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∫∑§—¥¬àÕ

∫∑§«“¡π’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“º≈°√–∑∫¢Õß‡∂â“°âπ‡µ“µàÕ§à“°“√´÷¡ºà“π¢Õß§≈Õ‰√¥å·≈–

§«“¡‡¢â¡¢Õß§«“¡µâ“π∑“π‡™‘ß‰øøÑ“¢Õß§Õπ°√’µ ‚¥¬·∑π∑’ËªŸπ´’‡¡πµåªÕ√åµ·≈π¥å¥â«¬‡∂â“°âπ‡µ“„πÕ—µ√“

√âÕ¬≈– 0, 10, 20, ·≈– 40 ‚¥¬πÈ”Àπ—°¢Õß “√´’‡¡πµå Õ—µ√“ à«ππÈ”µàÕ “√ ’́‡¡πµå∑’Ë„™â‡∑à“°—∫ 0.61,0.47,

·≈– 0.33 °“√∑¥ Õ∫§à“°“√ ÷́¡ºà“π¢Õß§≈Õ‰√¥å„™â«‘∏’́ ÷¡ºà“π·∫∫ non-steady state µ“¡¡“µ√∞“π NT BUILD

492 ∑¥ Õ∫∑’ËÕ“¬ÿ 28 ·≈– 90 «—π  ”À√—∫§à“§«“¡µâ“π∑“π‡™‘ß‰øøÑ“¢Õß§Õπ°√’µ„™â§à“°√–· ‡√‘Ë¡µâπ

®“°°“√∑¥ Õ∫°“√´÷¡ºà“π¢Õß§≈Õ‰√¥å ·≈–®“°°Æ¢Õß‚ÕÀå¡ (Ohmûs law)  “¡“√∂§”π«≥À“§à“§«“¡

µâ“π∑“π‡™‘ß‰øøÑ“‰¥â ®“°°“√∑¥ Õ∫æ∫«à“ °“√µâ“π∑“π°“√·∑√°´÷¡¢Õß§≈Õ‰√¥å¢Õß§Õπ°√’µº ¡‡∂â“°âπ‡µ“

∑ÿ°Õ—µ√“ à«πº ¡‰¥â„°≈â‡§’¬ßÀ√◊Õ·¬à°«à“∑’ËÕ“¬ÿ 28 «—π ·µà “¡“√∂µâ“π∑“π°“√·∑√° ÷́¡¢Õß§≈Õ‰√¥å‰¥â¥’°«à“

∑’ËÕ“¬ÿ 90 «—π  ‚¥¬‡©æ“–§Õπ°√’µº ¡‡∂â“°âπ‡µ“√âÕ¬≈– 40

ABSTRACT

The purpose of this paper was to study the effect of bottom ash on chloride diffusion coefficient

and electrical resistivity of concrete with Portland cement replacement dosage of 0%, 10%, 20%, and 40%

by weight of binder. The water to binder ratios of 0.61, 0.47, and 0.33 were used to determine the

chloride coefficient by non-steady state migration experiment (CTH rapid method test) following as NT

BUILD 492 at the age of 28 and 90 days. The electrical resistivity is determined using the initial current

values of the CTH rapid method test. Ohmûs law is used to estimate the resistivity values. From the test,

it was found that the chloride penetration of concrete with bottom ash was nearly or inferior than the

chloride penetration of control concrete at the age of 28 days, but better at the age of 90 days. Especially,

the concrete with 40% bottom ash.

§” ”§—≠ :  —¡ª√– ‘∑∏‘Ï°“√´÷Ë¡ºà“π¢Õß§≈Õ‰√¥å °“√π”æ“¥â«¬‰øøÑ“ §«“¡µâ“π∑“π‡™‘ß‰øøÑ“ ‡∂â“°âπ‡µ“ °”≈—ß√—∫·√ßÕ—¥

Key Words: Chloride diffusion coefficient, Migration, Electrical resistivity, Bottom ash, Compressive strength.
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∫∑π”

§Õπ°√’µ ‡ªìπ«— ¥ÿª√–°Õ∫®“°°“√º ¡

√«¡°—π¢Õß ªŸπ´’‡¡πµå À‘π ∑√“¬ πÈ” ·≈–/À√◊Õ «— ¥ÿ

º ¡‡æ‘Ë¡ ‡¡◊ËÕ·¢Áßµ—«®–‡ªìπ«— ¥ÿæ√ÿπ (porous

materials) ¡’‚æ√ß°√–®“¬Õ¬Ÿà∑—Ë«‰ª„π‡π◊ÈÕ§Õπ°√’µ

·≈–¡’§«“¡µàÕ‡π◊ËÕß ‡π◊ËÕß®“°√–∫∫‚æ√ß¢Õß

§Õπ°√’µ¡’§«“¡µàÕ‡π◊ËÕß ®÷ß∑”„Àâ°ä“´ §«“¡™◊Èπ

·≈–Õ‘ÕÕπ¢Õß “√‡§¡’  “¡“√∂·∑√°´÷¡ºà“π‡¢â“‰ª

„π‡π◊ÈÕ§Õπ°√’µ ‚¥¬ºà“π√–∫∫‚æ√ß¢Õß§Õπ°√’µ

 “√‡§¡’∑’Ë‡ªìπªí®®—¬∑’Ë∑”„Àâ§Õπ°√’µ‡ ’¬À“¬‚¥¬µ√ß

‡™àπ  “√≈–≈“¬ —́≈‡øµ ÷́Ëß®–∑”„Àâ‡°‘¥°“√¢¬“¬µ—«

·≈–°”≈—ß√—∫·√ßÕ—¥≈¥≈ß (Skalny et al., 2002)

