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The objective of this paper is to study the utilization of the on land deposited sand from Kuoanoi,
Hunka district, Chainat province. By mixing with K-Feldspar and fire clay in various ratios, the Chainat sand is
used as raw material for insulator brick production according to ASTM Standard. The results are compared with
two commercially available refractory bricks.

Chainat sand consists of 80% Quartz and 20% K-Feldspar which is the natural binder. The grain size
distribution of Chainat sand is not well graded with fineness modulus of 1.42. According to Unified Soil
Classification system it is in SP group, namely as poorly graded sand. The basic properties of admixtures namely
Water Absorption, Apparent porosity, Apparent Specific Gravity, Bulk Density, Cold Crushing Strength, Thermal
Conductivity, and Burning Shrinkage at 300, 350, and 400 kg/cm2 forming pressures are tested and presented in
table forms. In conclusion, the Chainat sand mixing in proper ratios with K-Feldspar and fire clay can be used
as main raw material for refractory brick according to ASTM standard. Furthermore, some limitations and
recommendation are pointed out.

Keywords :  Chainat Sand / Refractory Brick / K-Feldspar / Fire Clay / Cold Crushing Strength /
  Thermal Conductivity / Burning Shrinkage
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1. ∫∑π”

·À≈àß°”‡π‘¥∑√“¬·∫àßÕÕ°‡ªìπ 2 ª√–‡¿∑§◊Õ ∑√“¬∑–‡≈ ·≈–∑√“¬∫° ∑√“¬∑–‡≈‡°‘¥®“°°“√ºÿæ—ß¬àÕ¬

 ≈“¬¢ÕßÀ‘π∑√“¬¬ÿ§ Mesozoic „π¿“§µ–«—πÕÕ°·≈–À‘π·°√π‘µ¬ÿ§ Cretaceous „π¿“§„µâ ∂Ÿ°™–≈â“ßæ—¥æ“¡“

 – ¡„π∑–‡≈ ·≈â«∂Ÿ°Õ‘∑∏‘æ≈¢Õß§≈◊Ëπ·≈–°“√¬°µ—«¢Õß·ºàπ¥‘π §—¥‡Õ“·√àÕ◊ËπÊ ∑’Ë¡’¢π“¥‡≈Á°·≈–‰¡à¡’´‘≈‘°“ÕÕ°

®π‡°◊Õ∫À¡¥∑”„Àâ¡’§«“¡∫√‘ ÿ∑∏‘Ï Ÿß „π¢≥–∑’Ë∑√“¬∫°µ“¡∑’Ë√“∫≈ÿà¡‡®â“æ√–¬“‡°‘¥®“°°“√ºÿæ—ß¬àÕ¬ ≈“¬µ“¡∏√√¡

™“µ‘¢ÕßÀ‘π·°√π‘µ·≈–À‘π∑√“¬·À≈àßµà“ßÊ  µ–°Õπ®–∂Ÿ°æ—¥æ“¡“ – ¡µ—«‚¥¬·¡àπÈ”À√◊ÕπÈ”æ“¡“ ·≈–¡’ª√‘¡“≥ ”√Õß

¡À“»“≈ ‡™àπ ∑√“¬∫°∫√‘‡«≥‡¢“πâÕ¬ ®—ßÀ«—¥™—¬π“∑ ∑√“¬∫°®÷ß¡’§ÿ≥ ¡∫—µ‘∑’Ë·µ°µà“ß°—π‰ª¢÷Èπ°—∫µ—«·ª√À≈“¬

ª√–°“√‰¥â·°à ≈—°…≥–°“√‡°‘¥ °“√ – ¡µ—« √–¬–°“√æ—¥æ“À√◊Õ°“√π”æ“¢ÕßπÈ” ·À≈àßÀ‘π∑’Ë„Àâ°”‡π‘¥ °“√»÷°…“

§ÿ≥ ¡∫—µ‘∑“ß‡§¡’¢Õß∑√“¬∫°¬—ß‰¡à‡ªìπ∑’Ë·æ√àÀ≈“¬ ‡π◊ËÕß®“°ºŸâ„™â®–π”∑√“¬∫°‰ª„™â„π¿“§°“√°àÕ √â“ß ·≈–®–

„Àâ§«“¡ π„®‡°’Ë¬«°—∫§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ·≈– ‘Ëßªπ‡ªóôÕπÕ◊ËπÊ ¡“°°«à“ Õ¬à“ß‰√°Á¥’ ®“°√“¬ß“π¢Õß°√¡

∑√—æ¬“°√∏√≥’«‘∑¬“æ∫«à“¡’°“√ ”√«®·≈–√“¬ß“π§ÿ≥¿“æ¢Õßµ–°Õπ∑√“¬¢Õß·À≈àß∑√“¬∫“ß·À≈àß‰«â™—¥‡®π ‚¥¬

®–æ∫·√àª√–°Õ∫À‘π·°√π‘µ – ¡µ—«√«¡Õ¬Ÿà¥â«¬ ‡™àπ ·√à‡ø≈¥å ª“√å ·√à‰¡°“ [1]

∑√“¬∫°¡’§ÿ≥ ¡∫—µ‘‰¡à·πàπÕπ ∫“ß·À≈àß¡’§ÿ≥¿“æ Ÿß ¡’´‘≈‘°“∂÷ß√âÕ¬≈– 98 ∫“ß·À≈àß¡’§ÿ≥¿“æµË” ¡’

´‘≈‘°“√âÕ¬≈– 60-80 ¢÷ÈπÕ¬Ÿà°—∫≈—°…≥–°“√‡°‘¥ °“√æ—¥æ“ °“√§—¥æ«° ·≈–°“√¢—¥ ’µ“¡∏√√¡™“µ‘ ∑”„Àâ¡’°“√

¥”‡π‘π°“√·µàß·√à∑√“¬∫°§ÿ≥¿“æ¥’‡æ◊ËÕ„™â„πÕÿµ “À°√√¡°√–®°·≈–·°â«∫â“ß·≈â«‡™àπ∑’ËÕ”‡¿Õæπ¡ “√§“¡ ®—ßÀ«—¥

