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16
∫∑∑’Ë

∫∑§—¥¬àÕ∫∑§—¥¬àÕ∫∑§—¥¬àÕ∫∑§—¥¬àÕ∫∑§—¥¬àÕ
πÕ°®“°°”≈—ßÕ—¥·≈â« §ÿ≥ ¡∫—µ‘¢Õß§Õπ°√’µ·¢Áßµ—«·≈â«„π¥â“π°”≈—ß™π‘¥Õ◊ËπÊ ∑’Ëπà“ π„®·≈–§«√»÷°…“‰«â ‰¥â·°à

°”≈—ß¥÷ß, °”≈—ß¥—¥, °”≈—ß‡©◊Õπ, °”≈—ß¬÷¥‡Àπ’Ë¬«, °”≈—ß°√–·∑°, ·≈–§«“¡µâ“π∑“π°“√¢—¥ ’

°”≈—ß¥÷ß §◊Õ §«“¡µâ“π∑“π„π¥â“π°“√√—∫·√ß¥÷ß¢Õß§Õπ°√’µ ¡’§à“µË”¡“° ª√–¡“≥ 10% ¢Õß°”≈—ßÕ—¥ª√–≈—¬ ∂÷ß·¡â„π

°“√§”π«≥ÕÕ°·∫∫‚§√ß √â“ß§Õπ°√’µ‡ √‘¡‡À≈Á° §Õπ°√’µ®–‰¡à‰¥â√—∫·√ß¥÷ß‚¥¬µ√ß°Áµ“¡ ·µà°“√∑√“∫§à“°”≈—ß¥÷ßπ’È®–™à«¬„π°“√

§«∫§ÿ¡°“√·µ°√â“«¢Õß§Õπ°√’µ

°”≈—ß‡©◊Õπ §◊Õ §«“¡µâ“π∑“π°“√°√–∑”¢Õß·√ß Õß·√ß ÷́Ëß¡’¢π“¥‡∑à“°—π·≈–¢π“π°—π ‚¥¬°√–∑”µ√ß°—π¢â“¡∫π

√–π“∫´÷Ëß¡’√–¬–Àà“ß°—π‡≈Á°πâÕ¬ ·√ß‡©◊Õπ¡—°®–‡°‘¥¢÷Èπæ√âÕ¡°—∫·√ß¥÷ß·≈–·√ß¥—¥‡ ¡Õ  °”≈—ßµâ“π∑“π·√ß‡©◊Õπ¡’§à“ª√–¡“≥

15 - 25% ¢Õß°”≈—ßÕ—¥ª√–≈—¬¢Õß§Õπ°√’µ

°”≈—ß¬÷¥‡Àπ’Ë¬« §◊Õ §«“¡µâ“π∑“π°“√≈◊Ëπ‰∂≈¢Õß‡À≈Á°‡ √‘¡∑’ËÀ≈àÕÕ¬Ÿà¿“¬„π‡π◊ÈÕ§Õπ°√’µ ·√ßµâ“π∑“ππ’È‡°‘¥®“°°“√¬÷¥

µ‘¥°—π°—∫´’‡¡πµå‡æ µå∑’Ë·¢Áßµ—«·≈â«®“°§«“¡‡ ’¬¥∑“π√–À«à“ßº‘«‡À≈Á°°—∫§Õπ°√’µ

§ÿ≥ ¡∫—µ‘¥â“π°”≈—ßÕ◊Ëπ Ê

√Ÿª∑’Ë 16-1 °“√∑¥ Õ∫°”≈—ß™π‘¥µà“ßÊ ¢Õß§Õπ°√’µ

° )  °“√∑¥ Õ∫°”≈—ß¥—¥¢Õß§Õπ°√’µ (Flexural Strength Test) ¢ )  °“√∑¥ Õ∫§«“¡µâ“π∑“π°“√¢—¥ ’ (Abrasion Resistance)
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16.116.116.116.116.1 °”≈—ß¥÷ß (Tensile Strength)°”≈—ß¥÷ß (Tensile Strength)°”≈—ß¥÷ß (Tensile Strength)°”≈—ß¥÷ß (Tensile Strength)°”≈—ß¥÷ß (Tensile Strength)
§«“¡µâ“π∑“π„π¥â“π°“√√—∫·√ß¥÷ß¢Õß§Õπ°√’µ ¡’§à“µË”¡“° §◊Õ ª√–¡“≥ 10%

