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∫∑§—¥¬àÕ

°“√»÷°…“«‘®—¬π’È¡’®ÿ¥ª√– ß§å‡æ◊ËÕÀ“ à«πº ¡∑’Ë‡À¡“– ¡¢Õß§Õπ°√’µ∑’Ë¡’‡∂â“ª“≈å¡‡ªìπ à«πº ¡ ∑’Ë
®– “¡“√∂π”‰ªº≈‘µÕ‘∞§Õπ°√’µ∑’Ë¡’§ÿ≥ ¡∫—µ‘‡∑’¬∫‡∑à“À√◊Õ¥’°«à“«— ¥ÿ°àÕºπ—ß∑—Ë«‰ª ‚¥¬„™â°“√∑¥≈Õßª√—∫
‡ª≈’Ë¬π à«πº ¡√–À«à“ßªŸπ´’‡¡πµå ∑√“¬ ·≈–‡∂â“ª“≈å¡πÈ”¡—π º≈°“√∑¥≈Õßæ∫«à“ à«πº ¡∑’Ë‡À¡“– ¡√–À«à“ß
«— ¥ÿ∑—Èß “¡ §◊Õ 1:1:2 ‚¥¬πÈ”Àπ—°§Õπ°√’µ∑’Ë‰¥â¡’§«“¡Àπ“·πàπ‡©≈’Ë¬ 766 °°./≈∫.¡.  “¡“√∂π”‰ª∑”Õ‘∞
§Õπ°√’µ∑’Ë “¡“√∂√—∫·√ßÕ—¥‰¥â‡©≈’Ë¬ª√–¡“≥ 90 °°./µ√.´¡.  Ÿß°«à“¡“µ√∞“πº≈‘µ¿—≥±åÕÿµ “À°√√¡ ©∫—∫ ¡Õ°.
58-2533  ”À√—∫§Õπ°√’µ∫≈ÁÕ° ¡’§à“°“√¥Ÿ¥´÷¡πÈ” √âÕ¬≈– 20 ‚¥¬πÈ”Àπ—° ´÷ËßÕ¬Ÿà„π‡°≥±å¡“µ√∞“π ¡’§à“°“√
π”§«“¡√âÕπ 0.194 W/mK ´÷Ëß‡∑’¬∫‰¥â„°≈â‡§’¬ß°—∫Õ‘∞¡«≈‡∫“ ·µà‡¡◊ËÕπ”‰ª°àÕ √â“ßºπ—ß·≈â«¡’√“§“∂Ÿ°°«à“Õ‘∞
¡«≈‡∫“ª√–¡“≥µ“√“ß‡¡µ√≈– 100 ∫“∑ ∑’Ë ”§—≠§◊Õ “¡“√∂º≈‘µ‰¥âßà“¬·≈– “¡“√∂ àß‡ √‘¡„Àâ‡ªìπÕÿµ “À°√√¡
„π∑âÕß∂‘Ëπ‰¥â

Abstract

The objective of this research was to find an appropriate mixing ratio of concrete with
oil palm to produce concrete masonry units with properties equivalent or better than other
conventional masonry materials. By trying out method, the best proportion of Portland cement:
sand: oil palm ash was found at 1:1:2 by weight. The ratio yielded a lightweight concrete with
an average density of 766 kg/m3, and average compressive strength of approximately 90 kg/
cm2, which is higher than the minimum requirement of Thai Industrial Standards (TIS) 58-
2533 (1990) of 75 kg/cm2. Water absorption of this proportion was at an acceptable standard
level of 20% by weight. From cost analysis, the cost of a wall made with the obtained masonry
units was about 100 baht per square meter cheaper than lightweight masonry units sold in the
market. However, the heat conductivity (K) was similar (0.194 W/mk). Moreover, the manufacturing
process of these masonry units is simple and can be run as a small local enterprise.

§” ”§—≠ : ‡∂â“ª“≈å¡πÈ”¡—π §Õπ°√’µ¡«≈‡∫“ Õ‘∞§Õπ°√’µ
Key words : Oil Palm Ash, Lightweight Concrete, Concrete Masonry Unit
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«“√ “√«‘™“°“√·≈–«‘®—¬ ¡∑√.æ√–π§√ ªï∑’Ë 1 ©∫—∫∑’Ë 1 æƒ…¿“§¡ 255034

1. ∫∑π”

ª“≈å¡πÈ”¡—π‡ªìπæ◊™‡»√…∞°‘®∑’Ë ”§—≠™π‘¥

Àπ÷Ëß¢Õßª√–‡∑»‰∑¬ ‡ªìπ«—µ∂ÿ¥‘∫ ”À√—∫º≈‘µπÈ”¡—π

ª“≈å¡ ́ ÷Ëß¡’°“√¢¬“¬µ—«Õ¬à“ß√«¥‡√Á«Õ¬à“ß¡“°„π√–¬–
10 ªï∑’Ëºà“π¡“ °√¡‚√ßß“πÕÿµ “À°√√¡ (2548)

√“¬ß“π«à“„πªï æ.». 2548 ¡’‚√ßß“πÕÿµ “À°√√¡∑’Ë

‡°’Ë¬«¢âÕß°—∫°“√º≈‘µπÈ”¡—πª“≈å¡¡“°°«à“ 70 ·Ààß
Õÿµ “À°√√¡π’È¡’«— ¥ÿ‡À≈◊Õ∑‘Èß∑’Ë ”§—≠§◊Õ ∑–≈“¬ª“≈å¡

