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∫∑§—¥¬àÕ

π”‡ πÕ°”≈—ß√—∫·√ßÕ—¥·≈–°“√°—¥°√àÕπ¢Õß‡À≈Á°‡ √‘¡„π§Õπ°√’µº ¡‡∂â“°âπ‡µ“ ‚¥¬·∑π∑’Ë

ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å¥â«¬‡∂â“°âπ‡µ“„πÕ—µ√“√âÕ¬≈– 0, 10, 20, ·≈– 40 ‚¥¬πÈ”Àπ—° Õ—µ√“ à«ππÈ”µàÕ “√

´’‡¡πµå∑’Ë„™â‡∑à“°—∫ 0.61 ™‘Èπµ—«Õ¬à“ß∑¥ Õ∫¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 100 ¡¡.  Ÿß 200 ¡¡. Ωíß¥â«¬‡À≈Á°°≈¡

º‘«‡√’¬∫¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 12 ¡¡. ¬“« 200 ¡¡.  ‰«â∑’Ëµ√ß°≈“ßÀπâ“µ—¥µ—«Õ¬à“ß∑¥ Õ∫  ®”π«π

1 ‡ âπ ‚¥¬·™àµ—«Õ¬à“ß∑¥ Õ∫„Àâ∫“ß à«π®¡„π “√≈–≈“¬‚´‡¥’¬¡§≈Õ‰√¥å§«“¡‡¢â¡¢âπ 3% ·≈–µàÕ»—°¬å

‰øøÑ“°√–· µ√ß 5 ‚«≈∑å ‡¢â“°—∫µ—«Õ¬à“ß∑¥ Õ∫„Àâ¢—È«∫«°µàÕ°—∫‡À≈Á°∑’Ë‡ ’¬∫„πµ—«Õ¬à“ß∑¥ Õ∫·≈–¢—È«≈∫

µàÕ°—∫·ºàπ‡À≈Á°‰√â π‘¡∑’Ë·™à„π “√≈–≈“¬‡¥’¬«°—π °“√∑¥ Õ∫°√–∑”„πÀâÕß§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘∑’Ë 23 ± 2 ÌC

§«“¡™◊Èπ —¡æ—∑∏å 50 ± 5% °“√ª√–‡¡‘π§à“°“√°—¥°√àÕπ¢Õß‡À≈Á°‡ √‘¡‚¥¬°“√«—¥§à“°√–· ∑’Ë‰À≈ºà“πµ—«Õ¬à“ß

∑¥ Õ∫«—π≈–§√—Èß ¢—ÈπµÕπ·≈–°“√∑¥ Õ∫∑”µ“¡¡“µ√∞“π NT BUILD 356 ®“°º≈°“√∑¥ Õ∫æ∫«à“

°”≈—ß√—∫·√ßÕ—¥¢Õß§Õπ°√’µº ¡‡∂â“°âπ‡µ“√âÕ¬≈– 10, 20 ·≈– 40 §‘¥‡ªìπ√âÕ¬≈– 95, 80 ·≈– 59 ∑’ËÕ“¬ÿ

28 «—π µ“¡≈”¥—∫ ·≈–§Õπ°√’µº ¡‡∂â“°âπ‡µ“√âÕ¬≈– 10  “¡“√∂µâ“π∑“π°“√·µ°√â“«®“°°“√‡°‘¥°—¥°√àÕπ

¢Õß‡À≈Á°‡ √‘¡‰¥â¥’°«à“§Õπ°√’µ§«∫§ÿ¡   à«π§Õπ°√’µº ¡‡∂â“°âπ‡µ“√âÕ¬≈– 20 ·≈– 40  ®–¥âÕ¬°«à“

§Õπ°√’µ§«∫§ÿ¡

ABSTRACT

This paper presents compressive strength and corrosion of steel in concrete containing bottom ash

with Portland cement replacement dosage of 0%, 10%, 20%, and 40% by weight of binder. The water to

binder ratio of 0.61 was used. Specimen size of 100 mm diameter and 200 mm height with a round bar

of 12 mm diameter and 200 mm long at center of cross section is used.  The specimen is partially immersed

in 3% sodium chloride solution. A constant direct current potential 5 volts is applied across the specimen,

the steel rod being positive electrode and a stainless sheet being negative electrode.  The test is acted

in control room at temperature 23 ± 2 ÌC and relative humidity 50 ± 5%. The corrosion of steel is

predicted by measurement current passed the specimen once a day according to NT BUILD 356. From

the test, it was found that the compressive strength of concrete with 10%, 20% and 40% bottom ash were