·≈–Õ’°ª√–‡¿∑Àπ÷Ë ß®–‰¡à∑”§«“¡‡ ’¬À“¬µàÕ

§Õπ°√’µ‚¥¬µ√ß ·µà®–∑”„Àâ‡À≈Á°‡ √‘¡„π§Õπ°√’µ

∂Ÿ°°—¥°√àÕπ‰¥â ‡™àπ  “√≈–≈“¬§≈Õ‰√¥å ‡¡◊ËÕÕ‘ÕÕπ

¢Õß§≈Õ‰√¥å·∑√°´÷¡‡¢â“‰ª„π§Õπ°√’µ®π∂÷ß

‡À≈Á°‡ √‘¡ Õ‘ÕÕπ¢Õß§≈Õ‰√¥å®–‰ª∑”≈“¬øî≈å¡∑’Ë

‡§≈◊Õ∫‡À≈Á° ·≈–‡¡◊ËÕ‡À≈Á°∑”ªØ‘°‘√‘¬“°—∫ÕÕ°´‘‡®π

·≈–πÈ” ®–°àÕ„Àâ‡°‘¥ π‘¡ ª√‘¡“µ√¢Õß‡À≈Á°®–‡æ‘Ë¡

¢÷Èπ·≈–¥—π§Õπ°√’µ·µ°À—°‰¥â (Neville, 2003,

Bentur et al., 1997) «‘∏’°“√Àπ÷Ëß∑’Ë®–∑”„Àâ§Õπ°√’µ

 “¡“√∂µâ“π∑“π°“√·∑√° ÷́¡¢Õß§≈Õ‰√¥å„Àâ

‡§≈◊ËÕπ∑’Ë‰¥â™â“≈ß ¬◊¥Õ“¬ÿ¢Õß§Õπ°√’µ‡ √‘¡‡À≈Á°„Àâ

¬“«π“π¢÷Èπ µâÕß∑”„Àâ¢π“¥‡©≈’Ë¬¢Õß‚æ√ß„π‡æ µå

‡≈Á°≈ß ‚¥¬„™â«— ¥ÿªÕ´‚´≈“πº ¡„π§Õπ°√’µ¥â«¬

°“√·∑π∑’ËªŸπ´’‡¡πµå°Á®–∑”„Àâ¢π“¥‡©≈’Ë¬¢Õß‚æ√ß

„π‡π◊ÈÕ‡æ µå‡≈Á°≈ß (Chindaprasirt et al., T., 2005,

Poon CS, Kou and Lam, 2006, Poon et al., 1999)

·≈– “¡“√∂µâ“π∑“π°“√·∑√° ÷́¡¢Õß§≈Õ‰√¥å‰¥â¥’¢÷Èπ

(Kou and Lam, 2006, Poon et al., 1999)

‡∂â“°âπ‡µ“‡ªìπº≈æ≈Õ¬‰¥â ®“°°“√º≈‘µ

°√–· ‰øøÑ“æ≈—ßß“π§«“¡√âÕπ ¢Õß‚√ß‰øøÑ“∂à“πÀ‘π

≈‘°‰π∑å Õ”‡¿Õ·¡à‡¡“– ®—ßÀ«—¥≈”ª“ß ¢π“¥¢Õß

Õπÿ¿“§¢Õß‡∂â“°âπ‡µ“§àÕπ¢â“ß‚µ ‚¥¬∑—Ë«‰ª¡’¢π“¥

§â“ßµ–·°√ß‡∫Õ√å 325 (45 µm) ¡“°°«à“√âÕ¬≈– 90

‡¡◊ËÕπ”¡“∫¥„Àâ¡’¢π“¥‡≈Á°≈ß ‚¥¬§â“ßµ–·°√ß‡∫Õ√å

325 πâÕ¬°«à“√âÕ¬≈– 34 ®–¡’§ÿ≥ ¡∫—µ‘‡ªìπ«— ¥ÿ

ªÕ´‚´≈“π „™â·∑π∑’ËªŸπ´’‡¡πµåº ¡„π§Õπ°√’µ‰¥â

(Jaturapitakkul and Cheerarot, 2003)

¥—ßπ—Èπß“π«‘®—¬π’È®÷ ß‰¥âπ”‡∂â“°âπ‡µ“∫¥

·∑π∑’ËªŸπ ’́‡¡πµå∫“ß à«πº ¡„π§Õπ°√’µ ‡æ◊ËÕ»÷°…“

§«“¡µâ“π∑“π°“√·∑° ÷́¡¢Õß§≈Õ‰√¥å ‚¥¬«—¥§à“

 —¡ª√– ‘∑∏‘Ï°“√´÷¡ºà“π¢Õß§≈Õ‰√¥å·≈–§«“¡‡¢â¡

¢Õß§«“¡µâ“π∑“π¢Õß§Õπ°√’µ

1. «— ¥ÿ∑’Ë„™â„π°“√»÷°…“

ªŸπ ’́‡¡πµåªÕ√åµ·≈π¥åª√–‡¿∑ 1 º≈‘µµ“¡

¡“µ√∞“π ¡Õ°.15-2547 ‡∂â“°âπ‡µ“®“°‚√ß‰øøÑ“

æ≈—ß§«“¡√âÕπ ‚¥¬„™â∂à“πÀ‘π≈‘°‰πµå‡ªìπ‡™◊ÈÕ‡æ≈‘ß

¢Õß°“√‰øøÑ“ΩÉ“¬º≈‘µ·Ààßª√–‡∑»‰∑¬ Õ”‡¿Õ

·¡à‡¡“– ®—ßÀ«—¥≈”ª“ß √àÕπºà“πµ–·°√ß‡∫Õ√å 16

·≈–π”‰ª∫¥‰¥â§«“¡≈–‡Õ’¬¥¡’¢π“¥§â“ßµ–·°√ß

‡∫Õ√å 325 √âÕ¬≈– 30 - 34 Õß§åª√–°Õ∫∑“ß‡§¡’