‡ âπ„¬ª“≈å¡ ·≈–°–≈“ª“≈å¡ ‚√ßß“π®–π”«— ¥ÿ‡À≈à“

π’È¡“„™â‡ªìπ‡™◊ÈÕ‡æ≈‘ß ”À√—∫º≈‘µ°√–· ‰øøÑ“„™â„π
‚√ßß“π´÷Ëß∑”„Àâ‡°‘¥‡∂â“ª“≈å¡πÈ”¡—π¡“°°«à“ 100,000

µ—πµàÕªï ‡∂â“ª“≈å¡®–¡’≈—°…≥–‡ªìπΩÿÉπºß≈–‡Õ’¬¥  ’

‡∑“‡¢â¡ °àÕ„Àâ‡°‘¥ªí≠À“„π°“√°”®—¥ ¥—ßπ—Èπ°“√À“
·π«∑“ß‡æ◊ËÕπ”‡∂â“ª“≈å¡πÈ”¡—π¡“„™âª√–‚¬™πå ‚¥¬

‡©æ“–„π°“√°àÕ √â“ß  ‡™àπ‡¥’¬«°—∫‡∂â“∂à“πÀ‘πÀ√◊Õ‡∂â“

®“°«— ¥ÿÕ◊ËπÊ ́ ÷Ëß‰¥â¡’°“√»÷°…“¡“¡“°æÕ ¡§«√·≈â«
®–™à«¬≈¥ªí≠À“¡≈¿“«–·≈–‡æ‘Ë¡¡Ÿ≈§à“„Àâ°—∫«— ¥ÿ

‡À≈◊Õ∑‘ÈßÕ’°¥â«¬
‰µ√‡∑æ ·≈–§≥– (2544) ‰¥â∑”°“√«‘‡§√“–Àå

Õß§åª√–°Õ∫∑“ß‡§¡’¢Õß‡∂â“ª“≈å¡πÈ”¡—π æ∫«à“‡∂â“

ª“≈å¡πÈ”¡—π¡’§ÿ≥ ¡∫—µ‘‡ªìπ«— ¥ÿªÕ ‚́´≈“π Class N
·≈–‡¡◊ËÕπ”‡∂â“ª“≈å¡¡“„™â‚¥¬‰¡àºà“π°“√ª√—∫ª√ÿß

§ÿ≥¿“æ  æ∫«à“ “¡“√∂„™â‡∂â“ª“≈å¡‡æ◊ËÕ∑¥·∑πªŸπ

´’‡¡πµå„πÕ—µ√“ à«π√âÕ¬≈– 10 ‚¥¬„π™à«ß·√°§Õπ°√’µ
∑’Ëº ¡‡∂â“ª“≈å¡®–√—∫°”≈—ßÕ—¥‰¥âπâÕ¬°«à“§Õπ°√’µ∑’Ë

‰¡àº ¡‡∂â“ª“≈å¡ ·µàÀ≈—ß®“°Õ“¬ÿ 28 «—π §Õπ°√’µ

®–æ—≤π“°”≈—ßÕ—¥®π¡’§à“„°≈â‡§’¬ßÀ√◊Õ¡“°°«à“°”≈—ß
Õ—¥¢Õß§Õπ°√’µ∑’Ë‰¡àº ¡‡∂â“ª“≈å¡  πÕ°®“°π—Èπ¬—ß

æ∫«à“‡∂â“ª“≈å¡¬—ß™à«¬≈¥°“√¢¬“¬µ—«∑’Ë‡°‘¥®“°ªØ‘°‘√‘¬“

Õ—≈§“‰≈πå·≈–´‘≈‘°“¢Õß§Õπ°√’µ‰¥âÕ’°¥â«¬
«’√™“µ‘ ·≈–§≥– (2546) ‰¥â∑”°“√∑¥≈Õß

„π≈—°…≥–‡¥’¬«°—π·µà¡’°“√ª√—∫ª√ÿß§ÿ≥¿“æ¢Õß‡∂â“

ª“≈å¡¥â«¬°“√∫¥≈–‡Õ’¬¥  æ∫«à“‡∂â“ª“≈å¡ “¡“√∂
„™â·∑π∑’ËªŸπ´’‡¡πµå‰¥â„πÕ—µ√“√âÕ¬≈– 20 ‚¥¬πÈ”Àπ—°

‡∂â“ª“≈å¡∑’Ë¡’§«“¡≈–‡Õ’¬¥¡“°®–∑”„Àâ√–¬–‡«≈“°“√
°àÕµ—«·≈–§«“¡µâÕß°“√πÈ”¢Õß¡Õ√åµâ“≈¥≈ß‡¡◊ËÕ‡∑’¬∫

°—∫°“√„™â‡∂â“ª“≈å¡∑’Ë‰¡à‰¥âºà“π°“√∫¥≈–‡Õ’¬¥

®“°°“√»÷°…“‡∂â“∑’Ë‰¥â®“°∏√√¡™“µ‘™π‘¥Õ◊ËπÊ
æ∫«à“ ‡∂â“·°≈∫∫¥ ‡∂â“°–≈“¡–æ√â“« ‡∂â“¢’È‡≈◊ËÕ¬

·≈–‡∂â“‡ª≈◊Õ°‰¡â  “¡“√∂„™â∑¥·∑πªŸπ´’‡¡πµå‰¥â

„πÕ—µ√“ à«πª√–¡“≥√âÕ¬≈– 10-20 (Oyetola &
Adullahi, 2006,  ÿ√æ—π∏å ·≈–§≥–, 2546, ™ÿµ‘ √“

ª–°‘√–µ—ß ·≈– æÿ∑∏«√√≥ ·´à·µâ, 2546) ·≈– “¡“√∂

π”¡“‡ªìπ à«πº ¡„π°“√º≈‘µÕ‘∞§Õπ°√’µ  ·≈–
§Õπ°√’µ∫≈ÁÕ°‰¥â  πÕ°®“°π—Èπ‡∂â“·°≈∫‰¡à∫¥¬—ß

