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Abstract

This paper presents the effect of embedded length of steel channel sections on precast reinforced
concrete beams under transverse point loads. The objectives of this research work were to study the
effect of embedded length of steel channel sections on the behavior, shear strength, and mode of failure
of the beams. The beams had the cross section of 0.175 X 0.35 m and the span length of 4 m. The steel
channel sections had the dimensions of 100 X 50 mm and were embedded at the supports with the
embedded length of 50, 110, and 140 cm. From the tests, it was found that the beams had a bilinear
behavior, in which the beams had the strength at the end of the first linear part up to 80 to 85% of the
loads at the deflection of L/100. After that, the deflection of the beams was increased rapidly until the
failure of the beams. The mode of failure of all the test specimens was in the form of diagonal shear
failure. At the deflection of L/240, the precast reinforced concrete beams with steel channel section had
the load capacity higher than that of the control beams by 10.2 to 37.6% and had the factor of safety in
the range of 1.31 to 1.59. In addition, it was found that the shear strength of the beams was increased
when the embedded length of steel channel section was increased.
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∫∑§—¥¬àÕ

∫∑§«“¡π’È°≈à“«∂÷ßº≈¢Õß§«“¡¬“«√–¬–Ωíß‡À≈Á°√“ßπÈ”∑’Ë¡’µàÕ§“π§Õπ°√’µ‡ √‘¡‡À≈Á° ”‡√Á®√Ÿª

¿“¬„µâ·√ß°√–∑”‡ªìπ®ÿ¥µ“¡¢«“ß ‡æ◊ËÕ»÷°…“º≈¢Õß§«“¡¬“«√–¬–Ωíß‡À≈Á°√“ßπÈ”∑’Ë¡’µàÕæƒµ‘°√√¡

°“√√—∫·√ß °”≈—ß√—∫·√ß‡©◊Õπ ·≈–≈—°…≥–°“√«‘∫—µ‘¢Õß§“π µ—«Õ¬à“ß∑’Ë„™â„πß“π«‘®—¬‡ªìπ§“π§Õπ°√’µ

‡ √‘¡‡À≈Á°∑’Ë¡’Àπâ“µ—¥°«â“ß 0.175 ‡¡µ√ ≈÷° 0.35 ‡¡µ√ ·≈–¬“« 4.0 ‡¡µ√ „™â‡À≈Á°√“ßπÈ”¢π“¥ 100 X 50

¡‘≈≈‘‡¡µ√ Ωíß„π§“π∑’Ë√–¬– 50, 110 ·≈– 140 ‡´πµ‘‡¡µ√ ®“°®ÿ¥√Õß√—∫∑—Èß Õß¥â“π¢Õß§“π



12 º≈¢Õß§«“¡¬“«√–¬–Ωíß‡À≈Á°√“ßπÈ”∑’Ë¡’µàÕ§“π§Õπ°√’µ‡ √‘¡‡À≈Á° ”‡√Á®√Ÿª

∫∑π”

‚¥¬∑—Ë«‰ª·≈â«√Ÿª·∫∫¢Õß‚§√ß √â“ßÕ“§“√§Õπ°√’µ

‡ √‘¡‡À≈Á°„πª√–‡∑»‰∑¬®–¡’√Ÿª·∫∫°“√°àÕ √â“ß

‡ªìπ√–∫∫‡ “-§“π ™π‘¥À≈àÕ„π∑’Ë ´÷Ëß‡ªìπ«‘∏’°“√

°àÕ √â“ß∑’Ë „™â ‡«≈“§àÕπ¢â“ß¡“°·≈–¡’√“§“ Ÿß

‡π◊ËÕß®“°„™â‰¡â·∫∫·≈–·√ßß“π‡ªìπ®”π«π¡“°

(Leet and Bernal, 1997; Nawy, 2000) ®÷ß‰¥â¡’

°“√æ—≤π“√Ÿª·∫∫°“√°àÕ √â“ß·∫∫À≈àÕ ”‡√Á®√Ÿª

(precast construction) ¢÷Èπ¡“„™â„π°“√°àÕ √â“ßÕ“§“√

‡π◊ËÕß®“°°“√°àÕ √â“ß‚¥¬„™â™‘Èπ à«π ”‡√Á®√Ÿª¡’

¢âÕ¥’À≈“¬ª√–°“√ Õ“∑‘‡™àπ °“√°àÕ √â“ß∑”‰¥â

Õ¬à“ß√«¥‡√Á« ª√–À¬—¥„π°“√„™â‰¡â·∫∫ (Haas, 1983;

Elliott, 2002) Õ’°∑—Èß¬—ß “¡“√∂≈¥§à“„™â®à“¬„π¥â“π

·√ßß“π ÷́Ëß™à«¬≈¥µâπ∑ÿπ„π°“√°àÕ √â“ß≈ß‰¥â¡“°

(Richardson, 1973) πÕ°®“°π—Èπ·≈â« °“√°àÕ √â“ß

‚¥¬„™â™‘Èπ à«π ”‡√Á®√Ÿª¬—ß “¡“√∂§«∫§ÿ¡ª√‘¡“≥

«— ¥ÿ·≈–§ÿ≥¿“æ¢Õßß“π‰¥â¥’°«à“°“√°àÕ √â“ß·∫∫

À≈àÕ„π∑’Ë‡ªìπÕ¬à“ß¡“° (°√√≥ §”≈◊Õ ·≈– ‘∑∏‘™—¬

· ßÕ“∑‘µ¬å, 2548; ®—°…¥“ ∏”√ß«ÿ≤‘ ·≈– ‘∑∏‘™—¬

· ßÕ“∑‘µ¬å, 2548) ∑”„Àâ§«∫§ÿ¡µâπ∑ÿπ¥â“π«— ¥ÿ

‰¥â¥’°«à“ §«“¡§≈“¥‡§≈◊ËÕπÀ√◊Õ¢âÕº‘¥æ≈“¥µà“ß Ê

∑’Ë ‡°‘¥¢÷Èπ®÷ß¡’πâÕ¬ º≈ß“π∑’Ë‰¥â®÷ß¡’§ÿ≥¿“æ¥’

