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Abstract

The experimental results on the tensile strength of the steel plate welded connections by the welders in
Nakhon Ratchasima were presented and compared with the EIT welding connection design equations.
The weld joints were classified into three types: butt joint with groove weld, lab joint with fillet weld
subjected to tensile load parallel to the weld joint, lab joint with fillet weld subjected to tensile load
perpendicular to the weld joint. It was found that the obtained factors of safety, which was the ratio
between the test specimen tensile strength and the tensile strength based on the EIT design equations,
were generally lower than the factors of safety specified in EIT specification. Also, for the specimens in
a given weld joint pattern welded by a welder, the tensile strength of the test specimens had a high
variation, indicating that the qualification of the welder in Nakhon Ratchasima province was not uniform.
Thus, an urgent controlling measure must be developed to improve the welder qualification to an
acceptable standard, such as the American Welder Society standard.

Keywords: Factor of safety, tensile strength, welding, steel plate connection

∫∑§—¥¬àÕ

∫∑§«“¡π’Èπ”‡ πÕº≈°“√∑¥ Õ∫°”≈—ß√—∫·√ß¥÷ß¢Õß√Õ¬‡™◊ËÕ¡‰øøÑ“∑’Ë„™â‡™◊ËÕ¡µàÕ·ºàπ‡À≈Á°‚¥¬™à“ß‡™◊ËÕ¡

„π®—ßÀ«—¥π§√√“™ ’¡“ ·≈–‡ª√’¬∫‡∑’¬∫§à“°”≈—ß√—∫·√ß¥÷ß∑’Ë‰¥â°—∫§à“°”≈—ß√—∫·√ß¥÷ß∑’Ë§”π«≥®“° ¡°“√

ÕÕ°·∫∫√Õ¬‡™◊ËÕ¡¢Õß«‘»«°√√¡ ∂“π·Ààßª√–‡∑»‰∑¬ (« ∑.) „π°“√»÷°…“π’È √Õ¬‡™◊ËÕ¡∂Ÿ°·∫àßÕÕ°‡ªìπ 3

·∫∫ª√–°Õ∫¥â«¬√Õ¬‡™◊ËÕ¡µàÕ·∫∫‡™◊ËÕ¡™π (butt joint) √Õ¬‡™◊ËÕ¡µàÕ·∫∫‡™◊ËÕ¡∑“∫ (lap joint) ¢π“π°—∫

·√ß¥÷ß ·≈–·∫∫√Õ¬‡™◊ËÕ¡µàÕ·∫∫‡™◊ËÕ¡∑“∫µ—Èß©“°°—∫·√ß¥÷ß ®“°°“√»÷°…“æ∫«à“ §à“Õ—µ√“ à«πª≈Õ¥¿—¬

¢Õß√Õ¬‡™◊ËÕ¡∑’Ë‰¥â®“°°“√À“√§à“°”≈—ß√—∫·√ß¥÷ß¢Õßµ—«Õ¬à“ß∑¥ Õ∫¥â«¬§à“°”≈—ß√—∫·√ß¥÷ß®“° ¡°“√¢Õß
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« ∑.  à«π„À≠à¡’§à“µË”°«à“§à“µ“¡¢âÕ°”Àπ¥¢Õß « ∑. πÕ°®“°π—Èπ·≈â« §à“°”≈—ß√—∫·√ß¥÷ß¢Õß·µà≈–

µ—«Õ¬à“ß∑¥ Õ∫∑’Ë‰¥â®“°™à“ß‡™◊ËÕ¡·µà≈–√“¬„π°“√‡™◊ËÕ¡√Ÿª·∫∫Àπ÷Ëß Ê ¬—ß¡’§«“¡·µ°µà“ß°—π§àÕπ¢â“ß Ÿß

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫™à“ß‡™◊ËÕ¡Õâ“ßÕ‘ß ́ ÷Ëß· ¥ß∂÷ß§«“¡‰¡à ¡Ë”‡ ¡Õ¢ÕßΩï¡◊Õ„π°“√‡™◊ËÕ¡¢Õß™à“ß‡™◊ËÕ¡  „π®—ßÀ«—¥

π§√√“™ ’¡“ ∂÷ß·¡â«à“™à“ß‡™◊ËÕ¡∑’Ë ÿà¡µ—«Õ¬à“ß®–¡’ª√– ∫°“√≥å„π°“√∑”ß“π‡™◊ËÕ¡‚§√ß √â“ßª√–‡¿∑µà“ß Ê

‚¥¬‡©≈’Ë¬ 10 ªï ¥—ßπ—Èπ ®÷ß§«√°”Àπ¥¡“µ√°“√„π°“√§«∫§ÿ¡·≈–Õ∫√¡™à“ß‡™◊ËÕ¡„Àâ¡’‡∑§π‘§·≈–

Ωï¡◊Õ„π°“√‡™◊ËÕ¡„Àâ Ÿß¢÷Èπµ“¡¡“µ√∞“π “°≈Õ¬à“ß‡√àß¥à«π ‡™àπ ¡“µ√∞“π¢Õß ¡“§¡™à“ß‡™◊ËÕ¡Õ‡¡√‘°—π

‡ªìπµâπ

∑”°“√·°â‰¢¢âÕº‘¥æ≈“¥‰¥âßà“¬ „™âß“π‰¥â°«â“ß¢«“ß

‡™àπ„π°√≥’°“√µàÕ∑àÕ‡À≈Á°°≈¡°≈«ß‡¢â“°—∫

™‘Èπ à«π‚§√ß √â“ßÕ◊Ëπ Ê ·≈–¡’‡ ’¬ß√∫°«ππâÕ¬

·µà°“√‡™◊ËÕ¡µàÕ‚§√ß √â“ß‡À≈Á°¥â«¬°“√‡™◊ËÕ¡‰øøÑ“

Õ“®‡°‘¥°“√«‘∫—µ‘‰¥â‚¥¬ßà“¬À“°√Õ¬‡™◊ËÕ¡‰¡à‰¥â

¡“µ√∞“π ÷́Ëß¡—°¡’ “‡Àµÿ¡“®“°°“√¢“¥§«“¡√Ÿâ

§«“¡‡™’Ë¬«™“≠ ·≈–ª√– ∫°“√≥å„π°“√‡™◊ËÕ¡¢Õß

™à“ß‡™◊ËÕ¡ ‚¥¬®–∑”„Àâ°”≈—ßª√–≈—¬À√◊Õ°”≈—ß√—∫

·√ß Ÿß ÿ¥ (ultimate strength) ¢Õß√Õ¬‡™◊ËÕ¡¡’§à“µË”