©–‡™‘ß‡∑√“  ‘π  ‘π °ÿ≈ [2] √“¬ß“π«à“ ª√‘¡“≥∑√“¬∑’Ë∂Ÿ°π”¡“„™âß“π®√‘ß„πª√–‡∑»‰∑¬ ¬—ß‰¡à¡’°“√®¥∫—π∑÷°‰«â

„π¿“§°“√°àÕ √â“ßª√–¡“≥«à“µ—Èß·µàªï 2540-2547 ®–¡’°“√„™âªŸπ´‘‡¡πµå¿“¬„πª√–‡∑»ª√–¡“≥ 451.71 ≈â“πµ—π

§‘¥‡ªìπ à«πº ¡∑√“¬ª√–¡“≥ 900 ≈â“πµ—π   ∑—Èßπ’È‰¡à√«¡∑√“¬∂¡∑’Ë„™â„π°“√ª√—∫æ◊Èπ∑’Ë   ·≈–ª√–¡“≥«à“ª√–‡∑»‰∑¬

¡’°“√„™â∑√“¬„π¿“§°“√°àÕ √â“ßª√–¡“≥√âÕ¬≈– 85 ·≈–¿“§Õÿµ “À°√√¡√âÕ¬≈– 15

Õ‘∞∑π‰ø‡ªìπ«— ¥ÿ∑π‰ø™π‘¥Àπ÷Ëß´÷Ëß‡ªìπº≈‘µ¿—≥±å¢ÕßÕÿµ “À°√√¡‡´√“¡‘°∑’Ë„™âª√–‚¬™πå‰¡à‡©æ“–·µà„π

Õÿµ “À°√√¡‡´√“¡‘°‡∑à“π—Èπ À“°¬—ß„™âª√–‚¬™πåÕ¬à“ß°«â“ß¢«“ß„πÕÿµ “À°√√¡Õ◊ËπÊ ∑’ËµâÕß„™â§«“¡√âÕπ Ÿß„π°“√º≈‘µ

‡™àπ ‡µ“À≈Õ¡‚≈À–„πÕÿµ “À°√√¡‡À≈Á° ‡µ“‡º“º≈‘µ‰ÕπÈ”‡æ◊ËÕº≈‘µ°√–· ‰øøÑ“·≈–Õ◊ËπÊ °“√„™âÕ‘∞∑π‰ø à«π

„À≠à„™â„π°“√°àÕ √â“ß‡µ“‡º“™π‘¥µà“ßÊ √Ÿª≈—°…≥–·≈–¢π“¥¢ÕßÕ‘∞®÷ß¡’µà“ßÊ ∑—Èßπ’È‡æ◊ËÕª√–‚¬™πå„π°“√°àÕ √â“ß

„Àâ‰¥â√Ÿª·∫∫·≈–¢π“¥µ“¡§«“¡µâÕß°“√¢Õß·∫∫·ª≈π ´÷Ëß°“√º≈‘µÕ‘∞∑π‰ø·µà≈–™π‘¥ “¡“√∂∑”‰¥âÀ≈“¬«‘∏’¥â«¬

°—π·µà∑ÿ°«‘∏’¡’À≈—°°“√„π°“√¢÷Èπ√ŸªÕ‘∞‡À¡◊ÕπÊ °—π §◊Õ º ¡«— ¥ÿÕ—π‰¥â·°à ¥‘π∑π‰ø ¥‘π‡Àπ’¬« ¥‘π¢“« À√◊Õ¥‘π

‡°“≈‘π‡ªìπÀ≈—° √«¡°—∫«— ¥ÿ‡ √‘¡¢ÕßÕ‘∞∑π‰ø·µà≈–™π‘¥·≈–πÈ”„π‡§√◊ËÕßº ¡ ·≈â«π”¡“Õ—¥¢÷Èπ√Ÿª¥â«¬‡§√◊ËÕß‰Œ¥√Õ≈‘§

§ÿ≥ ¡∫—µ‘¢ÕßÕ‘∞ “¡“√∂»÷°…“‡æ‘Ë¡‡µ‘¡‰¥â®“°‡Õ° “√ [3]-[6] «—µ∂ÿª√– ß§å¢Õß°“√«‘®—¬π’È§◊Õ»÷°…“§ÿ≥ ¡∫—µ‘∑√“¬

∫°®“°·À≈àß‡¢“πâÕ¬ Õ”‡¿ÕÀ—π§“ ®—ßÀ«—¥™—¬π“∑ π”º ¡°—∫·√à‚æ·∑ ‡´’¬¡‡ø≈¥å ª“√å·≈–¥‘π∑π‰ø „π

Õ—µ√“ à«πµà“ßÊ ‡æ◊ËÕ„™â‡ªìπ«—µ∂ÿ¥‘∫„π°“√º≈‘µÕ‘∞∑π‰øµ“¡¡“µ√∞“π ASTM ‡ªìπ‚§√ß°“√«‘®—¬æ◊Èπ∞“π„π°“√‡æ‘Ë¡

¡Ÿ≈§à“¢Õß∑√“¬∫°·∑π∑’Ë®–π”‰ª„™â‡©æ“–°“√°àÕ √â“ß´÷Ëß¡’¡Ÿ≈§à“µàÕÀπà«¬µË”
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2. «— ¥ÿ Õÿª°√≥å ·≈–«‘∏’°“√∑¥ Õ∫

2.1 µ—«Õ¬à“ß∑√“¬

µ—«Õ¬à“ß∑√“¬∫°∑’Ë„™â∑¥ Õ∫‡°Á∫®“°∫√‘‡«≥ ‡¢“πâÕ¬ Õ”‡¿ÕÀ—π§“ ®—ßÀ«—¥™—¬π“∑

2.2 °“√‡µ√’¬¡«—µ∂ÿ¥‘∫

¢÷Èπ√Ÿª à«πº ¡«—µ∂ÿ¥‘∫‡ªìπ°âÕπ≈Ÿ°∫“»°å¢π“¥¥â“π≈– 50 ¡¡. µ“¡¡“µ√∞“π ASTM C 20-97 À≈—ß