* π—°»÷°…“À≈—° Ÿµ√«‘»«°√√¡»“ µ√¡À“∫—≥±‘µ  ¿“§«‘™“«‘»«°√√¡‚¬∏“  §≥–«‘»«°√√¡»“ µ√å  ¡À“«‘∑¬“≈—¬¢Õπ·°àπ

** √Õß»“ µ√“®“√¬å  »Ÿπ¬å«‘®—¬·≈–æ—≤π“‚§√ß √â“ß¡Ÿ≈∞“πÕ¬à“ß¬—Ëß¬◊π  ¿“§«‘™“«‘»«°√√¡‚¬∏“  §≥–«‘»«°√√¡»“ µ√å

¡À“«‘∑¬“≈—¬¢Õπ·°àπ
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∫∑π”

∂÷ß·¡â«à“ªØ‘°‘√‘¬“¢ÕßªŸπ´’‡¡πµå°—∫πÈ”∑”„Àâ

‡°‘¥øî≈å¡∫“ßÊ ¢Õß γ-Fe
2
O

3
 ‡§≈◊Õ∫‡À≈Á°‡ √‘¡

´÷Ëß∑”Àπâ“∑’ËªÑÕß°—π°“√‡°‘¥ π‘¡‡À≈Á° ·µàÕ¬à“ß‰√

°Áµ“¡Õ‘ÕÕπ¢Õß§≈Õ‰√¥å “¡“√∂∑”≈“¬øî≈å¡π’È‰¥â

‡¡◊ËÕøî≈å¡∂Ÿ°∑”≈“¬‡À≈Á°‡ √‘¡∫√‘‡«≥π’È®– Ÿ≠‡ ’¬

Õ‘‡≈§µ√Õπ·≈–¡’ª√–®ÿ‰øøÑ“‡ªìπ Fe++ ´÷Ëß¡’»—°¬å

‰øøÑ“‡ªìπ∫«°®÷ß‡ªìπ¢—È«∫«° (anode)  à«πÕ‘‡≈§

µ√Õπ®–«‘Ëß‰ªµ“¡‡À≈Á°‡ √‘¡ Ÿà∫√‘‡«≥∑’Ëøî≈å¡¬—ß‰¡à∂Ÿ°

∑”≈“¬®÷ß∑”„Àâ¡’»—°¬å‰øøÑ“‡ªìπ≈∫®÷ß‡ªìπ¢—È«≈∫

(cathode) ‡¡◊ËÕÕ‘‡≈§µ√Õπ∑”ªØ‘°‘√‘¬“°—∫πÈ”·≈–

ÕÕ°´‘‡®π∑”„Àâ‡°‘¥ OHñ ·≈–«‘Ëßºà“π‚æ√ß¢Õß´’‡¡πµå

‡æ µå∑’Ë∑”Àπâ“∑’Ë‡ªìπ ◊ËÕÕ‘‡≈§‚∑√‰≈µå (electrolyte)

‰ª√«¡°—∫ Fe++ ∑”„Àâ‡°‘¥ Fe(OH)
2
 ‡¡◊ËÕ∑”ªØ‘°‘√‘¬“

°—∫ÕÕ°´‘‡®π·≈–πÈ”∑”„Àâ‡°‘¥ π‘¡ (Neville, 2003)

 π‘¡®–°—¥°√àÕπ‡À≈Á°‡ √‘¡ àßº≈„Àâæ◊Èπ∑’ËÀπâ“µ—¥

¢Õß‡À≈Á°‡ √‘¡≈¥≈ß  ‡À≈Á°‡ √‘¡∫√‘‡«≥∑’Ë‡°‘¥ π‘¡

®–¢¬“¬µ—«∑”„Àâª√‘¡“µ√‡æ‘Ë¡¢÷Èπ ´÷Ëß®–¥—π§Õπ°√’µ

∑”„Àâ‡°‘¥°“√·µ°√â“«·≈–À≈ÿ¥√àÕπ (Bentur et al.,

1997)

‡∂â“°âπ‡µ“‡ªìπº≈æ≈Õ¬‰¥â (by-product)