·≈–§«“¡∂à«ß®”‡æ“– · ¥ß‰«â„πµ“√“ß∑’Ë 1 À‘π¬àÕ¬

¢π“¥‚µ ÿ¥ 20 ¡¡. §«“¡∂à«ß®”‡æ“– 2.69 Àπà«¬

πÈ”Àπ—°°√–∑ÿâß·πàπ 1575 °°./¡3 „™â‡ªìπ¡«≈√«¡

À¬“∫ ·≈–∑√“¬·¡àπÈ”¡’§à“‚¡¥Ÿ≈— §«“¡≈–‡Õ’¬¥

2.75 §«“¡∂à«ß®”‡æ“– 2.60 „™â‡ªìπ¡«≈√«¡≈–‡Õ’¬¥

πÈ”ª√–ª“º≈‘µ‚¥¬¡À“«‘∑¬“≈—¬¢Õπ·°àπ  “√≈¥πÈ”

æ‘‡»… ª√–‡¿∑ F µ“¡¡“µ√∞“π ASTM C494

µ“√“ß∑’Ë 1 Õß§åª√–°Õ∫∑“ß‡§¡’·≈–§«“¡∂à«ß®”‡æ“–

¢ÕßªŸπ ’́‡¡πµå·≈–‡∂â“°âπ‡µ“

Õß§åª√–°Õ∫ ªŸπ´’‡¡πµåªÕ√åµ ‡∂â“°âπ‡µ“

·≈π¥å (%) (%)

SiO
2

21.52 37.07

Al
2
O

3
4.54 18.86

Fe
2
O

3
3.05 13.77

CaO 62.74 16.59

MgO 1.09 2.26

Na
2
O 1.47 1.29

K
2
O 0.74 2.43

SO
3

3.47 1.82

LOI 1.20 5.28

§«“¡∂à«ß®”‡æ“– 3.15 2.67
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2. «‘∏’°“√»÷°…“

2.1 ªØ‘¿“§ à«πº ¡§Õπ°√’µ

§Õπ°√’µ∑’Ë„™â„π°“√∑¥ Õ∫·∫àßÕÕ°‡ªìπ

3 °≈ÿà¡ §◊Õ §Õπ°√’µ°”≈—ßµË” (°”≈—ßÕÕ°·∫∫ 25 MPa),

°”≈—ßª“π°≈“ß (°”≈—ßÕÕ°·∫∫ 35 MPa), ·≈–

°”≈—ß Ÿß (°”≈—ßÕÕ°·∫∫ 55 MPa) ¡’Õ—µ√“ à«ππÈ”

µàÕªŸπ´’‡¡πµå‡∑à“°—∫ 0.61, 0.47, ·≈– 0.33 µ“¡

≈”¥—∫  à«πº ¡¢Õß§Õπ°√’µ‰¥âÕÕ°·∫∫µ“¡

¡“µ√∞“π ACI 211.1 ‡ªìπ§Õπ°√’µ§«∫§ÿ¡

®“°π—Èπ§Õπ°√’µ·µà≈–°≈ÿà¡‰¥â·∑π∑’ËªŸπ´’‡¡πµå¥â«¬

‡∂â“°âπ‡µ“„πÕ—µ√“√âÕ¬≈– 10, 20, ·≈– 40 ‚¥¬πÈ”

Àπ—°¢Õß “√´’‡¡πµå ªØ‘¿“§ à«πº ¡¢Õß§Õπ°√’µ

‰¥â· ¥ß‰«â„πµ“√“ß∑’Ë 2

2.2 °“√∑¥ Õ∫°“√À“§à“ —¡ª√– ‘∑∏‘Ï

°“√´÷¡ºà“π¢Õß§≈Õ‰√¥å„π§Õπ°√’µ

§Õπ°√’µ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 100 ¡¡.

