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§Õπ°√’µ„π ¿“æ„™âß“πÕ“®¡’°“√‡ª≈’Ë¬π√Ÿª (Deforma-

tion) ‚¥¬ “‡Àµÿ∑’Ë ”§—≠ 2 ª√–°“√ §◊Õ

1. °“√‡ª≈’Ë¬π√Ÿª∑’Ë¢÷ÈπÕ¬Ÿà°—∫πÈ”Àπ—°∫√√∑ÿ° (Load-

Dependent Deformation) Õ—π‰¥â·°à Elastic Strain ·≈–

Creep

2. °“√‡ª≈’Ë¬π√Ÿª∑’Ë‰¡à¢÷Èπ°—∫πÈ”Àπ—°∫√√∑ÿ° (Load-

Independent Deformation) ‰¥â·°à Shrinkage ·≈–

Thermal Expansion

12.1 §«“¡‡§√’¬¥¬◊¥À¬ÿàπ (Elastic Strains)

‡¡◊ËÕ„ à·√ß≈ß„π§Õπ°√’µ®–‡°‘¥Àπà«¬°“√À¥µ—«À√◊Õ

§«“¡‡§√’¬¥ (Strain) ¥—ß· ¥ß„π√Ÿª∑’Ë 12.1 ́ ÷Ëß®–æ∫«à“§Õπ°√’µ

‰¡à„™à«— ¥ÿ∑’Ë¡’§«“¡¬◊¥À¬ÿàπ∑’Ë·∑â®√‘ß Àπà«¬·√ß (Stress) ‰¡à‰¥â

·ª√º—π‚¥¬µ√ß°—∫§«“¡‡§√’¬¥ „π§Õπ°√’µ

∫∑∑’Ë 12

°“√‡ª≈’Ë¬π√Ÿª

ë °“√«—¥§à“‚¡¥Ÿ≈— ¬◊¥À¬ÿàπ
§à“‚¡¥Ÿ≈— ¬◊¥À¬ÿàπ (Modulus of Elasticity) ™π‘¥

µà“ßÊ ¢Õß§Õπ°√’µ¡’¥—ßπ’È

1. ‚¡¥Ÿ≈—  —¡º— ‡∫◊ÈÕßµâπ (Initial Tangent

Modulus) §◊Õ §à“§«“¡≈“¥‡Õ’¬ß¢Õß‡ âπ —¡º— °—∫‚§âßµ√ß®ÿ¥‡√‘Ë¡

¥—ß· ¥ß„π√Ÿª∑’Ë 12.1 ´÷Ëß‡ªìπ§à“‚¡¥Ÿ≈— ∑’Ë„°≈â‡§’¬ß‚¡¥Ÿ≈— §«“¡

¬◊¥À¬ÿàπ∑’Ë ÿ¥

2. ‚¡¥Ÿ≈— ‡ âπ‡™◊ËÕ¡®ÿ¥‡√‘Ë¡°—∫®ÿ¥∫π à«π‚§âß (Secant

Modulus) π—∫‡ªìπ§à“‚¡¥Ÿ≈—  ∑’Ë„™âß“π‰¥â¥’ „π∑“ßªØ‘∫—µ‘

3. ‚¡¥Ÿ≈—  —¡º—  (Tangent Modulus) §◊Õ §«“¡

≈“¥‡Õ’¬ß¢Õß‡ âπ —¡º— °—∫®ÿ¥„¥Ê ∫π‡ âπ —¡æ—∑∏å√–À«à“ß

Àπà«¬·√ß·≈–Àπà«¬°“√À¥µ—«

ë ªí®®—¬∑’Ë¡’º≈µàÕ‚¡¥Ÿ≈— ¬◊¥À¬ÿàπ (E)
1. Õ—µ√“°“√„ÀâπÈ”Àπ—°

- °“√„ÀâπÈ”Àπ—°∑’Ë‡√Á« ®– àßº≈„Àâ §à“‚¡¥Ÿ≈—  Ÿß¢÷Èπ

2. √–¥—∫¢ÕßÀπà«¬·√ß

- Secant Modulus ≈¥≈ß ‡¡◊ËÕÀπà«¬·√ß‡æ‘Ë¡¢÷Èπ

3. °”≈—ß¢Õß§Õπ°√’µ