®“°°“√º≈‘µ°√–· ‰øøÑ“æ≈—ßß“π§«“¡√âÕπ ‚¥¬π”

∂à“πÀ‘π≈‘°‰π∑å‡ªìπ‡™◊ÈÕ‡æ≈‘ß¢Õß‚√ß‰øøÑ“·¡à‡¡“–

®—ßÀ«—¥≈”ª“ß ‚¥¬∑—Ë«‰ª¡’¢π“¥§«“¡≈–‡Õ’¬¥§â“ß

µ√–·°√ß‡∫Õ√å 325 ¡“°°«à“√âÕ¬≈– 90 ‡¡◊ËÕπ”‰ª

∫¥„Àâ≈–‡Õ’¬¥  “¡“√∂π”¡“„™â‡ªìπ«— ¥ÿªÕ´‚´≈“π

‰¥â Jaturapitakkul and Cheerarot , 2003)

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

¡“·∑π∑’ËªŸπ´’‡¡πµå√âÕ¬≈– 10, 20, ·≈– 40 º ¡

„π§Õπ°√’µ‡æ◊ËÕ»÷°…“º≈°√–∑∫°“√°—¥°√àÕπ

¢Õß‡À≈Á°‡ √‘¡„π§Õπ°√’µ ∑¥ Õ∫‚¥¬„™â«‘∏’·∫∫‡√àß

¥â«¬‰øøÑ“ µ“¡¡“µ√∞“π NT Build 356 [4]

«— ¥ÿ∑’Ë„™â„π°“√»÷°…“

1. ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å

ªŸπ´’‡¡πµåªÕ√åµ·≈π¥åª√–‡¿∑∑’Ë 1 µ“¡

¡“µ√∞“πº≈‘µ¿—≥±åÕÿµ “À°√√¡  ¡Õ°. 15-2547

2. ‡∂â“°âπ‡µ“ (Bottom ash)

‡∂â“°âπ‡µ“ ®“°‚√ß‰øøÑ“∂à“πÀ‘π≈‘°‰π∑å

Õ.·¡à‡¡“– ®.≈”ª“ß π”¡“∫¥„Àâ‰¥â —¥ à«π§«“¡

≈–‡Õ’¬¥§â“ßµ–·°√ß‡∫Õ√å 325 √âÕ¬≈– 32.6

3. ¡«≈√«¡

À‘πªŸπ¬àÕ¬¢π“¥‚µ ÿ¥ 20 ¡¡. §«“¡∂à«ß

®”‡æ“– 2.69 Àπà«¬πÈ”Àπ—°°√–∑ÿâß·πàπ 1575 °°/¡3

‡ªìπ¡«≈√«¡À¬“∫ ·≈–∑√“¬·¡àπÈ”∏√√¡™“µ‘®“°

Õ”‡¿Õæ‘¡“¬ ®—ßÀ«—¥π§√√“™ ’¡“ §à“‚¡¥Ÿ≈— §«“¡

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

≈–‡Õ’¬¥

4. πÈ”

πÈ”∑’Ë„™â ”À√—∫º ¡·≈–∫à¡§Õπ°√’µ ‡ªìππÈ”

ª√–ª“º≈‘µ‚¥¬¡À“«‘∑¬“≈—¬¢Õπ·°àπ

5.  “√º ¡‡æ‘Ë¡

 “√≈¥πÈ”æ‘‡»…ª√–‡¿∑ F µ“¡¡“µ√∞“π

ASTM C 494

6.  “√≈–≈“¬‚´‡¥’¬¡§≈Õ‰√¥å

‡°≈Á¥‡°≈◊Õ‚´‡¥’¬¡§≈Õ‰√¥å π”¡“≈–≈“¬

„ππÈ”°≈—Ëπ„Àâ¡’§«“¡‡¢â¡¢âπ 3 % ‚¥¬πÈ”Àπ—°

95%, 80% and 59% of compressive strength of control concrete, and the concrete with 10% bottom ash

can resistance to crack from steel corrosion better than the control concrete, but the concrete with 20%

and 40% bottom ash were inferior than the control concrete.