 Ÿß 200 ¡¡.  ∂Õ¥ÕÕ°®“°·∫∫ ‡¡◊ËÕÕ“¬ÿ  24 ± 0.5

™—Ë«‚¡ß ®“°π—Èππ”‰ª∫à¡‚¥¬·™à„ππÈ” ∑’ËÀâÕß§«∫§ÿ¡

Õÿ≥À¿Ÿ¡‘ 23 ± 2 ÌC °àÕπ°“√∑¥ Õ∫ 2 «—π π”™‘Èπ

µ—«Õ¬à“ß‰ªµ—¥„Àâ‰¥â¢π“¥Àπ“ 50 ± 2 ¡¡. ®“°π—Èπ

∑”™‘Èπµ—«Õ¬à“ß„ÀâÕ‘Ë¡µ—«¥â«¬πÈ” ·≈–π”µ—«Õ¬à“ß‰ª

∑”°“√∑¥ Õ∫ (∑’ËÕ“¬ÿ 28 ·≈– 90 «—π) ‚¥¬®—¥

‡µ√’¬¡≈—°…≥–°“√∑¥ Õ∫ ¥—ß· ¥ß„π¿“æ∑’Ë 1

ª√–¬ÿ°µå»—°¬å‰øøÑ“ 30 ‚«≈µå ‡¢â“°—∫«ß®√ ·≈â««—¥§à“

°√–· ‰øøÑ“∑’Ë‰À≈ºà“π ‡æ◊ËÕÀ“§à“»—°¬å‰øøÑ“·≈–

√–¬–‡«≈“∑’Ë„™â„π°“√∑¥ Õ∫ ¢—ÈπµÕπ°“√‡µ√’¬¡

µ— « Õ ¬à “ ß · ≈ – ° “ √ ∑ ¥   Õ ∫ ∑” µ “ ¡ ¡ “ µ √ ∞ “ π

NT BUILD 492 (Nordtest method, 1999)

µ“√“ß∑’Ë 2  ªØ‘¿“§ à«πº ¡¢Õß§Õπ°√’µ

Mix

Composition (kg/m
3
)

w/b PC BA Coarse Sand Water SP*

Agg.

L-OPC 0.61 312 - 984 845 190 -

L-BA10 0.61 281 31 984 837 190 -

L-BA20 0.61 250 62 984 832 190 -

L-BA40 0.61 197 125 984 816 190 -

M-OPC 0.47 404 - 984 770 190 -

M-BA10 0.47 364 40 984 762 190 -

M-BA20 0.47 323 81 984 749 190 -

M-BA40 0.47 242 162 984 733 190 -

H-OPC 0.33 576 - 984 627 188.5 2.9

H-BA10 0.33 518 58 984 614 188.5 2.9

H-BA20 0.33 461 115 984 601 188.5 2.9

H-BA40 0.33 346 230 984 575 188.5 2.9

*  “√≈¥πÈ”æ‘‡»…¡’πÈ”º ¡Õ¬Ÿà√âÕ¬≈– 50

‡¡◊ËÕ∑¥ Õ∫·≈â«‡ √Á® π”™‘Èπµ—«Õ¬à“ß‰ªºà“

·∫àß§√÷Ëß¢«“ßÀπâ“µ—¥ ·≈â«©’¥æàπº‘«∑’Ëºà“§√÷Ëß¥â«¬

 “√≈–≈“¬´‘≈‡«Õ√å‰π‡µ√∑§«“¡‡¢â¡¢âπ 0.1 N «—¥

§«“¡≈÷°¢Õß°“√´÷¡ºà“π¢Õß§≈Õ‰√¥å ®“°§à“Õÿ≥À¿Ÿ¡‘

™à«ß√–¬–‡«≈“°“√∑¥ Õ∫ §«“¡≈÷°‡©≈’Ë¬¢Õß°“√´÷¡

ºà“π¢Õß§≈Õ‰√¥å ·≈–¢π“¥¢Õß™‘Èπµ—«Õ¬à“ß π”‰ª

·∑π§à“„π ¡°“√∑’Ë (1) ®–‰¥â§à“ —¡ª√– ‘∑∏‘Ï°“√´÷¡

ºà“π¢Õß§≈Õ‰√¥å

¿“æ∑’Ë 1 °“√®—¥™ÿ¥∑¥ Õ∫µ“¡¡“µ√∞“π NT Build

492 [9]
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‡¡◊ËÕ

   D
nssm

=  —¡ª√– ‘∑∏‘Ï°“√´÷¡ºà“π (x 10-12 m2/s)

   T = Õÿ≥À¿Ÿ¡‘¢Õß “√≈–≈“¬ ( ÌC)

   L = §«“¡Àπ“¢Õßµ—«Õ¬à“ß∑¥ Õ∫ (mm)

   U = »—°¬å‰øøÑ“ (V)

   t = ™à«ß√–¬–‡«≈“∑’Ë∑¥ Õ∫ (h)

   x
d

= §«“¡≈÷°‡©≈’Ë¬¢Õß°“√´÷¡ºà“π (mm)

3. °“√∑¥ Õ∫°“√À“§à“§«“¡‡¢â¡¢Õß

§«“¡µâ“π∑“π‡™‘ß‰øøÑ“¢Õß§Õπ°√’µ

®“°°“√∑¥ Õ∫§à“ —¡ª√– ‘∑∏‘Ï°“√ ÷́¡ºà“π

¢Õß§≈Õ‰√¥å„π§Õπ°√’µ µ“¡À—«¢âÕ∑’Ë 3.2 ®–„™â§à“

»—°¬å‰øøÑ“∑’Ëª√–¬ÿ°µå„™â°—∫§à“°√–· ‡√‘Ë¡µâπ∑’Ë‰À≈ºà“π

π”‰ª§”π«≥À“§à“§«“¡µâ“π∑“π¢Õß§Õπ°√’µ

(Stanish et al., 1997) ®“°°Æ¢Õß‚ÕÀå¡ (Omhûs law)

¥—ß ¡°“√∑’Ë (2) ·∑π§à“ »—°¬å‰øøÑ“·≈–°√–· ‰øøÑ“

‡√‘Ë¡µâπ ®–‰¥â§à“§«“¡µâ“π∑“π¢Õß§Õπ°√’µ

‡¡◊ËÕ R = §à“§«“¡µâ“π∑“π¢Õß§Õπ°√’µ (Ω)