¢÷Èπ√Ÿª·≈â«º÷Ëß„Àâ·Àâß 1 «—π ·≈â«‡º“¥â«¬Õÿ≥À¿Ÿ¡‘ 1,310 Ì´ ‡ªìπ‡«≈“ 12 ™—Ë«‚¡ß  ”À√—∫À≈Õ¡µ—«Õ¬à“ß∑¥ Õ∫ ‡æ√“–

«à“‡ªìπÕÿ≥À¿Ÿ¡‘À≈Õ¡µ—«¢Õß·√à‚æ·∑ ‡´’¬¡‡ø≈¥å ª“√å

2.3 °“√ª√—∫Õ—µ√“ à«π„π°“√º ¡µ—«Õ¬à“ß∑¥ Õ∫

π”∑√“¬™—¬π“∑º ¡·√à‚æ·∑ ‡´’¬¡‡ø≈¥å ª“√å  (K-feldspar) „Àâ‰¥âÕ—µ√“ à«πº ¡∑√“¬™—¬π“∑µàÕ

·√à‚æ·∑ ‡´’¬¡‡ø≈¥å ª“√å ‡∑à“°—∫ 80:20, 70:30, 60:40 ·≈– 50:50 „Àâ™◊ËÕ«à“Õ‘∞™—¬π“∑‚æ·∑  ·≈–º ¡¥‘π∑π‰ø

„Àâ‰¥âÕ—µ√“ à«πº ¡∑√“¬™—¬π“∑µàÕ¥‘π∑π‰ø ‡∑à“°—∫ 90:10, 80:20, 70:30, 60:40 ·≈– 50:50 „Àâ™◊ËÕ«à“Õ‘∞™—¬π“∑

¥‘π∑π‰ø ¥—ß· ¥ß„πµ“√“ß∑’Ë 1

µ“√“ß∑’Ë 1  —≠≈—°…≥å·≈–Õ—µ√“ à«π„π°“√º ¡µ—«Õ¬à“ß∑¥ Õ∫

 —≠≈—°…≥å

Õ‘∞™—¬π“∑‚æ·∑ 

 —≠≈—°…≥å

Õ‘∞™—¬π“∑¥‘π∑π‰ø
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(√âÕ¬≈–)

‚æ·∑ ‡´’¬¡
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∑√“¬™—¬π“∑
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2.4 «‘∏’°“√∑¥ Õ∫·√ßµâ“π∑“π‡¡◊ËÕ‡¬Áπ

‚¥¬«‘∏’°“√∑¥ Õ∫µ“¡¡“µ√∞“π  ASTM C 135-97 [8]

2.5 «‘∏’°“√∑¥ Õ∫°“√π”§«“¡√âÕπ

„™â°“√∑¥ Õ∫∑“ßÕâÕ¡‚¥¬°“√«—¥Õÿ≥À¿Ÿ¡‘‡ª√’¬∫‡∑’¬∫°—∫Õ‘∞∑π‰ø®“°‚√ßß“π¢Õß∫√‘…—∑ ¬“¡«— ¥ÿ

∑π‰ø·≈–∫√‘…—∑∫“ß°Õ°· ß‰∑¬®”°—¥ ·≈â«π”¡“§”π«≥À“§à“§«“¡π”§«“¡√âÕπ ¡’¢—ÈπµÕπ°“√∑¥ Õ∫¥—ßπ’È π”

Õ‘∞∑¥ Õ∫∑’Ë¢÷Èπ√Ÿª‡º“·≈â« ‚¥¬‡ ’¬∫·∑πºπ—ß‡µ“¥—ß√Ÿª∑’Ë 1 ‚¥¬®–‡ ’¬∫Õ‘∞∑¥ Õ∫µ—Èß·µà‡√‘Ë¡„™â‡µ“‡º“®—∫‡«≈“ ®π

°√–∑—ËßÕÿ≥À¿Ÿ¡‘∂÷ß∑’Ë°”Àπ¥ ·≈â«ª√—∫Õÿ≥À¿Ÿ¡‘„Àâ§ß∑’Ë ∑”°“√«—¥Õÿ≥À¿Ÿ¡‘ ®“°Õ‘∞∑¥ Õ∫¥â“ππÕ°ºπ—ß ®π‰¥âÕÿ≥À¿Ÿ¡‘§ß∑’Ë
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∫—π∑÷°§à“ ®–‰¥âº≈µà“ßÕÿ≥À¿Ÿ¡‘¢â“ß„π‡µ“·≈–πÕ°‡µ“ ∑”°“√∑¥≈Õß∑’ËÕÿ≥À¿Ÿ¡‘„π‡µ“‡º“‡∑à“°—∫ 700, 800, 900 ·≈–

1,000 Ì´ ·≈â«À“§à“‡©≈’Ë¬‡ªìπ§”µÕ∫ µàÕ®“°π—Èπ∑¥ Õ∫°“√π”§«“¡√âÕπ¢ÕßÕ‘∞∑π‰ø ®“°∫√‘…—∑∑’ËÀπ÷Ëß (Õ‘∞ ¬“¡)

·≈–∫√‘…—∑∑’Ë Õß (Õ‘∞∫“ß°Õ°) ·≈â«‡ª√’¬∫‡∑’¬∫º≈°“√∑¥ Õ∫°—∫Õ‘∞™—¬π“∑µ“¡·π«∑“ß ASTM C 20-97 ·≈– C

133-97 [8]

2.6 «‘∏’°“√∑¥ Õ∫À“°“√À¥µ—«À≈—ß°“√‡º“

«—¥§«“¡¬“«¢Õßµ—«Õ¬à“ß°àÕπ‡¢â“‡µ“‡º“·≈–À≈—ß®“°‡º“∑’ËÕÿ≥À¿Ÿ¡‘ 1,310  Ì´ ‡ªìπ‡«≈“ 12 ™—Ë«‚¡ß