¢Õß°”≈—ßÕ—¥ª√–≈—¬  ∂÷ß·¡â„π°“√§”π«≥ÕÕ°·∫∫‚§√ß √â“ß§Õπ°√’µ‡ √‘¡‡À≈Á° §Õπ°√’µ

®–‰¡à‰¥â√—∫·√ß¥÷ß‚¥¬µ√ß°Áµ“¡ ·µà°“√∑√“∫§à“°”≈—ß¥÷ßπ’È®–™à«¬„π°“√§«∫§ÿ¡°“√·µ°√â“«

¢Õß§Õπ°√’µ®“°º≈°√–∑∫µà“ßÊ ‡™àπ Õÿ≥À¿Ÿ¡‘ °“√À¥µ—« ·≈–¡’ª√–‚¬™πåÕ¬à“ß¡“°„πß“π-

§Õπ°√’µÕ—¥·√ß ß“π ‘Ëß°àÕ √â“ß‡°Á∫¢Õß‡À≈« ‡ªìπµâπ

«‘∏’°“√À“§à“°”≈—ß¥÷ß¢Õß§Õπ°√’µ ∑”‰¥â 3 «‘∏’ ‰¥â·°à

1.  Direct Tensile Strength Test

2.  Flexural Strength Test

3.  Splitting Tensile Strength Test

16.1.1  Direct Tensile Strength Test
‚¥¬ª°µ‘·≈â«°“√„Àâ·√ß¥÷ß‚¥¬µ√ß·°à°âÕπµ—«Õ¬à“ß∑¥ Õ∫§Õπ°√’µ ®–∑”‰¥â¬“°

‡æ√“–¡—°‡°‘¥§«“¡§≈“¥‡§≈◊ËÕπ¢Õßº≈∑¥ Õ∫ ‡π◊ËÕß®“°

1. ‡°‘¥°“√‡¬◊ÈÕß»Ÿπ¬å¢Õß°âÕπµ—«Õ¬à“ß ´÷Ëß‡ªìπªí≠À“∑’Ë ”§—≠¡“°

2. ¡’Àπà«¬·√ßÕ◊Ëπ·∑√°‡¢â“¡“®“°À—«®—∫¬÷¥ ´÷Ëß‡°‘¥‡ªìπÀπà«¬·√ß‡©æ“–∑’Ë·≈–„π

∑’Ë ÿ¥®–‡°‘¥°“√·µ°∑’Ë∫√‘‡«≥π’È ®“°π—Èπ√Õ¬·µ°√â“«®–·æ√à¢¬“¬‰ªÕ¬à“ß√«¥‡√Á« °”≈—ß¥÷ß

∑’Ë‰¥â®–‡ªìπ¢Õß∫√‘‡«≥∑’Ë¡’°”≈—ßµË” ÿ¥ ´÷Ëß‰¡àµ√ß°—∫§à“°”≈—ß¢Õß‡π◊ÈÕ§Õπ°√’µ®√‘ß

®“°‡Àµÿº≈¢â“ßµâπ º≈®“°°“√∑¥ Õ∫®÷ß„Àâ§à“∑’Ë·µ°µà“ß°—π‰¥â¡“° ∑”„Àâ¬—ß‰¡à¡’

°“√°”Àπ¥¡“µ√∞“π«‘∏’°“√∑¥ Õ∫·∫∫π’È¢÷Èπ

16.1.2  Flexural Strength Test
‡π◊ËÕß®“°°“√À“°”≈—ß¥÷ß¢Õß§Õπ°√’µ‚¥¬µ√ß∑”‰¥â¬“° ®÷ßπ‘¬¡À“°”≈—ß¥÷ß¢Õß

§Õπ°√’µ®“°°“√∑¥ Õ∫µ—«Õ¬à“ß§“π§Õπ°√’µ¿“¬„µâ·√ß¥—¥·∑π ‚¥¬§à“Àπà«¬·√ß¥÷ß®–‡°‘¥

 Ÿß ÿ¥ ≥ ®ÿ¥·µ°√â“«∑’Ë∫√‘‡«≥∑âÕß§“π ∑’Ë‡√’¬°«à“ ç‚¡¥Ÿ≈— °“√·µ°√â“« (Modulus of

Rupture)é

°”≈—ß¥—¥¢Õß§Õπ°√’µ∑’Ë‰¥â®“°°“√∑¥ Õ∫π’È ®–·µ°µà“ß®“°°”≈—ß¥÷ß‚¥¬µ√ß¢Õß

§Õπ°√’µ ‡π◊ËÕß®“°Àπà«¬°“√¬◊¥À¥µ—«„π§Õπ°√’µ∑’Ë‡°‘¥¢÷Èπ®“°°“√¥—¥π’ÈÕ¬Ÿà„π≈—°…≥– à«π‚§âß

¡‘„™à°“√¬◊¥À¥„π≈—°…≥–‡ âπµ√ß ‡√’¬°«à“º≈°√–∑∫®“° Strain Gradient ÷́Ëß∑”„Àâ

‚¡¥Ÿ≈— °“√·µ°√â“«¡’§à“·µ°µà“ß°—π‰ªµ“¡¢π“¥§«“¡≈÷°¢Õß§“π∑¥ Õ∫

§à“°”≈—ß¥—¥∑’Ë∑¥ Õ∫‰¥âπ’È¡’ª√–‚¬™πå ”À√—∫ß“π§«∫§ÿ¡§ÿ≥¿“æ§Õπ°√’µ„πß“π

∂ππ·≈–æ◊Èπ π“¡∫‘π ‡æ√“–§Õπ°√’µ‰¥â√—∫°“√ÕÕ°·∫∫„Àâ√—∫πÈ”Àπ—°„π≈—°…≥–¢Õß·√ß¥—¥

√Ÿª∑’Ë 16-2  ≈—°…≥–°“√·µ°√â“«¢Õßµ—«
Õ¬à“ß√Ÿª§“π ®“°°“√∑¥ Õ∫°”≈—ß¥—¥
¢Õß§Õπ°√’µ (Flexural Strength Test)
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16.1.3  Splitting Tensile Strength Test
°“√∑¥ Õ∫π’È‡ªìπÕ’°«‘∏’Àπ÷Ëß∑’Ë„™â∑¥ Õ∫À“°”≈—ß¥÷ß¢Õß§Õπ°√’µ‚¥¬„™â°âÕπ

µ—«Õ¬à“ß∑¥ Õ∫§Õπ°√’µ√Ÿª∑√ß°√–∫Õ°¡“µ√∞“π «“ß„Àâ·°πµ“¡¬“«Õ¬Ÿà„π·π«πÕπ∫π

‡§√◊ËÕß∑¥ Õ∫°”≈—ßÕ—¥ °âÕπµ—«Õ¬à“ß®–·µ°„π·π«¥‘Ëßµ“¡·π«‡ âπºà“π»Ÿπ¬å°≈“ß

°“√∑¥ Õ∫«‘∏’π’È „Àâ§à“∑’Ë ¡Ë”‡ ¡Õ¥’°«à“ 2 «‘∏’¢â“ßµâπ ·¡â®–‰¡à‰¥â§à“°”≈—ß¥÷ß∑’Ë·∑â