V = »—°¬å‰øøÑ“ (V)

I = °√–· ‰øøÑ“ (amp)

‡¡◊ËÕ‰¥â§à“§«“¡µâ“π∑“π‡™‘ß‰øøÑ“¢Õß

§Õπ°√’µ  “¡“√∂À“§à“§«“¡‡¢â¡¢Õß§«“¡µâ“π∑“π

‡™‘ß‰øøÑ“¢Õß§Õπ°√’µ (electrical resistivity)

‰¥â®“° ¡°“√∑’Ë (3)

‡¡◊ËÕ = §«“¡‡¢â¡¢Õß§«“¡µâ “π∑“π¢Õß

§Õπ°√’µ (kΩëcm)

R =  §«“¡µâ“π∑“π‡™‘ß‰øøÑ“¢Õß§Õπ°√’µ (kΩ)

A =  æ◊Èπ∑’ËÀπâ“µ—¥¢Õß™‘Èπµ—«Õ¬à“ß (cm2)

L =  §«“¡Àπ“¢Õß™‘Èπ∑¥ Õ∫ (cm)

º≈°“√∑¥ Õ∫·≈–Õ¿‘ª√“¬

1. §«“¡‡ªìπªÕ´‚´≈“π¢Õß‡∂â“°âπ‡µ“

‡∂â“°âπ‡µ“¥—Ëß‡¥‘¡®–¡’¢π“¥‚µ ´÷Ëß¡’§«“¡

≈–‡Õ’¬¥¢π“¥§â“ßµ–·°√ß‡∫Õ√å 325 ¡“°°«à“√âÕ¬≈–

34 ®÷ßπ”¡“∫¥¥â«¬‡§√◊ËÕß∫¥≈Õ ·Õß‡®Õ≈’ „Àâ‰¥â

§«“¡≈–‡Õ’¬¥¡’¢π“¥§â“ßµ–·°√ß‡∫Õ√å 325 πâÕ¬°«à“

√âÕ¬≈– 34 „πß“π«‘®—¬π’È„™â§«“¡≈–‡Õ’¬¥¡’¢π“¥

§â“ßµ–·°√ß‡∫Õ√å 325 √âÕ¬≈– 30 - 34 §ÿ≥ ¡∫—µ‘

∑“ß‡§¡’¥—ß· ¥ß„πµ“√“ß∑’Ë 1 ÷́Ëß¡’Õß§åª√–°Õ∫‡§¡’

SiO
2
 + Al

2
O

3
 + Fe

2
O

3
 √âÕ¬≈– 70 SO

3
 √âÕ¬≈– 1.82

ª√‘¡“≥§«“¡™◊Èπ√âÕ¬≈– 0.5 ·≈– §«“¡ Ÿ≠‡ ’¬

‡π◊ËÕß®“°°“√‡º“√âÕ¬≈– 5.28 ¥—™π’°”≈—ß∑’Ë 7 ·≈–

28 «—π ‡ªìπ√âÕ¬≈– 83 ·≈– 84 µ“¡≈”¥—∫

§«“¡µâÕß°“√πÈ”√âÕ¬≈– 100 ¥—ß· ¥ß„πµ“√“ß∑’Ë 3

®“°§ÿ≥ ¡∫—µ‘∑“ß‡§¡’·≈–°“¬¿“æ¢Õß‡∂â“°âπ‡µ“∫¥

¥—ß°≈à“« ¡’§ÿ≥ ¡∫—µ‘‡¢â“¢à“¬‡ªìπªÕ´‚´≈“π™π‘¥ F

¢Õß‡∂â“≈Õ¬

µ“√“ß∑’Ë 3 ¢âÕ°”Àπ¥∑“ß‡§¡’·≈–°“¬¿“æ¢ÕßªÕ´

‚´≈“π

¢âÕ°”Àπ¥∑“ß‡§¡’·≈–°“¬¿“æ
™π‘¥ BA*

N F C (%)

SiO
2
 + Al

2
O

3
 + Fe

2
O

3
, min, % 70.0 70.0 50.0 70

SO
3
, max, % 4.0 5.0 5.0 1.82

Moisture content, max, % 3.0 3.0 3.0 0.5

Loss on ignition, max, % 10.0 6.0 6.0 5.28

Fineness:

Amount retained when wet-sieved

on No.325 sieve, max, % 34 34 34 32.6

Strength activity:

at 7 days, min, % of control 75 75 75 83

at 28 days, min, % of control 75 75 75 84

Water requirement, % of control 115 105 105 100

L
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2. §à“ —¡ª√– ‘∑∏‘Ï°“√´÷¡ºà“π¢Õß§≈Õ

‰√¥å„π§Õπ°√’µ

º≈°“√∑¥ Õ∫§à“ —¡ª√– ‘∑∏‘Ï°“√´÷¡ºà“π

¢Õß§≈Õ‰√¥å„π§Õπ°√’µ‰¥â· ¥ß‰«â„π¿“æ∑’Ë 2, 3

·≈– 4 ∑’ËÕ“¬ÿ 28 «—π §Õπ°√’µ§«∫§ÿ¡ °”≈—ßµË”