 “¡“√∂„™â·∑π∑’ËÀ‘πΩÿÉπ‡æ◊ËÕº≈‘µ§Õπ°√’µ∫≈ÁÕ°·∫∫

‰¡à√—∫πÈ”Àπ—°‰¥â (∫ÿ√©—µ√ ©—µ√«’√– ·≈– ≥√ß§å»—°¥‘Ï
¡“°ÿ≈, 2547)

‡¡◊ËÕ»÷°…“ß“π«‘®—¬‡°’Ë¬«°—∫º≈‘µ¿—≥±å¥â“π°“√

°àÕ √â“ß∑’Ë‰¥â®“°°“√º ¡‡∂â“≈Õ¬·≈–‡∂â“°âπ‡µ“‡æ◊ËÕ
‡ªìπ·π«∑“ß„π°“√«‘®—¬æ∫«à“  ‡∂â“≈Õ¬ “¡“√∂„™â

º≈‘µÕ‘∞¥‘π´’‡¡πµå„πÕ—µ√“ à«πªŸπ´’‡¡πµå√âÕ¬≈– 9
·≈–‡∂â“≈Õ¬√âÕ¬≈– 35 ‚¥¬πÈ”Àπ—° (≥—∞æß»å ¥”√ß-

«‘√‘¬–πÿ¿“æ, 2546) §Õπ°√’µ¡«≈‡∫“∑’Ë„™â‡∂â“≈Õ¬

·∑π∑’ËªŸπ´’‡¡πµå„πÕ—µ√“ à«π√âÕ¬≈– 30 ∫≈ÁÕ°
ª√– “πº ¡‡∂â“≈Õ¬ ‚¥¬„™âª√‘¡“≥‡∂â“≈Õ¬√âÕ¬≈–

35-60 ∑√“¬À¬“∫√âÕ¬≈– 35-70 ·≈–«— ¥ÿª√– “π

‰¥â·°à ªŸπ¢“« ´’‡¡πµåÀ√◊Õ¬‘ª´—¡ √âÕ¬≈– 5-15
(Hydarform, 2006) πÕ°®“°π—Èπ‡∂â“≈Õ¬¬—ß “¡“√∂

„™â‡ªìπ à«πº ¡‡æ◊ËÕº≈‘µÕ‘∞°àÕ·≈–Õ‘∞∫≈ÁÕ° (Fly

Ash Block) „πÕ—µ√“ à«π√âÕ¬≈– 30-50 (Naik,
2006) °àÕπÀπâ“π—Èπ Kayali (2004) ‰¥âπ”‡∂â“≈Õ¬

¡“„™â‡ªìπ à«πº ¡À≈—°„π°“√º≈‘µÕ‘∞‡∂â“≈Õ¬∑—ÈßÀ¡¥

‚¥¬º ¡‡∂â“≈Õ¬°—∫ “√º ¡‡æ‘Ë¡·≈–‡º“∑’ËÕÿ≥À¿Ÿ¡‘
1,000-1,300oC ‡√’¬°«à“ Flash Bricks ª√–‡∑»

µÿ√°’¡’°“√»÷°…“‡æ◊ËÕπ”‡∂â“≈Õ¬¡“„™â„π°“√º≈‘µÕ‘∞

‚¥¬„™â‡∂â“≈Õ¬√âÕ¬≈– 60 ‚¥¬πÈ”Àπ—° (Fatih &
Umit, 2001)
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 ”À√—∫‡∂â“°âπ‡µ“π—Èπ   “¡“√∂„™â∑¥·∑π¡«≈
√«¡≈–‡Õ’¬¥„π§Õπ°√’µ‰¥â ‡¡◊ËÕ„™âª√‘¡“≥‡∂â“°âπ‡µ“

∑¥·∑π∑√“¬‡æ‘Ë¡¢÷Èπ®– àßº≈„Àâ§«“¡ “¡“√∂„π°“√

√—∫·√ßÕ—¥¢Õß¡Õ√åµâ“≈¥≈ß (Suwanvitaya &
Suwanvitaya, 2006) πÕ°®“°π—Èπ ‡∂â“°âπ‡µ“ “¡“√∂

„™â‡ªìπ¡«≈√«¡„π°“√º≈‘µÕ‘∞§Õπ°√’µ‚¥¬„™âÕ—µ√“

 à«πªŸπ´’‡¡πµåµàÕ¡«≈√«¡‡ªìπ 1:6 (Phillips et al.,
2005)

º≈®“°°“√ ”√«®‡Õ° “√‡°’Ë¬«°—∫ß“π«‘®—¬∑’Ë

°≈à“«¡“ ∑”„Àâ‡™◊ËÕ‰¥â«à“ πà“®– “¡“√∂π”‡∂â“ª“≈å¡
πÈ”¡—π¡“„™â‡ªìπ à«πº ¡¢Õß§Õπ°√’µ∑’Ë„Àâ§«“¡

Àπ“·πàπµË”‰¥â ·≈–‡¡◊ËÕ§Õπ°√’µ¡’§«“¡Àπ“·πàπµË”

°Áπà“®–π”§«“¡√âÕπ‰¥âπâÕ¬¥â«¬  §Õπ°√’µ§«“¡Àπ“
·πàπµË”∑’Ë‰¥âπ’È πà“®–‡À¡“– ¡ ”À√—∫∑”«— ¥ÿ°àÕ √â“ß

