°…“§√—Èßπ’Èª√–°Õ∫¥â«¬

ªŸπ ’́‡¡πµå „™âªŸπ´’‡¡πµåªÕ√åµ·≈π¥åª√–‡¿∑ 1 µ“¡¡“µ√∞“π ASTM C 150

‡∂â“∂à“πÀ‘π „™â‡∂â“∂à“πÀ‘π®“°‚√ßß“π‰øøÑ“·¡à‡¡“– ∑’Ëπ”¡“ºà“π°“√·¬°„Àâ¡’§«“¡≈–‡Õ’¬¥ Ÿß¥â«¬

‡§√◊ËÕß Air Classifier ®π¡’¢π“¥Õπÿ¿“§‡©≈’Ë¬ 3.2 ‰¡§√Õπ ´÷Ëß‡∂â“∂à“πÀ‘π¥—ß°≈à“«

ª√–¡“≥√âÕ¬≈– 90 ¡’¢π“¥‡≈Á°°«à“ 10 ‰¡§√Õπ ‚¥¬¢∫«π°“√·¬°· ¥ß¥—ß√Ÿª∑’Ë

1 ´÷Ëß‡∂â“∂à“πÀ‘π·¬°¢π“¥∑’Ëπ”¡“„™â»÷°…“§◊Õ çFCé

‘́≈‘°“øŸ¡ ‡ªìπ´‘≈‘°“øŸ¡§«∫·πàπ∑’Ë¡’®”Àπà“¬„πª√–‡∑»‰∑¬®“° Õß·À≈àßº≈‘µ „™â —≠≈—°…≥å

§◊Õ SI ·≈– SII

 “√≈¥πÈ”æ‘‡»… „™âª√–‡¿∑ F ™π‘¥·πø∑“≈’π (Sulphonated Naphthalene Formaldehyde)

‚¥¬„ à “√≈¥πÈ”æ‘‡»…∑ÿ° à«πº ¡∑—Èßπ’È‡æ◊ËÕ„Àâ§Õπ°√’µ¡’§«“¡ “¡“√∂„π°“√∑”ß“π

‰¥âµ“¡∑’Ë°”Àπ¥

πÈ” „™âπÈ”ª√–ª“

À‘π „™âÀ‘πªŸπ¬àÕ¬¢π“¥„À≠à ÿ¥ 12 ¡¡. ≈â“ßπÈ”®π –Õ“¥

∑√“¬ „™â∑√“¬πÈ”®◊¥√àÕπºà“πµ–·°√ß‡∫Õ√å 4 ≈â“ßπÈ”®π –Õ“¥
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√Ÿª∑’Ë 1 ¢∫«π°“√·¬°‡∂â“∂à“πÀ‘π≈–‡Õ’¬¥¥â«¬‡§√◊ËÕß Air Classifier

(CLASSIFIED FLY ASH)

ORIGINAL
FLY ASH

FINE (F)
FLY ASH

COARSE
FLY ASH

CFCC

-Classified by air classifier

FC

-Classified by air classifier

3.2   à«πº ¡§Õπ°√’µ

‡π◊ËÕß®“°°“√«‘®—¬π’È‡ªìπ°“√æ—≤π“‡∂â“∂à“πÀ‘π‚¥¬°“√·¬°≈–‡Õ’¬¥¡“„™â√à«¡°—∫ ‘́≈‘°“øŸ¡§«∫·πàπ„π

°“√∑”§Õπ°√’µ°”≈—ß Ÿß ®÷ß°”Àπ¥∑ÿ° —¥ à«πº ¡„Àâ¡’ª√‘¡“≥«— ¥ÿª√– “π‡∑à“°—∫ 554 °°/¡3 Õ—µ√“ à«π∑√“¬µàÕ

À‘π‡∑à“°—∫ 45:55 ‚¥¬ª√‘¡“µ√ Õ—µ√“ à«ππÈ”µàÕ«— ¥ÿª√– “π‡∑à“°—∫ 0.27 „™â “√≈¥πÈ”æ‘‡»…ª√—∫§à“¬ÿ∫µ—«¢Õß

§Õπ°√’µ„ÀâÕ¬Ÿà√–À«à“ß 20 ± 2.5 ´¡.

 à«πº ¡§Õπ°√’µ·∫àßÕÕ°‡ªìπ 3 °≈ÿà¡ °≈ÿà¡·√°‡ªìπ§Õπ°√’µ§«∫§ÿ¡ (control) ∑’Ë„™âªŸπ´’‡¡πµå‡ªìπ

«— ¥ÿª√– “π‡æ’¬ßÕ¬à“ß‡¥’¬« °≈ÿà¡∑’Ë Õß (SI10, SII10) ‡ªìπ§Õπ°√’µ∑’Ë„™â´‘≈‘°“øŸ¡ SI ·≈– SII ·∑π∑’ËªŸπ´’‡¡πµå

√âÕ¬≈– 10 ‚¥¬πÈ”Àπ—°¢Õß«— ¥ÿª√– “π  ́ ÷Ëß —¥ à«ππ’È„Àâ§à“°”≈—ßÕ—¥ Ÿß ÿ¥„π°“√·∑π∑’Ë¥â«¬´‘≈‘°“øŸ¡∑—Èß Õß™π‘¥ [6]

 à«π°≈ÿà¡ ÿ¥∑â“¬ ‡ªìπ§Õπ°√’µ∑’Ë„™â´‘≈‘°“øŸ¡ SI ·≈– SII √âÕ¬≈– 10 √à«¡°—∫‡∂â“∂à“πÀ‘π·¬°≈–‡Õ’¬¥ (FC) Õ’°√âÕ¬≈–

5, 15, 25 ·≈– 40 ‚¥¬πÈ”Àπ—°¢Õß«— ¥ÿª√– “π„π°“√·∑π∑’ËªŸπ´’‡¡πµå ‡™àπ SI10FC05 À¡“¬∂÷ß §Õπ°√’µ∑’Ë·∑π∑’Ë