°«à“∑’Ë‰¥â§”π«≥ÕÕ°·∫∫‰«â ¥—ßµ—«Õ¬à“ß°“√«‘∫—µ‘

∑’Ë ‡°‘¥¢÷Èπ∑’Ë√Õ¬‡™◊ËÕ¡µàÕ¢Õß‚§√ß¢âÕÀ¡ÿπ‡À≈Á°

(steel truss) ∑’Ë„™â√Õß√—∫À≈—ß§“¢Õß‚√ßß“π¥‘π Õ

 ’‡∑’¬π∑’ËÕ”‡¿Õ‰∑√πâÕ¬ ®—ßÀ«—¥Õ¬ÿ∏¬“

‡π◊ËÕß®“°√Õ¬‡™◊ËÕ¡µàÕ¢Õß™‘Èπ à«π¢Õß‚§√ß √â“ß

‡À≈Á°¡’§«“¡ ”§—≠µàÕ§«“¡·¢Áß·√ß §«“¡∑π∑“π

·≈–§«“¡¡’‡ ∂’¬√¿“æ¢Õß‚§√ß √â“ß¡“° ·≈–„π

ª√–‡∑»‰∑¬¬—ß‰¡à¡’Àπà«¬ß“π¢Õß√—∞À√◊Õ ¡“§¡

¡“§«∫§ÿ¡§ÿ≥¿“æ·≈– Õ∫‡∑’¬∫Ωï¡◊Õ¢Õß™à“ß‡™◊ËÕ¡

∑’Ë‰¥â√—∫°“√√—∫√Õß∑“ß°ÆÀ¡“¬¥—ß‡™àπ„πµà“ßª√–‡∑»

‡™àπ „π À√—∞Õ‡¡√‘°“‚¥¬ American Welding Society

‡ªìπµâπ ¡’‡æ’¬ßÀπà«¬ß“π∫“ßÀπà«¬ß“π‡∑à“π—Èπ ‡™àπ

°√¡æ—≤π“Ωï¡◊Õ·√ßß“π °√–∑√«ß¡À“¥‰∑¬ ‡ªìπµâπ

∑’Ë∑”°“√®—¥Õ∫√¡·≈–æ—≤π“Ωï¡◊Õ™à“ß‡™◊ËÕ¡Õ¬à“ß

µàÕ‡π◊ËÕß Õ¬à“ß‰√°Áµ“¡ „πªí®®ÿ∫—ππ’È™à“ß‡™◊ËÕ¡∑’Ëºà“π

°“√Õ∫√¡¥—ß°≈à“«°Á¬—ß§ß¡’®”π«π∑’Ë®”°—¥ ∑”„Àâ

§ÿ≥¿“æ¢Õß™à“ß‡™◊ËÕ¡·µ°µà“ß°—π‰ªµ“¡æ◊Èπ∑’Ëµà“ß Ê

¢Õßª√–‡∑»§àÕπ¢â“ß Ÿß¡“° ‚¥¬‡©æ“–√–À«à“ß

™à“ß‡™◊ËÕ¡∑’Ë∑”ß“πÕ¬Ÿà„π∫√‘…—∑°àÕ √â“ß¢π“¥„À≠à∑’Ë

¡’¡“µ√∞“π°“√µ√«® Õ∫Ωï¡◊Õ¢Õß™à“ß‡™◊ËÕ¡ (welder

∫∑π”

„π™à«ßÀ≈“¬ªï∑’Ëºà“π¡“ √—∞∫“≈‰¥â¡’π‚¬∫“¬ àß‡ √‘¡

Õÿµ “À°√√¡¢π“¥°≈“ß·≈–¢π“¥¬àÕ¡ À√◊Õ SME

∑”„Àâ¡’°“√°àÕ √â“ß‚√ßß“πÕÿµ “À°√√¡¢π“¥‡≈Á°

¢÷Èπ‡ªìπ®”π«π¡“° ‚¥¬‡©æ“–„π‡¢µ¿Ÿ¡‘¿“§·≈–

µ“¡À—«‡¡◊Õß„À≠à ‚§√ß √â“ß∑’Ëπ‘¬¡„™â„π°“√

°àÕ √â“ß‚√ßß“πÕÿµ “À°√√¡¢π“¥‡≈Á°¥—ß°≈à“«§◊Õ

‚§√ß √â“ß‡À≈Á° (steel structures) ∑—Èßπ’È‡π◊ËÕß®“°«à“

‚§√ß √â“ß‡À≈Á°‡ªìπ‚§√ß √â“ß∑’Ë¡’°”≈—ß Ÿß (high

strength) ¡’§«“¡‡Àπ’¬« (ductility and toughness)

 Ÿß ·≈–¡’πÈ”Àπ—°‡∫“‡¡◊ËÕ‡∑’¬∫°—∫‚§√ß √â“ß∑’Ë

°àÕ √â“ß‚¥¬„™â«— ¥ÿ™π‘¥Õ◊Ëπ Ê ‡™àπ ‚§√ß √â“ß

§Õπ°√’µ‡ √‘¡‡À≈Á° ‡ªìπµâπ ∑”„Àâ‚§√ß √â“ß‡À≈Á°

 “¡“√∂°àÕ √â“ß‰¥âßà“¬·≈–√«¥‡√Á« πÕ°®“°π—Èπ·≈â«

‚§√ß √â“ß‡À≈Á°¬—ß “¡“√∂∂Ÿ°µàÕ‡µ‘¡·≈–∂Ÿ°

√◊ÈÕ∂Õπ·≈–π”‰ª°àÕ √â“ß„À¡à‰¥â‚¥¬ßà“¬ ·µà‡π◊ËÕß®“°

™‘Èπ à«π¢Õß‚§√ß √â“ß‡À≈Á°‰¡à “¡“√∂À≈àÕ‡ªìπ

™‘Èπ à«πµàÕ‡π◊ËÕßµ≈Õ¥‚§√ß √â“ß‰¥â ¥—ßπ—Èπ ™‘Èπ à«π

¢Õß‚§√ß √â“ß®÷ß¡—°∂Ÿ°‡™◊ËÕ¡µàÕ‡¢â“¥â«¬°—π‚¥¬«‘∏’

°“√‡™◊ËÕ¡µàÕ∑’Ë„™â‚¥¬∑—Ë«‰ª¡’ 2 «‘∏’ §◊Õ °“√‡™◊ËÕ¡µàÕ

‚¥¬ ≈—°‡°≈’¬« (bolted connection) ·≈–°“√‡™◊ËÕ¡µàÕ

¥â«¬°“√‡™◊ËÕ¡‰øøÑ“ (welded connection) ́ ÷Ëß„π°“√

°àÕ √â“ß‚√ßß“πÕÿµ “À°√√¡¢π“¥‡≈Á° °“√‡™◊ËÕ¡

µàÕ¥â«¬°“√‡™◊ËÕ¡‰øøÑ“®–§àÕπ¢â“ß‰¥â√—∫§«“¡π‘¬¡

¡“°°«à“°“√‡™◊ËÕ¡µàÕ‚¥¬ ≈—°‡°≈’¬« ∑—Èßπ’È‡π◊ËÕß®“°

«à“√Õ¬‡™◊ËÕ¡µàÕ‚¥¬„™â°“√‡™◊ËÕ¡µàÕ¥â«¬‰øøÑ“¡’§«“¡

·¢Áß·√ß‡∑à“°—∫§«“¡·¢Áß·√ß¢Õß‡À≈Á°∑’Ë„™â∑”