®√‘ß ‡æ√“–∫√‘‡«≥ª≈“¬∑—Èß Õß®–‡ªìπ∫√‘‡«≥√—∫·√ßÕ—¥ (Compression Zone) ·µà§à“∑’Ë‰¥â

®– Ÿß¢÷Èπ°«à“·√ß¥÷ß®√‘ß¢Õß§Õπ°√’µ ª√–¡“≥ 5 - 12% ÷́Ëß∂◊Õ«à“‡ªìπ§à“∑’Ë„°≈â‡§’¬ß°«à“

§à“∑’Ë‰¥â®“°§à“°”≈—ß¥—¥ ·≈–¢âÕ¥’¢Õß«‘∏’π’È §◊Õ °âÕπµ—«Õ¬à“ß “¡“√∂„™â∑¥ Õ∫‰¥â∑—Èß°”≈—ßÕ—¥·≈–

°”≈—ß¥÷ß

√Ÿª∑’Ë 16-4  §«“¡ —¡æ—π∏å√–À«à“ß°”≈—ß¥÷ß (Splitting Tensile Strength) ·≈–°”≈—ßÕ—¥

º≈°“√∑¥ Õ∫∑—Èß 3 «‘∏’ „Àâ§à“°”≈—ß∑’Ë·µ°µà“ß°—π ‚¥¬ Flexural Strength Test

„Àâ§à“ Ÿß ÿ¥ ·≈– Direct Tensile Strength Test „Àâ§à“µË” ÿ¥ ‡π◊ËÕß®“°∑—Èß Flexural Strength

Test ·≈– Splitting Tensile Strength Test ®–‡°’Ë¬«¢âÕß°—∫°“√°√–®“¬¢ÕßÀπà«¬·√ß

∑’Ë‰¡à ¡Ë”‡ ¡Õ À√◊Õ‰¡à„™à°”≈—ß¥÷ß∑’Ë·∑â®√‘ß

ë ªí®®—¬∑’Ë¡’º≈µàÕ°”≈—ß¥÷ß

1. «‘∏’°“√∑¥ Õ∫

- Flexural Strength Test „Àâ§à“ Ÿß ÿ¥

- Direct Tensile Strength Test „Àâ§à“µË” ÿ¥

√Ÿª∑’Ë 16-3  °âÕπµ—«Õ¬à“ß®“°°“√
∑¥ Õ∫°”≈—ß¥÷ß¢Õß§Õπ°√’µ‚¥¬«‘∏’
Splitting Tensile Strength Test ®–
·µ°„π·π«¥‘Ëßµ“¡·π«‡ âπºà“π»Ÿπ¬å°≈“ß

°”≈—ßÕ—¥ (Compressive Strength) (MPa)
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2. ¡«≈√«¡

- Direct Tensile Strength Test ·≈– Splitting Tensile Strength

Test ®–°√–∑∫πâÕ¬

- Flexural Strength Test ¡«≈√«¡∑’Ë‡ªìπ‡À≈’Ë¬¡¡ÿ¡ ®– àßº≈„Àâ§à“ Ÿß°«à“

¡«≈√«¡∑’Ë°≈¡

3.  §«“¡™◊Èπ

- Direct Tensile Strength Test ·≈– Splitting Tensile Strength

Test ®–°√–∑∫πâÕ¬

- Flexural Strength Test ∑¥ Õ∫„π¢≥–°âÕπµ—«Õ¬à“ß·Àâß®–„Àâ§à“µË”°«à“

°âÕπµ—«Õ¬à“ß∑’ËÕ¬Ÿà„π ¿“æ‡ªï¬°™◊Èπ

ë  §«“¡ —¡æ—π∏å√–À«à“ß°”≈—ß¥÷ß·≈–°”≈—ßÕ—¥

Õ—µ√“ à«π¢Õß°”≈—ß¥÷ßµàÕ°”≈—ßÕ—¥ ®–¢÷ÈπÕ¬Ÿà°—∫√–¥—∫¢Õß°”≈—ß¢Õß§Õπ°√’µ  ‡¡◊ËÕ

°”≈—ßÕ—¥ Ÿß¢÷Èπ Õ—µ√“ à«π√–À«à“ß°”≈—ß¥÷ßµàÕ°”≈—ßÕ—¥®–µË”≈ß

16.216.216.216.216.2 °”≈—ß‡©◊Õπ (Shear Strength)°”≈—ß‡©◊Õπ (Shear Strength)°”≈—ß‡©◊Õπ (Shear Strength)°”≈—ß‡©◊Õπ (Shear Strength)°”≈—ß‡©◊Õπ (Shear Strength)
°“√‡©◊Õπ‡ªìπ°“√°√–∑”¢Õß·√ß Õß·√ß ´÷Ëß¡’¢π“¥‡∑à“°—π·≈–¢π“π°—π ‚¥¬