ª√–‡¿∑∑’Ë‰¡à„™à‚§√ß √â“ßÀ≈—° ¥—ßπ—Èπ ß“π«‘®—¬π’È®÷ß¡’

‡ªÑ“À¡“¬∑’Ë®–∑¥≈Õß∑”Õ‘∞§Õπ°√’µ∑’Ë¡’ à«πº ¡¢Õß
‡∂â“ª“≈å¡πÈ”¡—π

2. «‘∏’°“√∑¥≈Õß

2.1 «—µ∂ÿª√– ß§å

«—µ∂ÿª√– ß§å¢Õß°“√«‘®—¬π’È§◊Õ  À“ à«πº ¡
√–À«à“ßªŸπ´’‡¡πµå ¡«≈√«¡ ·≈–‡∂â“ª“≈å¡πÈ”¡—π ∑’Ë

‡À¡“– ¡∑’Ë ÿ¥„π°“√∑”Õ‘∞§Õπ°√’µ  ´÷Ëß§ÿ≥ ¡∫—µ‘

¢ÕßÕ‘∞§Õπ°√’µº ¡‡∂â“ª“≈å¡∑’ËµâÕß°“√¡’¥—ßµàÕ‰ªπ’È
- ¡’§«“¡ “¡“√∂„π°“√√—∫·√ßÕ—¥Õ¬à“ßπâÕ¬

‡∑’¬∫‡∑à“°—∫§Õπ°√’µ∫≈ÁÕ°µ“¡ ¡Õ°. 58-2533 §◊Õ

75 °‘‚≈°√—¡µàÕµ“√“ß‡´πµ‘‡¡µ√
- ¡’§«“¡Àπ“·πàπµË” ª√–¡“≥ 1,000 °‘‚≈-

°√—¡µàÕ≈Ÿ°∫“»°å‡¡µ√

- ¡’°“√¥Ÿ¥´÷¡πÈ”‰¡à‡°‘π√âÕ¬≈– 20 ‚¥¬
πÈ”Àπ—°

- ¡’§à“°“√π”§«“¡√âÕπ (Heat Conducti-

vity: K) µË”°«à“§Õπ°√’µ∫≈ÁÕ°·≈–Õ‘∞¡Õ≠∑’Ë„™â°—π
∑—Ë«‰ª

- ‡ªìπ à«πº ¡√–À«à“ßªŸπ´’‡¡πµå ¡«≈√«¡
·≈–‡∂â“ª“≈å¡ ∑’Ë “¡“√∂®¥®”‰¥âßà“¬ ·≈–¡’ —¥ à«π

°“√º ¡πÈ” (Water Cement Ratio) ∑’Ë„Àâ§à“°“√

∑¥ Õ∫°“√¬ÿ∫µ—« (Slump Test) ª√–¡“≥ 10
‡´πµ‘‡¡µ√  ´÷Ëß‡ªìπ§à“∑’Ë‡À¡“– ¡ ”À√—∫°“√¢÷Èπ√Ÿª

Õ‘∞§Õπ°√’µ

2.2 «‘∏’«‘®—¬

°“√«‘®—¬§√—Èßπ’È¡’≈”¥—∫¢—ÈπµÕπ∑’Ë ”§—≠¥—ßµàÕ‰ªπ’È

- ‡°Á∫µ—«Õ¬à“ß‡∂â“ª“≈å¡πÈ”¡—π¡“»÷°…“
§ÿ≥ ¡∫—µ‘‡∫◊ÈÕßµâπ‰¥â·°à°“√ ”√«® ’ √Ÿª√à“ß §«“¡

≈–‡Õ’¬¥ ¢π“¥§≈– §«“¡∂à«ß®”‡æ“– ·≈–Õß§åª√–°Õ∫

∑“ß‡§¡’ °“√«‘®—¬„π¢—ÈπµÕππ’È‡ªìπ°“√®â“ßÀâÕßªØ‘∫—µ‘
°“√¿“¬πÕ°‡ªìπºŸâ«‘‡§√“–Àå„Àâ‡°◊Õ∫∑—ÈßÀ¡¥

- ∑¥≈Õß‡æ◊ËÕÀ“ à«πº ¡√–À«à“ßªŸπ´’‡¡πµå

¡«≈√«¡ ·≈–‡∂â“ª“≈å¡ ∑’Ë„Àâ°”≈—ßÕ—¥ °“√¥Ÿ¥´÷¡πÈ”
·≈–§«“¡Àπ“·πàπµ“¡∑’Ë√–∫ÿ‰«â °“√∑¥≈Õß„π¢—Èπ

µÕππ’È¡’Õÿª°√≥å∑’Ë ”§—≠§◊Õ Universal Testing
Machine „™â∑¥ Õ∫°”≈—ß√—∫·√ßÕ—¥¢Õß§Õπ°√’µ

- π” à«πº ¡∑’Ë‡≈◊Õ°‰ª∑”Õ‘∞§Õπ°√’µµâπ

·∫∫‡æ◊ËÕ∑¥ Õ∫À“§à“°“√π”§«“¡√âÕπ  ÷́Ëß„π°“√
∑¥ Õ∫µâÕßÕ“»—¬°“√®â“ßÀâÕßªØ‘∫—µ‘°“√¿“¬πÕ°

- π”Õ‘∞§Õπ°√’µµâπ·∫∫‰ª°àÕ‡ªìπ°≈àÕß

∑¥ Õ∫‡æ◊ËÕ«—¥°“√ àßºà“π§«“¡√âÕπ‡∑’¬∫°—∫«— ¥ÿºπ—ß
™π‘¥Õ◊ËπÊ ‡§√◊ËÕß¡◊Õ«‘®—¬∑’Ë ”§—≠„π¢—ÈπµÕππ’È§◊Õ ‡§√◊ËÕß