·≈–ª≈àÕ¬„Àâ‡¬Áπ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß [9] §”π«≥§à“°“√À¥µ—«

3. º≈°“√∑¥≈Õß·≈–°“√«‘‡§√“–Àåº≈

3.1 º≈°“√«‘‡§√“–Àå∑“ß·√à«‘∑¬“¢Õß∑√“¬™—¬π“∑

®“°°“√«‘‡§√“–Àå¥â«¬°≈âÕß®ÿ≈∑√√»πå ∑√“¬∫°®“°·À≈àß‡¢“πâÕ¬ Õ”‡¿ÕÀ—π§“ ®—ßÀ«—¥™—¬π“∑ ¡’

 à«πª√–°Õ∫¢Õß·√à§«Õµ´å (SiO2) √âÕ¬≈– 80 ·≈–·√à‚æ·∑ ‡´’¬¡‡ø≈¥å ª“√å (KAlSi3O8) √âÕ¬≈– 20 ´÷Ëß·√à

‚æ·∑ ‡´’¬¡‡ø≈¥å ª“√å ‡ªìπµ—«ª√– “πµ“¡∏√√¡™“µ‘„π°“√∑”Õ‘∞∑π‰ø

3.2 º≈°“√∑¥ Õ∫°“√°√–®“¬¢π“¥¢Õß∑√“¬™—¬π“∑

√Ÿª∑’Ë 2 · ¥ß°“√°√–®“¬¢π“¥ (Grain-Size Distribution Curve) ¢Õß∑√“¬™—¬π“∑ ®–‡ÀÁπ«à“

∑√“¬™—¬π“∑¡’¢π“¥‡¥’¬«°—π‡ªìπ à«π„À≠à‡ âπ°√“ø®–¡’≈—°…≥–§àÕπ¢â“ß™—π ¡’§à“ Fineness Modulus ‡∑à“°—∫ 1.42

´÷Ëß‡ªìπ§à“§«“¡≈–‡Õ’¬¥ Ÿßµ“¡ Unified Soil Classification system ®—¥‡ªìπ°≈ÿà¡ SP ¡’™◊ËÕ«à“ poorly graded

sand

3.3 º≈°“√∑¥ Õ∫§ÿ≥ ¡∫—µ‘æ◊Èπ∞“π¢ÕßÕ‘∞™—¬π“∑

Õ‘∞™—¬π“∑¡’§ÿ≥ ¡∫—µ‘æ◊Èπ∞“π‰¥â·°à §à“°“√¥Ÿ¥´÷¡πÈ”, §à“§«“¡æ√ÿπ, §à“§«“¡∂à«ß®”‡æ“–, ·≈–§à“

§«“¡Àπ“·πàπ „πÕ—µ√“ à«πº ¡µà“ßÊ °—∫·√à‚æ·∑ ‡´’¬¡‡ø≈¥å ª“√å ·≈–·√à¥‘π∑π‰ø ∑’Ë§«“¡¥—π 300 350 ·≈–

400 °°./´¡.2 ‡ª√’¬∫‡∑’¬∫°—∫Õ‘∞ ¬“¡·≈–Õ‘∞∫“ß°Õ°¥—ß· ¥ß„πµ“√“ß∑’Ë 2

√Ÿª∑’Ë 1 ¿“æ¥â“π∫π¢Õß‡µ“‡º“∑’Ë„™â∑¥ Õ∫ √Ÿª∑’Ë 2 Grain-Size Distribution Curve ¢Õß∑√“¬™—¬π“∑
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3.4 º≈°“√∑¥ Õ∫·√ßµâ“π∑“π‡¡◊ËÕ‡¬Áπ

º≈°“√∑¥ Õ∫·√ßµâ“π∑“π‡¡◊ËÕ‡¬Áπ¢ÕßÕ‘∞™—¬π“∑‚æ·∑  ∑’Ë¢÷Èπ√Ÿª¥â«¬§«“¡¥—π 300 350 ·≈–400

°°./´¡.
2
 · ¥ß„π√Ÿª∑’Ë 3 ·√ßµâ“π∑“π‡¡◊ËÕ‡¬Áπ∑’ËÕ—µ√“ à«πº ¡µà“ßÊ ®–‡ÀÁπ«à“∑’Ë à«πº ¡‡¥’¬«°—π·µà‡æ‘Ë¡§«“¡¥—π

¢Õß°“√¢÷Èπ√Ÿª ·√ßµâ“π∑“π‡¡◊ËÕ‡¬Áπ¡’§à“‡æ‘Ë¡¢÷Èπ ‡ªìπ‰ªµ“¡À≈—°∑’Ë«à“‡¡◊ËÕ‡æ‘Ë¡§«“¡¥—π„π°“√¢÷Èπ√Ÿª°“√ª√– “π¢Õß

∑√“¬°—∫·√à‚æ·∑ ‡ ’́¬¡‡ø≈¥å ª“√å¢Õß‡π◊ÈÕÕ‘∞®–¥’¢÷Èπ ·µà°√≥’ à«πº ¡µà“ß°—π‚¥¬‡æ‘Ë¡√âÕ¬≈– ·√à‚æ·∑ ‡´’¬¡

‡ø≈¥å ª“√å ¢÷Èπ√Ÿª¥â«¬§«“¡¥—π‡∑à“°—π®–‰¥â·√ßµâ“π∑“π‡¡◊ËÕ‡¬Áπ ¡’·π«‚πâ¡‰¡à·πàπÕπ °≈ÿà¡π’È¡’§à“ Ÿß ÿ¥‡∑à“°—∫ 126

°°./´¡.2  ¢Õßµ—«Õ¬à“ß S7K3 ·≈–¡’§à“µË” ÿ¥‡∑à“°—∫ 118 °°./´¡.2 ¢Õßµ—«Õ¬à“ß S6K4 √Ÿª∑’Ë 4 · ¥ßº≈°“√∑¥ Õ∫