°√–∑”µ√ß°—π¢â“¡∫π√–π“∫´÷Ëß¡’√–¬–Àà“ß°—π‡≈Á°πâÕ¬ ·√ß‡©◊Õπ¡—°®–‡°‘¥¢÷Èπæ√âÕ¡°—∫·√ß

¥÷ß·≈–·√ß¥—¥‡ ¡Õ  °“√∑¥ Õ∫À“§«“¡µâ“π∑“π·√ß‡©◊Õπ„π§Õπ°√’µ‚¥¬µ√ßπ’È‰¡à –¥«°

‡™àπ‡¥’¬«°—∫°“√∑¥ Õ∫À“§«“¡µâ“π∑“π·√ß¥÷ß ∑—Èßπ’È‡ªìπ‡æ√“–§à“·√ß¥—¥ ·√ß°¥ ·≈–

·√ß¥÷ß„π·π«∑·¬ß®–‡¢â“¡“¡’ à«π‡°’Ë¬«¢âÕß ∑”„Àâº≈°“√∑¥ Õ∫‰¡à∂Ÿ°µâÕß

ª°µ‘°“√∑¥ Õ∫À“§«“¡µâ“π∑“π·√ß‡©◊Õπ °√–∑”‰¥â‚¥¬°“√∫‘¥·∑àßµ—«Õ¬à“ß

∑¥ Õ∫√Ÿª∑√ß°√–∫Õ° æ∫«à“ °”≈—ßµâ“π∑“π·√ß‡©◊Õπ¡’§à“ª√–¡“≥ 15 - 25% ¢Õß

°”≈—ßÕ—¥ª√–≈—¬¢Õß§Õπ°√’µ §à“§«“¡µâ“π∑“π·√ß‡©◊Õππ’È¢÷ÈπÕ¬Ÿà°—∫ à«πº ¡¢Õß§Õπ°√’µ

Strength of concrete (psi) Ratio (%)

Compressive
Modulus

of
rupture

Tensile

Modulus of
rupture to

compressive
strength

Tensile
strength to
compressive

strength

Tensile
strength to
modulus of

rupture

1,000
2,000
3,000
4,000
5,000
6,000
7,000
8,000
9,000

230
375
485
580
675
765
855
930

1,010

110
200
275
340
400
460
520
580
630

23.0
18.8
16.2
14.5
13.5
12.8
12.2
11.6
11.2

11.0
10.0
9.2
8.5
8.0
7.7
7.4
7.2
7.0

48
53
57
59
59
60
61
62
63

µ“√“ß∑’Ë 16-1  §«“¡ —¡æ—π∏å√–À«à“ß°”≈—ßÕ—¥, °”≈—ß¥—¥, ·≈–°”≈—ß¥÷ß¢Õß§Õπ°√’µ   5



Cement and
Applications

275

‡™àπ‡¥’¬«°—∫§à“°”≈—ßÕ—¥ª√–≈—¬ °≈à“«§◊Õ §Õπ°√’µ∑’Ë„™âªŸπ´’‡¡πµå¡“°·≈–¡’¢π“¥§≈–¢Õß¡«≈

√«¡¥’ ¬àÕ¡„Àâ§à“§«“¡µâ“π∑“π·√ß‡©◊Õπ Ÿß°«à“§Õπ°√’µ∑’Ë¡’¢π“¥§≈–¢Õß¡«≈√«¡ÕÕ°À¬“∫

16.316.316.316.316.3 °”≈—ß¬÷¥‡Àπ’Ë¬« (Bond Strength)°”≈—ß¬÷¥‡Àπ’Ë¬« (Bond Strength)°”≈—ß¬÷¥‡Àπ’Ë¬« (Bond Strength)°”≈—ß¬÷¥‡Àπ’Ë¬« (Bond Strength)°”≈—ß¬÷¥‡Àπ’Ë¬« (Bond Strength)
§«“¡ ”§—≠Õ¬à“ßÀπ÷Ëß„π°“√ÕÕ°·∫∫‚§√ß √â“ß§Õπ°√’µ‡ √‘¡‡À≈Á°„Àâ√—∫·√ß¥—¥

°Á§◊Õ §«“¡µâ“π∑“π°“√≈◊Ëπ‰∂≈¢Õß‡À≈Á°‡ √‘¡∑’ËÀ≈àÕÕ¬Ÿà¿“¬„π‡π◊ÈÕ§Õπ°√’µ ·√ßµâ“π∑“ππ’È

‡°‘¥®“°°“√¬÷¥µ‘¥°—π°—∫ ’́‡¡πµå‡æ µå∑’Ë·¢Áßµ—«·≈â« ®“°§«“¡‡ ’¬¥∑“π√–À«à“ßº‘«‡À≈Á°°—∫

§Õπ°√’µ ·≈–®“°·√ß°¥∑’Ë¢âÕ„π‡À≈Á°¢âÕÕâÕ¬ ß“π°àÕ √â“ß ¡—¬„À¡àπ’È ¡—°π‘¬¡„™â‡À≈Á°¢âÕ

ÕâÕ¬°—π¡“° ¢π“¥·≈–√–¬–¢Õß¢âÕµâÕß‡æ’¬ßæÕ∑’Ë®–‡°‘¥°”≈—ß¬÷¥‡Àπ’Ë¬«°—∫‡π◊ÈÕ§Õπ°√’µ

¡“µ√∞“π°“√ÕÕ°·∫∫¡—°°”Àπ¥§à“·√ß¬÷¥‡Àπ’Ë¬«‡ªìπ‡ªÕ√å‡´Áπµå¢Õß°”≈—ßÕ—¥¢Õß§Õπ°√’µ

·≈–¢π“¥¢Õß‡À≈Á°‡ √‘¡∑’Ë„™â

·√ß¬÷¥‡Àπ’Ë¬«¢Õß§Õπ°√’µ¬—ß¢÷ÈπÕ¬Ÿà°—∫™π‘¥¢ÕßªŸπ´’‡¡πµå  “√º ¡‡æ‘Ë¡ ·≈–

Õ—µ√“ à«ππÈ”µàÕªŸπ´’‡¡πµå ´÷Ëß ‘Ëß‡À≈à“π’È¡’Õ‘∑∏‘æ≈µàÕ§ÿ≥ ¡∫—µ‘¢Õß´’‡¡πµå‡æ µå §Õπ°√’µ∑’Ë