§” ”§—≠ : °“√°—¥°√àÕπ ‡∂â“°âπ‡µ“ °√–· ‰À≈ºà“π §≈Õ‰√¥å §«“¡µâ“π∑“π

Key Words : Corrosion, Bottom ash, Current passed, Chloride, Resistance



48 «“√ “√«‘®—¬ ¡¢. (∫».) 7 (3) :  °.§. - °.¬. 2550

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

«‘∏’°“√»÷°…“

1. ªØ‘¿“§ à«πº ¡§Õπ°√’µ

§Õπ°√’µ∑’Ë„™â„π°“√∑¥ Õ∫ „™â§Õπ°√’µ

°”≈—ßÕÕ°·∫∫ 25 MPa ¡’ Õ—µ√“ à«ππÈ”µàÕªŸπ´’‡¡πµå

0.61 ªØ‘¿“§ 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 ªØ‘¿“§

 à«πº ¡¢Õß§Õπ°√’µ ‰¥â· ¥ß‰«â„πµ“√“ß∑’Ë 2

µ“√“ß∑’Ë 2  ªØ‘¿“§ à«πº ¡¢Õß§Õπ°√’µ

Mix Slump w/b Composition (kg/m
3
)

(mm) PC BA C. Sand Water

Agg.

OPC 150 0.61 312 - 984 845 190

BA10 182 0.61 281 31 984 837 190

BA20 175 0.61 250 62 984 832 190

BA40 193 0.61 197 125 984 816 190

2. °“√∑¥ Õ∫°”≈—ß√—∫·√ßÕ—¥

À≈àÕ§Õπ°√’µ„π·∫∫À≈àÕ√Ÿª∑√ß≈Ÿ°∫“»°å

¢π“¥ 100 x 100 x 100 ¡¡. ®”π«π 12 ™‘Èπ

µ—«Õ¬à“ßµàÕÀπ÷Ëß à«πº ¡ À≈—ß°“√À≈àÕ§≈ÿ¡µ—«Õ¬à“ß

¥â«¬æ≈“ µ‘°∑‘Èß‰«â 24 ± 0.5 ™—Ë«‚¡ß ·≈â«®÷ß∑”°“√

∂Õ¥·∫∫  π”™‘Èπµ—«Õ¬à“ß§Õπ°√’µ‰ª∫à¡‚¥¬·™à„ππÈ”

∑’ËÀâÕß§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ 23 ± 2 ÌC §«“¡™◊Èπ —¡æ—∑∏å

50 ± 5 % ‡¡◊ËÕÕ“¬ÿ§Õπ°√’µ§√∫ 7, 28, 90 ·≈–

180 «—π ®÷ßπ”ÕÕ°®“°πÈ” ‡™Á¥º‘«„Àâ·Àâß ™—ËßπÈ”Àπ—°

«—¥¢π“¥ ·≈â«π”‰ª∑¥ Õ∫°”≈—ß√—∫·√ßÕ—¥ ®”π«π

3 ™‘Èπµ—«Õ¬à“ßµàÕÀπ÷Ëß à«πº ¡

3. °“√∑¥ Õ∫°“√°—¥°√àÕπ¢Õß‡À≈Á°

‡ √‘¡„π§Õπ°√’µ

∑”°“√À≈àÕ§Õπ°√’µ„π·∫∫¡“µ√∞“π

∑√ß°√–∫Õ°¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß 100 ¡¡.

 Ÿß 200 ¡¡. ‡ ’¬∫‡À≈Á°¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß

12 ¡¡. ¬“« 200 ¡¡. ≈÷° 150 ¡¡. ∑’Ë»Ÿπ¬å°≈“ß

Àπâ“µ—¥ ¥—ß· ¥ß„π¿“æ∑’Ë 1 ‡¡◊ËÕ§Õπ°√’µÕ“¬ÿ§√∫

24 ± 0.5  ™—Ë«‚¡ß ®÷ß∑”°“√∂Õ¥·∫∫·≈â«π”‰ª∫à¡

„ππÈ” ¿“¬„πÀâÕß§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ 23 ± 2 ÌC

®πÕ“¬ÿ 14 «—π ®“°π—Èππ”¡“∫à¡„πÀâÕß§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘

23 ± 2 ÌC  §«“¡™◊Èπ —¡æ—∑∏å 50 ± 5 % Õ’° 14 «—π

®÷ ßπ”‰ª∑¥ Õ∫°“√°—¥°√à Õπ¢Õß ‡À≈Á° ‡ √‘¡

‡æ◊ËÕ«—¥°“√·∑√°´÷¡¢Õß§≈Õ‰√¥å ‚¥¬·™à„π

 “√≈–≈“¬‚´‡¥’¬¡§≈Õ‰√¥å 3 % „Àâ√–¥—∫¢Õß

 “√≈–≈“¬Õ¬ŸàµË”°«à“º‘«∫π·∑àßµ—«Õ¬à“ß∑¥ Õ∫

30 ¡¡. ®“°π—ÈπµàÕ«ß®√‰øøÑ“°√–· µ√ß∑’Ë¡’§«“¡

µà“ß»—°¬å 5 ‚«≈µå ‡¢â“°—∫™‘Èπµ—«Õ¬à“ß∑¥ Õ∫‚¥¬

¢—È«∫«°µàÕµ—«µâ“π∑“π 10 ‚ÕÀå¡ ·≈â«‡™◊ËÕ¡‡¢â“°—∫

‡À≈Á°  ¢—È«≈∫µàÕ‡¢â“°—∫·ºàπ ‡µπ‡≈  ÷́Ëß‡ªìπÕ‘‡≈§‚∑√¥

®“°π—Èπ«—¥§à“°√–· ∑’Ë‰À≈ºà“π«ß®√ ‚¥¬«—¥§«“¡

µà“ß»—°¬å§√àÕ¡µ—«µâ“π∑“π10 ‚ÕÀå¡ «—π≈– 1 §√—Èß

®π°«à“§Õπ°√’µ·µ°√â“« «ß®√‰øøÑ“‡§¡’· ¥ß‰«â„π

¿“æ∑’Ë 1 °“√∑¥ Õ∫∑”µ“¡¡“µ√∞“π NT Build

356 [4]
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º≈°“√∑¥ Õ∫·≈–Õ¿‘ª√“¬

1. °“√æ—≤π“°”≈—ß√—∫·√ßÕ—¥¢Õß§Õπ°√’µ

º≈°“√∑¥ Õ∫°”≈—ß√—∫·√ßÕ—¥·≈–§à“¬ÿ∫µ—«

¢Õß§Õπ°√’µ ¥—ß· ¥ß„πµ“√“ß∑’Ë 2, 3 ·≈– 4 §à“¬ÿ∫

µ—«¢Õß§Õπ°√’µÕ¬Ÿà„π™à«ß 150 - 193 ¡¡. °”≈—ß

√—∫·√ßÕ—¥¢Õß§Õπ°√’µ§«∫§ÿ¡ (OPC) ¡’§à“ 32.0,

42.6, 49.7 ·≈– 51.3 MPa ∑’ËÕ“¬ÿ 7, 28, 90

·≈– 180 «—π µ“¡≈”¥—∫  °”≈—ß√—∫·√ßÕ—¥¢Õß

§Õπ°√’µº ¡‡∂â“°âπ‡µ“¡’§à“πâÕ¬°«à“¢Õß§Õπ°√’µ

§«∫§ÿ¡∑ÿ°Õ—µ√“ à«πº ¡ ‚¥¬∑’Ë°”≈—ß√—∫·√ßÕ—¥

¢Õß§Õπ°√’µº ¡‡∂â“°âπ‡µ“ BA10, BA20 ·≈–

BA40  ¡’§à“§‘¥‡ªìπ√âÕ¬≈– 95, 80 ·≈– 59 ¢Õß

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

‡¡◊ËÕÕ“¬ÿ§Õπ°√’µ 180 «—π °”≈—ß√—∫·√ßÕ—¥¢Õß

§Õπ°√’µº ¡‡∂â“°âπ‡µ“ BA10, BA20 ·≈– BA40

¡’§à“§‘¥‡ªìπ√âÕ¬≈– 100, 91 ·≈– 72 ¢Õß§Õπ°√’µ

§«∫§ÿ¡ µ“¡≈”¥—∫

µ“√“ß∑’Ë 3  °”≈—ß√—∫·√ßÕ—¥¢Õß§Õπ°√’µ

Mix Compressive strength (MPa) - Normalized (%)

7 days 28 days 90 days 180 days

OPC 32.0 (100) 42.6 (100) 49.7 (100) 51.3 (100)

BA10 30.6 (96) 40.3 (95) 47.8 (96) 51.1 (100)

BA20 24.1 (75) 34.1 (80) 40.3 (81) 46.6 (91)

BA40 17.0 (53) 25.0 (59) 32.4 (65) 36.9 (72)