µ√«®«—¥·≈–∫—π∑÷°Õÿ≥À¿Ÿ¡‘

- «‘‡§√“–Àåµâπ∑ÿπ°“√º≈‘µ

3. º≈°“√∑¥≈Õß·≈–«‘®“√≥åº≈

3.1 µ—«Õ¬à“ß‡∂â“ª“≈å¡·≈–°“√∑¥ Õ∫§ÿ≥ ¡∫—µ‘

‡∫◊ÈÕßµâπ

„π°“√«‘®—¬§√—Èßπ’È„™âµ—«Õ¬à“ß‡∂â“ª“≈å¡®“°‚√ßß“π

ª“≈å¡πÈ”¡—π¢π“¥„À≠à 2 ·Ààß„π®—ßÀ«—¥°√–∫’Ë‡ªìπÀ≈—°
´÷Ëß¡’º≈°“√∑¥ Õ∫§ÿ≥ ¡∫—µ‘‡∫◊ÈÕßµâπ¥—ßµàÕ‰ªπ’È
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¿“æ∑’Ë 1 °“√°√–®“¬¢π“¥Õπÿ¿“§¢Õß‡∂â“ª“≈å¡

·≈–¡«≈√«¡µà“ßÊ ‡ª√’¬∫‡∑’¬∫°—∫§à“

¡“µ√∞“πµ“¡ ASTM C33

- ‡∂â“ª“≈å¡¡’§«“¡≈–‡Õ’¬¥¡“°°«à“¡«≈√«¡

™π‘¥Õ◊Ëπ∑’Ë„™âº≈‘µÕ‘∞§Õπ°√’µ ‰¥â·°à À‘πΩÿÉπ ∑√“¬
À¬“∫ ·≈–∑√“¬≈–‡Õ’¬¥ ¥—ß· ¥ß„π¿“æ∑’Ë 1 ¥—ßπ—Èπ

®÷ß‰¡à‡À¡“–µàÕ°“√π”‰ª„™â‡ªìπ¡«≈√«¡‡æ’¬ßÕ¬à“ß‡¥’¬«
- Õπÿ¿“§¢Õß‡∂â“ª“≈å¡¡’√Ÿæ√ÿπ¡“°°«à“ªŸπ

´’‡¡πµåªÕ√åµ·≈π¥åª√–‡¿∑ 1 ¥—ßπ—Èπ‡¡◊ËÕπ”‰ª„™â·∑π

ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å®–∑”„Àâ Water-Cement
Ratio §àÕπ¢â“ß Ÿß·≈–§Õπ°√’µ¡’°“√¥Ÿ¥´÷¡πÈ”§àÕπ

¢â“ß¡“°

- ‡∂â“ª“≈å¡®—¥‡ªìπ«— ¥ÿªÕ ‚́´≈“π Class N
´÷Ëß “¡“√∂„™â·∑πªŸπ´’‡¡πµåå∫“ß à«π„π§Õπ°√’µ‰¥â

3.2 °“√∑¥≈Õß„™â‡∂â“ª“≈å¡πÈ”¡—π‡ªìπ à«πº ¡

¢Õß§Õπ°√’µ

°“√∑¥≈Õß„π¢—ÈπµÕππ’È‡ªìπ°“√À“ à«πº ¡

¢Õß§Õπ°√’µÀ√◊Õ´’‡¡πµå¡Õ√åµâ“∑’Ë¡’‡∂â“ª“≈å¡πÈ”¡—π
º ¡Õ¬Ÿà¥â«¬ ‚¥¬¡’‡ªÑ“À¡“¬‡æ◊ËÕ„Àâ‰¥â´’‡¡πµå¡Õ√åµâ“

À√◊Õ§Õπ°√’µ∑’Ë¡’§ÿ≥ ¡∫—µ‘µ“¡∑’ËµâÕß°“√ ‚¥¬∑”°“√

∑¥ Õ∫°”≈—ßÕ—¥¢Õß´’‡¡πµå¡Õ√åµâ“√Ÿª∑√ß≈Ÿ°∫“»°å
¢π“¥ 5 ´¡. × 5 ´¡. × 5 ´¡. ∑’Ë∫à¡‰«âÀ≈—ß®“°

°“√º ¡ 3, 7, 14 ·≈– 28 «—π  ”À√—∫°“√∑¥ Õ∫
Õ◊ËπÊ ‰¥â·°à°“√À“§à“°“√¥Ÿ¥´÷¡πÈ”·≈–°“√À“§«“¡

Àπ“·πàπ      µ—«·ª√∑’Ë∑”°“√∑¥≈Õß§◊Õ  ª√‘¡“≥ªŸπ

´’‡¡πµååªÕ√åµ·≈π¥åª√–‡¿∑ 1 ª√‘¡“≥‡∂â“ª“≈å¡πÈ”¡—π
·≈–¡«≈√«¡´÷Ëß‰¥â·°à∑√“¬·≈–À‘πΩÿÉπ  ‚¥¬·∫àß°“√

∑¥≈Õß‡ªìπ Õß√–¬–§◊Õ °“√∑¥≈Õß‡∫◊ÈÕßµâπ ·≈–°“√

∑¥≈Õß‡æ◊ËÕÀ“ à«πº ¡∑’Ë‡À¡“– ¡∑’Ë ÿ¥
3.2.1 °“√∑¥≈Õß‡∫◊ÈÕßµâπ ‡ªìπ°“√∑¥≈Õß

‡æ◊ËÕ∑¥ Õ∫‡ªìπ°“√∑¥≈Õß·∫∫ Try Out ‡æ◊ËÕµ√«®

 Õ∫«à“°“√‡µ‘¡‡∂â“ª“≈å¡πÈ”¡—π‡æ◊ËÕ∑¥·∑πªŸπ´’‡¡πµåå
ªÕ√åµ·≈π¥åÀ√◊Õ∑¥·∑π¡«≈√«¡Õ¬à“ß„¥Õ¬à“ßÀπ÷Ëß