(Yip et al., 1999)

„πª√–‡∑»‰∑¬‰¥â¡’°“√°àÕ √â“ß‚¥¬„™â√–∫∫

 ”‡√Á®√Ÿª¡“π“πæÕ ¡§«√ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß°“√

°àÕ √â“ß√–∫∫ “∏“√≥Ÿª‚¿§¢π“¥„À≠à ‡™àπ

√–∫∫∑“ß¥à«π ‡ªìπµâπ  à«π∑’Ëπ”¡“ª√–¬ÿ°µå„™â°—∫

ß“π°àÕ √â“ßÕ“§“√°Á¡—°®–‡ªìπ·ºàπæ◊Èπ ·≈–ºπ—ß

§Õπ°√’µ ”‡√Á®√Ÿª ‚¥¬∑’ËÕ“§“√‡À≈à“π—Èπ¬—ß„™â à«π

¢Õß‚§√ß √â“ßÀ≈—° ‡™àπ ∞“π√“° ‡ “ ·≈–§“π

‡ªìπ°“√°àÕ √â“ß·∫∫À≈àÕ„π∑’Ë‡™àπ‡¥‘¡ (Sibunruang,

1977) ¥—ßπ—Èπ‡æ◊ËÕµÕ∫ πÕßµàÕ°“√ª√–¬ÿ°µå„™â

·≈–°“√æ—≤π“°“√°àÕ √â“ß·∫∫ ”‡√Á®√Ÿª ∫∑§«“¡

π’È®÷ß°≈à“«∂÷ß°“√»÷°…“§“π§Õπ°√’µ‡ √‘¡‡À≈Á°

 ”‡√Á®√Ÿª∑’Ë¡’‡À≈Á°√“ßπÈ”Ωíß∑’Ë à«π√Õß√—∫ ‚¥¬¡’

®ÿ¥ª√– ß§åÀ≈—°§◊Õ ‡æ◊ËÕ»÷°…“º≈¢Õß§«“¡¬“«√–¬–

Ωíß‡À≈Á°√“ßπÈ”∑’Ë¡’µàÕ§“π§Õπ°√’µ‡ √‘¡‡À≈Á°

 ”‡√Á®√Ÿª ÷́Ëß‡À≈Á°√“ßπÈ”¥—ß°≈à“«®–™à«¬∑”„Àâ°“√

µ‘¥µ—Èß§“π‡¢â“°—∫™‘Èπ à«π¢Õß‚§√ß √â“ßÕ◊Ëπ Ê ∑”‰¥â

‚¥¬ßà“¬¢÷Èπ

«— ¥ÿ Õÿª°√≥å ·≈–«‘∏’°“√

µ—«Õ¬à“ß∑¥ Õ∫∑’Ë„™â„πß“π«‘®—¬‡ªìπ§“π§Õπ°√’µ

‡ √‘¡‡À≈Á°∑’Ë¡’Àπâ“µ—¥°«â“ß 0.175 ‡¡µ√ ≈÷° 0.35 ‡¡µ√

·≈–¬“« 4.0 ‡¡µ√ ®”π«π 16 µ—«Õ¬à“ß ´÷Ëß·∫àßÕÕ°

‡ªìπ 2 ª√–‡¿∑ ‰¥â·°à §“π§Õπ°√’µ ‡ √‘¡‡À≈Á°∑’Ë¡’

‡À≈Á°√“ßπÈ”Ωíß∑’Ë à«π√Õß√—∫ ®”π«π 12 µ—«Õ¬à“ß

·≈–§“π§Õπ°√’µ‡ √‘¡‡À≈Á°∑’Ë‰¡à¡’‡À≈Á°√“ßπÈ”Ωíß∑’Ë

 à«π√Õß√—∫´÷Ëß„™â‡ªìπ§“πÕâ“ßÕ‘ß (control beams)

®”π«π 4 µ—«Õ¬à“ß µ—«Õ¬à“ß§“π∑—ÈßÀ¡¥ÕÕ°·∫∫

‚¥¬«‘∏’°”≈—ß ‚¥¬„™â ¡°“√ÕÕ°·∫∫§“π§Õπ°√’µ

‡ √‘¡‡À≈Á°¢Õß«‘»«°√√¡ ∂“π·Ààßª√–‡∑»‰∑¬

(«. .∑. 1008-38) («‘»«°√√¡ ∂“π·Ààßª√–‡∑»‰∑¬

„πæ√–∫√¡√“™Ÿª∂—¡¿å, 2538) ¢≥–∑’Ë‡À≈Á°¢âÕÕâÕ¬

®“°°“√∑¥ Õ∫æ∫«à“ §“π à«π„À≠à¡’æƒµ‘°√√¡·∫∫ bilinear ‚¥¬∑’Ë§«“¡ “¡“√∂„π°“√√—∫·√ß

 Ÿß ÿ¥„π™à«ß‡ âπµ√ß·√°¡’§à“ª√–¡“≥ 80 - 85 ‡ªÕ√å‡´Áπµå¢Õß°”≈—ß√—∫πÈ”Àπ—°∫√√∑ÿ°∑’Ë§à“°“√·Õàπµ—«

‡∑à“°—∫ L/100 ®“°π—Èπ°“√·Õàπµ—«¢Õß§“π®–¡’§à“‡æ‘Ë¡¢÷ÈπÕ¬à“ß√«¥‡√Á«®π°√–∑—Ëßµ—«Õ¬à“ß∑¥ Õ∫‡°‘¥°“√«‘∫—µ‘