ªŸπ´’‡¡πµå¥â«¬´‘≈‘°“øŸ¡ SI √âÕ¬≈– 10 √à«¡°—∫‡∂â“∂à“πÀ‘π·¬°≈–‡Õ’¬¥Õ’°√âÕ¬≈– 5 ‚¥¬πÈ”Àπ—°¢Õß«— ¥ÿª√– “π

‡ªìπµâπ  ”À√—∫Õ—µ√“ à«πº ¡µà“ßÊ · ¥ß„πµ“√“ß∑’Ë 1 ®“°π—Èπº ¡§Õπ°√’µ·≈–‡°Á∫µ—«Õ¬à“ß∑¥ Õ∫∑√ß°√–∫Õ°

‡ âπºà“π»Ÿπ¬å°≈“ß 10 ́ ¡.  Ÿß 20 ́ ¡. À≈—ß®“°À≈àÕ§Õπ°√’µ 24 ™—Ë«‚¡ß ∑”°“√∂Õ¥·∫∫·≈â«∫à¡„ππÈ” –Õ“¥ ∑¥ Õ∫

°”≈—ßÕ—¥¢Õß§Õπ°√’µ∑’ËÕ“¬ÿ 7, 28, 60, 90 ·≈– 180 «—π
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4. º≈°“√∑¥ Õ∫·≈–«‘‡§√“–Àåº≈

4.1 §ÿ≥ ¡∫—µ‘¢Õß«— ¥ÿª√– “π

µ“√“ß∑’Ë 2 · ¥ß§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ¢Õß«— ¥ÿª√– “π  à«πº≈°“√«‘‡§√“–Àå°“√°√–®“¬µ—«¢Õß

Õπÿ¿“§· ¥ß„π√Ÿª∑’Ë  2  ́ ÷Ëß· ¥ß«à“À≈—ß®“°°“√·¬°‡∂â“∂à“πÀ‘π„Àâ¡’§«“¡≈–‡Õ’¬¥¡“°¢÷Èπ  ‡∂â“∂à“πÀ‘π¡’¢π“¥Õπÿ¿“§

‡©≈’Ë¬≈¥≈ß®“° 28.5 ‰¡§√Õπ ‡ªìπ 3.2 ‰¡§√Õπ §«“¡∂à«ß®”‡æ“–‡æ‘Ë¡®“° 2.02 ‡ªìπ 2.40  à«π§«“¡≈–‡Õ’¬¥‚¥¬

«‘∏’‡∫≈π‡æÕ√å¡’Õ–∫‘≈‘µ’È ¡’§à“‡∑à“°—∫ 5330 ´¡2/° „π¢≥–∑’Ë§«“¡≈–‡Õ’¬¥¢Õß‡∂â“∂à“πÀ‘π∑’Ë‰¡à‰¥âºà“π°“√·¬°≈–‡Õ’¬¥

·≈–ªŸπ´’‡¡πµå¡’§à“‡ªìπ 2370 ·≈– 3230 ´¡2/° µ“¡≈”¥—∫ ≈—°…≥–º‘«¢ÕßªŸπ ’́‡¡πµå¡’≈—°…≥–‡ªìπ‡À≈’Ë¬¡¡ÿ¡√Ÿª

√à“ß‰¡à·πàπÕπ  à«π‡∂â“∂à“πÀ‘π·¬°≈–‡Õ’¬¥·≈– ‘́≈‘°“øŸ¡¡’√Ÿª√à“ß°≈¡¡π ¥—ß„π√Ÿª∑’Ë 3 ́ ÷Ëßº≈°“√»÷°…“§√—Èßπ’È Õ¥§≈âÕß

°—∫º≈°“√»÷°…“¢Õß Angsuwattana ·≈–§≥– [7] ∑’Ëæ∫«à“‡∂â“∂à“πÀ‘π®“°‚√ßß“πº≈‘µ°√–· ‰øøÑ“·¡à‡¡“–∑’Ëºà“π

°“√·¬°¥â«¬‡§√◊ËÕß Air Classifier ‡ªìπ‡∂â“∂à“πÀ‘π∑’Ë¡’§«“¡≈–‡Õ’¬¥ Ÿß·≈–¬—ß§ß¡’√Ÿª√à“ß°≈¡¡π

µ“√“ß∑’Ë 1 Õ—µ√“ à«πº ¡§Õπ°√’µ°”≈—ß Ÿß∑’Ë„™â„π°“√»÷°…“

Mix

No.
Symbol

Mix Proportion (kg/m3) W

B

Slump

(mm)Cement SI SII FC Sand Agg. Water Super P.

1

2

3

4

5

6

7

8

9

10

11

Control

SI10

SII10

SI10FC05

SI10FC15

SI10FC25

SI10FC40

SII10FC05

SII10FC15

SII10FC25

SII10FC40

0.27

0.27

0.27

0.27

0.27

0.27

0.27

0.27

0.27

0.27

0.27

190

190

200

205

200

190

185

190

200

205

215

554

499

499

471

416

360

277

499

416

360

277

-

55

-

55

55

55

55

-

-

-

-

-

-

55

-

-

-

-

55

55

55

55

-

-

-

28

83

139

222

28

83

139

222

780

771

771

768

761

755

745

767

761

754

744

976

965

965

961

954

946

934

961

953

945

933

146.3

140.4

140.4

142.9

144.9

146.4

147.0

143.5

144.9

146.3

146.8

5.54

15.23

15.23

11.08

7.85

5.31

4.38

10.16

7.85

5.54

4.52
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µ“√“ß∑’Ë 2 §ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ¢Õß«— ¥ÿª√– “π

√Ÿª∑’Ë 2 °“√°√–®“¬µ—«¢ÕßÕπÿ¿“§¢Õß«— ¥ÿª√– “π

Property
portland

cement

original

fly ash

classified

fly ash

silica fume

(SI)

silica fume

(SII)

Specific gravity

Retained on sieve

No. 325 (%)