- Secant Modulus ¡’§à“¡“°¢÷Èπ‡¡◊ËÕ°”≈—ßÕ—¥ Ÿß¢÷Èπ

4.  ¿“æ¢Õß°âÕπµ—«Õ¬à“ß

- °âÕπµ—«Õ¬à“ß ∑’ËÕ¬Ÿà„π ¿“æ‡ªï¬° ®–„Àâ§à“‚¡¥Ÿ≈— 

∑’Ë Ÿß°«à“µ—«Õ¬à“ß∑’ËÕ¬Ÿà„π ¿“æ·Àâß

5. §ÿ≥ ¡∫—µ‘¢Õß¡«≈√«¡

- ¡«≈√«¡∑’Ë¡’§à“‚¡¥Ÿ≈—  Ÿß ®– àßº≈„Àâ§à“‚¡¥Ÿ≈— 

¢Õß§Õπ°√’µ Ÿß¢÷Èπ

- √Ÿª√à“ß·≈–≈—°…≥–º‘« ®–¡’º≈µàÕ§à“‚¡¥Ÿ≈— ¬◊¥À¬ÿàπ

¢Õß§Õπ°√’µ

- ≥ √–¥—∫°”≈—ßÕ—¥∑’Ë‡∑à“°—π‚¡¥Ÿ≈— ¬◊¥À¬ÿàπ¢Õß

§Õπ°√’µ‡∫“ ®–¡’§à“‡æ’¬ß 40-50% ¢Õß§Õπ°√’µª°µ‘

√Ÿª∑’Ë √Ÿª∑’Ë √Ÿª∑’Ë √Ÿª∑’Ë √Ÿª∑’Ë 12.1 12.1 12.1 12.1 12.1 °√“ø stress-strain ¢Õß§Õπ°√’µ
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6.  —¥ à«πº ¡

- ¬‘Ëß„™â¡«≈√«¡¡“° §Õπ°√’µ®–¡’§à“‚¡¥Ÿ≈— ¬‘Ëß Ÿß¢÷Èπ

7. Õ“¬ÿ¢Õß°âÕπµ—«Õ¬à“ß

- ¬‘ËßÕ“¬ÿ¡“°§à“°”≈—ß®– Ÿß¢÷Èπ §à“‚¡¥Ÿ≈— ®– Ÿß¢÷Èπ¥â«¬

8. Õÿ≥À¿Ÿ¡‘¢≥–‡√‘Ë¡∫à¡

- §Õπ°√’µ∑’Ë∑”°“√∫à¡ ≥ Õÿ≥À¿Ÿ¡‘µË”„π™à«ß·√°®–

 àßº≈„Àâ§à“‚¡¥Ÿ≈—  Ÿß¢÷Èπ

- °“√∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß®–≈¥§à“‚¡¥Ÿ≈— ¬◊¥À¬ÿàπ

ë °“√§”π«≥À“§à“‚¡¥Ÿ≈— ¬◊¥À¬ÿàπ
§à“‚¡¥Ÿ≈— ¬◊¥À¬ÿàπ ®–¢÷ÈπÕ¬Ÿà°—∫§à“°”≈—ßÕ—¥¢Õß§Õπ°√’µ

·≈–Àπà«¬πÈ”Àπ—° ´÷Ëß “¡“√∂‡¢’¬π„π√Ÿª¢Õß ¡°“√‰¥â¥—ßπ’È

EC = W1.5 x 4270   fc′  °°./µ√.´¡.
‚¥¬

EC = ‚¡¥Ÿ≈— ¬◊¥À¬ÿàπ¢Õß§Õπ°√’µ °°./µ√.´¡

W = Àπà«¬πÈ”Àπ—°¢Õß§Õπ°√’µ µ—π/µ√.´¡

fc′ = °”≈—ßÕ—¥ª√–≈—¬¢Õß§Õπ°√’µ√Ÿª∑√ß

°√–∫Õ°∑’ËÕ“¬ÿ 28 «—π °°./µ√.´¡

ë Poissonûs RatioPoissonûs RatioPoissonûs RatioPoissonûs RatioPoissonûs Ratio (((((µ)))))
Poissonûs §◊Õ Õ—µ√“ à«π¢Õß Àπà«¬°“√À¥µ—«¥â“π¢â“ß