„π√Ÿª°“√«‘∫—µ‘·∫∫‡©◊Õπ∑·¬ß (diagonal shear failure) ∑’Ë ¿“«–„™âß“π∑’Ë°“√·Õàπµ—«¢Õß§“π‡∑à“°—∫

L/240 §“π§Õπ°√’µ‡ √‘¡‡À≈Á° ”‡√Á®√Ÿª∑’Ë¡’‡À≈Á°√“ßπÈ”Ωíß∑’Ë à«π√Õß√—∫¡’°”≈—ß√—∫πÈ”Àπ—°∫√√∑ÿ° Ÿß°«à“

§“πÕâ“ßÕ‘ßª√–¡“≥ 10.2 - 37.6 ‡ªÕ√å‡´Áπµå ·≈–¡’Õ—µ√“ à«π§«“¡ª≈Õ¥¿—¬Õ¬Ÿà√–À«à“ß 1.31 - 1.59

πÕ°®“°π—Èπ·≈â«§«“¡ “¡“√∂„π°“√√—∫·√ß‡©◊Õπ¢Õß§“π¡’·π«‚πâ¡‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ√–¬–Ωíß¢Õß‡À≈Á°√“ßπÈ”

¡’§à“‡æ‘Ë¡¡“°¢÷Èπ
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¢π“¥ 16 ¡‘≈≈‘‡¡µ√ (DB16-SD30) ·≈–‡À≈Á°‡ âπ°≈¡

¢π“¥ 6 ¡‘≈≈‘‡¡µ√ (RB6-SR24) ∂Ÿ°„™â‡ªìπ‡À≈Á°

‡ √‘¡√—∫·√ß¥÷ß·≈–‡À≈Á°‡ √‘¡√—∫·√ß‡©◊Õπ µ“¡≈”¥—∫

‚¥¬¡’ª√‘¡“≥‡À≈Á°‡ √‘¡√—∫·√ß¥÷ßµË”°«à“Õ—µ√“ à«π

∑’Ë ¿“«– ¡¥ÿ≈µ“¡¢âÕ°”Àπ¥∑’Ë 4303(¢) («. .∑.

1008-38)

 ”À√—∫§“π§Õπ°√’µ‡ √‘¡‡À≈Á°∑’Ë¡’‡À≈Á°√“ßπÈ”

Ωíß∑’Ë à«π√Õß√—∫ „™â‡À≈Á°√“ßπÈ”¢π“¥ 100 X 50

¡‘≈≈‘ ‡¡µ√ πÈ”Àπ—° 9.36 °‘‚≈°√—¡µàÕ‡¡µ√

(¡Õ°.1127-2539) Ωíß∫√‘‡«≥ª≈“¬∑—Èß Õß¥â“π¢Õß

§“π ¥—ß· ¥ß„π√Ÿª∑’Ë 1 µ—«·ª√∑’Ë„™â„π°“√»÷°…“

ª√–°Õ∫¥â«¬ §«“¡¬“«√–¬–Ωíß (embedded length)

À√◊Õ (ld) ¢Õß‡À≈Á°√“ßπÈ” 3 §à“ ‰¥â·°à 50, 110 ·≈–

140 ‡´πµ‘‡¡µ√ ·≈–√–¬–Àà“ß√–À«à“ß‡À≈Á°√—∫·√ß

‡©◊Õπ (spacing) 2 §à“ §◊Õ 30 ·≈– 50 ‡´πµ‘‡¡µ√

°“√∑¥ Õ∫µ—«Õ¬à“ß§“π®–°√–∑”·∫∫ four-points

loading test πÕ°®“°π’È∑’Ë∫√‘‡«≥°÷Ëß°≈“ß§«“¡¬“«

¢Õß‡À≈Á°‡ √‘¡√—∫·√ß¥÷ß ‰¥âµ‘¥¡“µ√«—¥§«“¡‡§√’¬¥

(strain gauge) ‡æ◊ËÕµ√«® Õ∫§«“¡‡§√’¬¥¢Õß‡À≈Á°

‡ √‘¡√—∫·√ß¥÷ß∑’ËÀÿâ¡‚¥¬§Õπ°√’µ¿“¬„µâ·√ß°√–∑”