(L-OPC), °”≈—ßª“π°≈“ß (M-OPC) ·≈–°”≈—ß Ÿß

(H-OPC) ¡’§à“ —¡ª√– ‘∑∏‘Ï°“√´÷¡ºà“π¢Õß§≈Õ‰√¥å

‡∑à“°—∫ 19.09 x 10-12, 13.36 x 10-12 ·≈–

7.76 x 10-12 m2/s µ“¡≈”¥—∫ §Õπ°√’µº ¡‡∂â“°âπ

‡µ“ L-BA10, L-BA20 ·≈– L-BA40 ¡’§à“

 —¡ª√– ‘∑∏‘Ï°“√´÷¡ºà“π¢Õß§≈Õ‰√¥å §‘¥‡ªìπ√âÕ¬≈–

80, 110, ·≈– 134 ¢Õß§Õπ°√’µ§«∫§ÿ¡ L-OPC

µ“¡≈”¥—∫ §Õπ°√’µº ¡‡∂â“°âπ‡µ“ M-BA10,

M-BA20 ·≈– M-BA40 ¡’§à“ —¡ª√– ‘∑∏‘Ï°“√´÷¡

ºà“π¢Õß§≈Õ‰√¥å §‘¥‡ªìπ√âÕ¬≈–  113, 116, ·≈– 121

¢Õß§Õπ°√’µ§«∫§ÿ¡ M-OPC µ“¡≈”¥—∫ §Õπ°√’µ

º ¡‡∂â“°âπ‡µ“ H-BA10, H-BA20 ·≈– H-BA40

¡’§à“ —¡ª√– ‘∑∏‘Ï°“√´÷¡ºà“π¢Õß§≈Õ‰√¥å §‘¥‡ªìπ

√âÕ¬≈–  120, 130, ·≈– 130 ¢Õß§Õπ°√’µ§«∫§ÿ¡

H-OPC µ“¡≈”¥—∫ ·≈–∑’ËÕ“¬ÿ 90 «—π §Õπ°√’µ§«∫§ÿ¡

L-OPC, M-OPC ·≈– H-OPC ¡’§à“ —¡ª√– ‘∑∏‘Ï

°“√ ÷́¡ºà“π¢Õß§≈Õ‰√¥å≈¥≈ß‡ªìπ 17.91 x 10-12,

12.11 x 10-12 ·≈– 6.72 x 10-12 m2/s ≈¥≈ß√âÕ¬≈–

6.2, 9.4 ·≈– 13.4 ¢Õß§Õπ°√’µ§«∫§ÿ¡∑’ËÕ“¬ÿ

28 «—π µ“¡≈”¥—∫ §Õπ°√’µº ¡‡∂â“°âπ‡µ“ L-BA10,

L-BA20 ·≈– L-BA40 ¡’§à“ —¡ª√– ‘∑∏‘Ï°“√´÷¡

ºà“π¢Õß§≈Õ‰√¥å §‘¥‡ªìπ√âÕ¬≈– 88, 85, ·≈– 43

¢Õß§Õπ°√’µ§«∫§ÿ¡ L-OPC µ“¡≈”¥—∫ §Õπ°√’µ

º ¡‡∂â“°âπ‡µ“ M-BA10, M-BA20 ·≈– M-BA40

§‘¥‡ªìπ√âÕ¬≈–  92, 95, ·≈– 51 ¢Õß§Õπ°√’µ§«∫§ÿ¡

M-OPC µ“¡≈”¥—∫ ·≈–§Õπ°√’µº ¡‡∂â“°âπ‡µ“

H-BA10, H-BA20, ·≈– H-BA40 ¡’§à“

 —¡ª√– ‘∑∏‘Ï°“√´÷¡ºà“π¢Õß§≈Õ‰√¥å §‘¥‡ªìπ√âÕ¬≈–

90, 69, ·≈– 59 ¢Õß§Õπ°√’µ§«∫§ÿ¡ H-OPC

µ“¡≈”¥—∫

3. §«“¡‡¢â¡¢Õß§«“¡µâ“π∑“π‡™‘ß‰øøÑ“

¢Õß§Õπ°√’µ

º≈°“√∑¥ Õ∫§«“¡‡¢â¡¢Õß§«“¡µâ“π∑“π

‡™‘ß‰øøÑ“¢Õß§Õπ°√’µ‰¥â· ¥ß‰«â„π¿“æ∑’Ë 5, 6,

·≈– 7 ∑’ËÕ“¬ÿ 28 «—π §Õπ°√’µ§«∫§ÿ¡ L-OPC,

M-OPC ·≈– H-OPC ¡’§à“§«“¡‡¢â¡¢Õß§«“¡

µâ“π∑“π‡™‘ß‰øøÑ“‡∑à“°—∫ 6.35, 7.53 ·≈–

9.75 kΩ-cm µ“¡≈”¥—∫ §Õπ°√’µº ¡‡∂â“°âπ‡µ“

L-BA10, L-BA20, ·≈– L-BA40 ¡’§à“§«“¡‡¢â¡

¢Õß§«“¡µâ“π∑“π‡™‘ß‰øøÑ“ §‘¥‡ªìπ√âÕ¬≈– 108, 106,

·≈– 117 ¢Õß§Õπ°√’µ§«∫§ÿ¡ L-OPC µ“¡≈”¥—∫