®–„Àâº≈Õ¬à“ß‰√ ®“°°“√∑¥≈Õß “¡“√∂ √ÿªª√–‡¥Áπ

∑’Ë ”§—≠‰¥â¥—ßµàÕ‰ªπ’È
- ª√‘¡“≥‡∂â“ª“≈å¡∑’Ë‡æ‘Ë¡¢÷Èπ  àßº≈„Àâ

Water-Cement Ratio ·≈–°“√¥Ÿ¥´÷¡πÈ” Ÿß¢÷Èπ®“°

ª√–¡“≥√âÕ¬≈– 5 ‡ªìπ√âÕ¬≈– 10 ‚¥¬πÈ”Àπ—°µ“¡
‰ª¥â«¬

- §«“¡Àπ“·πàπÀ√◊ÕÀπà«¬πÈ”Àπ—°¢Õß
§Õπ°√’µ≈¥≈ß  µ“¡ª√‘¡“≥‡∂â“ª“≈å¡∑’Ë‡æ‘Ë¡¢÷Èπ  ·µà

¬—ß¡’§à“ Ÿß‡°‘π°«à“ 2,000 °°./≈∫.¡.

- °”≈—ßÕ—¥¢Õß§Õπ°√’µ≈¥≈ß ‡¡◊ËÕ‡æ‘Ë¡
ª√‘¡“≥‡∂â“ª“≈å¡ ·µà¬—ß‡°‘π°«à“∑’ËµâÕß°“√§◊Õ 75 °°./

µ√.´¡.

- °“√º ¡À‘πΩÿÉπ‰¡à„Àâº≈·µ°µà“ß°—∫°“√
‰¡àº ¡π—° ¥—ßπ—Èπ„π°“√∑¥≈Õß√–¬–À≈—ß ®÷ßæ‘®“√≥“

‰¡à„™âÀ‘πΩÿÉπ ‡π◊ËÕß®“°‡ªìπ«— ¥ÿ∑’ËÀ“ ◊́ÈÕ‰¥â‰¡àßà“¬

„π°“√∑¥≈Õß‡∫◊ÈÕßµâππ’È„™â‡∂â“ª“≈å¡  ‡æ’¬ß
ª√–¡“≥‰¡à‡°‘π√âÕ¬≈– 15 ¢ÕßπÈ”Àπ—°§Õπ°√’µ

∑—ÈßÀ¡¥ ´÷Ëßæ∫«à“§«“¡Àπ“·πàπ¢Õß§Õπ°√’µ¬—ß Ÿß

∂÷ßª√–¡“≥ 2,000 °°./≈∫.¡. ¢÷Èπ‰ª Õ’°∑—Èß°”≈—ß
Õ—¥¬—ß Ÿß‡°‘π§à“∑’Ë®”‡ªìπÕ¬Ÿà¡“°æÕ ¡§«√  ·≈–¬—ß

 “¡“√∂¬Õ¡„Àâ¡’°“√¥Ÿ¥´÷¡πÈ”‡æ‘Ë¡¢÷Èπ‰¥âÕ’° ¥—ßπ—Èπ„π

°“√∑¥≈Õß‡æ◊ËÕª√—∫À“ à«πº ¡„π¢—ÈπµàÕ‰ª®÷ß “¡“√∂
‡æ‘Ë¡ª√‘¡“≥‡∂â“ª“≈å¡πÈ”¡—π¢÷Èπ‰¥âÕ’°
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3.2.2 °“√∑¥≈Õß‡æ◊ËÕÀ“ à«πº ¡∑’Ë‡À¡“– ¡

∑’Ë ÿ¥  ‡¡◊ËÕæ∫«à“ “¡“√∂‡æ‘Ë¡ —¥ à«π¢Õß‡∂â“ª“≈å¡

‰¥âÕ’° ®÷ß‰¥â∑”°“√∑¥≈Õß‚¥¬„™â à«πº ¡¥—ß∑’Ë· ¥ß

„πµ“√“ß∑’Ë 1
®“°°“√∑¥≈Õß™ÿ¥π’Èæ∫«à“§«“¡Àπ“·πàπ¢Õß

§Õπ°√’µ≈¥≈ß®“°‡¥‘¡ ‡À≈◊Õ‰¡à‡°‘π 1,200 °°./≈∫.¡.

¥—ß¿“æ∑’Ë 2  à«π°“√¥Ÿ¥´÷¡πÈ”‡æ‘Ë¡¢÷Èπ®π∫“ßµ—«Õ¬à“ß
¡’§à“‡°‘π§à“∑’ËµâÕß°“√§◊Õ√âÕ¬≈– 20 „π¢≥–∑’Ë°”≈—ßÕ—¥

¢Õß§Õπ°√’µ¥—ß∑’Ë· ¥ß„π¿“æ∑’Ë 3 ≈¥≈ß ®π∫“ß à«π

µË”°«à“ 75 °°./µ√.´¡. ∑’ËµâÕß°“√ ¥—ßπ—Èπ®“°º≈°“√
∑¥≈Õßπ’È®÷ß‡≈◊Õ°Õ—µ√“ à«πº ¡∑’Ë„Àâ§ÿ≥ ¡∫—µ‘µ“¡∑’Ë