µ“√“ß∑’Ë 1 · ¥ß√“¬≈–‡Õ’¬¥¢Õßµ—«Õ¬à“ß

∑¥ Õ∫∑’Ë„™â„πß“π«‘®—¬ ‚¥¬∑’Ë™◊ËÕµ—«Õ¬à“ß∑¥ Õ∫

X-YYY-ZZ „™âÀ≈—°°“√Õà“π¥—ßµàÕ‰ªπ’È X À¡“¬∂÷ß

√Ÿª·∫∫¢Õß§“π´÷Ëß¡’ 2 √Ÿª·∫∫‰¥â·°à R ·≈– P

´÷Ëß‡ªìπ —≠≈—°…≥å·∑π§“π§Õπ°√’µ‡ √‘¡‡À≈Á°

Õâ“ßÕ‘ß·≈–§“π§Õπ°√’µ‡ √‘¡‡À≈Á° ”‡√Á®√Ÿª∑’Ë¡’‡À≈Á°

√“ßπÈ”Ωíß∑’Ë à«π√Õß√—∫ µ“¡≈”¥—∫ YYY À¡“¬∂÷ß

§«“¡¬“«√–¬–Ωíß¢Õß‡À≈Á°√“ßπÈ”„πÀπà«¬‡´πµ‘‡¡µ√

·≈– ÿ¥∑â“¬ ZZ À¡“¬∂÷ß √–¬–Àà“ß√–À«à“ß‡À≈Á°

ª≈Õ°„πÀπà«¬‡´πµ‘‡¡µ√

°“√∑¥ Õ∫§ÿ≥ ¡∫—µ‘¢Õß«— ¥ÿ∑’Ë„™â„πß“π

«‘®—¬‰¥â∑¥ Õ∫µ“¡¡“µ√∞“π¢Õß American

Society for Testing and Materials (ASTM) ‰¥â·°à

°“√∑¥ Õ∫°”≈—ß√—∫·√ß°¥Õ—¥¢Õß§Õπ°√’µ

Figure 1. Details of test specimens



14 º≈¢Õß§«“¡¬“«√–¬–Ωíß‡À≈Á°√“ßπÈ”∑’Ë¡’µàÕ§“π§Õπ°√’µ‡ √‘¡‡À≈Á° ”‡√Á®√Ÿª

∑√ß°√–∫Õ°µ“¡¡“µ√∞“π ASTM C39-96 ·≈–

°“√∑¥ Õ∫°”≈—ß√—∫·√ß¥÷ß¢Õß‡À≈Á°‡ √‘¡·≈–

‡À≈Á°√“ßπÈ”µ“¡¡“µ√∞“π ASTM E8-98

 à«π¢—ÈπµÕπ°“√∑¥ Õ∫µ—«Õ¬à“ß§“π„πß“π

«‘®—¬¡’¥—ßπ’È 1) ∑”°“√µ‘¥µ—Èßµ—«Õ¬à“ß∑¥ Õ∫‡¢â“°—∫

loading frame ‚¥¬®ÿ¥√Õß√—∫¢Õß§“π∑—Èß Õß¥â“π

‡ªìπ·∫∫ pin supports °“√∑¥ Õ∫µ—«Õ¬à“ß∂Ÿ°

°√–∑”·∫∫ four-points loading test ‚¥¬„™â

‡À≈Á°√Ÿªæ√√≥√Ÿªµ—«‰Õ∂à“¬·√ß®“° hydraulic

ram ≈ß Ÿà§“πµ—«Õ¬à“ß∑¥ Õ∫ ¥—ß· ¥ß„π√Ÿª∑’Ë 2

2) µ‘¥µ—Èß dial gauge ∫πµ—«Õ¬à“ß∑¥ Õ∫∑’Ë

µ”·Àπàß°÷Ëß°≈“ß§«“¡¬“«§“π ®”π«π 1 µ—« ·≈–

∑’Ë√–¬–‡∑à“°—∫ L/6 ∂—¥®“° dial gauge µ—«·√°‰ª

∑“ß¥â“π´â“¬·≈–¥â“π¢«“ ®”π«π¥â“π≈– 1 µ—«

‡æ◊ËÕ«—¥√–¬–·Õàπµ—«¢Õßµ—«Õ¬à“ß∑¥ Õ∫  3) ∑”°“√

pre-loading µ—«Õ¬à“ß∑¥ Õ∫ ‚¥¬„Àâ·√ß°√–∑”µàÕ

µ—«Õ¬à“ß∑¥ Õ∫ª√–¡“≥ 20 °‘‚≈π‘«µ—π ‡æ◊ËÕµ√«®

 Õ∫«à“ dial gauge ∑—ÈßÀ¡¥«à“∑”ß“π‰¥âÕ¬à“ß ¡∫Ÿ√≥å

4) µ—Èß§à“»Ÿπ¬å·°à dial gauge ∑—ÈßÀ¡¥Õ’°§√—Èß  5) ∑”°“√

µàÕ “¬‰ø®“°¡“µ√«—¥§«“¡‡§√’¬¥‡¢â“°—∫ strain

gauge indicator  6) ¥”‡π‘π°“√∑¥ Õ∫‚¥¬„™â

hydraulic pump Õ—¥πÈ”¡—π hydraulic ‰ª¬—ß

hydraulic ram Õ¬à“ß™â“ Ê ∫—π∑÷°§à“πÈ”Àπ—°

∫√√∑ÿ°·≈–°“√·Õàπµ—«¢Õßµ—«Õ¬à“ß§“π®“°

dial gauge ∑—Èß 3 µ—« √«¡∑—Èß§à“§«“¡‡§√’¬¥®“° strain

gauge indicator  7) ∑”°“√∑¥ Õ∫·≈–∫—π∑÷°¢âÕ¡Ÿ≈

µà“ß Ê Õ¬à“ßµàÕ‡π◊ËÕß®π°√–∑—Ëß√–¬–°“√·Õàπµ—«

 Ÿß ÿ¥∑’Ë°÷Ëß°≈“ß§«“¡¬“«§“π¡’§à“‡∑à“°—∫§«“¡¬“«

ª√– ‘∑∏‘º≈¢Õß§“πÀ“√¥â«¬ 100 (∆ = L/100)

´÷Ëß¡’§à“ª√–¡“≥ 2.4 ‡∑à“¢Õß√–¬–°“√·Õàπµ—«∑’Ë

¬Õ¡„Àâ„π¡“µ√∞“π°“√ÕÕ°·∫∫ ®÷ßÀ¬ÿ¥°“√∫—π∑÷°

¢âÕ¡Ÿ≈  8) ∂Õ¥ dial gauge ÕÕ° ·≈–∑”°“√‡æ‘Ë¡

πÈ”Àπ—°∫√√∑ÿ°µàÕ‰ª®π°√–∑—Ëßµ—«Õ¬à“ß‡°‘¥°“√«‘∫—µ‘

‡æ◊ËÕ —ß‡°µ≈—°…≥–°“√«‘∫—µ‘¢Õß§“π

º≈°“√«‘®—¬

®“°º≈°“√∑¥ Õ∫«— ¥ÿ∑’Ë„™â„πß“π«‘®—¬æ∫«à“ «— ¥ÿ

µà“ß Ê ¡’§ÿ≥ ¡∫—µ‘∑“ß°≈ ¥—ß∑’Ë· ¥ß„πµ“√“ß∑’Ë 2

Figure 2. Four-point loading test set-up
for the precast reinforced
concrete beams