Blaine fineness (cm2/g)

Median particle size,

d
50
 (micron)

3.14

4.7

3230

12.0

2.02

37.4

2370

28.5

2.40

0.0

5330

3.2

2.22

1.6

-

89.0

2.19

2.8

-

105.0
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µ“√“ß∑’Ë 3 · ¥ßÕß§åª√–°Õ∫∑“ß‡§¡’¢Õß«— ¥ÿª√– “π æ∫«à“‡∂â“∂à“πÀ‘π∑’Ë‰¡àºà“π°“√·¬°¢π“¥·≈–

ºà“π°“√·¬°≈–‡Õ’¬¥¡’Õß§åª√–°Õ∫∑“ß‡§¡’„°≈â‡§’¬ß°—π·≈–®—¥Õ¬Ÿà„π Class F µ“¡ ASTM C 618 ‡π◊ËÕß®“°¡’º≈

√«¡Õß§åª√–°Õ∫∑“ß‡§¡’¢Õß SiO2, Al2O3 ·≈– Fe2O3 ‡∑à“°—∫√âÕ¬≈– 83.39 ·≈– 80.61 µ“¡≈”¥—∫ ´÷Ëß¡“°°«à“

√âÕ¬≈– 70   ¡’§à“ LOI (Loss On Ignition) ·≈–ª√‘¡“≥ SO3 ‰¡à‡°‘π√âÕ¬≈– 6 ·≈– 5 µ“¡≈”¥—∫  ”À√—∫´‘≈‘°“øŸ¡

SI ·≈– SII ¡’ª√‘¡“≥ SiO2 ‡∑à“°—∫√âÕ¬≈– 93.80 ·≈– 94.09 ¡’§à“ LOI ‡∑à“°—∫√âÕ¬≈– 4.89 ·≈– 4.65 µ“¡≈”¥—∫

´÷Ëß‡ªìπ‰ªµ“¡¢âÕ°”Àπ¥ ASTM C 1240 ∑’Ë°”Àπ¥„Àâ´‘≈‘°“øŸ¡µâÕß¡’ª√‘¡“≥ SiO2 ¡“°°«à“√âÕ¬≈– 85 ·≈–¡’§à“

LOI πâÕ¬°«à“√âÕ¬≈– 6

°. ªŸπ´’‡¡πµå

¢. ´‘≈‘°“øŸ¡§«∫·πàπ

§. ‡∂â“∂à“πÀ‘π·¬°≈–‡Õ’¬¥

√Ÿª∑’Ë 3 ¿“æ¢¬“¬°”≈—ß Ÿß¢Õß«— ¥ÿª√– “π
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4.2 §Õπ°√’µ ¥

®“°°“√§«∫§ÿ¡Õ—µ√“ à«ππÈ”µàÕªŸπ ’́‡¡πµå„Àâ§ß∑’Ë‡∑à“°—∫ 0.27 ·≈–„™â “√≈¥πÈ”æ‘‡»…ª√—∫§à“¬ÿ∫µ—«¢Õß

§Õπ°√’µ„ÀâÕ¬Ÿà√–À«à“ß 20±2.5 ´¡. º≈„πµ“√“ß∑’Ë 1 · ¥ß«à“§Õπ°√’µ∑’Ë·∑π∑’Ë¥â«¬´‘≈‘°“øŸ¡§«∫·πàπ∑—Èß Õß™π‘¥„π

Õ—µ√“√âÕ¬≈– 10 µâÕß„™âª√‘¡“≥ “√≈¥πÈ”æ‘‡»…„πª√‘¡“≥∑’Ë¡“°°«à“§Õπ°√’µ§«∫§ÿ¡ ∑—Èßπ’È‡ªìπ‡æ√“–«à“À≈—ß®“°∑’Ë

´‘≈‘°“øŸ¡§«∫·πàπ·µ°µ—«‡ªìπÕπÿ¿“§∑’Ë¡’¢π“¥‡≈Á°°«à“ªŸπ´’‡¡πµå∂÷ß 100 ‡∑à“ ∑”„Àâ¡’æ◊Èπ∑’Ëº‘«¡“° ¥—ßπ—Èπ®÷ßµâÕß„™â

 “√≈¥πÈ”æ‘‡»…¡“°¢÷Èπ‡æ◊ËÕ„Àâ‰¥â§à“¬ÿ∫µ—«µ“¡∑’ËµâÕß°“√ [7] „π¢≥–∑’Ë°“√π”‡∂â“∂à“πÀ‘π·¬°≈–‡Õ’¬¥„πÕ—µ√“√âÕ¬≈–

5, 15, 25 ·≈– 40 ¡“„™â√à«¡°—∫´‘≈‘°“øŸ¡§«∫·πàπ√âÕ¬≈– 10 ®–„™âª√‘¡“≥ “√≈¥πÈ”æ‘‡»…≈¥≈ß ·≈–®–≈¥≈ßµ“¡

ª√‘¡“≥¢Õß‡∂â“∂à“πÀ‘π·¬°≈–‡Õ’¬¥∑’Ë‡æ‘Ë¡¢÷Èπ ∑—Èßπ’È‡ªìπ‡æ√“–«à“Õπÿ¿“§¢Õß‡∂â“∂à“πÀ‘π·¬°≈–‡Õ’¬¥·¡â«à“®–¡’¢π“¥‡≈Á°

ª√–¡“≥ 3.2 ‰¡§√Õπ ·µà¬—ß¡’¢π“¥„À≠à°«à“Õπÿ¿“§¢Õß´‘≈‘°“øŸ¡∑’Ë·µ°µ—«·≈â«Õ¬à“ß¡“° πÕ°®“°π’È¬—ß¡’√Ÿª√à“ß∑’Ë

°≈¡¡π º‘«‡√’¬∫ ∑”„Àâ§Õπ°√’µ‰À≈≈◊Ëπ·≈–∑”ß“π‰¥âßà“¬¢÷Èπ [8]  àßº≈„Àâ°“√„™â “√≈¥πÈ”æ‘‡»…πâÕ¬≈ß°«à“°“√„™â