µâÕß°“√‰¥â 2  à«πº ¡§◊Õ ªŸπ´’‡¡πµåµàÕ∑√“¬µàÕ‡∂â“

‡∑à“°—∫ 1:3:1 (√âÕ¬≈– 20:60:20) ·≈– 1:1:2 (√âÕ¬
≈– 25:25:50) ‚¥¬πÈ”Àπ—°

µ“√“ß∑’Ë 1 Õ—µ√“ à«πº ¡√–À«à“ß ’́‡¡πµå‡∂â“ª“≈å¡

∑√“¬ ·≈–Õ—µ√“ à«ππÈ”µàÕ´’‡¡πµå∑’Ë„™â

„π°“√∑¥≈Õß

¿“æ∑’Ë 2 §«“¡Àπ“·πàπ¢Õß§Õπ°√’µº ¡‡∂â“

ª“≈å¡πÈ”¡—π

ªŸπ´’‡¡πµå ‡∂â“ª“≈å¡ ∑√“¬ W/C

(%) (%) (%)  Ratio

30
30
30
30
30
30

25
25
25
25
25
25

20
20
20
20
20
20

15
15
15
15
15
15

0
10
20
30
40
50

0
10
20
30
40
50

0
10
20
30
40
50

0
10
20
30
40
50

70
60
50
40
30
20

75
65
55
45
35
25

80
70
60
50
40
30

85
75
65
55
45
35

0.700
0.850
0.950
0.950
1.000
1.300

0.750
0.875
1.125
1.375
1.375
1.450

0.750
0.875
1.125
1.375
1.450
1.550

0.800
0.875
1.200
1.400
1.550
1.600
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¿“æ∑’Ë 3 °”≈—ßÕ—¥¢Õß§Õπ°√’µº ¡‡∂â“ª“≈å¡πÈ”¡—π

3.3 °“√∑¥ Õ∫§ÿ≥ ¡∫—µ‘∑“ß§«“¡√âÕπ

3.3.1 °“√∑¥ Õ∫À“§à“°“√π”§«“¡√âÕπ

‚¥¬°“√ àßµ—«Õ¬à“ßÕ‘∞§Õπ°√’µ‰ª∑¥ Õ∫∑’ËÀâÕßªØ‘∫—µ‘
°“√«‘‡§√“–Àå§ÿ≥ ¡∫—µ‘∑“ß§«“¡√âÕπ¢Õß«— ¥ÿ  »Ÿπ¬å

‡∑§‚π‚≈¬’‚≈À–·≈–«— ¥ÿ·Ààß™“µ‘ ´÷Ëß‰¥âº≈¥—ß· ¥ß

„πµ“√“ß∑’Ë 2 æ∫«à“§Õπ°√’µ∑’Ë„™âÕ—µ√“ à«πªŸπ´’‡¡πµå
µàÕ∑√“¬µàÕ‡∂â“ª“≈å¡„πÕ—µ√“ à«π 1:1:2 „Àâ§à“°“√

π”§«“¡√âÕπµË”°«à“‡¡◊ËÕ‡∑’¬∫°—∫ à«πº ¡∑’Ë„™â‡∂â“ª“≈å¡

„πÕ—µ√“ à«πÕ◊ËπÊ ®÷ßπ”µ—«Õ¬à“ß¥—ß°≈à“«¡“ √â“ß°≈àÕß
∑¥ Õ∫‡æ◊ËÕæ‘®“√≥“°“√‡ª≈’Ë¬π·ª≈ß¢ÕßÕÿ≥À¿Ÿ¡‘

¿“¬„π ·≈–§«“¡‡ªìπ‰ª‰¥â„π°“√„™âß“π®√‘ß

3.3.2 °“√∑¥ Õ∫§«“¡ “¡“√∂„π°“√ àß

ºà“π§«“¡√âÕπ °√–∑”‚¥¬«—¥°“√‡ª≈’Ë¬π·ª≈ß¢Õß

Õÿ≥À¿Ÿ¡‘¿“¬„π·≈–¿“¬πÕ°°≈àÕß∑¥ Õ∫‡∑’¬∫°—∫

«— ¥ÿ°àÕºπ—ß™π‘¥Õ◊ËπÊ ‰¥â·°à §Õπ°√’µ∫≈ÁÕ° ·≈–
Õ‘∞¡Õ≠  ∑’Ë √â“ß¢÷Èπ¡“‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫°—π  ´÷Ëßº≈∑’Ë

‰¥â√—∫· ¥ß„π¿“æ∑’Ë 4

¿“æ∑’Ë 4 Õÿ≥À¿Ÿ¡‘¿“¬„π°≈àÕß∑¥ Õ∫®“°«— ¥ÿµà“ß

™π‘¥°—π

µ“√“ß∑’Ë 2 ‡ª√’¬∫‡∑’¬∫§ÿ≥ ¡∫—µ‘∑“ß§«“¡√âÕπ

¢Õß«— ¥ÿ∑’Ë»÷°…“

§à“°“√π” §«“¡µâ“π∑“π

µ—«Õ¬à“ß«— ¥ÿ
§«“¡√âÕπ §«“¡√âÕπ (R)

(K) (m2K/W)

(W/mK)