Table 1. Details of test specimens

Reinforcement Spacing of Embedded
Specimens ratio, ρ stirrups, S length, ld Amount

(%) (cm) (cm)

R-000-30 2.51 30     0 2
P-050-30 2.51 30   50 2
P-110-30 2.51 30 110 2
P-140-30 2.51 30 140 2
R-000-50 2.51 50     0 2
P-050-50 2.51 50   50 2
P-110-50 2.51 50 110 2
P-140-50 2.51 50 140 2
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„π°“√∑¥ Õ∫°”≈—ß√—∫·√ß¢Õß§“π§Õπ°√’µ‡ √‘¡

‡À≈Á°Õâ“ßÕ‘ß ·≈–§“π§Õπ°√’µ‡ √‘¡‡À≈Á° ”‡√Á®√Ÿª

∑’Ë¡’‡À≈Á°√“ßπÈ”Ωíß∑’Ë à«π√Õß√—∫ „π∫∑§«“¡π’È‰¥â

π‘¬“¡„ÀâπÈ”Àπ—°∫√√∑ÿ° Ÿß ÿ¥ (PL/100) ‡ªìπ°”≈—ß

√—∫·√ß Ÿß ÿ¥¢Õß§“π∑’Ë√–¬–°“√·Õàπµ—«¡’§à“‡∑à“°—∫

L/100 ®“°°“√»÷°…“æ∫«à“ °√“ø§«“¡ —¡æ—π∏å

√–À«à“ßπÈ”Àπ—°∫√√∑ÿ° (load) ·≈–√–¬–°“√·Õàπµ—«

∑’Ë°÷Ëß°≈“ß§“π (midspan deflection) ∑’Ë‰¥â®“°°“√

∑¥ Õ∫§“π∑’Ë¡’√–¬–Ωíß¢Õß‡À≈Á°√“ßπÈ”∑’Ë·µ°µà“ß°—π

¡’≈—°…≥–¥—ß· ¥ß„π√Ÿª∑’Ë 3(a) ´÷Ëß®–‡ÀÁπ‰¥â«à“

≈—°…≥–¢Õß°√“ø‡ªìπ‡ âπµ√ß Õß‡ âπ·∫∫ bilinear

∑’Ë¡’§«“¡™—π·µ°µà“ß°—π ‚¥¬‡ âπ°√“ø„π™à«ß·√°

®–¡’§«“¡™—π Ÿß°«à“‡ âπ°√“ø„π™à«ß∑’Ë Õß¡“°

„π™à«ß·√°§“π®–¡’æƒµ‘°√√¡·∫∫¬◊¥À¬ÿàπ‡™‘ß‡ âπ

(linear) ÷́Ëß§Õπ°√’µ ‡À≈Á°‡ √‘¡ ·≈–‡À≈Á°√“ßπÈ”

®–√à«¡°—π√—∫·√ß°√–∑” ®π°√–∑—ËßπÈ”Àπ—°∫√√∑ÿ°

¢Õß§“π¡’§à“ª√–¡“≥ 80 - 85 ‡ªÕ√å‡´Áπµå¢Õß

πÈ”Àπ—°∫√√∑ÿ° Ÿß ÿ¥ (PL/100) ≥ ®ÿ¥π’È‡À≈Á°‡ √‘¡

®–¡’§à“§«“¡‡§√’¬¥∑’Ë®ÿ¥§√“° (yield strain) ª√–¡“≥

0.0011 - 0.0012 ¡‘≈≈‘‡¡µ√µàÕ¡‘≈≈‘‡¡µ√ ¥—ß· ¥ß

Figure 3. (a) Load versus midspan deflection diagram of the specimens
(b) Load versus reinforcement strain diagram of the specimens

(a) (b)

Table 2. Mechanical properties of materials

Yielding strength Ultimate strength Modulus of elasticity
(MPa) (MPa) (MPa)

Concrete -   45.7   26.9 × 103

Reinforcing RB6 317.0 457.8 193.5 × 103

Reinforcing DB16 411.9 612.6 202.1 × 103

Channel section 343.2 503.0 194.4 × 103

Materials



16 º≈¢Õß§«“¡¬“«√–¬–Ωíß‡À≈Á°√“ßπÈ”∑’Ë¡’µàÕ§“π§Õπ°√’µ‡ √‘¡‡À≈Á° ”‡√Á®√Ÿª

„π√Ÿª∑’Ë 3(b) ·≈–¡’§à“„°≈â‡§’¬ß°—∫§à“∑’Ë«—¥‰¥â®“°

°“√∑¥ Õ∫·√ß¥÷ß¢Õß‡À≈Á°‡ √‘¡ „π™à«ßπ’È

 “¡“√∂ —ß‡°µ‡ÀÁπ√Õ¬√â“«‡°‘¥¢÷Èπ„µâ∑âÕß§“π

∫√‘‡«≥°÷Ëß°≈“ß§“π·≈–§àÕ¬ Ê ¢¬“¬µ—« Ÿß¢÷Èπ„π

Õ—µ√“∑’Ë√«¥‡√Á« ®“°π—Èπæƒµ‘°√√¡¢Õß§“π‡√‘Ë¡‡¢â“ Ÿà

™à«ß∑’Ë Õß °“√·µ°√â“«®–‡°‘¥°“√¢¬“¬µ—«¡“°¢÷Èπ

Õ¬à“ßµàÕ‡π◊ËÕß ¢≥–∑’Ë§à“°“√·Õàπµ—«¡’§à“‡æ‘Ë¡¢÷Èπ

Õ¬à“ß√«¥‡√Á«·≈–¡“°°«à“„π™à«ß·√° ‚¥¬πÈ”Àπ—°

∫√√∑ÿ°√«¡®–‡æ‘Ë¡¢÷ÈπÕ’°‰¡à¡“°π—° ª√–¡“≥

15 - 20 ‡ªÕ√å‡´Áπµå¢Õß°”≈—ß√—∫πÈ”Àπ—°∫√√∑ÿ°

 Ÿß ÿ¥¢Õß§“π (PL/100)