(Lateral Strain) µàÕÀπà«¬°“√À¥µ—«„π·π«·°π∑’Ë√—∫πÈ”Àπ—°

(Axial Strain) ‡¡◊ËÕ¡’°“√„ÀâπÈ”Àπ—° §Õπ°√’µª°µ‘®–¡’§à“

0.15-0.20 §Õπ°√’µ∑’Ë¡’§«“¡·¢Áß·√ß Ÿß®–¡’§à“ Poissonûs

Ratio µË”

12.2 °“√§◊∫ (Creep)

°“√§◊∫¢Õß§Õπ°√’µ §◊Õ °“√‡ª≈’Ë¬π√Ÿª¢Õß§Õπ°√’µ

¿“¬„µâπÈ”Àπ—°À√◊Õ·√ß°¥∑’Ë∫√√∑ÿ°§â“ß‰«â‡ªìπ‡«≈“π“π ‚¥¬¡’¢âÕ

 —ππ‘…∞“π«à“ °“√§◊∫¢Õß§Õπ°√’µ‡°‘¥®“° °“√À¥µ—«¢Õß™àÕß«à“ß

¿“¬„π‡π◊ÈÕ§Õπ°√’µ °“√‰À≈¢Õß´’‡¡πµå‡æ µå (Viscous Flow)

°“√‰À≈¢Õßº≈÷° (Crystalline Flow) „π«— ¥ÿº ¡ ·≈–®“°

°“√´÷¡¢ÕßπÈ”®“° Gel ‡¡◊ËÕ¡’πÈ”Àπ—°¿“¬πÕ°°√–∑”µàÕ§Õπ°√’µ

æ‘®“√≥“°âÕπµ—«Õ¬à“ß§Õπ°√’µ√Ÿª∑√ß°√–∫Õ°√—∫·√ß°¥

P µ“¡√Ÿª∑’Ë 12.2 ·∑àß§Õπ°√’µ®–À¥µ—«∑—π∑’ ‚¥¬¡’√–¬–À¥µ—«

‡√‘Ë¡·√° (Elastic Deformation) ‡ªìπ    e ‡¡◊ËÕª≈àÕ¬„Àâ·√ß°¥
P §â“ß‡ªìπ‡«≈“π“π®–æ∫«à“·∑àß§Õπ°√’µ®–À¥µ—«‡æ‘Ë¡Õ’°‡ªìπ

√–¬–    p ́ ÷Ëß‡ªìπº≈‡π◊ËÕß®“°°“√§◊∫¢Õß§Õπ°√’µ (Creep)

°√“ø§«“¡ —¡æ—π∏å√–À«à“ß√–¬–À¥°—∫‡«≈“· ¥ß„π√Ÿª∑’Ë 12.3

√Ÿª∑’Ë 1√Ÿª∑’Ë 1√Ÿª∑’Ë 1√Ÿª∑’Ë 1√Ÿª∑’Ë 12.32.32.32.32.3 §«“¡ —¡æ—π∏å√–À«à“ß√–¬–À¥µ—«°—∫‡«≈“

√Ÿª∑’Ë √Ÿª∑’Ë √Ÿª∑’Ë √Ÿª∑’Ë √Ÿª∑’Ë 12.212.212.212.212.2 °“√§◊∫¢Õß§Õπ°√’µ¿“¬„µâ·√ß°¥ P

√–¬–‡«≈“

‡¡◊ËÕ§â“ßπÈ”Àπ—°§ß∑’Ë‰«â ‡¡◊ËÕ‡Õ“
πÈ”Àπ—°ÕÕ°

√–¬–§◊πµ—«
∑—π∑’

√–¬–§◊πµ—«·∫∫§◊∫
√–¬–À¥µ—«‡π◊ËÕß®“°°“√§◊∫¢Õß§Õπ°√’µ

√–¬–À¥µ—«‡√‘Ë¡·√°

√–¬–À¥µ—«
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√–
¬–

À¥
µ—«

p

   e P∆ ∆

∆

∆



1252000 The Concrete Products and Aggregate Co.,Ltd.C

ë ªí®®—¬∑’Ë¡’º≈µàÕ°“√§◊∫
1) ™π‘¥¢ÕßªŸπ´’‡¡πµå

- °“√§◊∫®–‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ„™âªŸπ´’‡¡πµå∑’Ëæ—≤π“°”≈—ßÕ—¥™â“