·√ßµâ“π∑“π‡¡◊ËÕ‡¬Áπ¢ÕßÕ‘∞™—¬π“∑¥‘π∑π‰ø æ∫«à“∂â“¢÷Èπ√Ÿª¥â«¬ à«πº ¡‡¥’¬«°—π·µà§«“¡¥—π¢÷Èπ√Ÿª‡æ‘Ë¡¢÷Èπ ®–‰¥â

·√ßµâ“π∑“π‡¡◊ËÕ‡¬Áπ‡æ‘Ë¡¢÷Èπ ‡Àµÿº≈‡™àπ‡¥’¬«°—∫¢ÕßÕ‘∞™—¬π“∑‚æ·∑  ·µà∑’ËÕ—µ√“ à«πº ¡µà“ß°—π‚¥¬‡æ‘Ë¡√âÕ¬≈–

¢Õß¥‘π∑π‰ø·≈–¢÷Èπ√Ÿª¥â«¬§«“¡¥—π‡∑à“°—π ®–‰¥â·√ßµâ“π∑“π‡¡◊ËÕ‡¬Áπ¡’·π«‚πâ¡‡æ‘Ë¡¢÷Èπ °≈ÿà¡π’È¡’§à“ Ÿß ÿ¥‡∑à“°—∫ 172

°°./´¡.2 ¢Õßµ—«Õ¬à“ß S6F4 ·≈–§à“µË” ÿ¥‡∑à“°—∫ 124 °°./´¡.2 ¢Õßµ—«Õ¬à“ß S9F1 ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫§à“¢ÕßÕ‘∞

 ¬“¡¡’§à“‡∑à“°—∫ 186 °°./´¡.2 ·≈–Õ‘∞∫“ß°Õ°¡’§à“‡∑à“°—∫ 171 °°./´¡.2

3.5 º≈°“√∑¥ Õ∫°“√π”§«“¡√âÕπ

√Ÿª∑’Ë 5 · ¥ß§à“°“√π”§«“¡√âÕπ (K) ¢ÕßÕ‘∞™—¬π“∑‚æ·∑ ·≈–¢ÕßÕ‘∞™—¬π“∑¥‘π∑π‰ø „π

Õ—µ√“ à«πº ¡µà“ßÊ ∑’Ë§«“¡¥—π¢÷Èπ√Ÿª 300 350 ·≈–400 °°./´¡.2 ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫§à“ K ¢ÕßÕ‘∞ ¬“¡·≈–Õ‘∞

∫“ß°Õ°´÷Ëß¡’§à“ K ‡∑à“°—∫ 0.50 kcal./hr.m. ÌC ·≈– 0.55 kcal./hr.m. ÌC µ“¡≈”¥—∫

º≈°“√∑¥ Õ∫§à“ K ¢ÕßÕ‘∞™—¬π“∑‚æ·∑ ·≈–¢ÕßÕ‘∞™—¬π“∑¥‘π∑π‰ø ∑’ËÕ—µ√“ à«πº ¡µà“ß°—π æ∫

«à“∂â“Õ—µ√“ à«πº ¡‡∑à“°—π·µà°“√¢÷Èπ√Ÿª¥â«¬§«“¡¥—π¡“°¢÷Èπ§à“ K ∑’Ë‰¥â¡’§à“·π«‚πâ¡ Ÿß¢÷Èπ ¡’§à“‡·π«‚πâ¡‡æ‘Ë¡¢÷Èπ

‡ªìπ‰ªµ“¡À≈—°∑’Ë«à“‡¡◊ËÕ‡æ‘Ë¡§«“¡¥—π„π°“√¢÷Èπ√Ÿª°“√ª√– “π¢Õß∑√“¬°—∫·√à‚æ·∑ ‡´’¬¡‡ø≈¥å ª“√åÀ√◊Õ°—∫¥‘π

∑π‰ø¢Õß‡π◊ÈÕÕ‘∞®–¥’¢÷Èπ °“√∂à“¬‡∑§«“¡√âÕπ°Á¥’¢÷Èπ ´÷Ëß§à“ K  Ÿß¢÷Èπ∂◊Õ«à“§ÿ≥¿“æ°“√‡ªìπ©π«π∑π‰ø≈¥≈ß ‡¡◊ËÕ

‡ª√’¬∫‡∑’¬∫°—∫§à“ K ¢ÕßÕ‘∞¢Õß Õß∫√‘…—∑ ®–æ∫«à“°≈ÿà¡∑’Ë¡’§à“ K  Ÿß°«à“‰¥â·°à S9F1, S8F2, S7F3, S6F4, S5K5,

·≈– S5F5  à«π°≈ÿà¡∑’Ë¡’§à“ K µË”°«à“‰¥â·°à S8K2, S7K3, ·≈– S6K4



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 26 ©∫—∫∑’Ë 4 µÿ≈“§¡-∏—π«“§¡ 2546 453

µ“√“ß∑’Ë 2  §ÿ≥ ¡∫—µ‘æ◊Èπ∞“π¢ÕßÕ‘∞™—¬π“∑ Õ‘∞ ¬“¡ ·≈–Õ‘∞∫“ß°Õ°

 —≠≈—°…≥å
§«“¡¥—π¢Õß°“√¢÷Èπ√Ÿª

(°°./´¡.2)

§ÿ≥ ¡∫—µ‘æ◊Èπ∞“π

°“√¥Ÿ¥´÷¡πÈ”

(%)

§«“¡æ√ÿπ

(%)

§«“¡∂à«ß

®”‡æ“–

§«“¡

Àπ“·πàπ

(°√—¡/≈∫.´¡.)