‚§√ß √â“ß∑’Ë∂Ÿ°‡™◊ËÕ¡µàÕ ∑”‰¥â√«¥‡√Á«·≈–ª√–À¬—¥

‡æ√“–‰¡àµâÕß„™â·ºàπª√–°—∫ (gusset plate) ®”π«π

¡“°‡∑à“°—∫°“√‡™◊ËÕ¡µàÕ‚¥¬„™â ≈—°‡°≈’¬«  “¡“√∂
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qualification) Õ¬à“ß∂Ÿ°µâÕß ¥—ßµ—«Õ¬à“ß¢—ÈπµÕπ∑’Ë

π”‡ πÕ„π‡Õ° “√Õâ“ßÕ‘ß 1 °—∫™à“ß‡™◊ËÕ¡∑’Ë∑”ß“π

Õ¬Ÿà„π∫√‘…—∑À√◊ÕºŸâ√—∫‡À¡“ß“π¢π“¥‡≈Á°„π‡¢µ

¿Ÿ¡‘¿“§∑’Ë‰¡à¡’¡“µ√∞“π°“√µ√«® Õ∫Ωï¡◊Õ¢Õß

™à“ß‡™◊ËÕ¡ ¥—ßπ—Èπ «—µ∂ÿª√– ß§å¢Õß∫∑§«“¡π’È§◊Õ

‡æ◊ËÕπ”‡ πÕ¢âÕ¡Ÿ≈¢Õß°”≈—ß√—∫·√ß¥÷ß¢Õß√Õ¬‡™◊ËÕ¡

‰øøÑ“¢Õß·ºàπ‡À≈Á°∑’Ë∂Ÿ° ‡™◊ËÕ¡‚¥¬™à“ß ‡™◊ËÕ¡

„π®—ßÀ«—¥π§√√“™ ’¡“ ∑’Ë‰¥â®“°°“√ ÿà¡µ—«Õ¬à“ß

™à“ß‡™◊ËÕ¡®”π«π 6 √“¬ ·≈–‡ª√’¬∫‡∑’¬∫¢âÕ¡Ÿ≈

¥—ß°≈à“«°—∫°”≈—ß√—∫·√ß¥÷ß¢Õß√Õ¬‡™◊ËÕ¡∑’Ë∂Ÿ°‡™◊ËÕ¡

‚¥¬™à“ß‡™◊ËÕ¡∑’Ë‰¥â√—∫°“√µ√«® Õ∫·≈â«·≈–°”≈—ß

√—∫·√ß¥÷ß¢Õß√Õ¬‡™◊ËÕ¡∑’Ë§”π«≥®“° ¡°“√

°“√ÕÕ°·∫∫√Õ¬‡™◊ËÕ¡¢Õß«‘»«°√√¡ ∂“π·Ààß

ª√–‡∑»‰∑¬ (« ∑.) ‡æ◊ËÕÀ“Õ—µ√“ à«π§«“¡ª≈Õ¥¿—¬

¢Õß°”≈—ß√—∫·√ß¥÷ß¢Õß√Õ¬‡™◊ËÕ¡

«— ¥ÿ Õÿª°√≥å ·≈–«‘∏’°“√

„π°“√»÷°…“π’È µ—«Õ¬à“ß∑¥ Õ∫∑”¥â«¬·ºàπ‡À≈Á°

(steel plate) ∑’Ë¡’§ÿ≥ ¡∫—µ‘‡™‘ß°≈‡ªìπ‰ªµ“¡¡“µ√∞“π

¡Õ°. 55-2516 ®“°°“√∑¥ Õ∫·√ß¥÷ß (tension test)

µ“¡¡“µ√∞“π ASTM E8 æ∫«à“ ·ºàπ‡À≈Á°¡’Àπà«¬

·√ß§≈“° (yielding stress) 288.5 ‡¡°–ª“ §“≈

(2,830 ksc) ¡’Àπà«¬·√ß¥÷ß Ÿß ÿ¥ (ultimate tensile

stress) 356.8 ‡¡°–ª“ §“≈ (3,500 ksc) ·≈–¡’

‡ªÕ√å‡´Áπµå°“√¬◊¥µ—« (percent of elongation) „π

™à«ß§«“¡¬“« 50 ¡‘≈≈‘‡¡µ√ 24.5 ‡ªÕ√å‡´Áπµå ´÷Ëß

§ÿ≥ ¡∫—µ‘¢â“ßµâπ Õ¥§≈âÕß°—∫‡À≈Á°°≈â“§“√å∫Õπ

™π‘¥ A36 µ“¡¡“µ√∞“π ASTM ·ºàπ‡À≈Á°∑’Ë„™â

„π°“√»÷°…“π’Èµ—¥¡“®“°·ºàπ‡À≈Á°„π·π«∑’Ë¢π“π

°—∫·π«√’¥‡À≈Á° ‚¥¬¡’¢π“¥§«“¡¬“« 250 ¡‘≈≈‘‡¡µ√

§«“¡°«â“ß 75 ¡‘≈≈‘‡¡µ√ ·≈–§«“¡Àπ“ 6 ¡‘≈≈‘‡¡µ√

·≈– 12 ¡‘≈≈‘‡¡µ√ °“√°”Àπ¥§«“¡Àπ“¢â“ßµâππ’È

¡’®ÿ¥ª√– ß§å„Àâ§√Õ∫§≈ÿ¡§«“¡Àπ“¢Õß‡À≈Á°

‚§√ß √â“ß (structural steel) ∑’Ë¡—°„™â„πß“π°àÕ √â“ß

‚§√ß √â“ß‡À≈Á°¢π“¥‡≈Á°

≈«¥‡™◊ËÕ¡∑’Ë„™â„π°“√»÷°…“π’È ‡ªìπ≈«¥‡™◊ËÕ¡¬’ËÀâÕ

Kobe Steel ¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß 3.2 ¡‘≈≈‘‡¡µ√

‡∫Õ√å E6013 ́ ÷Ëß¡’°”≈—ß 60 ksi (413.7 ‡¡°–ª“ §“≈

À√◊Õ 4,220 ksc) ·≈–Õ¬Ÿà„π°≈ÿà¡≈«¥‡™◊ËÕ¡∑’Ë¡’√–¥—∫

§«“¡¬“°„π°“√‡™◊ËÕ¡ª“π°≈“ß§◊Õ √–¥—∫ F2 ‚¥¬

¢π“¥¢Õß°√–· ‰øøÑ“∑’Ë„™â„π°“√‡™◊ËÕ¡·≈–®”π«π

§√—Èß„π°“√‡™◊ËÕ¡‡æ◊ËÕ„Àâ‰¥â¢π“¥¢Õß√Õ¬‡™◊ËÕ¡∑’Ë

µâÕß°“√®–„Àâ™à“ß‡™◊ËÕ¡‡ªìπºŸâ°”Àπ¥µ“¡ª√– ∫°“√≥å

¢Õß™à“ß‡™◊ËÕ¡

√Ÿª·∫∫¢Õß®ÿ¥‡™◊ËÕ¡µàÕ·∫àßÕÕ°‡ªìπ 3 ª√–‡¿∑

µ“¡≈—°…≥–∑’Ë„™â¡“°„π°“√°àÕ √â“ß‚§√ß √â“ß‡À≈Á°

¢π“¥‡≈Á°§◊Õ

     1. √Õ¬‡™◊ËÕ¡·∫∫‡™◊ËÕ¡™π (butt joint) ·∫∫

square ∑’Ë‰¥â®“°°“√‡™◊ËÕ¡·∫∫∫“°√àÕß (groove weld)