§Õπ°√’µº ¡‡∂â“°âπ‡µ“ M-BA10, M-BA20,

·≈– M-BA40 §«“¡‡¢â¡¢Õß§«“¡µâ“π∑“π‡™‘ß‰øøÑ“

§‘¥‡ªìπ√âÕ¬≈– 89, 99, ·≈– 127 ¢Õß§Õπ°√’µ§«∫§ÿ¡

M-OPC µ“¡≈”¥—∫ ·≈–§Õπ°√’µº ¡‡∂â“°âπ‡µ“

H-BA10, H-BA20, ·≈– H-BA40 ¡’§à“§«“¡‡¢â¡

¢Õß§«“¡µâ“π∑“π‡™‘ß‰øøÑ“ §‘¥‡ªìπ√âÕ¬≈–  98, 113,

·≈– 114 ¢Õß§Õπ°√’µ§«∫§ÿ¡ H-OPC µ“¡≈”¥—∫

·≈–∑’ËÕ“¬ÿ 90 «—π §Õπ°√’µ§«∫§ÿ¡ L-OPC, M-OPC

·≈– H-OPC ¡’§à“§«“¡‡¢â¡¢Õß§«“¡µâ“π∑“π‡™‘ß

‰øøÑ“‡æ‘Ë¡¢÷Èπ‡ªìπ 7.25, 7.78 ·≈– 11.73 kΩ-cm

‡æ‘Ë¡¢÷Èπ§‘¥‡ªìπ√âÕ¬≈–  14, 3, ·≈– 23 ¢Õß

§Õπ°√’µ§«∫§ÿ¡∑’ËÕ“¬ÿ 28 «—π µ“¡≈”¥—∫ §Õπ°√’µ

º ¡‡∂â“°âπ‡µ“ L-BA10, L-BA20, ·≈– L-BA40

¡’§à“§«“¡‡¢â¡¢Õß§«“¡µâ“π∑“π‡™‘ß‰øøÑ“§‘¥‡ªìπ

√âÕ¬≈–  111, 141, ·≈– 267 ¢Õß§Õπ°√’µ§«∫§ÿ¡

L-OPC µ“¡≈”¥—∫ §Õπ°√’µº ¡‡∂â“°âπ‡µ“

M-BA10, M-BA20, ·≈– M-BA40 ¡’§à“

§«“¡‡¢â¡¢Õß§«“¡µâ“π∑“π‡™‘ ß‰øøÑ“§‘¥‡ªìπ

√âÕ¬≈–  113, 137, ·≈– 271 ¢Õß§Õπ°√’µ§«∫§ÿ¡

M-OPC  µ“¡≈”¥—∫ §Õπ°√’µº ¡‡∂â“°âπ‡µ“

H-BA10, H-BA20, ·≈– H-BA40 ¡’§à“§«“¡‡¢â¡

¢Õß§«“¡µâ“π∑“π‡™‘ß‰øøÑ“§‘¥‡ªìπ√âÕ¬≈– 110,

127, ·≈– 255 ¢Õß§Õπ°√’µ§«∫§ÿ¡ H-OPC

µ“¡≈”¥—∫
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¿“æ∑’Ë 2 §à“ —¡ª√– ‘∑∏‘Ï°“√´÷¡ºà“π¢Õß§≈Õ‰√¥å

¢Õß§Õπ°√’µ°”≈—ßÕÕ°·∫∫ 25 MPa

(w/b = 0.61)

¿“æ∑’Ë 3 §à“ —¡ª√– ‘∑∏‘Ï°“√´÷¡ºà“π¢Õß§≈Õ‰√¥å

¢Õß§Õπ°√’µ°”≈—ßÕÕ°·∫∫ 35 MPa

(w/b = 0.47)

¿“æ∑’Ë 4 §à“ —¡ª√– ‘∑∏‘Ï°“√´÷¡ºà“π¢Õß§≈Õ‰√¥å

¢Õß§Õπ°√’µ°”≈—ßÕÕ°·∫∫ 55 MPa

(w/b = 0.33)

¿“æ∑’Ë 5 §«“¡‡¢â¡¢Õß§«“¡µâ“π∑“π‡™‘ß‰øøÑ“

¢Õß§Õπ°√’µ°”≈—ßÕÕ°·∫∫ 25 MPa

(w/b = 0.61)

¿“æ∑’Ë 6 §«“¡‡¢â¡¢Õß§«“¡µâ“π∑“π‡™‘ß‰øøÑ“

¢Õß§Õπ°√’µ°”≈—ßÕÕ°·∫∫ 35 MPa

(w/b = 0.47)

¿“æ∑’Ë 7 §«“¡‡¢â¡¢Õß§«“¡µâ“π∑“π‡™‘ß‰øøÑ“

¢Õß§Õπ°√’µ°”≈—ßÕÕ°·∫∫ 55 MPa

(w/b = 0.33)
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®“°º≈°“√∑¥ Õ∫®–‡ÀÁπ«à“§à“ —¡ª√– ‘∑∏‘Ï