°“√æ—≤π“°”≈—ß√—∫·√ßÕ—¥ ∑’ËÕ“¬ÿ 7 «—π ÷́Ëß

°”≈—ß à«π„À≠à‡°‘¥®“°ªØ‘°‘√‘¬“√–À«à“ßªŸπ´’‡¡πµå°—∫

πÈ” ¥—ßπ—Èπ°”≈—ß√—∫·√ßÕ—¥¢Õß§Õπ°√’µº ¡‡∂â“°âπ‡µ“

√âÕ¬≈– 40 ®÷ß¡’°”≈—ß√—∫·√ßÕ—¥πâÕ¬ ÿ¥ ‡π◊ËÕß®“°

¡’ªŸπ´’‡¡πµå„π à«πº ¡πâÕ¬ ÿ¥ ‡¡◊ËÕ‡∑’¬∫°—∫

§Õπ°√’µ„π°≈ÿà¡‡¥’¬«°—π ·≈–®–¡’°”≈—ß√—∫·√ßÕ—¥

‡æ‘Ë¡¢÷Èπ‡¡◊ËÕÕ—µ√“°“√·∑π∑’ËªŸπ ’́‡¡πµå¥â«¬‡∂“°âπ‡µ“

≈¥≈ß °“√æ—≤π“°”≈—ß√—∫·√ßÕ—¥ ®“°Õ“¬ÿ 7 «—π

‡ªìπ 28 «—π ®“°µ“√“ß∑’Ë 4 æ∫«à“ §Õπ°√’µ  OPC,

BA10, BA20 ·≈– BA40 ¡’Õ—µ√“°“√‡æ‘Ë¡¢Õß°”≈—ß

√—∫·√ßÕ—¥√âÕ¬≈– 33.1, 31.3, 41.5 ·≈– 47.1

µ“¡≈”¥—∫ ®–‡ÀÁπ«à“§Õπ°√’µº ¡‡∂â“°âπ‡µ“√âÕ¬≈– 40

¡’Õ—µ√“°“√‡æ‘Ë¡°”≈—ß√—∫·√ßÕ—¥¡“°∑’Ë ÿ¥ ∑—Èßπ’È

‡π◊ËÕß®“°°“√‡°‘¥ªØ‘°‘√‘¬“ªŸπ ’́‡¡πµå°—∫πÈ”§«∫§Ÿà°—∫

ªØ‘°‘√‘¬“ªÕ´‚´≈“π ÷́ËßªØ‘°‘√‘¬“ªÕ´‚´≈“π‡°‘¥

¡“°°«à“¢Õß§Õπ°√’µº ¡‡∂â“°âπ‡µ“√âÕ¬≈– 20 ·≈–

10 µ“¡≈”¥—∫ ∑”„ÀâÕ—µ√“°“√‡æ‘Ë¡¢÷Èπ¢Õß°”≈—ß√—∫

·√ßÕ—¥πâÕ¬≈ß ‡¡◊ËÕº ¡‡∂â“°âπ‡µ“πâÕ¬≈ß °“√æ—≤π“

°”≈—ß√—∫·√ßÕ—¥®“°Õ“¬ÿ 28 «—π ‡ªìπ 90 «—π §Õπ°√’µ

OPC, BA10, BA20 ·≈– BA40 ¡’Õ—µ√“°“√‡æ‘Ë¡

¢Õß°”≈—ß√—∫·√ßÕ—¥√âÕ¬≈– 16.7, 18.6, 18.2 ·≈–

29.6 µ“¡≈”¥—∫ ™à«ßπ’È‡ªìπ™à«ß∑’Ë‡°‘¥ªØ‘°‘√‘¬“

ªŸπ ’́‡¡πµå°—ππÈ”≈¥≈ß‡¡◊ËÕ‡∑’¬∫°—∫™à«ß 7 ∂÷ß 28 «—π