2) «— ¥ÿ∑¥·∑πªŸπ ’́‡¡πµå

- PFA ·≈– GGBS ®–™à«¬≈¥°“√§◊∫

3) πÈ”¬“º ¡§Õπ°√’µ

- Air Entraining ¡’·π«‚πâ¡∑’Ë®–‡æ‘Ë¡°“√§◊∫ ”À√—∫

§Õπ°√’µ∑’Ë¡’°”≈—ß‡∑à“°—π

- πÈ”¬“≈¥πÈ”·≈–≈¥πÈ”®”π«π¡“° °“√§◊∫®–„°≈â

‡§’¬ß°—∫§Õπ°√’µ∑—Ë«Ê ‰ª

- πÈ”¬“‡√àß°“√°àÕµ—« ¡’·π«‚πâ¡®–‡æ‘Ë¡°“√§◊∫

4) ™π‘¥¢Õß¡«≈√«¡

- °“√§◊∫‡°‘¥‡π◊ËÕß®“° ´’‡¡πµå‡æ µå ¥—ßπ—Èπ™π‘¥¢Õß

¡«≈√«¡¡’º≈µàÕ°“√§◊∫πâÕ¬

- À‘π∑’Ë¡’§«“¡·¢Áß¡“° ®–°àÕ„Àâ‡°‘¥°“√§◊∫πâÕ¬

5) ª√‘¡“≥¢Õß¡«≈√«¡

- ¬‘Ëß„™âª√‘¡“≥¡«≈√«¡¡“° °“√§◊∫®–¬‘ËßπâÕ¬

6) Õ—µ√“ à«π¢ÕßÀπà«¬·√ßµàÕ°”≈—ß

- °“√§◊∫®–º—π·ª√‚¥¬µ√ßµàÕÕ—µ√“ à«ππ’È„π∑ÿ°Ê

Õ“¬ÿ ¢Õß§Õπ°√’µ

7) Õ—µ√“ à«ππÈ”µàÕ´’‡¡πµå

-  ”À√—∫ ’́‡¡πµå‡æ µå∑’Ë§ß∑’Ë Õ—µ√“ à«ππÈ”µàÕ ’́‡¡πµå

∑’ËµË”≈ß®– àßº≈„Àâ°“√§◊∫≈¥≈ß

8) Õ“¬ÿ ≥ ‡«≈“√—∫πÈ”Àπ—°

-  ”À√—∫§Õπ°√’µ∑’Ë°”Àπ¥„Àâ °“√§◊∫®–≈¥≈ß ‡¡◊ËÕ

Õ“¬ÿ¢Õß§Õπ°√’µ ≥ ‡«≈“√—∫πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ

9) ¢π“¥µ—«Õ¬à“ß

- °“√‡æ‘Ë¡¢π“¥ ®–°àÕ„Àâ‡°‘¥°“√≈¥≈ß¢Õß°“√§◊∫ ≥

®ÿ¥∑’Ë§à“Õ—µ√“ à«π¢ÕßÀπà«¬·√ßµàÕ°”≈—ß§ß∑’Ë

10) §«“¡™◊Èπ

- §«“¡™◊Èπ —¡æ—∑∏å∑’Ë Ÿß ®–°àÕ„Àâ‡°‘¥°“√§◊∫∑’Ë≈¥≈ß

11) Õÿ≥À¿Ÿ¡‘

- Õÿ≥À¿Ÿ¡‘∑’Ë Ÿß¢÷Èπ ®–°àÕ„Àâ‡°‘¥°“√§◊∫¡“°¢÷Èπ

12.3 °“√À¥µ—« (Shrinkage)(Shrinkage)(Shrinkage)(Shrinkage)(Shrinkage)

°“√À¥µ—« §◊Õ °“√‡ª≈’Ë¬π·ª≈ßª√‘¡“µ√¢Õß§Õπ°√’µ

‡¡◊ËÕ‡°‘¥°“√ Ÿ≠‡ ’¬πÈ” À√◊Õ‡°‘¥ªØ‘°‘√‘¬“‡§¡’¢Õß à«πº ¡ °“√À¥

µ—«¢Õß§Õπ°√’µ¡’ 4 ª√–‡¿∑ ‚¥¬¡’√“¬≈–‡Õ’¬¥¥—ßπ’È

ë Plastic ShrinkagePlastic ShrinkagePlastic ShrinkagePlastic ShrinkagePlastic Shrinkage
 “‡Àµÿ :