S8K2

S7K3

S6K4

S5K5
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S7K3
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S9F1
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S6F4

S5K5

S9K1

S8K2

S7K3

S6K4

S5K5

Õ‘∞ ¬“¡

Õ‘∞∫“ß°Õ°

300

300

300

300

300

300

300

300

300

350

350

350

350

350

350

350

350

350

400

400

400

400

400

400

400

400

400

13.88

14.84

16.50

12.94

13.28

14.49

15.42

11.57

11.83

13.86

15.38

10.61

14.69

14.55

13.92

12.54

12.11

13.25

13.72

13.14

11.56

11.02

11.55

12.83

10.55

10.33

8.50

10.61-16.50

8.50-14.69

30.67

32.35

35.69

28.48

29.61

31.88

33.78

26.74

28.16

30.92

33.92

25.99

25.61
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23.07

22.88

25.04

24.00

23.91
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23.91
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3.22
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3.23

3.31
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3.23

3.34

3.31

2.34
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2.39

2.45

2.52

2.30

2.39

2.58

2.57

2.72

2.46

2.71

2.73

2.95

3.15-3.36

2.28-2.95

2.21

2.18

2.16

2.20
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1.71

1.74

1.84

1.89

1.89

1.75
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2.13

2.36
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1.71-2.36
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√Ÿª∑’Ë 5 §à“°“√π”§«“¡√âÕπ¢ÕßÕ‘∞™—¬π“∑‚æ·∑ ·≈–Õ‘∞™—¬π“∑¥‘π∑π‰ø
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§à“ K  Ÿß ÿ¥‡∑à“°—∫ 0.65 kcal./hr.m. ÌC ¢Õßµ—«Õ¬à“ß S5K5 ·≈–¡’§à“µË” ÿ¥‡∑à“°—∫ 0.28 kcal./hr.m. ÌC ¢Õßµ—«Õ¬à“ß

S6K4 ·µà∑’ËÕ—µ√“ à«πº ¡µà“ß°—π‚¥¬¢÷Èπ√Ÿª¥â«¬§«“¡¥—π‡¥’¬«°—π°“√‡æ‘Ë¡ª√‘¡“≥·√à‚æ·∑ ‡´’¬¡‡ø≈¥å ª“√åÀ√◊Õ

¥‘π∑π‰ø¢Õß‡π◊ÈÕÕ‘∞ ®–‰¥â§à“ K ¡’·π«‚πâ¡≈¥≈ß∂◊Õ«à“§ÿ≥¿“æ°“√‡ªìπ©π«π∑π‰ø¥’¢÷Èπ  √ÿªº≈®“°°“√∑¥ Õ∫§à“

K  Ÿß ÿ¥¡’§à“ Ÿß°«à“¢ÕßÕ‘∞¢Õß Õß∫√‘…—∑ª√–¡“≥√âÕ¬≈– 26  à«π§à“ K. µË” ÿ¥¡’§à“µË”°«à“Õ‘∞¢Õß Õß∫√‘…—∑

ª√–¡“≥√âÕ¬≈– 100

3.6 º≈°“√∑¥ Õ∫°“√À¥µ—«À≈—ß°“√‡º“

√Ÿª∑’Ë 6 ·≈–√Ÿª∑’Ë 7 · ¥ß§à“°“√À¥µ—«À≈—ß°“√‡º“ ¢ÕßÕ‘∞™—¬π“∑‚æ·∑ ·≈–Õ‘∞™—¬π“∑¥‘π∑π‰ø „π

Õ—µ√“ à«πº ¡µà“ßÊ ∑’Ë§«“¡¥—π¢÷Èπ√Ÿª 300 350 ·≈–400 °°./´¡.2 √Ÿª∑’Ë 6 · ¥ßº≈°“√∑¥ Õ∫°“√À¥µ—«À≈—ß°“√

‡º“¢ÕßÕ‘∞™—¬π“∑‚æ·∑  æ∫«à“∑’Ë à«πº ¡‡∑à“°—π·µà¢÷Èπ√Ÿª¥â«¬§«“¡¥—π¡“°¢÷Èπ §à“°“√À¥µ—«¡’·π«‚πâ¡≈¥≈ß ∂â“

Õ—µ√“ à«πº ¡µà“ß°—π°“√‡æ‘Ë¡·√à‚æ·∑ ‡´’¬¡‡ø≈¥å ª“√å∑’Ë¢÷Èπ√Ÿª¥â«¬§«“¡¥—π‡∑à“°—π §à“°“√À¥µ—«¡’·π«‚πâ¡≈¥≈ß §à“

°“√À¥µ—« Ÿß ÿ¥√âÕ¬≈– 5.22 ¢Õßµ—«Õ¬à“ß S8K2 ·≈–¡’§à“µË” ÿ¥‡∑à“°—∫√âÕ¬≈– 3.13 ¢Õßµ—«Õ¬à“ß S5K5 √Ÿª∑’Ë 7

· ¥ß º≈°“√∑¥ Õ∫°“√À¥µ—«À≈—ß°“√‡º“¢ÕßÕ‘∞™—¬π“∑¥‘π∑π‰ø æ∫«à“∑’Ë à«πº ¡‡∑à“°—π·µà¢÷Èπ√Ÿª¥â«¬§«“¡¥—π

¡“°¢÷Èπ §à“°“√À¥µ—«¡’·π«‚πâ¡≈¥≈ß ·µà∂â“Õ—µ√“ à«πµà“ß°—π°“√‡æ‘Ë¡¥‘π∑π‰ø∑’Ë¢÷Èπ√Ÿª¥â«¬§«“¡¥—π‡¥’¬«°—π §à“

°“√À¥µ—«¡’·π«‚πâ¡‡æ‘Ë¡¢÷Èπµ√ß¢â“¡°—∫§à“¢ÕßÕ‘∞™—¬π“∑‚æ·∑  °≈ÿà¡π’È‰¥â§à“ Ÿß ÿ¥‡∑à“°—∫√âÕ¬≈– 10.51 ¢Õßµ—«Õ¬à“ß

S6F4 ·≈–‰¥â§à“µË” ÿ¥‡∑à“°—∫√âÕ¬≈– 7.98 ¢Õßµ—«Õ¬à“ß S9F1  √ÿª‰¥â«à“§à“°“√À¥µ—«¢ÕßÕ‘∞™—¬π“∑‚æ·∑ „°≈â‡§’¬ß