‘́≈‘°“øŸ¡§«∫·πàπ‡æ’¬ßÕ¬à“ß‡¥’¬«

4.3 °”≈—ßÕ—¥¢Õß§Õπ°√’µ

º≈°“√∑¥ Õ∫°”≈—ßÕ—¥¢Õß§Õπ°√’µ·≈–°“√‡ª√’¬∫‡∑’¬∫°—∫°”≈—ßÕ—¥¢Õß§Õπ°√’µ§«∫§ÿ¡ · ¥ß¥—ß

µ“√“ß∑’Ë 4 æ∫«à“∑ÿ°Ê  à«πº ¡∂◊Õ‰¥â«à“‡ªìπ§Õπ°√’µ°”≈—ß Ÿß‡π◊ËÕß®“°°”≈—ßÕ—¥∑’Ë 28 «—π¡’§à“¡“°°«à“ 410 °°/´¡2

‚¥¬°”≈—ßÕ—¥∑’ËÕ“¬ÿ 28 «—πµË”∑’Ë ÿ¥§◊Õ§Õπ°√’µ SII10FC40 ¡’§à“‡∑à“°—∫ 637 °°/´¡2 ·≈–°”≈—ßÕ—¥ Ÿß ÿ¥‡∑à“°—∫

µ“√“ß∑’Ë 3  Õß§åª√–°Õ∫∑“ß‡§¡’¢Õß«— ¥ÿª√– “π

Chemical
compositions (%)

cement
type 1

original
fly ash

classified
fly ash (FC)

silica fume
(SI)

silica fume
(SII)

SiO
2

AI
2
O

3

Fe
2
O

3

SO
3

CaO

MgO

Na
2
O

K
2
O

Loss on ignition

21.16

6.04

3.15

2.88

63.96

0.87

0.05

0.54

1.39

46.25

26.43

10.71

1.85

7.61

2.21

1.11

3.07

0.23

46.28

24.16

10.17

0.81

12.06

2.78

0.08

3.20

2.70

93.80

0.21

0.09

-

0.12

0.33

-

0.38

4.89

94.09

0.17

0.07

-

0.18

0.34

-

0.35

4.65
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937 °°/´¡2  „π§Õπ°√’µ SI10  à«π§Õπ°√’µ§«∫§ÿ¡ ¡’§à“‡∑à“°—∫ 749 °°/´¡2

µ“√“ß∑’Ë 4 °”≈—ßÕ—¥¢Õß§Õπ°√’µ„π à«πº ¡µà“ßÊ

4.3.1 º≈¢Õß°“√„™â´‘≈‘°“øŸ¡ SI ·≈– SII ∑’Ë√âÕ¬≈– 10 µàÕ°”≈—ßÕ—¥¢Õß§Õπ°√’µ

°”≈—ßÕ—¥¢Õß§Õπ°√’µ∑’Ë·∑π∑’ËªŸπ´’‡¡πµå¥â«¬´‘≈‘°“øŸ¡ SI ·≈– SII √âÕ¬≈– 10 ∑’ËÕ“¬ÿµà“ßÊ °—π

· ¥ß¥—ßµ“√“ß∑’Ë 4 „π Mix No. 2 ·≈– 3 æ∫«à“∑’ËÕ“¬ÿ 7 «—π°”≈—ßÕ—¥¡’§à“‡ªìπ 710 ·≈– 725 °°/´¡2 „π§Õπ°√’µ

SI10 ·≈– SII10 µ“¡≈”¥—∫ ‡¡◊ËÕ§Õπ°√’µÕ“¬ÿ‡æ‘Ë¡¡“°¢÷Èπª√‘¡“≥¢Õß SiO2 ∑’Ë¡’ Ÿß°«à“√âÕ¬≈– 93 „π´‘≈‘°“øŸ¡

§«∫·πàπ∑—Èß§Ÿà®–∑”ªØ‘°‘√‘¬“ªÕ´‚´≈“π°—∫ Ca(OH)
2
 ‰¥âÕ¬à“ß√«¥‡√Á«®÷ßæ—≤π“°”≈—ßÕ—¥‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡“°®πÕ“¬ÿ 28

«—π ´÷Ëß¡’§à“°”≈—ßÕ—¥‡∑à“°—∫ 937 ·≈– 858 °°/´¡2 „π§Õπ°√’µ SI10 ·≈– SII10 µ“¡≈”¥—∫ ´÷Ëß‡æ‘Ë¡¢÷Èπ 227 ·≈– 133

°°/´¡2 „π™à«ß‡«≈“ 21 «—π ®“°π—Èπ°“√æ—≤π“°”≈—ßÕ—¥‡√‘Ë¡™â“≈ß‡¡◊ËÕ§Õπ°√’µÕ“¬ÿ¡“°¢÷Èπ‚¥¬¡’§à“‡ªìπ 1002 ·≈–

933 °°/´¡2 ∑’ËÕ“¬ÿ 180 «—π ∂â“æ‘®“√≥“‡ª√’¬∫‡∑’¬∫°—∫§Õπ°√’µ§«∫§ÿ¡ æ∫«à“∑’ËÕ“¬ÿ‰¡à‡°‘π 28 «—π§Õπ°√’µ∑’Ë

·∑π∑’Ë¥â«¬ ‘́≈‘°“øŸ¡¡’°”≈—ßÕ—¥ Ÿß°«à“§Õπ°√’µ§«∫§ÿ¡Õ¬à“ß‡ÀÁπ‰¥â™—¥‚¥¬¡’§à“Õ¬Ÿà√–À«à“ß√âÕ¬≈– 115 ∂÷ß 125 ·µà‡¡◊ËÕ

Õ“¬ÿ§Õπ°√’µ‡æ‘Ë¡¢÷Èπ°”≈—ßÕ—¥¡’§à“‡ªìπ√âÕ¬≈– 110 ·≈– 102 µ“¡≈”¥—∫ ¢Õß§Õπ°√’µ§«∫§ÿ¡∑’ËÕ“¬ÿ 180 «—π  Õ¥§≈âÕß