°“√®¡µ—«≈ß¢Õß à«π∑’Ë‡ªìπ¢Õß·¢Áß„π à«πº ¡·≈–°“√

 Ÿ≠‡ ’¬πÈ”®“°§Õπ°√’µ ¥

‡«≈“°“√‡°‘¥ :

°àÕπ´’‡¡πµå‡æ µå·¢Áßµ—«

≈—°…≥– :

‡°‘¥°“√·µ°∑’Ëº‘«Àπâ“·≈–®–≈÷°≈ß‰ª„π‡π◊ÈÕ§Õπ°√’µ

‚¥¬∑—Ë«‰ª®–‡°‘¥„π§Õπ°√’µ∑’Ë‡∑‡ªìπ∫√‘‡«≥°«â“ß ‡™àπ æ◊Èπ À√◊Õ

∂ππ§Õπ°√’µ

°“√ªÑÕß°—π :

1 ) ≈¥°“√ Ÿ≠‡ ’¬πÈ”

2) ‡ª≈’Ë¬π —¥ à«πº ¡‡æ◊ËÕ„Àâ‡°‘¥ à«πº ¡∑’Ë¬÷¥‡°“–°—π¥’

3) ‰¡à§«√∑”°“√‡¢¬à“´È” (Revibration)

√Ÿª∑’Ë √Ÿª∑’Ë √Ÿª∑’Ë √Ÿª∑’Ë √Ÿª∑’Ë 12.412.412.412.412.4 Plastic Shrinkage Crack
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ë Autogenous ShrinkageAutogenous ShrinkageAutogenous ShrinkageAutogenous ShrinkageAutogenous Shrinkage
 “‡Àµÿ :

ªØ‘°‘√‘¬“√–À«à“ßπÈ”°—∫ªŸπ´’‡¡πµå °àÕ„Àâ‡°‘¥°“√≈¥≈ß

¢Õßª√‘¡“µ√ π—Èπ§◊Õ ª√‘¡“µ√¢Õß ‘Ëß∑’Ë‰¥â®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ

πâÕ¬°«à“ª√‘¡“µ√¢ÕßπÈ”°—∫´’‡¡πµå ∑’Ëº ¡°—π

‡«≈“°“√‡°‘¥ :

„π§Õπ°√’µ∑’Ë°àÕµ—«·≈â«

°“√ªÑÕß°—π :

‡ª≈’Ë¬π —¥ à«πº ¡ §Õπ°√’µ¬‘Ëß‡À≈«¡“°®–‡°‘¥°“√

À¥µ—«ª√–‡¿∑π’È¡“°

ë Carbonation ShrinkageCarbonation ShrinkageCarbonation ShrinkageCarbonation ShrinkageCarbonation Shrinkage
 “‡Àµÿ :

Free lime À√◊Õ§—≈‡´’¬¡‰Œ¥√Õ°‰´¥å ∑”ªØ‘°‘√‘¬“°—∫

°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å„πÕ“°“» ¥—ß ¡°“√

Ca (OH)2 + CO2  →  CaCO3 + H2O

®“°ªØ‘°‘√‘¬“π’È ®–°àÕ„Àâ‡°‘¥°“√≈¥≈ß¢Õßª√‘¡“µ√¢Õß‡æ µå

·≈–‡°‘¥°“√À¥µ—«

°“√‡°‘¥ :

‡°‘¥„π§Õπ°√’µ∑’Ë·¢Áßµ—«·≈â«

ªí®®—¬∑’Ë¡’º≈ :

1 ) §«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å

2) §«“¡æ√ÿπ¢Õß‡æ µå

3) ª√‘¡“≥§«“¡™◊Èπ ®ÿ¥∑’Ë‡À¡“– ¡∑’Ë ÿ¥§◊Õ ‡¡◊ËÕ§«“¡

™◊Èπ —¡æ—∑∏å 50-60%

°“√ªÑÕß°—π :

1 ) „™â§Õπ°√’µ∑’Ë¡’‡π◊ÈÕ·πàπ¡“°

2) ‡≈◊Õ° —¥ à«π∑’ËÕ—µ√“ à«ππÈ”µàÕ´’‡¡πµåµË”

3) ∑”°“√∫à¡§Õπ°√’µ∑’Ë¥’

ë Drying ShrinkageDrying ShrinkageDrying ShrinkageDrying ShrinkageDrying Shrinkage
 “‡Àµÿ :