     2. √Õ¬‡™◊ËÕ¡·∫∫‡™◊ËÕ¡∑“∫ (lab joint) ∑’Ë‰¥â

®“°°“√‡™◊ËÕ¡·∫∫æÕ° (fillet weld) ‚¥¬√Õ¬‡™◊ËÕ¡

Õ¬Ÿà„π·π«¢π“π°—∫·√ß¥÷ß

     3. √Õ¬‡™◊ËÕ¡‡™àπ‡¥’¬«°—∫¢âÕ 2. ·µà√Õ¬‡™◊ËÕ¡

Õ¬Ÿà„π·π«µ—Èß©“°°—∫·√ß¥÷ß

¥—ß√“¬≈–‡Õ’¬¥∑’Ë· ¥ß„π√Ÿª∑’Ë 1 ‚¥¬∑’Ë L = 30

¡‘≈≈‘‡¡µ√  ”À√—∫·ºàπ‡À≈Á°Àπ“ 6 ¡‘≈≈‘‡¡µ√ ·≈–

50 ¡‘≈≈‘‡¡µ√  ”À√—∫·ºàπ‡À≈Á°Àπ“ 12 ¡‘≈≈‘‡¡µ√

‚¥¬°“√‡™◊ËÕ¡·∫∫∫“°√àÕß∂Ÿ°°”Àπ¥„Àâ√Õ¬‡™◊ËÕ¡

¡’§«“¡Àπ“‡∑à“°—∫§«“¡Àπ“¢Õß·ºàπ‡À≈Á°·≈–

°“√‡™◊ËÕ¡·∫∫æÕ°∂Ÿ°°”Àπ¥„Àâ√Õ¬‡™◊ËÕ¡¡’¢π“¥

‡∑à“°—∫§«“¡Àπ“¢Õß·ºàπ‡À≈Á° ‚¥¬„™â°”≈—ß√—∫·√ß¥÷ß

 Ÿß ÿ¥¢Õß·ºàπ‡À≈Á°‡∑à“°—∫ 356.8 ‡¡°–ª“ §“≈ ·≈–

°”≈—ß√—∫·√ß¥÷ß·≈–°”≈—ß√—∫·√ß‡©◊Õπ¢Õß√Õ¬‡™◊ËÕ¡

‡∑à“°—∫ 413.7 ‡¡°–ª“ §“≈ ·≈–°“√«‘‡§√“–Àå·≈–

ÕÕ°·∫∫ æ∫«à“ ¢π“¥·≈–§«“¡¬“«¢Õß√Õ¬‡™◊ËÕ¡

¢â“ßµâπ‰¥â∂Ÿ°ÕÕ°·∫∫„Àâ¡’°”≈—ß‰¡à‡°‘π°”≈—ß Ÿß ÿ¥

¢Õß·ºàπ‡À≈Á°

°“√‡°Á∫µ—«Õ¬à“ß∑¥ Õ∫®–°√–∑”‚¥¬°“√
ÕÕ° ”√«®·≈– —¡¿“…≥å ∂“πª√–°Õ∫°“√∑’Ë
∑”∏ÿ√°‘®√—∫‡À¡“°àÕ √â“ß‚§√ß √â“ß‡À≈Á°¢π“¥‡≈Á°
„π‡¢µÕ”‡¿Õ‡¡◊Õß ®—ßÀ«—¥π§√√“™ ’¡“ ®”π«π 6 ·Ààß
¥—ß√“¬≈–‡Õ’¬¥∑’Ë· ¥ß„πµ“√“ß∑’Ë 1 ‚¥¬ √ÿª·≈â«
„π°“√»÷°…“π’È ™à“ß‡™◊ËÕ¡¡’ª√– ∫°“√≥å„π°“√∑”ß“π
Õ¬Ÿà√–À«à“ß 9-13 ªï ‚¥¬§√÷ËßÀπ÷Ëß‡√’¬π®∫®“°‚√ß‡√’¬π

‡∑§π‘§∑’Ë¡’°“√Ωñ°ªØ‘∫—µ‘°“√¥â“π°“√‡™◊ËÕ¡‰øøÑ“·≈–
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Õ’°§√÷ËßÀπ÷Ëß»÷°…“°“√‡™◊ËÕ¡‰øøÑ“®“°™à“ß‡™◊ËÕ¡√ÿàπæ’Ë

™à“ß‡™◊ËÕ¡®“° ∂“πª√–°Õ∫°“√·µà≈–·Ààß®–

∑”°“√‡™◊ËÕ¡ 3 √Ÿª·∫∫ ‚¥¬·µà≈–√Ÿª·∫∫®–¡’

2 §«“¡Àπ“ µ“¡∑’Ë‰¥â°≈à“«‰ª·≈â«¢â“ßµâπ ·≈–

§«“¡Àπ“≈– 3 µ—«Õ¬à“ß ·≈–‡æ◊ËÕ‡ªìπ°“√‡ª√’¬∫

‡∑’¬∫Õâ“ßÕ‘ß„π°“√»÷°…“π’È¬—ß‰¥â‡°Á∫µ—«Õ¬à“ß∑¥ Õ∫

∑’Ë∂Ÿ°‡™◊ËÕ¡‚¥¬™à“ß‡™◊ËÕ¡¢Õß∫√‘…—∑ Slot-Nankai ®”°—¥

´÷Ëß‡ªìπ∫√‘…—∑√—∫‡À¡“ß“π‡™◊ËÕ¡‚§√ß √â“ß¢π“¥„À≠à

‚¥¬‡©æ“–∑àÕ·≈–∂—ß¢π“¥°≈“ß∂÷ß„À≠à ‚¥¬

æπ—°ß“π‡™◊ËÕ¡¢Õß∫√‘…—∑‰¥â√—∫°“√Õ∫√¡·≈–

µ√«® Õ∫Ωï¡◊Õ·≈â«Õ’° 1 ™ÿ¥ √«¡µ—«Õ¬à“ß∑¥ Õ∫

∑’Ë„™â„π°“√»÷°…“π’È∑—Èß ‘Èπ 126 µ—«Õ¬à“ß∑¥ Õ∫

     µ—«Õ¬à“ß∑¥ Õ∫∑—ÈßÀ¡¥®–∂Ÿ°‡°Á∫√—°…“‰«â„π

 ¿“æ·«¥≈âÕ¡¢ÕßÀâÕßªØ‘∫—µ‘°“√∑¥ Õ∫«— ¥ÿ

¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’ ÿ√π“√’ ‚¥¬µ—«Õ¬à“ß∑¥ Õ∫

∂Ÿ°∑¥ Õ∫À“°”≈—ß√—∫·√ß¥÷ß¢Õß√Õ¬‡™◊ËÕ¡‚¥¬„™â

‡§√◊ËÕß∑¥ Õ∫ Universal Testing Machine (UTM)