Õ‘∞¡Õ≠ 0.473 0.150

§Õπ°√’µ∫≈ÁÕ° 0.519 0.149

§Õπ°√’µ¡«≈‡∫“ 0.089›0.132 0.580

§Õπ°√’µ∑’Ë„™â‡∂â“ª“≈å¡ 0.505 0.198

·∑π∑’Ë∑√“¬ 25%

§Õπ°√’µ∑’Ë„™â‡∂â“ª“≈å¡ 0.324 0.309

·∑π∑’ËÀ‘πΩÿÉπ 25%

§Õπ°√’µ∑’Ëº ¡ 0.194 0.515

ªŸπ-∑√“¬-‡∂â“

1-1-2

§Õπ°√’µ∑’Ëº ¡ 0.215 0.465

ªŸπ-∑√“¬-‡∂â“

1-3-1
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®“°°“√∑¥ Õ∫π’Èæ∫«à“Õÿ≥À¿Ÿ¡‘¿“¬„π°≈àÕß
∑¥ Õ∫∑’Ë∑”¥â«¬µ—«Õ¬à“ßÕ‘∞§Õπ°√’µº ¡‡∂â“ª“≈å¡

πÈ”¡—π¡’°“√‡ª≈’Ë¬π·ª≈ßµ“¡Õÿ≥À¿Ÿ¡‘¿“¬πÕ°πâÕ¬°«à“

°≈àÕß∑¥ Õ∫∑’Ë∑”¥â«¬Õ‘∞¡Õ≠·≈–§Õπ°√’µ∫≈ÁÕ°
´÷Ëß‡¡◊ËÕπ”‰ª„™â‡ªìπ«— ¥ÿ‡ª≈◊Õ°Õ“§“√  “¡“√∂§“¥°“√≥å

‰¥â«à“®–‡°‘¥º≈‡™àπ‡¥’¬«°—π  ¿“¬„πÕ“§“√®–¡’§«“¡

 ∫“¬¡“°°«à“ ·≈–„™âæ≈—ßß“π„π°“√ª√—∫Õ“°“»πâÕ¬
„°≈â‡§’¬ß°—∫Õ‘∞¡«≈‡∫“

3.4 °“√ª√–¡“≥§à“„™â®à“¬„π°“√°àÕ √â“ß

        ‡π◊ËÕß®“°‡π◊ÈÕº‘« —¡º— ¢ÕßÕ‘∞§Õπ°√’µº ¡

‡∂â“ª“≈å¡πÈ”¡—π∑’Ë‰¥â®“°°“√∑¥≈Õßπ’È§àÕπ¢â“ß‡√’¬∫

´÷Ëß‰¡à®”‡ªìπµâÕß©“∫ ¥—ßπ—Èπ ®“°°“√ª√–¡“≥√“§“
§à“°àÕ √â“ßºπ—ßÕ“§“√¥â«¬«— ¥ÿµà“ßÊ ®÷ßæ∫«à“§à“

°àÕ √â“ßºπ—ßÕ‘∞§Õπ°√’µº ¡‡∂â“ª“≈å¡πÈ”¡—π¡’√“§“

ª√–¡“≥ 300 ∫“∑µàÕµ“√“ß‡¡µ√ ÷́ËßµË”°«à“ºπ—ß∑’Ë
∑”¥â«¬Õ‘∞¡Õ≠‡≈Á°πâÕ¬  ·≈–µË”°«à“ºπ—ß∑’Ë∑”¥â«¬Õ‘∞

¡«≈‡∫“§àÕπ¢â“ß¡“°

4. ∫∑ √ÿª

        ‡∂â“ª“≈å¡πÈ”¡—π∑’Ë∫¥„Àâ≈–‡Õ’¬¥·≈–√àÕπºà“π
µ–·°√ß‡∫Õ√å 200 ·≈â«π—Èπ  “¡“√∂π”¡“‡ªìπ à«π

º ¡ ”À√—∫∑”Õ‘∞§Õπ°√’µ‰¥â‡ªìπÕ¬à“ß¥’ ‚¥¬„™âªŸπ

´’‡¡πµåµàÕ∑√“¬µàÕ‡∂â“ª“≈å¡ „πÕ—µ√“ à«π 1:1:2
( —¥ à«ππÈ”µàÕ´’‡¡πµå 1.45) ´÷Ëß‡ªìπ Ÿµ√∑’Ë “¡“√∂

®¥®”·≈–„™âß“πßà“¬ Õ‘∞§Õπ°√’µº ¡‡∂â“ª“≈å¡∑’Ë‰¥â

®“°°“√«‘®—¬π’È¡’§à“°“√π”§«“¡√âÕπµË”„°≈â‡§’¬ß°—∫
Õ‘∞¡«≈‡∫“ ·µà¡’√“§“„°≈â‡§’¬ß°—∫ºπ—ßÕ‘∞¡Õ≠ ¥—ßπ—Èπ

®÷ß ¡§«√Õ¬à“ß¬‘Ëß∑’Ë®–µâÕß àß‡ √‘¡„Àâ¡’°“√º≈‘µÕ‘∞

§Õπ°√’µ∑’Ë¡’ à«πº ¡¢Õß‡∂â“ª“≈å¡πÈ”¡—πÕ¬à“ß
®√‘ß®—ßµàÕ‰ª ́ ÷ËßπÕ°®“°®–‡ªìπ«— ¥ÿºπ—ßÕ“§“√∑’Ë™à«¬

≈¥°“√„™â°√–· ‰øøÑ“„π°“√ª√—∫Õ“°“»·≈â« ¬—ß™à«¬

≈¥ªí≠À“„π°“√°”®—¥‡∂â“ª“≈å¡πÈ”¡—π∑’Ë¡’ª√‘¡“≥‡æ‘Ë¡
¢÷ÈπÕ¬à“ß¡“°„π·µà≈–ªïÕ’°¥â«¬

5. °‘µµ‘°√√¡ª√–°“»

§≥–ºŸâ«‘®—¬¢Õ¢Õ∫æ√–§ÿ≥‚§√ß°“√∑ÿπ«‘®—¬

¡À“∫—≥±‘µ  °«.  “¢“«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’
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