°“√ Ÿ≠‡ ’¬πÈ”∑—Èß®“° Capillary ·≈–®“° Gel Pore

°“√‡°‘¥ :

‡°‘¥„π§Õπ°√’µ∑’Ë·¢Áßµ—«·≈â« Õ—µ√“°“√À¥µ—«™à«ß·√°®–

 Ÿß·≈– à«π„À≠à®–‰¡à “¡“√∂§◊π°≈—∫‰¥â (Irreversible) ·µà

Õ—µ√“„π™à«ßÀ≈—ß®–‡°‘¥πâÕ¬≈ß ·≈–‡ªìπª√–‡¿∑∑’Ë°≈—∫§◊π‰¥â

(Reversible)

°“√≈¥§«“¡‡ ’Ë¬ß¢Õß°“√·µ°√â“«‡π◊ËÕß®“°°“√À¥µ—«

∑”‰¥â‚¥¬

1 ) ≈¥ª√‘¡“≥´’‡¡πµå„π à«πº ¡

2) ∑”°“√∫à¡„Àâ‡À¡“– ¡∑—Èß«‘∏’°“√·≈–™à«ß‡«≈“

3) ∑”·π«µàÕ„Àâ‡À¡“– ¡

4) ‡≈◊Õ°„™â ªŸπ´’‡¡πµåª√–‡¿∑ Shrinkage Compen-

sate

√Ÿª∑’Ë √Ÿª∑’Ë √Ÿª∑’Ë √Ÿª∑’Ë √Ÿª∑’Ë 12.512.512.512.512.5 Drying Shrinkage Crack
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ë ªí®®—¬∑’Ë¡’º≈µàÕ°“√À¥µ—«ªí®®—¬∑’Ë¡’º≈µàÕ°“√À¥µ—«ªí®®—¬∑’Ë¡’º≈µàÕ°“√À¥µ—«ªí®®—¬∑’Ë¡’º≈µàÕ°“√À¥µ—«ªí®®—¬∑’Ë¡’º≈µàÕ°“√À¥µ—«
ªí®®—¬∑’Ë¡’º≈µàÕ°“√À¥µ—«· ¥ß‰«â„π√Ÿª∑’Ë 12.6

√Ÿª∑’Ë √Ÿª∑’Ë √Ÿª∑’Ë √Ÿª∑’Ë √Ÿª∑’Ë 12.612.612.612.612.6 ªí®®—¬∑’Ë¡’º≈µàÕ°“√À¥µ—«

Õß§åª√–°Õ∫ ‡™àπ

C3A ·≈–ª√‘¡“≥¬‘∫´—Ë¡

Degree

of Hydration

Õ—µ√“ à«ππÈ”/

ªŸπ ’́‡¡πµå
 “√º ¡‡æ‘Ë¡ ™à«ß‡«≈“„π°“√∑”„Àâ·Àâß

°“√À¥µ—«¢Õß‡æ µå  ¿“æ°“√·Àâßµ—« Õÿ≥À¿Ÿ¡‘

·√ß¬÷¥‡Àπ’Ë¬«√–À«à“ß

‡æ µå°—∫¡«≈√«¡
°“√À¥µ—«¢Õß§Õπ°√’µ §«“¡™◊Èπ —¡æ—∑∏å

‚¡¥Ÿ≈— ¢Õß

¡«≈√«¡

ª√‘¡“≥¢Õß

¡«≈√«¡

§«“¡Àπ“¢Õß‚§√ß √â“ß

°“√‡§≈◊ËÕπµ—«¢ÕßÕ“°“»
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12.4 °“√‡ª≈’Ë¬π√Ÿª‡π◊ËÕß®“°§«“¡√âÕπ
(Thermal MovementThermal MovementThermal MovementThermal MovementThermal Movement)

§ÿ≥ ¡∫—µ‘π’È π”‰ª„™âª√–‚¬™πå ”À√—∫°“√ÕÕ°·∫∫ß“π

∞“π√“°·ºà¢π“¥„À≠à ‡¢◊ËÕπ À√◊Õ§Õπ°√’µ∑’ËµâÕß —¡º— °—∫

Õÿ≥À¿Ÿ¡‘ Ÿß¡“°À√◊ÕµË”¡“° §ÿ≥ ¡∫—µ‘∑’Ë ”§—≠¡’¥—ßπ’È

1) Thermal Conductivity1) Thermal Conductivity1) Thermal Conductivity1) Thermal Conductivity1) Thermal Conductivity §◊Õ §«“¡ “¡“√∂¢Õß