¢π“¥ 2,000 kN ·≈–¡’Õÿª°√≥å‡°Á∫¢âÕ¡Ÿ≈¢Õß·√ß¥÷ß

·≈–°“√¬◊¥µ—«¢Õßµ—«Õ¬à“ß∑¥ Õ∫‚¥¬„™â§Õ¡æ‘«‡µÕ√å

√Ÿª∑’Ë 2 · ¥ß√“¬≈–‡Õ’¬¥¢Õß‡§√◊ËÕß¡◊Õ∑¥ Õ∫

·≈–°“√µ‘¥µ—Èßµ—«Õ¬à“ß∑¥ Õ∫ „π°“√∑¥ Õ∫

µ—«Õ¬à“ß∑¥ Õ∫√Õ¬‡™◊ËÕ¡√Ÿª·∫∫∑’Ë 1 dial gage

∂Ÿ°π”¡“µ‘¥µ—Èßµ“¡√Ÿª‡æ◊ËÕµ√«® Õ∫°“√‡ª≈’Ë¬π·ª≈ß

√Ÿª√à“ß¢Õß√Õ¬‡™◊ËÕ¡

Figure 1. Details of the welded connections used in this study.

Figure 2. Univeresal Testing Machine and test set-up for type 1 welded connections specimen.
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Table 1. Details of welders and specimens, averaged tensile strength, and factor of safety of
welded connections.

Welder

no.

Experience

(years)

Weld pattern-

plate thickness

(mm)

1-6

1-12

2-6

2-12

3-6

3-12

1-6

1-12

2-6

2-12

3-6

3-12

1-6

1-12

2-6

2-12

3-6

3-12

1-6

1-12

2-6

2-12

3-6

3-12

1-6

1-12

2-6

2-12

3-6

3-12

Averged tensile

streng th (kN)

100.5

140.9

113.9

160.6

148.9

227.3

87.1

180.2

92.1

137.3

134.3

212.8

125.4

257.6

122.8

223.0

163.6

244.1

110.1

147.7

114.3

161.4

167.3

270.2

14.3

215.8

115.8

132.3

156.4

181.0

tensile strength /

welding length

(kN/cm)

21.92

32.49

5.58

8.25

7.63

11.77

20.14

37.73

4.68

6.52

7.02

12.02

24.46

51.33

6.15

11.34

7.82

12.45

21.05

32.66

5.60

8.55

8.15

14.87

23.37

50.49

5.74

6.73

8.04

9.21

Factor of

safety

3.01

2.11

3.59

3.04

4.70

4.30

2.61

2.70

2.90

2.60

4.24

4.03

3.76

3.86

3.87

4.22

5.16

4.62

3.30

2.21

3.60

3.05

5.28

5.11

3.42

3.23

3.65

2.50

4.93

3.42

1

2

3

4

5

10

9

13

11

13
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Table 1. Details of welders and specimens, averaged tensile strength, and factor of safety of
welded connections. (Continued)

welder

No.

Experience

(years)

welding pattern-

plate thickness

(mm)

1-6

1-12

2-6

2-12

3-6

3-12

1-6

1-12

2-6

2-12

3-6

3-12

Averaged tensile

strength (kN)

97.5

137.7

104.7

164.1

117.3

137.3

126.3

321.9

109.7

156.5

180.8

225.1

tensile strength /

welding length

(kN/cm)

20.94

31.52

5.42

8.84

6.16

7.27

24.21

66.25

5.63

7.88

9.21

11.66

Factor of

safety

2.92

2.06

3.30

3.11

3.70

2.60

3.78

4.82

3.46

2.96

5.70

4.26

º≈°“√«‘®—¬·≈–°“√Õ¿‘ª√“¬º≈

æƒµ‘°√√¡°“√√—∫·√ß¥÷ß·≈–≈—°…≥–°“√«‘∫—µ‘¢Õß

µ—«Õ¬à“ß∑¥ Õ∫

®“°°“√∑¥ Õ∫æ∫«à“ æƒµ‘°√√¡°“√√—∫·√ß¥÷ß

¢Õßµ—«Õ¬à“ß∑¥ Õ∫¢÷ÈπÕ¬Ÿà°—∫√Ÿª·∫∫¢Õß√Õ¬‡™◊ËÕ¡

¥—ß∑’Ë· ¥ß„π√Ÿª∑’Ë 3-5 ´÷Ëß· ¥ß§«“¡ —¡æ—π∏å

√–À«à“ß·√ß¥÷ß·≈–√–¬–¬◊¥µ—«¢Õßµ—«Õ¬à“ß∑¥ Õ∫

∑’Ë¡’§«“¡Àπ“ 6 ¡‘≈≈‘‡¡µ√ „π°“√»÷°…“π’È°”Àπ¥

„Àâ√–¬–®—∫µ—«Õ¬à“ß∑¥ Õ∫¢Õß‡§√◊ËÕß UTM ¡’§à“

‡∑à“°—∫ 200 ¡‘≈≈‘‡¡µ√ ‡∑à“°—π∑ÿ°µ—«Õ¬à“ß∑¥ Õ∫

‚¥¬√–¬–¬◊¥µ—«¢Õßµ—«Õ¬à“ß∑¥ Õ∫‡ªìπ√–¬–∑’Ë

loading head ‡§≈◊ËÕπµ—« ®“°√Ÿª‡√“®–‡ÀÁπ‰¥â«à“

µ—«Õ¬à“ß∑¥ Õ∫¡’æƒµ‘°√√¡°“√√—∫·√ß¥÷ß∑’Ë Õ¥§≈âÕß

°—∫æƒµ‘°√√¡¢Õß«— ¥ÿ‡Àπ’¬« (ductile behavior)

∑—Èß„π°√≥’¢Õß·ºàπ‡À≈Á°Àπ“ 6 ¡‘≈≈‘‡¡µ√ ·≈–

12 ¡‘≈≈‘‡¡µ√ °≈à“«§◊Õ √Õ¬‡™◊ËÕ¡®–√—∫·√ß¥÷ß‚¥¬¡’