®“°Õ—µ√“°“√‡æ‘Ë¡°”≈—ß√—∫·√ßÕ—¥¢â“ßµâπ¢Õß OPC

¥—ßπ—ÈπÕ—µ√“°“√‡æ‘Ë¡°”≈—ß√—∫·√ßÕ—¥¢Õß§Õπ°√’µº ¡

‡∂â“°âπ‡µ“ πà“®–‡°‘¥®“°ªØ‘°‘√‘¬“ªÕ´‚´≈“π¡“°°«à“

·µà¬—ß¡’ªØ‘°‘√‘¬“ªŸπ ’́‡¡πµå°—∫πÈ”‡°‘¥¢÷Èπ¥â«¬ ´÷Ëß

§Õπ°√’µº ¡‡∂â“°âπ‡µ“√âÕ¬≈– 40 ®–‡°‘¥ªØ‘°‘√‘¬“

ªÕ´‚´≈“π¡“°∑’Ë ÿ¥ ·≈–§Õπ°√’µº ¡‡∂â“°âπ‡µ“

√âÕ¬≈– 10 ·≈– 20 ‡°‘¥„°≈â‡§’¬ß°—π °“√æ—≤π“

°”≈—ß√—∫·√ßÕ—¥®“°Õ“¬ÿ 90 «—π ‡ªìπ 180 «—π §Õπ°√’µ

OPC, BA10, BA20 ·≈– BA40 ¡’Õ—µ√“°“√‡æ‘Ë¡

¢Õß°”≈—ß√—∫·√ßÕ—¥√âÕ¬≈– 3.2, 6.9, 6.3 ·≈– 13.9

µ“¡≈”¥—∫ ®“°°“√ —ß‡°µ„π™à«ßπ’È°“√ªØ‘°‘√‘¬“

ªÕ´‚´≈“π¢Õß§Õπ°√’µº ¡‡∂â“°âπ‡µ“¬—ß‡ÀÁπ™—¥‡®π

Õ¬Ÿà ®“°Õ—µ√“°“√‡æ‘Ë¡°”≈—ß√—∫·√ßÕ—¥∑’Ë¡“°°«à“

§Õπ°√’µ§«∫§ÿ¡

¿“æ∑’Ë 1 °“√µ‘¥µ—Èß™ÿ¥∑¥ Õ∫°“√°—¥°√àÕπ¢Õß‡À≈Á°

‡ √‘¡„π§Õπ°√’µ
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µ“√“ß∑’Ë 4 Õ—µ√“°“√‡æ‘Ë¡¢Õß°”≈—ß√—∫·√ßÕ—¥¢Õß

§Õπ°√’µ

Mix Compressive activity increased rate (%)

7 to 28 28 to 90 90 to 180

days days days

OPC 33.1 16.7 3.2

BA10 31.7 18.6 6.9

BA20 41.5 18.2 6.3

BA40 47.1 29.6 13.9

2. °“√°—¥°√àÕπ¢Õß‡À≈Á°‡ √‘¡„π§Õπ°√’µ

°“√«—¥°“√°—¥°√àÕπ¢Õß‡À≈Á°‡ √‘¡ ‡ªìπ«‘∏’