√Ÿª·∫∫°“√«‘∫—µ‘∑’Ë ‡°‘¥¢÷Èπ ”À√—∫§“π∑’Ë¡’

√–¬–Àà“ß√–À«à“ß‡À≈Á°ª≈Õ°‡∑à“°—∫ 30 ·≈– 50

‡´πµ‘‡¡µ√ ¡’≈—°…≥–∑’Ë§≈â“¬§≈÷ß°—π °≈à“«§◊Õ

§“π®–¡’≈—°…≥–·∫∫‡©◊Õπ∑·¬ß (diagonal shear

failure) ‚¥¬™à«ß·√°√Õ¬√â“«„π·π«¥‘Ëß®–‡°‘¥¢÷Èπ

°àÕπ∫√‘‡«≥°÷Ëß°≈“ß§“π‡¡◊ËÕπÈ”Àπ—°∫√√∑ÿ°¡’§à“‡æ‘Ë¡

¡“°¢÷Èπ √Õ¬√â“«„π·π«¥‘Ëßπ’È®–¢¬“¬µ—«·≈–¢¬—∫µ—«

 Ÿß¢÷Èπ ®π°√–∑—Ëß·√ß¥÷ß∑·¬ß¿“¬„π§“π¡’§à“

¡“°°«à“°”≈—ßµâ“π∑“π·√ß¥÷ß¢Õß§Õπ°√’µ·≈–

‡À≈Á°‡ √‘¡ ™à«ßπ’È§“π®–‡°‘¥√Õ¬√â“«„π·π«∑·¬ß

‚¥¬∑’Ë√Õ¬√â“«¥—ß°≈à“«‰¡à “¡“√∂¢¬—∫µ—«ºà“π‡À≈Á°

√“ßπÈ”∑’ËΩíßÕ¬Ÿà¿“¬„π§“π‰¥â ‡π◊ËÕß®“°‡À≈Á°√“ßπÈ”

∑”Àπâ“∑’Ë√—∫·√ß¥—ß°≈à“« ∑”„Àâ√Õ¬√â“«‡ª≈’Ë¬π∑‘»∑“ß

°“√¢¬“¬µ—«‰ªµ“¡§«“¡¬“«¢Õßº‘« —¡º— √–À«à“ß

§Õπ°√’µ·≈–‡À≈Á°√“ßπÈ”·∑π ®π°√–∑—Ëß√Õ¬√â“«

¢¬“¬µ—«ºà“π√Õ¬µàÕ√–À«à“ß‡À≈Á°√“ßπÈ”°—∫§Õπ°√’µ

(a)                                                                                     (b)

Figure 4. Typical mode of failure of the specimens

∑’Ëª≈“¬‡À≈Á°√“ßπÈ” °“√«‘∫—µ‘·∫∫‡©◊Õπ∑·¬ß®–‡°‘¥

¢÷ÈπÕ¬à“ß∑—π∑’∑—π„¥ (immediate failure) ‚¥¬∑”¡ÿ¡

ª√–¡“≥ 40 - 45 Õß»“°—∫·π«·°π ¥—ß· ¥ß„π

√Ÿª∑’Ë 4(a) ·≈– 4(b) ´÷Ëß· ¥ß≈—°…≥–°“√«‘∫—µ‘¢Õß

§“π∑’Ë¡’§«“¡¬“«√–¬–Ωíß¢Õß‡À≈Á°√“ßπÈ”‡∑à“°—∫

50 ‡´πµ‘‡¡µ√ ·≈–§«“¡¬“«√–¬–Ωíß¢Õß‡À≈Á°√“ßπÈ”

‡∑à“°—∫ 110 ·≈– 140 ‡´πµ‘‡¡µ√ µ“¡≈”¥—∫

«‘®“√≥åº≈°“√∑¥ Õ∫

√Ÿª∑’Ë 5 ‡ªìπ· ¥ß°√“ø§«“¡ —¡æ—π∏å√–À«à“ß√–¬–

°“√·Õàπµ—«µ“¡·π«·°π∑’Ëµ”·Àπàßµà“ß Ê ¢Õß§“π

∑’Ë¡’√–¬–Àà“ß√–À«à“ß‡À≈Á°ª≈Õ°∑—Èß 2 ¢π“¥

‚¥¬·ª√º—π√–¬–Ωíß¢Õß‡À≈Á°√“ßπÈ”∑’Ë§«“¡¬“«µà“ß Ê

(50, 110 ·≈– 140 ‡´πµ‘‡¡µ√) æ∫«à“ √–¬–

°“√·Õàπµ—«¢Õß§“π¡’§à“≈¥≈ß ‡¡◊ËÕ§«“¡¬“«√–¬–

Ωíß¢Õß‡À≈Á°√“ßπÈ”¡’§à“‡æ‘Ë¡¡“°¢÷Èπ ‡π◊ËÕß®“°§“π¡’

§«“¡·°√àß‡æ‘Ë¡¢÷Èπµ“¡√–¬–Ωíß¢Õß‡À≈Á°√“ßπÈ”