°—∫ß“π«‘®—¬¢Õß Hassan ·≈–§≥– [9] ∑’Ë„™â´‘≈‘°“øŸ¡√âÕ¬≈– 10 ·∑π∑’ËªŸπ´’‡¡πµå„π§Õπ°√’µ ™’È„Àâ‡ÀÁπ«à“´‘≈‘°“øŸ¡

 “¡“√∂‡æ‘Ë¡°”≈—ßÕ—¥∑’Ë√–¬–µâπ·≈–√–¬–¬“«¢Õß§Õπ°√’µ„Àâ Ÿß°«à“§Õπ°√’µ∑’Ë‰¡à„™â´‘≈‘°“øŸ¡

Mix

No.
Symbol

Compressive Strength (ksc)

90-d 180-d7-d 28-d 60-d 90-d 180-d 7-d 28-d 60-d

1

2

3

4

5

6

7

8

9

10

11

Control

SI10

SII10

SI10FC05

SI10FC15

SI10FC25

SI10FC40

SII10FC05

SII10FC15

SII10FC25

SII10FC40

100

112

103

111

110

101

88

111

104

95

86

100

110

102

111

109

100

88

110

104

96

87

580

710

725

768

769

673

592

762

724

666

545

749

973

858

903

902

807

702

860

797

735

637

837

962

885

951

943

860

750

928

876

797

711

874

976

902

973

959

881

770

970

913

834

753

912

1002

933

1008

996

914

804

1000

945

873

793

100

122

125

132

133

116

102

131

125

115

94

100

125

115

121

120

108

94

115

106

98

85

100

115

106

114

113

103

90

111

105

95

85

Normalized Comp. Strength (%)
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4.3.2 º≈¢Õß°“√„™â´‘≈‘°“øŸ¡ SI √âÕ¬≈– 10 √à«¡°—∫‡∂â“∂à“πÀ‘π·¬°≈–‡Õ’¬¥µàÕ°”≈—ßÕ—¥¢Õß

§Õπ°√’µ

º≈°“√∑¥ Õ∫°”≈—ßÕ—¥§Õπ°√’µ∑’Ë·∑π∑’ËªŸπ´’‡¡πµå¥â«¬´‘≈‘°“øŸ¡ SI √âÕ¬≈– 10 √à«¡°—∫‡∂â“∂à“πÀ‘π

·¬°≈–‡Õ’¬¥ (FC) √âÕ¬≈– 5, 15, 25, ·≈– 40 · ¥ß„πµ“√“ß∑’Ë 4 µ—Èß·µà Mix No. 4 ∂÷ß 7  à«π√Ÿª∑’Ë 4 °. · ¥ß

§«“¡ —¡æ—π∏å√–À«à“ß°”≈—ßÕ—¥°—∫°“√·∑π∑’ËªŸπ´’‡¡πµå¥â«¬´‘≈‘°“øŸ¡ SI √âÕ¬≈–10 √à«¡°—∫‡∂â“∂à“πÀ‘π FC √âÕ¬≈– 5,

15, 25, ·≈– 40  ∑’ËÕ“¬ÿµà“ßÊ æ∫«à“°“√æ—≤π“°”≈—ßÕ—¥„π™à«ßÕ“¬ÿ 7 «—π∂÷ß 28 «—π ¡’§à“‡æ‘Ë¡¢÷Èπ√–À«à“ß 110 ∂÷ß 135

°°/´¡2 ∑”„Àâ°”≈—ßÕ—¥∑’ËÕ“¬ÿ 28 «—π¡’§à“‡∑à“°—∫ 903, 902, 807, ·≈– 702 °°/´¡2 µ“¡≈”¥—∫ ®“°π—Èπ°“√æ—≤π“

°”≈—ßÕ—¥¬—ß¥”‡π‘πµàÕ‰ª‡√◊ËÕ¬Ê ‡¡◊ËÕ —ß‡°µ à«πº ¡ SI10FC05 °—∫ SI10FC15 ®–‡ÀÁπ«à“§Õπ°√’µ∑—Èß§Ÿà¡’°”≈—ßÕ—¥

„°≈â‡§’¬ß°—π¡“°´÷Ëß¡’§à“ Ÿß°«à“§Õπ°√’µ SI10FC25 ·≈– SI10FC40 µ≈Õ¥Õ“¬ÿ°“√∑¥ Õ∫

 à«π„π√Ÿª∑’Ë 5 °. · ¥ß°”≈—ßÕ—¥‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫§Õπ°√’µ§«∫§ÿ¡ ‡ÀÁπ‰¥â«à“°“√„™â SI √âÕ¬≈–

10 √à«¡°—∫ FC „πª√‘¡“≥√âÕ¬≈– 5 ·≈– 15 „Àâ°”≈—ßÕ—¥ Ÿß°«à“§Õπ°√’µ§«∫§ÿ¡‚¥¬¡’§à“‡∑à“°—∫√âÕ¬≈– 109 ∂÷ß 133

µ≈Õ¥Õ“¬ÿ°“√∑¥ Õ∫  à«π§Õπ°√’µ SI10FC25 ¡’°”≈—ßÕ—¥ Ÿß°«à“§Õπ°√’µ§«∫§ÿ¡‚¥¬¡’§à“‡∑à“°—∫√âÕ¬≈– 108 ∂÷ß

116 ∑’ËÕ“¬ÿ‰¡à‡°‘π 28 «—π ‡¡◊ËÕ§Õπ°√’µ¡’Õ“¬ÿ‡æ‘Ë¡¢÷Èπ®–¡’°”≈—ß Ÿß°«à“§Õπ°√’µ§«∫§ÿ¡‡≈Á°πâÕ¬®π ‘Èπ ÿ¥°“√∑¥ Õ∫