°—∫¡“µ√∞“π ASTM §◊Õ√âÕ¬≈– 3-5  à«π¢Õß∑√“¬™—¬π“∑°—∫¥‘π∑π‰ø¡’§à“‡°‘π¡“µ√∞“π
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4. ∫∑ √ÿª·≈–¢âÕ‡ πÕ·π–

º≈®“°°“√»÷°…“ √ÿª‰¥â¥—ßπ’È

1. ∑√“¬™—¬π“∑ ¡’ à«πª√–°Õ∫¢Õß·√à§«Õµ´å√âÕ¬≈– 80 ·≈–·√à‚æ·∑ ‡´’¬¡‡ø≈¥å ª“√åå√âÕ¬≈– 20 ´÷Ëß

·√à‚æ·∑ ‡´’¬¡‡ø≈¥å ª“√å‡ªìπµ—«ª√– “πµ“¡∏√√¡™“µ‘ ¡’¢π“¥‡¥’¬«°—π‡ªìπ à«π„À≠à ¡’¢π“¥§≈–°—π‰¡à§àÕ¬¥’ ¡’

§à“ Fineness Modulus ‡∑à“°—∫ 1.42  ®”·π°µ“¡ Unified Soil Classification system ®—¥‡ªìπ°≈ÿà¡ SP ¡’™◊ËÕ«à“

poorly graded sand

2. Õ‘∞™—¬π“∑‚æ·∑ ¡’§à“§«“¡Àπ“·πàπ√–À«à“ß 2.16-2.45 °√—¡/≈∫.´¡. ¡’§à“§«“¡∂à«ß®”‡æ“–√–À«à“ß

3.15-3.36 ¡’§à“§«“¡æ√ÿπ√–À«à“ß 25.99-35.69 ·≈–¡’§à“°“√¥Ÿ¥´÷¡πÈ”√–À«à“ß√âÕ¬≈– 10.61-16.50 ¢≥–∑’ËÕ‘∞

™—¬π“∑¥‘π∑π‰ø¡’§à“§«“¡Àπ“·πàπ√–À«à“ß 1.71-2.36 °√—¡/≈∫.´¡. ¡’§à“§«“¡∂à«ß®”‡æ“–√–À«à“ß 2.28-2.95 ¡’

§à“§«“¡æ√ÿπ√–À«à“ß 22.01-25.61 ·≈–¡’§à“°“√¥Ÿ¥´÷¡πÈ”√–À«à“ß√âÕ¬≈– 8.50-14.69 ‡¡◊ËÕ‡∑’¬∫°—∫§ÿ≥ ¡∫—µ‘¢Õß

Õ‘∞ ¬“¡··≈–Õ‘∞∫“ß°Õ°·≈â«‡ªìπ§ÿ≥ ¡∫—µ‘∑’Ë¬Õ¡√—∫‰¥â„π∑“ß°“√§â“

3. º≈°“√∑¥ Õ∫·√ßµâ“π∑“π‡¡◊ËÕ‡¬Áπ¢ÕßÕ‘∞™—¬π“∑∑—Èß Õß™π‘¥ ®–‡ÀÁπ«à“∑’Ë à«πº ¡‡¥’¬«°—π·µà§«“¡

¥—π¢÷Èπ√Ÿª‡æ‘Ë¡ ·√ßµâ“π∑“π‡¡◊ËÕ‡¬Áπ®–¡’§à“‡æ‘Ë¡¢÷Èπ ·µà∂â“ à«πº ¡µà“ß°—π‚¥¬‡æ‘Ë¡√âÕ¬≈–¥‘π∑π‰ø∑’Ë¢÷Èπ√Ÿª¥â«¬§«“¡

¥—π‡∑à“°—π ·√ßµâ“π∑“π‡¡◊ËÕ‡¬Áπ®–¡’·π«‚πâ¡‡æ‘Ë¡¢÷Èπ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫§à“ Ÿß ÿ¥¢ÕßÕ‘∞™—¬π“∑∑—Èß Õß™π‘¥ ‡∑’¬∫

°—∫¢ÕßÕ‘∞ ¬“¡·≈–Õ‘∞∫“ß°Õ°¡’§à“µË”°«à“ª√–¡“≥√âÕ¬≈– 10

4. º≈°“√∑¥ Õ∫§à“°“√π”§«“¡√âÕπ¢ÕßÕ‘∞™—¬π“∑ ∑’ËÕ—µ√“ à«πº ¡µà“ß°—π æ∫«à“∂â“Õ—µ√“ à«πº ¡‡∑à“

°—π·µà°“√¢÷Èπ√Ÿª¥â«¬§«“¡¥—π Ÿß¢÷Èπ §à“°“√π”§«“¡√âÕπ∑’Ë‰¥â¡’§à“·π«‚πâ¡ Ÿß¢÷Èπ ·µà∑’ËÕ—µ√“ à«πº ¡¢÷Èπ√Ÿªµà“ß°—π

‚¥¬¢÷Èπ√Ÿª¥â«¬§«“¡¥—π‡¥’¬«°—π ®–‰¥â§à“°“√π”§«“¡√âÕπ¡’·π«‚πâ¡≈¥≈ß ¡’§à“Õ¬Ÿà√–À«à“ß 0.28-0.65 kcal./hr.m. ÌC

·≈–§à“°“√π”§«“¡√âÕπ Ÿß ÿ¥¡’§à“ Ÿß°«à“Õ‘∞¢Õß Õß∫√‘…—∑ª√–¡“≥√âÕ¬≈– 26  à«π§à“°“√π”§«“¡√âÕπµË” ÿ¥¡’§à“

µË”°«à“Õ‘∞¢Õß Õß∫√‘…—∑ª√–¡“≥√âÕ¬≈– 100

5. º≈°“√∑¥ Õ∫§à“°“√À¥µ—«À≈—ß°“√‡º“¢ÕßÕ‘∞™—¬π“∑∑—Èß Õß™π‘¥ ∑’Ë à«πº ¡‡∑à“°—π·µà¢÷Èπ√Ÿª¥â«¬