¡’ à«πº ¡¢ÕßªŸπ´’‡¡πµå¡“°®–¡’·√ß¬÷¥‡Àπ’Ë¬«‡æ‘Ë¡¡“°¢÷Èπ ·√ß¬÷¥‡Àπ’Ë¬«¢Õß§Õπ°√’µ„π

 ¿“«–∑’Ë·Àâß®–¡“°°«à“„π ¿“«–∑’Ë™◊Èπ ·≈–·√ß¬÷¥‡Àπ’Ë¬«°—∫‡À≈Á°‡ √‘¡„π·π«πÕπ®–πâÕ¬

°«à“„π·π«µ—Èß ‡æ√“–πÈ”∑’Ë‡°‘¥®“°°“√‡¬‘È¡Õ“®‰ª‡°“–Õ¬Ÿà„µâ‡À≈Á°‡ √‘¡µ“¡·π«πÕπ‰¥â ‡¡◊ËÕ

§Õπ°√’µ·¢Áßµ—«®÷ß‡°‘¥‡ªìπ√Ÿ‚æ√ß„µâ‡À≈Á°‡ √‘¡π—Èπ ∑”„Àâ≈¥°”≈—ß¬÷¥‡Àπ’Ë¬«≈ß

°“√∑¥ Õ∫‡æ◊ËÕÀ“·√ß¬÷¥‡Àπ’Ë¬«°—∫‡À≈Á°‡ √‘¡ ∑”‰¥â‚¥¬°“√¥÷ß‡À≈Á°‡ √‘¡¢π“¥

‡ âπºà“π»Ÿπ¬å°≈“ß 19 ¡‘≈≈‘‡¡µ√ ∑’ËÀ≈àÕÕ¬Ÿà„π°âÕπ§Õπ°√’µ√Ÿª∑√ß≈Ÿ°∫“»°å ¢π“¥ 15

‡´πµ‘‡¡µ√ «—¥√–¬–‡≈◊ËÕπ‰∂≈ „π¢≥–∑’ËÕÕ°·√ß¥÷ß∑àÕπ‡À≈Á°π—Èπ ·≈â«π”¡“‡¢’¬π°√“ø

√–À«à“ß°”≈—ß¬÷¥‡Àπ’Ë¬«°—∫√–¬–‡≈◊ËÕπ‰∂≈ °“√∑¥ Õ∫°√–∑”®π°«à“·√ß∑’Ë„™â¥÷ß∑àÕπ‡À≈Á°¡’§à“

‡∑à“°—∫°”≈—ß§√“° (Yield Strength) ¢Õß‡À≈Á°π—Èπ À√◊Õ‡¡◊ËÕ§Õπ°√’µ‡√‘Ë¡™”√ÿ¥·¬°ÕÕ°®“°°—π

À√◊Õ®π°√–∑—Ëß√–¬–‡≈◊ËÕπ‰∂≈¡’§à“¡“°°«à“ 2.5 ¡‘≈≈‘‡¡µ√

16.416.416.416.416.4 °”≈—ß°√–·∑° (Impact Strength)°”≈—ß°√–·∑° (Impact Strength)°”≈—ß°√–·∑° (Impact Strength)°”≈—ß°√–·∑° (Impact Strength)°”≈—ß°√–·∑° (Impact Strength)
µ—«Õ¬à“ß§Õπ°√’µ∑’ËµâÕß¡’§ÿ≥ ¡∫—µ‘√—∫·√ß°√–·∑°‰¥â¥’ ‡™àπ §Õπ°√’µ ”À√—∫ß“π

‡ “‡¢Á¡µÕ° ÷́ËßµâÕß¡’§«“¡ “¡“√∂∑’Ë®–∑πµàÕ°“√°√–·∑°·≈–°“√¥Ÿ¥´—∫æ≈—ßß“π‰¥â‡ªìπ

Õ¬à“ß¥’

§«“¡ —¡æ—π∏å√–À«à“ß°”≈—ß°√–·∑°°—∫°”≈—ßÕ—¥¢÷ÈπÕ¬Ÿà°—∫

1. ™π‘¥¢Õß¡«≈√«¡À¬“∫ : ¡«≈√«¡∑’Ë¡’§à“‚¡¥Ÿ≈— ¬◊¥À¬ÿàπµË”·≈–¡’§à“ Poisson

Ratio µË” ®– “¡“√∂√—∫·√ß°√–·∑°‰¥â¥’

2. §«“¡™◊Èπ¢Õß§Õπ°√’µ : §Õπ°√’µ∑’Ë™◊Èπ®–„Àâ°”≈—ß°√–·∑°µË”°«à“§Õπ°√’µ

∑’Ë·Àâß

3. ≈—°…≥–¢Õß¡«≈√«¡ : °”≈—ß°√–·∑°®– Ÿß‡¡◊ËÕ„™âÀ‘π∑’Ë‡ªìπ‡À≈’Ë¬¡¡ÿ¡·≈–

º‘«À¬“∫ À‘π¬‘Ëß¡’¢π“¥‡≈Á° ®–ª√—∫ª√ÿß§ÿ≥ ¡∫—µ‘¥â“π°“√√—∫°”≈—ß°√–·∑°

4. ª√‘¡“≥ªŸπ´’‡¡πµå : ‡æ◊ËÕ„Àâ‰¥â°”≈—ß°√–·∑°∑’Ë‡À¡“– ¡ ª√‘¡“≥ªŸπ´’‡¡πµå

∑’Ë„™â ‰¡à§«√‡°‘π 400 °‘‚≈°√—¡µàÕ≈Ÿ°∫“»°å‡¡µ√
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16.516.516.516.516.5 §«“¡µâ“π∑“π°“√¢—¥ ’ (Abrasion Resistance)§«“¡µâ“π∑“π°“√¢—¥ ’ (Abrasion Resistance)§«“¡µâ“π∑“π°“√¢—¥ ’ (Abrasion Resistance)§«“¡µâ“π∑“π°“√¢—¥ ’ (Abrasion Resistance)§«“¡µâ“π∑“π°“√¢—¥ ’ (Abrasion Resistance)
§ÿ≥ ¡∫—µ‘π’È∑¥ Õ∫‰¥â‚¥¬°“√«—¥§à“§«“¡≈÷°∑’Ë‡°‘¥®“°°“√ ÷°À√Õ¢Õß°âÕπ