∑—Èßπ’È‡æ√“–«à“°“√·∑π∑’Ë¥â«¬´‘≈‘°“øŸ¡√à«¡°—∫‡∂â“∂à“πÀ‘π·¬°≈–‡Õ’¬¥®–‡°‘¥º≈¥’¢Õß«— ¥ÿ∑—Èß Õß™π‘¥√à«¡°—π§◊Õ

´‘≈‘°“øŸ¡∑’ËÕπÿ¿“§¢π“¥‡≈Á°®–‡°‘¥ªØ‘√‘¬“ªÕ´‚´≈“π‰¥âÕ¬à“ß√«¥‡√Á«∑”„Àâ°“√æ—≤π“°”≈—ßÕ—¥„π™à«ßÕ“¬ÿµâπÊ ‰¥â¥’

„π¢≥–∑’Ë ‡∂â“∂à“πÀ‘π·¬°≈–‡Õ’¬¥∑’Ë¡’Õπÿ¿“§§àÕπ¢â“ß‡≈Á°≈–‡Õ’¬¥∑’Ë “¡“√∂‡¢â“‰ªÕÿ¥™àÕß«à“ß‡≈Á°Ê  √–À«à“ßªŸπ ’́‡¡πµå

·≈–À‘πÀ√◊Õ∑√“¬‰¥â∑”„Àâ§Õπ°√’µ·πàπ¢÷Èπ ·≈–√Ÿª√à“ß∑’Ë°≈¡¡π¢Õß‡∂â“∂à“πÀ‘π®–∑”„Àâ§Õπ°√’µ‰À≈≈◊Ëπ·≈–∑”ß“π

‰¥âßà“¬¢÷Èπ ÷́Ëß®– Õ¥§≈âÕß°—∫º≈°“√»÷°…“¢Õß Shannag [10] ∑’Ë„™â “√ªÕ´‚´≈“π®“°∏√√¡™“µ‘√à«¡°—∫ ‘́≈‘°“øŸ¡

„π°“√∑”§Õπ°√’µ°”≈—ß Ÿß æ∫«à“‰¥â§Õπ°√’µ∑’Ë¡’°”≈—ßÕ—¥ Ÿß°«à“°“√„™â “√ªÕ´‚´≈“πÀ√◊Õ´‘≈‘°“øŸ¡‡æ’¬ßÕ¬à“ß‡¥’¬« ·µà

∑—Èßπ’È®–„Àâ°”≈—ßÕ—¥ Ÿß„π™à«ß∑’Ë„™â´‘≈‘°“øŸ¡√âÕ¬≈– 15 √à«¡°—∫ “√ªÕ´‚´≈“π‰¡à‡°‘π√âÕ¬≈– 15

Õ¬à“ß‰√°Áµ“¡ §Õπ°√’µ∑’Ë„™â´‘≈‘°“øŸ¡ SI √âÕ¬≈– 10 √à«¡°—∫‡∂â“∂à“πÀ‘π FC √âÕ¬≈– 40 „Àâ

°”≈—ßÕ—¥µË”°«à“§Õπ°√’µ§«∫§ÿ¡µ—Èß·µàÕ“¬ÿ∑¥ Õ∫ 7 «—π®π∂÷ß 180 «—π ∑—Èßπ’È‡æ√“–«à“°“√·∑π∑’ËªŸπ´’‡¡πµå¥â«¬«— ¥ÿ

ªÕ´‚´≈“π¡“°∂÷ß√âÕ¬≈– 50 (´‘≈‘°“øŸ¡√âÕ¬≈– 10 ·≈–‡∂â“∂à“πÀ‘π·¬°≈–‡Õ’¬¥√âÕ¬≈– 40)  àßº≈„Àâª√‘¡“≥ªŸπ

´’‡¡πµå≈¥≈ß®π∑”„Àâ Ca(OH)
2
 ∑’Ë‰¥â®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢ÕßªŸπ´’‡¡πµå‰¡à‡æ’¬ßæÕ∑’Ë®–∑”ªØ‘°‘√‘¬“ªÕ´‚´≈“π°—∫«— 

¥ÿªÕ´‚´≈“π∑—Èß Õß™π‘¥°”≈—ßÕ—¥®÷ßµË”≈ß πÕ°®“°π—Èπª√‘¡“≥ “√ªÕ´‚´≈“π∑’Ë„ à‡¢â“‰ª‡ªìπ à«π‡°‘π®“°™àÕß«à“ß„π

‡π◊ÈÕ§Õπ°√’µ ∑”„Àâ§Õπ°√’µ‰¡à·πàπµ—«∑”„Àâ°”≈—ßÕ—¥≈¥≈ß [10] · ¥ß«à“°“√„™â‡∂â“∂à“πÀ‘π FC „πª√‘¡“≥¡“°‡°‘π‰ª

º ¡√à«¡°—∫´‘≈‘°“øŸ¡®–‡ªìπº≈‡ ’¬µàÕ°”≈—ß¢Õß§Õπ°√’µ ¥—ßπ—Èπ®÷ß§«√À≈’°‡≈’Ë¬ß°“√„™â‡∂â“∂à“πÀ‘π FC „πª√‘¡“≥ Ÿß

¢≥–∑’Ë°“√„™â´‘≈‘°“øŸ¡ SI √âÕ¬≈– 10 √à«¡°—∫‡∂â“∂à“πÀ‘π FC „πª√‘¡“≥√âÕ¬≈– 5 ∂÷ß 15 ®–¡’°”≈—ßÕ—¥„°≈â‡§’¬ß°—π

´÷Ëß∑—Èß§Ÿà®–„Àâ°”≈—ßÕ—¥ Ÿß°«à“§Õπ°√’µ§«∫§ÿ¡·≈–§Õπ°√’µ∑’Ë„™â‡∂â“∂à“πÀ‘π FC √âÕ¬≈– 25 ¢÷Èπ‰ª