 àßº≈„Àâ§“π‡°‘¥°“√·Õàπµ—«≈¥≈ß

πÕ°®“°π—Èπ®“°°“√‡ª√’¬∫‡∑’¬∫√–¬–°“√

·Õàπµ—«‡©≈’Ë¬∑’Ë°÷Ëß°≈“ß§«“¡¬“«§“π ¿“¬„µâ·√ß

°√–∑”∑’Ë¡’§à“‡∑à“°—π (P = 180 °‘‚≈π‘«µ—π) „π™à«ß

 ¿“«–„™âß“π (service load) ¥—ß· ¥ß„πµ“√“ß∑’Ë 3

®“°µ“√“ßæ∫«à“ §“π§Õπ°√’µ‡ √‘¡‡À≈Á° ”‡√Á®√Ÿª

∑’Ë¡’‡À≈Á°√“ßπÈ”Ωíß∑’Ë à«π√Õß√—∫ ¡’√–¬–°“√·Õàπµ—«

∑’Ë°÷Ëß°≈“ß§«“¡¬“«§“πµË”°«à“§“π§Õπ°√’µ‡ √‘¡

‡À≈Á°Õâ“ßÕ‘ß 4.4 - 34.2 ‡ªÕ√å‡´Áπµå ‡π◊ËÕß®“°§“π
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§Õπ°√’µ‡ √‘¡‡À≈Á° ”‡√Á®√Ÿª¥—ß°≈à“« ¡’§«“¡ “¡“√∂

„π°“√µâ“π∑“π°“√·Õàπµ—«®“°·√ß°√–∑”‰¥â‡æ‘Ë¡

¡“°¢÷Èπ

®“°°“√∑¥ Õ∫°”≈—ß√—∫πÈ”Àπ—°∫√√∑ÿ°¢Õß

§“π ¥—ß· ¥ß„πµ“√“ß∑’Ë 4 æ∫«à“ §“π§Õπ°√’µ‡ √‘¡

‡À≈Á° ”‡√Á®√Ÿª∑’Ë¡’‡À≈Á°√“ßπÈ”Ωíß∑’Ë à«π√Õß√—∫  ¡’°”≈—ß

√—∫πÈ”Àπ—°∫√√∑ÿ°∑’Ë ¿“«–„™âß“π∑’Ë§à“°“√·Õàπµ—«

Table 3. Midspan deflection of the specimens

Embedded Midspan Deflection
Specimens length, ld deflection, ∆∆∆∆∆ decreased

(cm) (mm) (%)

R-000-30     0 19.36 -
P-050-30   50 18.50   4.4
P-110-30 110 16.94 12.5
P-140-30 140 14.60 24.6
R-000-50     0 22.52 -
P-050-50   50 20.29   9.9
P-110-50 110 16.38 27.3
P-140-50 140 14.83 34.2

Figure 5. Deflection diagram along the axial of the specimens

   

   

   

   

   

   

‡∑à“°—∫ L/240  Ÿß°«à“§“π§Õπ°√’µ‡ √‘¡‡À≈Á°Õâ“ßÕ‘ß

ª√–¡“≥ 12.8 - 31.2 ‡ªÕ√å‡´Áπµå πÕ°®“°π’È¬—ßæ∫

«à“√–¬–Ωíß¢Õß‡À≈Á°√“ßπÈ” 50 ‡´πµ‘‡¡µ√ ∑”„Àâ

§«“¡ “¡“√∂„π°“√√—∫πÈ”Àπ—°∫√√∑ÿ°¢Õß§“π≈¥≈ß

‡π◊ËÕß®“°√–¬–Ωíß‡À≈Á°√“ßπÈ”‰¡à‡æ’¬ßæÕ∑”„Àâ√Õ¬

√â“«„π·π«∑·¬ß∑’Ë‡°‘¥¢÷Èπ‰¡àµ—¥ºà“π‡À≈Á°√“ßπÈ”

√«¡∑—Èß‰¡à “¡“√∂™¥‡™¬‡À≈Á°‡ √‘¡√—∫·√ß‡©◊Õπ
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Table 4. Testing results of the specimens

Load (kN)
P

L/240
P

y
1 P

y
2

(Test.), [a] (Cal.), [b]

R-000-30 153.22 190.51 140.80 1.35
P-050-30 172.80 185.15 140.80 1.31
P-110-30 176.78 198.96 140.80 1.41
P-140-30 200.96 209.18 140.80 1.49
R-000-50 145.36 185.89 127.66 1.45
P-050-50 160.21 175.67 127.66 1.38
P-110-50 181.72 198.13 127.66 1.55
P-140-50 199.99 203.29 127.66 1.59

1, 2 Yielding load of the specimens obtained from the testing and EIT standard respectively.

∑’Ë¡’√–¬–Àà“ß‡æ‘Ë¡¢÷Èπ‰¥â ®÷ß∑”„Àâ¡’§à“°“√«‘∫—µ‘∑’ËµË”

°«à“§“π∑’Ë¡’√–¬–Ωíß¢Õß‡À≈Á°√“ßπÈ” 110 ·≈– 140

‡´πµ‘‡¡µ√

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§à“πÈ”Àπ—°∫√√∑ÿ° Py ∑’Ë‰¥â®“°

°“√∑¥ Õ∫°—∫ ¡°“√ÕÕ°·∫∫¢Õß «. .∑. æ∫«à“

§à“πÈ”Àπ—°∫√√∑ÿ°∑’Ë‰¥â®“°°“√∑¥ Õ∫¡’§à“¡“°

°«à“§à“πÈ”Àπ—°∫√√∑ÿ°∑’Ë¬Õ¡„Àâ®“° ¡°“√¢Õß

«. .∑. ‚¥¬§“π∑’Ë¡’√–¬–Àà“ß√–À«à“ß‡À≈Á°ª≈Õ°

‡∑à“°—∫ 30 ‡´πµ‘‡¡µ√ Õ—µ√“ à«π§«“¡ª≈Õ¥¿—¬

Õ¬Ÿà√–À«à“ß 1.31 - 1.49 ·≈–Õ—µ√“ à«π§«“¡ª≈Õ¥¿—¬

¢Õß§“π∑’Ë¡’√–¬–Àà“ß√–À«à“ß‡À≈Á°ª≈Õ°‡∑à“°—∫

50 ‡´πµ‘‡¡µ√ Õ¬Ÿà√–À«à“ß 1.38 - 1.59  “‡Àµÿ

‡π◊ËÕß¡“®“°‡À≈Á°√“ßπÈ”∑’ËΩíßÕ¬Ÿà¿“¬„π™à«¬‡æ‘Ë¡

§«“¡·°√àß„Àâ·°à§“π ∑”„Àâ “¡“√∂µâ“π∑“π°“√

·Õàπµ—«∑’Ë‡°‘¥¢÷Èπ‡π◊ËÕß®“°πÈ”∫√√∑ÿ°∑’Ë¡“°√–∑”