§«“¡ —¡æ—π∏å√–À«à“ß·√ß¥÷ß·≈–√–¬–°“√¬◊¥µ—«

„π√Ÿª·∫∫‡™‘ß‡ âπµ√ß (linear) „π™à«ß·√°ª√–¡“≥

75 - 90 ‡ªÕ√å‡´Áπµå¢Õß°”≈—ß√—∫·√ß¥÷ß Ÿß ÿ¥ ®“°π—Èπ

§«“¡ —¡æ—π∏å√–À«à“ß·√ß¥÷ß·≈–√–¬–¬◊¥µ—«®–§àÕ¬ Ê

¡’§«“¡™—π≈¥≈ßÕ¬à“ß√«¥‡√Á« ®π°√–∑—ËßÕ¬Ÿà„π·π«πÕπ

‡¡◊ËÕ√Õ¬‡™◊ËÕ¡√—∫·√ß¥÷ß Ÿß ÿ¥ ‚¥¬„π™à«ß∑’Ë Õßπ’È

°“√¬◊¥µ—«¢Õß√Õ¬‡™◊ËÕ¡®–‡°‘¥¢÷ÈπÕ¬à“ß¡“°¢≥–∑’Ë

·√ß¥÷ß¡’Ë§à“‡æ‘Ë¡¢÷ÈππâÕ¬¡“° æƒµ‘°√√¡≈—°…≥–π’È

‡°‘¥®“°°“√∑’Ë√Õ¬‡™◊ËÕ¡‡°‘¥°“√§≈“° (yielding) ·≈–

„π™à«ß ÿ¥∑â“¬ ‡¡◊ËÕ√Õ¬‡™◊ËÕ¡‡√‘Ë¡¡’°“√·µ°√â“« °”≈—ß

√—∫·√ß¥÷ß¢Õßµ—«Õ¬à“ß∑¥ Õ∫®–≈¥≈ßÕ¬à“ß√«¥‡√Á«

‚¥¬∑’Ë°“√¬◊¥µ—«‡°‘¥¡“°¢÷ÈπÕ¬à“ß√«¥‡√Á« ®π°√–∑—Ëß

‡°‘¥°“√·µ°À—° (fracture) ∑’Ë√Õ¬‡™◊ËÕ¡ ‚¥¬∑—Ë«‰ª·≈â«

µ—«Õ¬à“ß∑¥ Õ∫∑’ËÀπ“ 12 ¡‘≈≈‘‡¡µ√ ®–¡’√–¬–¬◊¥µ—«

∑’Ë®ÿ¥«‘∫—µ‘µË”°«à“µ—«Õ¬à“ß∑¥ Õ∫∑’ËÀπ“ 6 ¡‘≈≈‘‡¡µ√

¡“° ́ ÷Ëß· ¥ß∂÷ßæƒµ‘°√√¡¢Õß√Õ¬‡™◊ËÕ¡·∫∫‡ª√“–

(brittle)  “‡Àµÿ∑’Ë√Õ¬‡™◊ËÕ¡¢π“¥ 12 ¡‘≈≈‘‡¡µ√

¡’æƒµ‘°√√¡¥—ß°≈à“«πà“®–¡“®“°§«“¡‰¡à ¡∫Ÿ√≥å

¢Õß√Õ¬‡™◊ËÕ¡¢π“¥ 12 ¡‘≈≈‘‡¡µ√ ∑’Ë¡’¡“°°«à“

6 10

7 6



121«“√ “√‡∑§‚π‚≈¬’ ÿ√π“√’ ªï∑’Ë 11 ©∫—∫∑’Ë 2, ‡¡…“¬π-¡‘∂ÿπ“¬π 2547

√Õ¬‡™◊ËÕ¡¢π“¥ 6 ¡‘≈≈‘‡¡µ√ ÷́Ëßæ∫‰¥â®“°°“√

 —ß‡°µ√Õ¬·µ°√â“«¢Õß√Õ¬‡™◊ËÕ¡ πÕ°®“°π—Èπ·≈â«

µ—«Õ¬à“ß∑¥ Õ∫∑’Ë¡’√Õ¬‡™◊ËÕ¡·∫∫∑’Ë 3 ®–¡’°“√

≈¥≈ß¢Õß°”≈—ß∑’Ë√«¥‡√Á«¡“°°àÕπ∂÷ß®ÿ¥·µ°À—° ¥—ß∑’Ë

· ¥ß„π°√“ø√Ÿª∑’Ë 5 ́ ÷Ëßπà“®–‡°‘¥®“°°“√∑’Ë√Õ¬‡™◊ËÕ¡

¡’°“√«‘∫—µ‘∑’Ë‡°‘¥¢÷Èπæ√âÕ¡°—πµ≈Õ¥·π«§«“¡¬“«

¢Õß√Õ¬‡™◊ËÕ¡·≈–°“√∑’Ë√Õ¬‡™◊ËÕ¡‡ªìπ·∫∫æÕ° (fillet

weld) ∑’Ë¡’°“√∂à“¬·√ß®“°·ºàπ‡À≈Á°·ºàπÀπ÷Ëß‰ª¬—ß

·ºàπ‡À≈Á°Õ’°·ºàπÀπ÷Ëß‚¥¬„™â°”≈—ß√—∫·√ß‡©◊Õπ¢Õß

√Õ¬‡™◊ËÕ¡

Figure 3. Tensile force-elongation relationship of type 1 welded connection specimen with
6 mm thickness.

Figure 4. Tensile force-elongation relationship of type 2 welded connection specimen with
6 mm thickness.

Figure 5. Tensile force-elongation relationship of type 3 welded connection specimen with
6 mm thickness.
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     √Ÿª∑’Ë 6 · ¥ßµ—«Õ¬à“ß¢Õß≈—°…≥–°“√«‘∫—µ‘

¢Õßµ—«Õ¬à“ß∑¥ Õ∫∑—Èß “¡√Ÿª·∫∫ ®“°°“√ —ß‡°µ

¢≥–∑¥ Õ∫æ∫«à“ °“√«‘∫—µ‘¢Õß√Õ¬‡™◊ËÕ¡·∫∫∑’Ë 1

®–‡√‘Ë¡®“°¢Õ∫πÕ°¢Õß√Õ¬‡™◊ËÕ¡‚¥¬¡’°“√‡ª≈’Ë¬π

·ª≈ß√Ÿª√à“ß∑’Ë Ÿß‡¡◊ËÕ‡∑’¬∫°—∫√Õ¬‡™◊ËÕ¡¥â“π„π

´÷Ëßπà“®–‡°‘¥®“°°“√∑’Ë∫√‘‡«≥¥—ß°≈à“«¡’ stress

concentration ‡°‘¥¢÷Èπ Ÿß°«à“ ·≈–°“√«‘∫—µ‘®–‡°‘¥¢÷Èπ

∑’Ë∫√‘‡«≥π’È°àÕπ ®“°π—Èπ ∫√‘‡«≥°÷Ëß°≈“ß¢Õß√Õ¬‡™◊ËÕ¡

®–¡’°“√«‘∫—µ‘‡°‘¥¢÷Èπ∑’Ë√Õ¬µàÕ√–À«à“ß·ºàπ‡À≈Á°·≈–

√Õ¬‡™◊ËÕ¡„π≈—°…≥–¢Õß°“√‡°‘¥ necking ‚¥¬¡’

√–π“∫∑”¡ÿ¡ 45 Õß»“°—∫√–π“∫¢Õß·ºàπ‡À≈Á°

®π°√–∑—Ëß·ºàπ‡À≈Á°∑—Èß Õß·¬°µ—«ÕÕ°®“°°—π

¥—ß∑’Ë· ¥ß„π√Ÿª∑’Ë 6 (a) „π°√≥’¢Õßµ—«Õ¬à“ß∑¥ Õ∫

·∫∫∑’Ë 2 °“√«‘∫—µ‘¢Õßµ—«Õ¬à“ß®–‡°‘¥¢÷Èπ∑’Ë√Õ¬‡™◊ËÕ¡

„π≈—°…≥–°“√§≈“°¢Õß√Õ¬‡™◊ËÕ¡‡π◊ËÕß®“°·√ß‡©◊Õπ

‡π◊ËÕß®“°√Õ¬‡™◊ËÕ¡æÕ°¡’°”≈—ß√—∫·√ß‡©◊Õπ∑’ËµË”