√Ÿª∑’Ë 5 · ¥ß§à“√âÕ¬≈–°”≈—ßÕ—¥°—∫Õ“¬ÿ¢Õß§Õπ°√’µ·∑π∑’Ë¥â«¬ SI, SII √âÕ¬≈– 10 √à«¡°—∫‡∂â“

∂à“πÀ‘π·¬°≈–‡Õ’¬¥ √âÕ¬≈– 0, 5, 15, 25 ·≈– 40 · ¥ß„Àâ‡ÀÁπ«à“∑’Ë™à«ßÕ“¬ÿµâπÊ (7-28 «—π) §Õπ°√’µ∑’Ëº ¡¥â«¬ SI, SII

√âÕ¬≈– 10 √à«¡°—∫‡∂â“∂à“πÀ‘π·¬°≈–‡Õ’¬¥‰¡à‡°‘π√âÕ¬≈– 15 ¡’°“√æ—≤π“°”≈—ßÕ—¥ Ÿß°«à“§Õπ°√’µ§«∫§ÿ¡¡“° À≈—ß®“°

‡ ÈÕÀ“7/p233-250 25/7/02, 19:59243
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π—Èπ§àÕ¬Ê ≈¥≈ß·≈–§àÕπ¢â“ß§ß∑’Ë‡¡◊ËÕÕ“¬ÿ 90 «—π ∑—Èßπ’È‡æ√“–«à“°”≈—ßÕ—¥∑’Ë Ÿß¢÷Èπ¢Õß§Õπ°√’µ¢÷ÈπÕ¬Ÿà°—∫º≈¢Õß

ªØ‘°‘√‘¬“ªÕ´‚´≈“π·≈–°“√Õ—¥µ—« (packing effect) ®“°°“√∑’Ë§Õπ°√’µ¡’´‘≈‘°“øŸ¡´÷Ëß¡’Õπÿ¿“§¢π“¥‡≈Á°¡“°‡ªìπ

 à«πº ¡ ∑”„Àâ‡°‘¥ªØ‘°‘√‘¬“ªÕ´‚´≈“π·≈–°“√Õ—¥µ—«‰¥â√«¥‡√Á«¡“°∑’ËÕ“¬ÿµâπÊ  àßº≈„Àâ°”≈—ßÕ—¥‡æ‘Ë¡ ŸßÕ¬à“ß√«¥‡√Á«

À≈—ß®“°π—Èπ°“√æ—≤π“°”≈—ßÕ—¥®–™â“≈ß ‡π◊ËÕß®“°‰¥â∑”ªØ‘°‘√‘¬“‰ª à«π„À≠à·≈â«

¢. ´‘≈‘°“øŸ¡ SII √âÕ¬≈– 10

√Ÿª∑’Ë 4  §«“¡ —¡æ—π∏å√–À«à“ß°”≈—ßÕ—¥°—∫Õ“¬ÿ¢Õß§Õπ°√’µ·∑π∑’Ë¥â«¬ SI, SII √âÕ¬≈– 10

√à«¡°—∫‡∂â“∂à“πÀ‘π·¬°≈–‡Õ’¬¥ √âÕ¬≈– 0, 5, 15, 25 ·≈– 40

°. ´‘≈‘°“øŸ¡ SI √âÕ¬≈– 10
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¢. ´‘≈‘°“øŸ¡ SII √âÕ¬≈– 10

√Ÿª∑’Ë 5  §«“¡ —¡æ—π∏å√–À«à“ß√âÕ¬≈–°”≈—ßÕ—¥°—∫Õ“¬ÿ¢Õß§Õπ°√’µ·∑π∑’Ë¥â«¬ SI, SII √âÕ¬≈–10

√à«¡°—∫‡∂â“∂à“πÀ‘π·¬°≈–‡Õ’¬¥√âÕ¬≈– 0, 5, 15, 25 ·≈– 40

°. ´‘≈‘°“øŸ¡ SI √âÕ¬≈– 10
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4.3.3 º≈¢Õß°“√„™â´‘≈‘°“øŸ¡ SII √âÕ¬≈– 10 √à«¡°—∫‡∂â“∂à“πÀ‘π·¬°≈–‡Õ’¬¥µàÕ°”≈—ßÕ—¥¢Õß

§Õπ°√’µ

º≈°“√∑¥ Õ∫°”≈—ß§Õπ°√’µ·∑π∑’ËªŸπ´’‡¡πµå¥â«¬´‘≈‘°“øŸ¡ SII √âÕ¬≈– 10 √à«¡°—∫‡∂â“∂à“πÀ‘π

FC √âÕ¬≈– 5, 15, 25, ·≈– 40 · ¥ß„πµ“√“ß∑’Ë 4 µ—Èß·µà Mix No. 8 ∂÷ß 11  à«π√Ÿª∑’Ë 4 ¢. ·≈– 5 ¢. · ¥ß

§«“¡ —¡æ—π∏å√–À«à“ß°”≈—ßÕ—¥·≈–√âÕ¬≈–°”≈—ßÕ—¥°—∫Õ“¬ÿ¢Õß§Õπ°√’µ∑’Ë·∑π∑’ËªŸπ ’́‡¡πµå¥â«¬ ‘́≈‘°“øŸ¡ SII √âÕ¬≈–10

√à«¡°—∫‡∂â“∂à“πÀ‘π FC √âÕ¬≈– 5, 15, 25, ·≈– 40 æ∫«à“°“√æ—≤π“°”≈—ßÕ—¥·≈–§«“¡™—π¢Õß‡ âπ°√“ø„π√Ÿª¡’

≈—°…≥–‰ª„π∑‘»∑“ß‡¥’¬«°—π°—∫§Õπ°√’µ·∑π∑’ËªŸπ´’‡¡πµå¥â«¬´‘≈‘°“øŸ¡ SI √âÕ¬≈– 10 √à«¡°—∫‡∂â“∂à“πÀ‘π FC √âÕ¬