‰¥â‡æ‘Ë¡¡“°¢÷Èπ πÕ°®“°π—Èπ·≈â«√–¬–Ωíß¢Õß‡À≈Á°

√“ßπÈ”®–™à«¬„Àâ°“√«‘∫—µ‘„π≈—°…≥–·∫∫‡©’¬ß∑·¬ß

‡°‘¥¢÷Èπ„πÕ—µ√“∑’Ë™â“≈ß ‡π◊ËÕß®“°·√ß‡©◊Õπ∑·¬ß

‰¡à “¡“√∂¢¬“¬µ—«ºà“π‡À≈Á°√“ßπÈ”∑’ËΩíßÕ¬Ÿà¿“¬

„π§“π‰¥â ∑”„Àâ‡°‘¥°“√∂à“¬·√ß¥—ß°≈à“«‰ªµ“¡

§«“¡¬“«¢Õßº‘« —¡º— √–À«à“ß§Õπ°√’µ·≈–‡À≈Á°

√“ßπÈ” ´÷ËßÀ¡“¬§«“¡«à“ ∂â“§«“¡¬“«¢Õß√–¬–Ωíß

‡À≈Á°√“ßπÈ”‡æ‘Ë¡¢÷Èπ æ◊Èπ∑’Ë„π°“√µâ“π∑“π·√ß‡©◊Õπ

°Á®–¡’§à“¡“°¢÷Èπ  àßº≈„Àâ§“π “¡“√∂√—∫πÈ”∫√√∑ÿ°

‰¥â‡æ‘Ë¡¡“°¢÷Èπ ¥—ßπ—Èπ§«“¡¬“«√–¬–Ωíß¢Õß‡À≈Á°

√“ßπÈ”‡ªìπªí®®—¬Àπ÷Ëß∑’Ë§«∫§ÿ¡§«“¡ “¡“√∂„π°“√

√—∫πÈ”Àπ—°∫√√∑ÿ° Ÿß ÿ¥¢Õß§“π

√Ÿª∑’Ë 6 ‡ªìπ°√“ø§«“¡ —¡æ—π∏å√–À«à“ß°”≈—ß

√—∫·√ß‡©◊Õπ·≈–√–¬–Ωíß¢Õß‡À≈Á°√“ßπÈ” ®“°√Ÿª

®–‡ÀÁπ‰¥â«à“ ‡¡◊ËÕ√–¬–Ωíß¢Õß‡À≈Á°√“ßπÈ”¡’

§«“¡¬“«‡æ‘Ë¡¢÷Èπ §à“¢Õß°”≈—ß√—∫·√ß‡©◊Õπ¡’·π«‚πâ¡

‡æ‘Ë¡¡“°¢÷Èπ¥â«¬ ‡π◊ËÕß®“°‡À≈Á°√“ßπÈ”∑’ËΩíßÕ¬Ÿà

¿“¬„π∑”„Àâ§“π¡’°”≈—ß√—∫·√ß‡©◊Õπ‡æ‘Ë¡¢÷Èπ

πÕ°®“°π—Èπ·≈â« Àπà«¬·√ß‡©◊Õπ∑’Ë‡æ‘Ë¡¢÷Èπ®–‡ªìπ

Õ—µ√“ à«π‚¥¬µ√ß°—∫√–¬–Ωíß¢Õß‡À≈Á°√“ßπÈ”

∑’Ë‡æ‘Ë¡¢÷Èπ

∫∑ √ÿª

®“°°“√»÷°…“æ∫«à“ §“π à«π„À≠à¡’æƒµ‘°√√¡·∫∫

bilinear ‚¥¬∑’Ë§«“¡ “¡“√∂„π°“√√—∫·√ß Ÿß ÿ¥

„π™à«ß‡ âπµ√ß·√°¡’§à“ª√–¡“≥ 80 - 85 ‡ªÕ√å‡´Áπµå

¢Õß°”≈—ß√—∫πÈ”Àπ—°∫√√∑ÿ° Ÿß ÿ¥ (PL/100) ®“°π—Èπ

°“√·Õàπµ—«¢Õß§“π®–¡’§à“‡æ‘Ë¡¢÷ÈπÕ¬à“ß√«¥‡√Á«

®π°√–∑—Ëßµ—«Õ¬à“ß∑¥ Õ∫‡°‘¥°“√«‘∫—µ‘„π√Ÿª°“√«‘∫—µ‘

·∫∫‡©◊Õπ∑·¬ß (diagonal shear failure) ∑’Ë ¿“«–

„™âß“π∑’Ë°“√·Õàπµ—«¢Õß§“π¡’§à“‡∑à“°—∫ L/240

§“π§Õπ°√’µ‡ √‘¡‡À≈Á° ”‡√Á®√Ÿª¡’°”≈—ß√—∫πÈ”Àπ—°

∫√√∑ÿ° Ÿß°«à“§“π§Õπ°√’µ‡ √‘¡‡À≈Á°Õâ“ßÕ‘ß

ª√–¡“≥ 10.2 - 37.6 ‡ªÕ√å‡´Áπµå ‚¥¬∑’ËÕ—µ√“ à«π

Specimens [a]/[b]
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Figure 6. Shear strength versus embedded length diagram of the specimens