§«“¡¥—π¡“°¢÷Èπ §à“°“√À¥µ—«¡’·π«‚πâ¡≈¥≈ß ∂â“Õ—µ√“ à«πº ¡µà“ß°—π°“√‡æ‘Ë¡·√à‚æ·∑ ‡´’¬¡‡ø≈¥å ª“√åÀ√◊Õ¥‘π

∑π‰ø∑’Ë¢÷Èπ√Ÿª¥â«¬§«“¡¥—π‡∑à“°—π §à“°“√À¥µ—«¡’·π«‚πâ¡µ√ß°—π¢â“¡ §à“°“√À¥µ—«¢ÕßÕ‘∞™—¬π“∑‚æ·∑ ‰¥â¡“µ√∞“π

ASTM

6. º≈®“°°“√»÷°…“ √ÿª‰¥â«à“∑√“¬™—¬π“∑ ‡¡◊ËÕº ¡°—∫·√à‚æ·∑ ‡´’¬¡‡ø≈¥å ª“√å À√◊Õº ¡°—∫¥‘π∑π‰ø

®–„Àâ§à“§ÿ≥ ¡∫—µ‘∑’ËÀ≈“°À≈“¬  “¡“√∂‡≈◊Õ°„™âÕ—µ√“ à«πº ¡∑’Ë‡À¡“– ¡µ“¡§«“¡µâÕß°“√  “¡“√∂„™â‡ªìπ

«—µ∂ÿ¥‘∫À≈—°„π°“√º≈‘µÕ‘∞∑π‰ø‰¥âµ“¡¡“µ√∞“π ASTM

¢âÕ‡ πÕ·π–·≈–¢âÕ®”°—¥¡’¥—ßπ’È

1. °“√»÷°…“«‘®—¬π’È ‰¥â¡ÿàß‡πâπÀ“§ÿ≥ ¡∫—µ‘æ◊Èπ∞“π∑“ß°“¬¿“æ¢ÕßÕ‘∞∑π‰ø‚¥¬„™â∑√“¬®“°·À≈àß™—¬π“∑

‚¥¬‰¡à‰¥â·¬°¢π“¥º ¡°—∫·√à‚æ·∑ ‡´’¬¡‡ø≈¥å ª“√å ∂â“¡’°“√»÷°…“«‘®—¬‡æ‘Ë¡‡µ‘¡‚¥¬·¬°¢π“¥º ¡ “¡“√∂π”º≈

‡ª√’¬∫‡∑’¬∫°—π‰¥âÕ’° πà“®–À“‰¥â«à“∑√“¬·À≈àßπ’È ¢π“¥„¥‡À¡“– ”À√—∫∑”Õ‘∞∑π‰ø·≈–¡’§ÿ≥¿“æ¥’¬‘Ëß¢÷Èπ

2. §«√º ¡µ—«ª√– “πÀ≈“°À≈“¬ ‡æ√“–ª√–‡∑»‰∑¬¬—ß¡’∑√—æ¬“°√·√à™π‘¥Õ◊ËπÊ ∑’Ë§«√ àß‡ √‘¡√‘‡√‘Ë¡π”

¡“∑¥≈Õß »÷°…“ «‘®—¬ ‡æ◊ËÕª√—∫ª√ÿßæ—≤π“§ÿ≥ ¡∫—µ‘æ◊Èπ∞“π∑“ß«‘»«°√√¡„Àâ¥’¬‘Ëß¢÷Èπ
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3. §«√ª√—∫‡ª≈’Ë¬πÕÿ≥À¿Ÿ¡‘„π‡µ“À≈Õ¡µ—«Õ¬à“ß‡æ◊ËÕÀ“®ÿ¥À≈Õ¡µ—«∑’Ë‡À¡“– ¡ §«√»÷°…“Õ—µ√“ à«π¢Õß

πÈ”„π°“√º ¡µ—«Õ¬à“ß¢÷Èπ√Ÿª«à“¡’§«“¡‡À¡“– ¡∑’ËÕ—µ√“ à«π„¥

4. °“√»÷°…“π’È‰¡à‰¥âÀ“§à“ Pyrometric Cone Equivalent (PCE), Thermal Shock, Reheat Test ‡æ◊ËÕ

À“®ÿ¥À≈Õ¡µ—«¢ÕßÕ‘∞∑π‰ø µ“¡¡“µ√∞“π ASTM C 24-89 ´÷Ëß®–∑π‰ø∑’ËÕÿ≥À¿Ÿ¡‘µà“ß°—π °àÕπ∑’Ë®–À≈Õ¡¬ÿ∫µ—«

‡π◊ËÕß®“°‰¡à¡’‡§√◊ËÕß¡◊Õ ”À√—∫°“√∑¥ Õ∫

5. °‘µµ‘°√√¡ª√–°“»

ºŸâ∑”°“√«‘®—¬¢Õ¢Õ∫§ÿ≥ §ÿ≥≥√ß§å  ¬◊π¬ßÀ—µ∂¿√≥å  ´÷Ëß‰¥â„Àâ§”·π–π” ·π«∑“ß «‘∏’°“√·≈–¢—ÈπµÕπ„π

°“√»÷°…“ µ≈Õ¥®π™à«¬µ‘¥µ“¡ ¥Ÿ·≈ ·≈–„Àâ§”ª√÷°…“„π°“√·°â‰¢ªí≠À“µà“ßÊ ∑’Ë‡°‘¥¢÷Èπ√–À«à“ß°“√¥”‡π‘πß“π

·≈–¢Õ¢Õ∫§ÿ≥ °√¡∑√—æ¬“°√∏√≥’ ∑’ËÕπÿ‡§√“–Àå ∂“π∑’Ë·≈–Õÿª°√≥å·≈–§«“¡™à«¬‡À≈◊Õ„π√–À«à“ß∑”°“√∑¥ Õ∫

®π∑”„Àâ°“√»÷°…“«‘®—¬π’È ”‡√Á®‰¥â¥â«¬¥’
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