µ—«Õ¬à“ß∑’Ëºà“π°“√¢—¥º‘« À√◊ÕπÈ”Àπ—°¢Õßµ—«Õ¬à“ß∑¥ Õ∫∑’ËÀ“¬‰ª¿“¬À≈—ß°“√¢—¥º‘«

§«“¡µâ“π∑“π°“√¢—¥ ’π’È¢÷ÈπÕ¬Ÿà°—∫ªí®®—¬µà“ßÊ ¥—ßπ’È

1. §«“¡µâ“π∑“π°“√¢—¥ ’®–‡æ‘Ë¡¢÷Èπ ‡¡◊ËÕ„™â§Õπ°√’µ∑’Ë¡’Õ—µ√“ à«ππÈ”µàÕªŸπ´’‡¡πµå

µË”≈ß À√◊Õ¡’°”≈—ßÕ—¥ Ÿß¢÷Èπ

2. §«“¡µâ“π∑“π°“√¢—¥ ’®–‡æ‘Ë¡¢÷Èπ ‡¡◊ËÕ„™â§Õπ°√’µ∑’Ë¡’Õ—µ√“ à«π¡«≈√«¡µàÕ

ªŸπ´’‡¡πµå Ÿß¢÷Èπ

3. §«“¡µâ“π∑“π°“√¢—¥ ’®–µË”¡“°  ”À√—∫§Õπ°√’µ∑’Ë„™â¡«≈√«¡‡∫“

4. §«“¡µâ“π∑“π°“√¢—¥ ’®–‡æ‘Ë¡¢÷Èπ ∂â“°“√‡¬‘È¡‡°‘¥¢÷Èπ‡æ’¬ß‡≈Á°πâÕ¬

5. §«“¡µâ“π∑“π°“√¢—¥ ’®–‡æ‘Ë¡¢÷Èπ ∂â“‡≈◊ËÕπ‡«≈“°“√·µàßº‘«Àπâ“§Õπ°√’µÕÕ°‰ª

‡≈Á°πâÕ¬

6. ª√–°“√∑’Ë ”§—≠∑’Ë ÿ¥ §◊Õ °“√∫à¡§Õπ°√’µÕ¬à“ß∂Ÿ°µâÕß·≈–‡æ’¬ßæÕ ®–™à«¬‡æ‘Ë¡

§«“¡µâ“π∑“π°“√¢—¥ ’Õ¬à“ß¡“°

16.616.616.616.616.6 °“√∑¥ Õ∫§ÿ≥ ¡∫—µ‘¥â“π°”≈—ßÕ◊Ëπ Ê ¢Õß§Õπ°√’µ°“√∑¥ Õ∫§ÿ≥ ¡∫—µ‘¥â“π°”≈—ßÕ◊Ëπ Ê ¢Õß§Õπ°√’µ°“√∑¥ Õ∫§ÿ≥ ¡∫—µ‘¥â“π°”≈—ßÕ◊Ëπ Ê ¢Õß§Õπ°√’µ°“√∑¥ Õ∫§ÿ≥ ¡∫—µ‘¥â“π°”≈—ßÕ◊Ëπ Ê ¢Õß§Õπ°√’µ°“√∑¥ Õ∫§ÿ≥ ¡∫—µ‘¥â“π°”≈—ßÕ◊Ëπ Ê ¢Õß§Õπ°√’µ

16.6.1  °“√∑”µ—«Õ¬à“ß§Õπ°√’µ√Ÿª§“π

ë ¡“µ√∞“π∑’Ë„™â

ASTM C 192

Standard Practice for

Making and Curing Concrete Test Specimens in the Laboratory

ë ¢Õ∫¢à“¬

 à«πÀπ÷Ëß¢Õß¢âÕªØ‘∫—µ‘π’È§√Õ∫§≈ÿ¡«‘∏’°“√∑”µ—«Õ¬à“ß§Õπ°√’µ„πÀâÕßªØ‘∫—µ‘°“√

¿“¬„µâ°“√§«∫§ÿ¡«— ¥ÿ·≈– ¿“æ°“√∑¥ Õ∫∑’Ë∂Ÿ°µâÕß

ë Õÿª°√≥å

1. ·∫∫À≈àÕ√Ÿª§“π¢π“¥ 15 x 15 x 60 ‡´πµ‘‡¡µ√

2. ‡À≈Á°µ”¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 16 ¡‘≈≈‘‡¡µ√ ª≈“¬°≈¡¡π À√◊Õ‡§√◊ËÕß®’È

‡¢¬à“§Õπ°√’µ

3. ™âÕπµ—° ·≈–‡°√’¬ß‡À≈Á°

ë «‘∏’°“√∑”µ—«Õ¬à“ß§Õπ°√’µ

1. ∑”§«“¡ –Õ“¥·∫∫À≈àÕµ—«Õ¬à“ß ·≈â«∑“πÈ”¡—π∑’Ëº‘«¿“¬„π∑ÿ°¥â“π

2. µ—°§Õπ°√’µ„ à≈ß·∫∫ ‚¥¬·∫àß‡ªìπ 2 ™—Èπ‡∑à“Ê °—π‚¥¬ª√–¡“≥ ·µà≈–™—Èπµ”