‡¡◊ËÕ‡∑’¬∫°—∫°”≈—ß√—∫·√ß¥÷ß·≈–°”≈—ß√—∫·√ß°¥Õ—¥

‚¥¬®–‡√‘Ë¡∑’Ë∫√‘‡«≥®ÿ¥∑’Ëª≈“¬¢Õß·ºàπ‡À≈Á°∑—Èß Õß

™π°—π ÷́Ëß‡ªìπ®ÿ¥°÷Ëß°≈“ß§«“¡¬“«¢Õß√Õ¬‡™◊ËÕ¡

¥—ß°≈à“« ®“°π—Èπ °“√«‘∫—µ‘®–¢¬“¬µ—«ÕÕ°¡“∑’Ëª≈“¬

¢Õß√Õ¬‡™◊ËÕ¡¥â“ππÕ° ¥—ß∑’Ë· ¥ß„π√Ÿª∑’Ë 6 (b)

‚¥¬∑’Ë√Õ¬·µ°√â“«∫π√Õ¬‡™◊ËÕ¡®–¡’§«“¡Àπ“∑’Ë‰¡à

 ¡Ë”‡ ¡Õ „π°√≥’¢Õßµ—«Õ¬à“ß∑¥ Õ∫·∫∫∑’Ë 3 °“√

«‘∫—µ‘‡°‘¥¢÷Èπ∑’Ë√Õ¬‡™◊ËÕ¡ ¥—ß∑’Ë· ¥ß„π√Ÿª∑’Ë 6 (c) ‚¥¬

√Õ¬·µ°®–∑”¡ÿ¡ 45 Õß»“°—∫√–π“∫¢Õß·ºàπ‡À≈Á°

‡π◊ËÕß®“°√Õ¬‡™◊ËÕ¡æÕ°¡’°”≈—ß√—∫·√ß‡©◊Õπ∑’ËµË”

‡¡◊ËÕ‡∑’¬∫°—∫°”≈—ß√—∫·√ß¥÷ß·≈–°”≈—ß√—∫·√ß°¥Õ—¥

√Õ¬·µ°¥—ß°≈à “«¡’§«“¡Àπ“¢Õß√Õ¬·µ°∑’Ë

§àÕπ¢â“ß ¡Ë”‡ ¡Õ·≈–‡°‘¥¢÷Èπæ√âÕ¡°—πµ≈Õ¥§«“¡

¬“«¢Õß√Õ¬‡™◊ËÕ¡ ÷́Ëß‡ªìπ‰ªµ“¡∑ƒ…Ø’∑’Ë„™â„π°“√

ÕÕ°·∫∫√Õ¬‡™◊ËÕ¡

     ®“°°“√æ‘®“√≥“°√“ø§«“¡ —¡æ—π∏å√–À«à“ß

·√ß¥÷ß·≈–√–¬–¬◊¥µ—«¢Õßµ—«Õ¬à“ß∑¥ Õ∫·≈–

≈—°…≥–°“√«‘∫—µ‘æ∫«à“ µ—«Õ¬à“ß∑¥ Õ∫∫“ß à«π

¡’æƒµ‘°√√¡°“√√—∫·√ß¥÷ß·≈–≈—°…≥–°“√«‘∫—µ‘∑’Ë

·µ°µà“ß®“°µ—«Õ¬à“ß∑¥ Õ∫‚¥¬ à«π„À≠à ‚¥¬

µ—«Õ¬à“ß∑¥ Õ∫¥—ß°≈à“«®–¡’°“√«‘∫—µ‘∑’Ë§à“·√ß¥÷ß

·≈–√–¬–¬◊¥µ—«∑’Ë§àÕπ¢â“ßµË” ·≈–®“°°“√æ‘®“√≥“

≈—°…≥–°“√·µ°√â“«æ∫«à“

     1. „π°√≥’¢Õß√Õ¬‡™◊ËÕ¡·∫∫∑’Ë 1 µ—«Õ¬à“ß

∑¥ Õ∫¥—ß°≈à“«¡—°®–¡’√Õ¬‡™◊ËÕ¡∑’Ë‰¡à‡µÁ¡Àπâ“µ—¥

¢Õß·ºàπ‡À≈Á° ‚¥¬‡©æ“–„πµ—«Õ¬à“ß∑¥ Õ∫∑’Ë¡’

§«“¡Àπ“ 12 ¡‘≈≈‘‡¡µ√ ´÷Ëß¡’§«“¡¬“°„π°“√‡™◊ËÕ¡

„Àâ‡µÁ¡Àπâ“µ—¥¢Õß√Õ¬‡™◊ËÕ¡µàÕ

     2. „π°√≥’¢Õß√Õ¬‡™◊ËÕ¡·∫∫∑’Ë 2 µ—«Õ¬à“ß

∑¥ Õ∫¥—ß°≈à“«¡—°®–¡’°“√«‘∫—µ‘‚¥¬∑’Ë·ºàπª√–°—∫

®–µ‘¥°—∫µ—«Õ¬à“ß∑¥ Õ∫¢â“ß≈–Õ—π ‡π◊ËÕß®“°√Õ¬‡™◊ËÕ¡

∑’Ë‰¡à ¡Ë”‡ ¡ÕÀ√◊Õ°“√«“ß·ºàπ‡À≈Á°„π¢≥–‡™◊ËÕ¡

∑’Ë‡¬◊ÈÕß»Ÿπ¬å ∑”„Àâ√Õ¬‡™◊ËÕ¡√—∫·√ß‰¡à‡∑à“°—π

´÷Ëßªí≠À“¥—ß°≈à“«‡°’Ë¬«¢âÕß°—∫«‘∏’°“√‡™◊ËÕ¡·≈–

‡∑§π‘§°“√‡™◊ËÕ¡¢Õß™à“ß‡™◊ËÕ¡‡ªìπÀ≈—° πÕ°®“°

π—Èπ·≈â« ¬—ßæ∫Õ’°«à“ ∫“ß à«π¢Õßµ—«Õ¬à“ß∑¥ Õ∫

¢â“ßµâπ¡’§«“¡æ√ÿπ∑’Ë√Õ¬·µ°√â“« ÷́Ëß‡°‘¥®“°°“√∑’Ë

™à“ß‡™◊ËÕ¡„™â°√–· ‰øøÑ“„π°“√‡™◊ËÕ¡∑’Ë Ÿß‡°‘π‰ª

Figure 6.  Typical mode of failure of welded connection specimens.