°“√´÷¡ºà“π¢Õß§≈Õ‰√¥å¢Õß§Õπ°√’µº ¡‡∂â“°âπ‡µ“

®–¡’§à“„°≈â‡§’¬ßÀ√◊Õ¡“°°«à“¢Õß§Õπ°√’µ§«∫§ÿ¡

∑ÿ°Õ—µ√“ à«πº ¡·≈–∑ÿ°°≈ÿà¡§Õπ°√’µ ∑’ËÕ“¬ÿ 28 «—π

‡π◊ËÕß®“°≈—°…≥–¢ÕßÕπÿ¿“§‡∂â“°âπ‡µ“∫¥¡’√Ÿª√à“ß

‡ªìπ‡À≈’Ë¬¡°“√Õ—¥µ—«„π‡æ µå®–‰¡à§àÕ¬¥’‰¡à‡À¡◊Õπ

∑√ß°≈¡∑’Ë “¡“√∂°≈‘Èß·≈–·∑√°µ—«‰¥â¥’°«à“ ∑”„Àâ

‡°‘¥™à«ß«à“ßÀ√◊Õ¢π“¥¢Õß‚æ√ß∑’Ë‚µ ®÷ßµâ“π∑“π°“√

·∑√°´÷¡‰¥â‰¡à¥’π—° º≈¢Õß§à“§«“¡‡¢â¡¢Õß§«“¡

µâ“π∑“π‡™‘ß‰øøÑ“™à«¬¬◊π¬—π  §à“°“√´÷¡ºà“π¢Õß

§Õπ°√’µº ¡‡∂â “°âπ‡µ“®–¡’§à “„°≈â ‡§’¬ßÀ√◊Õ

πâÕ¬°«à“∑ÿ°Õ—µ√“ à«πº ¡·≈–∑ÿ°°≈ÿà¡§Õπ°√’µ

∑’ËÕ“¬ÿ 28 «—π ‡™àπ°—π ‡¡◊ËÕÕ“¬ÿ 90 «—π §Õπ°√’µ

º ¡‡∂â“°âπ‡µ“®– “¡“√∂µâ“π∑“π°“√·∑√°´÷¡

¢Õß§≈Õ‰√¥å‰¥â¥’°«à“§Õπ°√’µ§«∫§ÿ¡∑ÿ°Õ—µ√“ à«π

º ¡·≈–∑ÿ°°≈ÿà¡§Õπ°√’µ ‚¥¬§Õπ°√’µº ¡‡∂â“°âπ

‡µ“„πÕ—µ√“ Ÿß¢÷Èπ¡’·π«‚πâ¡„π°“√µâ“π∑“π°“√

·∑√°´÷¡¢Õß§≈Õ‰√¥å‰¥â¥’¢÷Èπ ‚¥¬‡©æ“–§Õπ°√’µ

º ¡‡∂â“°âπ‡µ“„πÕ—µ√“√âÕ¬≈– 40 ¡’§à“ —¡ª√– ‘∑∏‘Ï

°“√·∑√° ÷́¡¢Õß§≈Õ‰√¥å≈¥≈ß√âÕ¬≈–  41 - 57

¢Õß§Õπ°√’µ§«∫§ÿ¡ ·≈–§à“§«“¡‡¢â¡¢Õß§«“¡

µâ“π∑“π‡™‘ß‰øøÑ“™à«¬¬◊π¬—πº≈¥—ß°≈à“«  ‚¥¬¡’§à“

‡æ‘Ë¡¢÷Èπ√âÕ¬≈– 155 - 171 ∑—Èßπ’È‡π◊ËÕß®“°º≈¢Õß°“√

∫à¡§Õπ°√’µ·≈–°“√‡°‘¥ªØ‘°‘√‘¬“ªÕ´‚´≈“π™à«¬„Àâ

√–∫∫‚æ√ß„π‡æ µåæ—≤π“·≈–¡’¢π“¥‡©≈’Ë¬‡≈Á°≈ß

¢≥–‡¥’¬«°—π¬—ß™à«¬„Àâ°“√‡™◊ËÕ¡µàÕ√–À«à“ß‡æ µå°—∫

¡«≈√«¡ (interfacial zone) ‰¥â¥’¢÷Èπ·≈–∑÷∫πÈ”¡“°¢÷Èπ

(Chindaprasirt et al., T., 2005, Poon CS, Kou

and Lam, 2006, Poon et al., 1999)

 √ÿª

‡¡◊ËÕπ”‡∂â“°âπ‡µ“ ·¡à‡¡“–¡“∫¥‰¥â§«“¡

≈–‡Õ’¬¥§â“ßµ–·°√ß‡∫Õ√å 325 (45 µm) √âÕ¬≈–

30-34 ‡¡◊ËÕπ”¡“„™â„πß“π§Õπ°√’µæ∫«à“

1. §ÿ≥ ¡∫—µ‘‡¢â“¢à“¬‡ªìπ«— ¥ÿªÕ´‚´≈“π

§≈â“¬‡∂â“≈Õ¬ ‡ªìπ™π‘¥ F

2. §Õπ°√’µº ¡‡∂â“°âπ‡µ“¡’§«“¡µâ“π∑“π

„°≈â‡§’¬ß°—∫§Õπ°√’µ§«∫§ÿ¡ ∑’ËÕ“¬ÿ 28 «—π ·≈–

‡¡◊ËÕ∫à¡§Õπ°√’µ„ππÈ”®πÕ“¬ÿ 90 «—π  “¡“√∂

µâ“π∑“π°“√·∑√°´÷¡¢Õß§≈Õ‰√¥å‰¥â¥’°«à“§Õπ°√’µ

§«∫§ÿ¡ ‚¥¬‡©æ“–§Õπ°√’µº ¡‡∂â“°âπ‡µ“√âÕ¬≈– 40

®–‡ÀÁπ‡¥àπ™—¥¡“°  à«π§Õπ°√’µº ¡‡∂â“°âπ‡µ“

√âÕ¬≈– 10 ·≈– 20 ®–‰¡à‡¥àπ™—¥
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