¥â«¬‡À≈Á°µ” 60 ∑’ À≈—ß®“°π—Èπª“¥º‘«Àπâ“„Àâ‡√’¬∫

° )  ·∫∫À≈àÕ√Ÿª§“π, ‡À≈Á°µ”, ·≈–
™âÕπµ—°

¢ )  ‡§√◊ËÕß®’È‡¢¬à“§Õπ°√’µ

√Ÿª∑’Ë 16-6  Õÿª°√≥å∑”µ—«Õ¬à“ß∑¥ Õ∫
§Õπ°√’µ√Ÿª§“π

√Ÿª∑’Ë 16-5  °“√∑¥ Õ∫§«“¡µâ“π∑“π
°“√¢—¥ ’ (Abrasion Resistance) µ“¡
¡“µ√∞“π ASTM C 944
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3. µ—«Õ¬à“ß§Õπ°√’µ∑’Ë∑”‡ √Á®·≈â« §«√„™â·ºàπæ≈“ µ‘°À√◊Õ°√– Õ∫∑’Ë‡ªï¬°™◊Èπ

§≈ÿ¡‰«â ‡æ◊ËÕªÑÕß°—ππÈ”√–‡À¬ÕÕ°  ∑‘Èß§Õπ°√’µ‰«â„π·∫∫ª√–¡“≥ 24 ™—Ë«‚¡ß

À≈—ß®“°π—Èπ∂Õ¥·∫∫ÕÕ° ‡¢’¬π√“¬≈–‡Õ’¬¥µà“ßÊ ∫πÀπâ“°âÕπªŸπ ‡™àπ «—π∑’Ë

∑”µ—«Õ¬à“ß, À¡“¬‡≈¢µ—«Õ¬à“ß ‡ªìπµâπ

4. ®“°π—Èππ”°âÕπµ—«Õ¬à“ß‰ª∫à¡‚¥¬°“√·™àπÈ” ®π∂÷ß‡«≈“∑’Ë®–∑”°“√∑¥ Õ∫ ‚¥¬

∑—Ë«‰ª®–∑¥ Õ∫∑’ËÕ“¬ÿ 7 «—π ·≈– 28 «—π  ‡¡◊ËÕ∂÷ß°”Àπ¥‡«≈“∑¥ Õ∫ π”°âÕπ

µ—«Õ¬à“ß¢÷Èπ®“°∫àÕ∫à¡ ∑‘Èß‰«â„Àâº‘«·Àâß ™—ËßπÈ”Àπ—° «—¥¢π“¥ ®¥∫—π∑÷°§à“ ·≈â«

π”‰ª∑¥ Õ∫°”≈—ß¥—¥¢Õß§Õπ°√’µµàÕ‰ª

16.6.2  °“√∑¥ Õ∫°”≈—ß¥—¥¢Õß§Õπ°√’µ (Flexural Strength Test)

ë  ¡“µ√∞“π∑’Ë„™â

ASTM C 78

Standard Test Method for

Flexural Strength of Concrete (Using Simple Beam with Third-Point

Loading)

ë  ¢Õ∫¢à“¬

«‘∏’°“√∑¥ Õ∫π’È§√Õ∫§≈ÿ¡°“√À“°”≈—ß¥—¥¢Õßµ—«Õ¬à“ß§Õπ°√’µ‚¥¬°“√„™â Simple

Beam with Third-Point Loading

ë «‘∏’°“√∑¥ Õ∫

1. π”·∑àπ∑¥ Õ∫µ—«Õ¬à“ß√Ÿª§“π µ‘¥‡¢â“°—∫‡§√◊ËÕß∑¥ Õ∫

2. ·∫àß°âÕπµ—«Õ¬à“ßµ“¡¬“« ‚¥¬‡À≈◊Õ∫√‘‡«≥ª≈“¬‰«â Õß à«π  à«π≈– 7.5

‡´πµ‘‡¡µ√  à«π¿“¬„π∑’Ë‡À≈◊Õ·∫àß‡ªìπ 3  à«π‡∑à“Ê °—π  à«π≈– 15 ‡´πµ‘‡¡µ√

3. «“ß°âÕπµ—«Õ¬à“ß≈ß∫π·∑àπ ‚¥¬„Àâ√Õ¬¢’¥Õ¬Ÿàµ√ß°—∫∞“π¢Õß·∑àπ ·≈â«π”·∑àπ

°¥¥â“π∫π «“ß∫π°âÕπµ—«Õ¬à“ß„Àâµ√ß√Õ¬¢’¥‡™àπ°—π

√Ÿª∑’Ë 16-7  °“√∑¥ Õ∫°”≈—ß¥—¥¢Õß§Õπ°√’µ (Flexural Strength Test)

µ—«Õ¬à“ß∑¥ Õ∫√Ÿª§“π

P 

®ÿ¥√Õß√—∫

√Õ¬·µ°

d

b

L/3 L/3 L/3

a

L
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4. µ—ÈßπÈ”Àπ—°°¥„Àâ§ß∑’Ë Õ—µ√“∑’Ë„™â§◊Õ 0.14 - 0.20 °‘‚≈°√—¡µàÕµ“√“ß‡´πµ‘‡¡µ√

µàÕ«‘π“∑’

5. ‡ªî¥‡§√◊ËÕß°¥πÈ”Àπ—° ®π°âÕπµ—«Õ¬à“ßÀ—° ·≈â«∫—π∑÷°§à“πÈ”Àπ—° Ÿß ÿ¥ ‡æ◊ËÕπ”

‰ª§”π«≥À“§à“°”≈—ß¥—¥

ë  °“√§”π«≥

°√≥’∑’Ë°âÕπµ—«Õ¬à“ß·µ°Õ¬Ÿà„π™à«ß°≈“ß

                               R  = PL

bd2

°√≥’∑’Ë°âÕπµ—«Õ¬à“ß‰¡à·µ°Õ¬Ÿà„π™à«ß°≈“ß

                               R  =   3Pa

          bd2

R = ‚¡¥Ÿ≈— °“√·µ°√â“« (°‘‚≈°√—¡µàÕµ“√“ß‡´πµ‘‡¡µ√)

P = πÈ”Àπ—°°¥ Ÿß ÿ¥ (°‘‚≈°√—¡)