§Õπ°√’µ ∑’Ë®–π”§«“¡√âÕπ

Àπà«¬ : J/s/mJ/s/mJ/s/mJ/s/mJ/s/m22222

ªí®®—¬∑’Ë¡’º≈°√–∑∫ :

1 ) §«“¡Àπ“·πàπ¢Õß§Õπ°√’µ

2) Õ—µ√“ à«ππÈ”µàÕ´’‡¡πµå

¬‘Ëß¡’™àÕß«à“ß (Air Void) ¡“° §Õπ°√’µ®–π”§«“¡√âÕπ

µË” ‡™àπ §Õπ°√’µ‡∫“∑’Ë¡’ Air Void  Ÿß ®–¡’°“√π”§«“¡√âÕπ

µË” ‡À¡“– ”À√—∫ß“π©π«π§«“¡√âÕπ

2) Coefficient of Thermal Expansion2) Coefficient of Thermal Expansion2) Coefficient of Thermal Expansion2) Coefficient of Thermal Expansion2) Coefficient of Thermal Expansion
§◊Õ °“√‡ª≈’Ë¬π·ª≈ßª√‘¡“µ√¢Õß§Õπ°√’µ∑’ËÕÿ≥À¿Ÿ¡‘‡ª≈’Ë¬π‰ª

ªí®®—¬∑’Ë¡’º≈°√–∑∫ :

1 )  —¥ à«πº ¡

2) ª√‘¡“≥§«“¡™◊Èπ„π§Õπ°√’µ ≥ ∑’Ë§«“¡™◊Èπ 60%

®–¡’°“√¢¬“¬µ—« Ÿß ÿ¥

3) §ÿ≥¿“æ·≈–§ÿ≥ ¡∫—µ‘¢Õß¡«≈√«¡

12.5  √ÿªªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈µàÕ§ÿ≥ ¡∫—µ‘¢Õß
§Õπ°√’µ

‡√“‰¥â°≈à“«¡“∑—Èß§ÿ≥ ¡∫—µ‘¢Õß§Õπ°√’µ‡À≈«·≈–

§Õπ°√’µ·¢Áßµ—«·≈â« „πÀ—«¢âÕπ’È®– √ÿªªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈µàÕ§ÿ≥ ¡∫—µ‘

¢Õß§Õπ°√’µ ´÷Ëß· ¥ß‰¥â¥—ßµ“√“ß∑’Ë 12.1
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µ“√“ß∑’Ë µ“√“ß∑’Ë µ“√“ß∑’Ë µ“√“ß∑’Ë µ“√“ß∑’Ë 12.1 12.1 12.1 12.1 12.1  √ÿªªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈µàÕ§ÿ≥ ¡∫—µ‘¢Õß§Õπ°√’µ

§ÿ≥ ¡∫—µ‘¢Õß§Õπ°√’µ «—µ∂ÿÕß§åª√–°Õ∫ Õ—µ√“ à«ππÈ”µàÕ °“√º ¡§Õπ°√’µ °“√ÕÕ°·∫∫

’́‡¡πµå ¡«≈√«¡ πÈ”¬“ ’́‡¡πµå °“√‡∑ °“√∫à¡ °“√·µàßº‘«Àπâ“ ·≈–°“√°àÕ √â“ß

°”≈—ßÕ—¥™à«ß·√°

°”≈—ßÕ—¥∑’Ë 28 «—π

‚¡¥Ÿ≈— ¬◊¥À¬ÿàπ

°“√À¥µ—«

·π«‚πâ¡°“√·µ°√â“«

°“√§◊∫

°“√°àÕµ—«

§«“¡ “¡“√∂‡∑‰¥â

°“√‡¬‘È¡

°“√µâ“π∑“π·√ß‡ ’¬¥ ’

°“√ ÷́¡ºà“π¢ÕßπÈ”

°“√µâ“π∑“π°“√°—¥°√àÕπ‡À≈Á°‡ √‘¡

§«“¡√âÕπ®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ

√Ÿª√à“ß·≈–≈—°…≥–º‘«

°“√π”§«“¡√âÕπ