°“√∑¥ Õ∫°“√·∑√° ÷́¡¢Õß§≈Õ‰√¥åÕ’°«‘∏’°“√Àπ÷Ëß

‚¥¬¥Ÿ§à“°√–· ∑’Ë‰À≈ºà“π·≈–√–¬–‡«≈“°“√·µ°√â“«

¢Õß™‘Èπµ—«Õ¬à“ß∑¥ Õ∫ º≈°“√∑¥ Õ∫¥—ß· ¥ß„π

¿“æ∑’Ë 2 ·≈– 3 æ∫«à“°√–· ‰À≈ºà“π§Õπ°√’µ

‡√‘Ë¡µâπ‡√’¬ß®“°¡“°‰ªÀ“πâÕ¬§◊Õ OPC, BA20,

BA10 ·≈– BA40 ´÷Ëß§à“°√–· ‡√‘Ë¡µâπ¢Õß§Õπ°√’µ

BA10, BA20 ·≈– BA40 ¡’§à“„°≈â‡§’¬ß°—π

· ¥ß«à“°“√ ÷́¡ºà“π¢Õß§≈Õ‰√¥å‡√‘Ë¡µâπ„°≈â‡§’¬ß°—π

·≈–´÷¡ºà“ππâÕ¬°«à“§Õπ°√’µ§«∫§ÿ¡ OPC ®“°°“√

 —ß‡°µ¿“æ∑’Ë 2 ®–‡ÀÁπ«à“‡¡◊ËÕ‡«≈“ºà“π‰ª°√–· 

‰øøÑ“‰À≈ºà“π≈¥≈ß‡√◊ËÕ¬Ê ®π¡’§à“§àÕπ¢â“ß§ß∑’Ë°àÕπ

§Õπ°√’µ·µ°√â“« ∑—Èßπ’È‡π◊ËÕß®“°Õ“®‡°‘¥°“√æ—≤π“

‚§√ß √â“ß‚æ√ß®“°°“√∫à¡∑’Ë¡’Õ“¬ÿ¡“°¢÷Èπ∑”„Àâ¢π“¥

‡©≈’Ë¬¢Õß‚æ√ß‡≈Á°≈ß °“√ ÷́¡ºà“π¢Õß§≈Õ‰√¥å®÷ß´÷¡

ºà“π¬“°¢÷Èπ°√–· ‰øøÑ“®÷ß≈¥≈ß ‡¡◊ËÕ§Õπ°√’µ

·µ°√â“«°√–· ‰À≈ºà“π‡æ‘Ë¡¢÷ÈπÕ¬à“ß‡ÀÁπ‰¥â™—¥

¥—ß· ¥ß„π¿“æ∑’Ë 2 ®“°¿“æ∑’Ë 3 · ¥ß§«“¡

 —¡æ—π∏å ¢Õß§«“¡µâ “π ‡©≈’Ë ¬¢Õß§Õπ°√’µ°—∫

√–¬–‡«≈“°“√·µ°√â“« §«“¡µâ“π‡©≈’Ë¬¢Õß§Õπ°√’µ

OPC, BA10, BA20 ·≈– BA40 ¡’§à“‡∑à“°—∫ 318,

390, 325·≈– 346 µ“¡≈”¥—∫ ·≈–√–¬–‡«≈“

°“√·µ°√â“«¢Õß§Õπ°√’µ‡ªìπ 21, 25, 15 ·≈–

10 «—π µ“¡≈”¥—∫

¿“æ∑’Ë 2  °√–· ‰øøÑ“‰À≈ºà“π§Õπ°√’µ

¿“æ∑’Ë 3 §«“¡µâ“π∑“π·≈–√–¬–‡«≈“«‘∫—µ‘¢Õß

§Õπ°√’µ

 √ÿª

‡∂â“°âπ‡µ“ ®“°‚√ß‰øøÑ“∂à“πÀ‘π≈‘°‰π∑å

·¡à‡¡“– ‡¡◊ËÕπ”¡“∫¥‰¥â§«“¡≈–‡Õ’¬¥¢π“¥§â“ß

µ√–·°√ß‡∫Õ√å 325 (45 µm) √âÕ¬≈– 30 - 35

·≈–π”¡“º ¡„π§Õπ°√’µ¡’º≈°√–∑∫µàÕ°”≈—ß

√—∫·√ßÕ—¥·≈–°“√°—¥°√àÕπµàÕ‡À≈Á°‡ √‘¡ ¥—ßπ’È

1. °”≈—ß√—∫·√ßÕ—¥¢Õß§Õπ°√’µº ¡‡∂â“°âπ

‡µ“¡’§à“πâÕ¬°«à“§Õπ°√’µ§«∫§ÿ¡∑ÿ° à«πº ¡

∑’ËÕ“¬ÿ 28 «—π ‡¡◊ËÕº ¡„πÕ—µ√“‡æ‘Ë¡¢÷Èπ°”≈—ß®–≈¥≈ß

·≈–‡¡◊ËÕÕ“¬ÿ¢Õß§Õπ°√’µ¡“°¢÷Èπ°”≈—ß√—∫·√ßÕ—¥

®–‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ‡∑’¬∫°—∫§Õπ°√’µ§«∫§ÿ¡ ‚¥¬∑’ËÕ“¬ÿ

180 «—π §Õπ°√’µº ¡‡∂â“°âπ‡µ“√âÕ¬≈– 10, 20

·≈– 40 §‘¥‡ªìπ√âÕ¬≈– 100, 91 ·≈– 72 µ“¡≈”¥—∫
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2. §Õπ°√’µº ¡‡∂â“°âπ‡µ“√âÕ¬≈– 10

µâ“π∑“π°“√·µ°√â“«®“°°“√°—¥°√àÕπ¢Õß‡À≈Á°‡ √‘¡

‰¥â¥’°«à“§Õπ°√’µ§«∫§ÿ¡  à«π§Õπ°√’µº ¡‡∂â“°âπ

‡µ“√âÕ¬≈– 20 ·≈– 40 ®–¥âÕ¬°«à“§Õπ°√’µ

§«∫§ÿ¡
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