L = ™à«ß§«“¡¬“«¢Õßµ—«Õ¬à“ß§“π (‡´πµ‘‡¡µ√)

a = √–¬–∑“ß‡©≈’Ë¬®“°®ÿ¥∑’Ë·µ°‰ª¬—ß®ÿ¥√Õß√—∫∑’Ë„°≈â°«à“ ‚¥¬«—¥¥â“π∑âÕß§“π

´÷Ëß‡°‘¥·√ß¥÷ß (‡´πµ‘‡¡µ√)

b = §«“¡°«â“ß¢Õßµ—«Õ¬à“ß§“π (‡´πµ‘‡¡µ√)

d = §«“¡≈÷°¢Õßµ—«Õ¬à“ß§“π (‡´πµ‘‡¡µ√)

16.6.3 °“√∑¥ Õ∫°”≈—ß¥÷ß¢Õß§Õπ°√’µ‚¥¬«‘∏’ Splitting
      Tensile Strength Test

ë  ¡“µ√∞“π∑’Ë„™â

ASTM C 496

Standard Test Method for

Splitting Tensile Strength of Cylindrical Concrete Specimens

ë  ¢Õ∫¢à“¬

«‘∏’°“√∑¥ Õ∫π’È§√Õ∫§≈ÿ¡°“√À“ Splitting Tensile Strength ¢Õßµ—«Õ¬à“ß

§Õπ°√’µ√Ÿª∑√ß°√–∫Õ°

ë  ‡§√◊ËÕß¡◊Õ·≈–Õÿª°√≥å

1. ‡§√◊ËÕß∑¥ Õ∫°”≈—ßÕ—¥

2. ·ºàπ‰¡âÕ—¥¢π“¥ 0.3 x 2.5 x 30 ‡´πµ‘‡¡µ√ ®”π«π 2 ·ºàπ

3. µ≈—∫‡¡µ√
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ë «‘∏’°“√∑¥ Õ∫

1. «—¥·≈–∫—π∑÷°§«“¡ Ÿß·≈–¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß°âÕπµ—«Õ¬à“ß§Õπ°√’µ

‚¥¬«—¥ 2 ·π«∑’Ëµ—Èß©“°°—π„Àâ≈–‡Õ’¬¥„πÀπà«¬¡‘≈≈‘‡¡µ√ ·≈â«À“§à“‡©≈’Ë¬

2. «“ß°âÕπµ—«Õ¬à“ß„π·π«πÕπ„µâÀ—«°¥ ‚¥¬√Õß¥â“π∫π·≈–¥â“π≈à“ß°âÕπµ—«Õ¬à“ß

¥â«¬·ºàπ‰¡âÕ—¥

3. ‡æ‘Ë¡·√ß°¥∫πµ—«Õ¬à“ßÕ¬à“ßµàÕ‡π◊ËÕß ·≈– ¡Ë”‡ ¡Õ ¥â«¬Õ—µ√“ 0.12 - 0.23

°‘‚≈°√—¡µàÕµ“√“ß‡´πµ‘‡¡µ√µàÕ«‘π“∑’ ®π°âÕπµ—«Õ¬à“ßæ—ß„π≈—°…≥–

·µ°„π·π«¥‘Ëßµ“¡·π«‡ âπºà“π»Ÿπ¬å°≈“ß

ë °“√§”π«≥

 “¡“√∂§”π«≥°”≈—ßµâ“π∑“π·√ß¥÷ß∫π√–π“∫·µ°√â“«‰¥âµ“¡ ¡°“√µàÕ‰ªπ’È

                               fs  =   2P

fs = Splitting Tensile Strength (°‘‚≈°√—¡µàÕµ“√“ß‡´πµ‘‡¡µ√)

P = πÈ”Àπ—°°¥ Ÿß ÿ¥ (°‘‚≈°√—¡)

L = §«“¡¬“«¢Õß°âÕπµ—«Õ¬à“ß√Ÿª∑√ß°√–∫Õ° (‡´πµ‘‡¡µ√)

d = ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß°âÕπµ—«Õ¬à“ß√Ÿª∑√ß°√–∫Õ° (‡´πµ‘‡¡µ√)

√Ÿª∑’Ë 16-8  °“√∑¥ Õ∫°”≈—ß¥÷ß¢Õß
§Õπ°√’µ‚¥¬«‘∏’ Splitting Tensile
Strength Test

dL

·√ßÕ—¥ P ‡À≈Á°·∑àß

√Õ¬·µ°À√◊Õ·¬°ÕÕ°

∞“π‡§√◊ËÕß∑¥ Õ∫

·∑àß§Õπ°√’µ    15 x 30 ´¡. 
«“ßπÕπ

‰¡âÕ—¥¢π“¥        x 1 π‘È«1
8

‰¡âÕ—¥¢π“¥        x 1 π‘È«1
8
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‡Õ° “√Õâ“ßÕ‘ß‡Õ° “√Õâ“ßÕ‘ß‡Õ° “√Õâ“ßÕ‘ß‡Õ° “√Õâ“ßÕ‘ß‡Õ° “√Õâ“ßÕ‘ß

1 ™—™«“≈¬å ‡»√…∞∫ÿµ√, ç§Õπ°√’µ‡∑§‚π‚≈¬’ (Concrete Technology)é, §Õπ°√’µº ¡‡ √Á®´’·æ§, ∫√‘…—∑º≈‘µ¿—≥±å·≈–

«—µ∂ÿ°àÕ √â“ß ®”°—¥, 2537.

2 ∫√‘…—∑º≈‘µ¿—≥±å·≈–«—µ∂ÿ°àÕ √â“ß ®”°—¥, ç§Ÿà¡◊Õ°“√∑¥ Õ∫À‘π ∑√“¬ ·≈–§Õπ°√’µé, §Õπ°√’µº ¡‡ √Á®´’·æ§, 2543.
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