≈– 5, 15, 25, ·≈– 40 ·µà¡’°”≈—ßÕ—¥∑’ËµË”°«à“ §«“¡·µ°µà“ß¢Õß°”≈—ßÕ—¥¥—ß°≈à“«Õ“®¡’ “‡Àµÿ¡“®“°¢∫«π°“√º≈‘µ

·≈–§ÿ≥¿“æ¢Õß´‘≈‘°“øŸ¡§«∫·πàπ·µà≈–™π‘¥

√Ÿª∑’Ë 6 · ¥ß§«“¡ —¡æ—π∏å√–À«à“ß°”≈—ßÕ—¥°—∫ª√‘¡“≥·∑π∑’ËªŸπ´’‡¡πµå¥â«¬´‘≈‘°“øŸ¡ SI ·≈–

SII √âÕ¬≈– 10 √à«¡°—∫‡∂â“∂à“πÀ‘π FC √âÕ¬≈– 5, 15, 25, ·≈– 40 ∑’ËÕ“¬ÿµà“ßÊ æ∫«à“°“√„™â´‘≈‘°“øŸ¡∑—Èß Õß·À≈àß

º≈‘µ∑’Ë√âÕ¬≈– 10 √à«¡°—∫‡∂â“∂à“πÀ‘π·¬°≈–‡Õ’¬¥‰¡à‡°‘π√âÕ¬≈– 15 ∑”„Àâ§Õπ°√’µ¡’°”≈—ßÕ—¥¡“°°«à“À√◊Õ‡∑’¬∫‡∑à“°—∫

°“√„™â´‘≈‘°“øŸ¡√âÕ¬≈– 10 ‡æ’¬ßÕ¬à“ß‡¥’¬« „π¢≥–∑’Ë°“√„™â√à«¡°—∫‡∂â“∂à“πÀ‘π·¬°≈–‡Õ’¬¥∑’Ë√âÕ¬≈– 25 ·≈–

40 ®–„Àâ°”≈—ßÕ—¥µË”°«à“

5.  √ÿªº≈°“√«‘®—¬

®“°º≈°“√«‘®—¬ °“√„™â´‘≈‘°“øŸ¡§«∫·πàπ√à«¡°—∫‡∂â“∂à“πÀ‘π·¬°≈–‡Õ’¬¥„π°“√∑”§Õπ°√’µ°”≈—ß Ÿß  √ÿª

‰¥â¥—ßπ’È

1. °“√·∑π∑’ËªŸπ´’‡¡πµå¥â«¬´‘≈‘°“øŸ¡§«∫·πàπ√âÕ¬≈– 10  “¡“√∂∑”§Õπ°√’µ°”≈—ß Ÿß∑’Ë„Àâ§à“°”≈—ßÕ—¥ Ÿß

°«à“§Õπ°√’µ§«∫§ÿ¡µ≈Õ¥Õ“¬ÿ°“√∑¥ Õ∫ ‚¥¬¡’§à“‡ªìπ√âÕ¬≈– 102 ∂÷ß 125 ‡¡◊ËÕ‡∑’¬∫°—∫§Õπ°√’µ§«∫§ÿ¡

2. °“√„™ấ ‘≈‘°“øŸ¡§«∫·πàπ√âÕ¬≈– 10 √à«¡°—∫‡∂â“∂à“πÀ‘π·¬°≈–‡Õ’¬¥„πª√‘¡“≥‰¡à‡°‘π√âÕ¬≈– 15 „π°“√

·∑π∑’ËªŸπ´’‡¡πµå„Àâ§à“°”≈—ßÕ—¥ Ÿß°«à“§Õπ°√’µ§«∫§ÿ¡‚¥¬¡’§à“‡ªìπ√âÕ¬≈– 104 ∂÷ß 133 ·≈–„Àâ§à“

°”≈—ßÕ—¥„°≈â‡§’¬ß°—∫°“√„™â´‘≈‘°“øŸ¡§«∫·πàπ√âÕ¬≈– 10 ·µà®–„™âª√‘¡“≥ªŸπ´’‡¡πµå·≈– “√≈¥πÈ”

æ‘‡»…πâÕ¬°«à“„π¢≥–∑’Ë¡’§à“¬ÿ∫µ—«¢Õß§Õπ°√’µ‡∑à“°—π

‡ ÈÕÀ“7/p233-250 25/7/02, 20:00246
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¢. ´‘≈‘°“øŸ¡ SII √âÕ¬≈– 10

√Ÿª∑’Ë 6  §«“¡ —¡æ—π∏å√–À«à“ß°”≈—ßÕ—¥°—∫°“√·∑π∑’ËªŸπ´’‡¡πµå¥â«¬ SI, SII √âÕ¬≈–10

√à«¡°—∫‡∂â“∂à“πÀ‘π·¬°≈–‡Õ’¬¥ √âÕ¬≈– 0, 5, 15, 25 ·≈– 40 ∑’ËÕ“¬ÿµà“ßÊ °—π
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6. °‘µµ‘°√√¡ª√–°“»

°“√«‘®—¬π’È “¡“√∂ ”‡√Á®≈ß‰¥â¥â«¬¥’‡æ√“–‰¥â√—∫°“√ π—∫ πÿπ®“°‚§√ß°“√∑ÿπ àß‡ √‘¡«‘™“™’æπ—°«‘®—¬ ®“°

 ”π—°ß“πæ—≤π“«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’·Ààß™“µ‘ ( «∑™.)  ”π—°ß“π°Õß∑ÿπ π—∫ πÿπß“π«‘®—¬ ¿“¬„µâ‚§√ß°“√ª√‘≠≠“‡Õ°

°“≠®π“¿‘‡…° (§ª°.) πÕ°®“°π’È¢Õ¢Õ∫§ÿ≥¿“§«‘™“«‘»«°√√¡‚¬∏“ ¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“∏π∫ÿ√’ ∑’Ë„Àâ

§«“¡ –¥«°¥â“π∏ÿ√°“√ Õÿª°√≥å‡§√◊ËÕß¡◊Õ ·≈–ÀâÕßªØ‘∫—µ‘°“√
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