(a) welding pattern 1
(b) welding pattern 2
(c) welding pattern 3
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À√◊Õ°“√„Àâ√–¬–™àÕß«à“ß¢Õß·ºàπ‡À≈Á°¡“°‡°‘π‰ª

·≈–¡’‡»… slag ∑’Ë√Õ¬·µ°√â“« ÷́Ëß‡°‘¥®“°°“√∑’Ë

™à“ß‡™◊ËÕ¡∑”„Àâ√Õ¬‡™◊ËÕ¡‡¬Áπµ—«√«¥‡√Á«¡“°‡°‘π‰ª

∑”„Àâ‡°‘¥°“√‡°Á∫‡»… slag ‰«â¿“¬„π√Õ¬‡™◊ËÕ¡°àÕπ

∑’Ë‡»… slag ®–≈Õ¬¢÷Èπ∂÷ßº‘«Àπâ“¢Õß√Õ¬‡™◊ËÕ¡ (Larry,

1992)

°”≈—ß√—∫·√ß¥÷ß¢Õß√Õ¬‡™◊ËÕ¡

µ“√“ß∑’Ë 1 · ¥ß§à“°”≈—ß√—∫·√ß¥÷ß‡©≈’Ë¬

(averaged tensile strength) ¢Õß√Õ¬‡™◊ËÕ¡ °”≈—ß√—∫

·√ß¥÷ßµàÕ§«“¡¬“«¢Õß√Õ¬‡™◊ËÕ¡ ·≈–Õ—µ√“ à«π

ª≈Õ¥¿—¬ (factor of safety) ‡∑’¬∫°—∫ ¡°“√ÕÕ°·∫∫

√Õ¬‡™◊ËÕ¡µàÕ¢Õß«‘»«°√√¡ ∂“π·Ààßª√–‡∑»‰∑¬

¢Õß√Õ¬‡™◊ËÕ¡·µà≈–√Ÿª·∫∫ ·≈–µ“√“ß∑’Ë 2 · ¥ß

§à“°”≈—ß√—∫·√ß¥÷ß Ÿß ÿ¥‡©≈’Ë¬ §à“‡∫’Ë¬ß‡∫π¡“µ√∞“π

(standard deviation) ·√ß¥÷ß Ÿß ÿ¥µ“¡ ¡°“√

ÕÕ°·∫∫¢Õß « ∑. ·≈–Õ—µ√“ à«πª≈Õ¥¿—¬‡©≈’Ë¬

¢Õß√Õ¬‡™◊ËÕ¡√Ÿª·∫∫µà“ß Ê ¢Õß™à“ß‡™◊ËÕ¡„π®—ßÀ«—¥

π§√√“™ ’¡“∑’Ë∂Ÿ° ÿà¡µ—«Õ¬à“ß

®“°µ“√“ß∑’Ë 1 æ∫«à“ ∂â“·ºàπ‡À≈Á°¡’§«“¡

Àπ“‡∑à“°—π·≈–™à“ß‡™◊ËÕ¡‡ªìπ∫ÿ§§≈‡¥’¬«°—π·≈â«

°”≈—ß√—∫·√ß¥÷ß Ÿß ÿ¥µàÕ§«“¡¬“«¢Õß√Ÿª·∫∫°“√

‡™◊ËÕ¡∑’Ë 1 ®–¡’§à“ Ÿß°«à“°”≈—ß√—∫·√ß¥÷ß Ÿß ÿ¥¢Õß

√Õ¬‡™◊ËÕ¡·∫∫∑’Ë 2 ·≈–·∫∫∑’Ë 3 ‚¥¬‡©≈’Ë¬ª√–¡“≥

4 ·≈– 2.9 ‡∑à“ µ“¡≈”¥—∫ ´÷Ëß‡°‘¥®“°°“√∑’Ë√Õ¬

‡™◊ËÕ¡·∫∫∑’Ë 1 √Õß√—∫·√ß¥÷ß‚¥¬µ√ß ¢≥–∑’Ë√Õ¬‡™◊ËÕ¡

·∫∫∑’Ë 2 ·≈– 3 ®–√Õß√—∫·√ß‡©◊Õπ∑’Ë∂à“¬¡“®“°

·ºàπ‡À≈Á°¡“¬—ß·ºàπ‡À≈Á°ª√–°—∫ ´÷Ëß√Õ¬‡™◊ËÕ¡æÕ°

¥—ß°≈à“«¡’°”≈—ß√—∫·√ß‡©◊Õπ∑’ËµË” ‡¡◊ËÕ‡∑’¬∫°—∫°”≈—ß

√—∫·√ß¥÷ß·≈–°”≈—ß√—∫·√ß°¥Õ—¥ πÕ°®“°π—Èπ·≈â«

√Õ¬‡™◊ËÕ¡·∫∫∑’Ë 3 ¡’°”≈—ß√—∫·√ß¥÷ß Ÿß ÿ¥µàÕ

§«“¡¬“« Ÿß°«à“√Õ¬‡™◊ËÕ¡·∫∫∑’Ë 2 ‡π◊ËÕß®“°√Õ¬‡™◊ËÕ¡

·∫∫∑’Ë 3 √Õß√—∫·√ß‡©◊Õπæ√âÕ¡°—πµ≈Õ¥·π«‡™◊ËÕ¡

Õ¬à“ß ¡Ë”‡ ¡Õ¡“°°«à“„π√Õ¬‡™◊ËÕ¡·∫∫∑’Ë 2 ´÷Ëß

∑”„Àâ¡“µ√∞“π°“√ÕÕ°·∫∫°”Àπ¥„Àâ∑”°“√

‡™◊ËÕ¡Õÿâ¡¡ÿ¡ (end returns) „π°√≥’√Õ¬‡™◊ËÕ¡¥—ß°≈à“«

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°”≈—ß√—∫·√ß¥÷ß Ÿß ÿ¥‡©≈’Ë¬

¢Õß™à“ß‡™◊ËÕ¡√“¬∑’Ë 1 ∂÷ß 6 °—∫™à“ß‡™◊ËÕ¡√“¬∑’Ë 7

∑’Ë„™â‡ªìπ™à“ß‡™◊ËÕ¡Õâ“ßÕ‘ß æ∫«à“ µ—«Õ¬à“ß∑¥ Õ∫∑’Ë

∂Ÿ°‡™◊ËÕ¡‚¥¬™à“ß‡™◊ËÕ¡√“¬∑’Ë 7 ¡’§«“¡·µ°µà“ß¢Õß

°”≈—ß√—∫·√ß¥÷ß¢Õß√Õ¬‡™◊ËÕ¡¢Õß·µà≈–µ—«Õ¬à“ß

∑¥ Õ∫∑’Ë§àÕπ¢â“ßµË”¡“° ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫„π

°√≥’¢Õß™à“ß‡™◊ËÕ¡√“¬∑’Ë 1 ∂÷ß 6 ÷́Ëß· ¥ß„Àâ‡ÀÁπ«à“

°“√∑’Ë™à“ß‡™◊ËÕ¡‰¥âºà“π¡“µ√∞“π°“√‡™◊ËÕ¡®–∑”„Àâ

™à“ß‡™◊ËÕ¡¡’Ωï¡◊Õ·≈–‡∑§π‘§„π°“√‡™◊ËÕ¡∑’Ë¥’·≈–‰¥â

√Õ¬‡™◊ËÕ¡∑’Ë¡’°”≈—ß√—∫·√ß¥÷ß∑’Ë ¡Ë”‡ ¡Õ πÕ°®“°

π—Èπ·≈â« ®“°µ“√“ß∑’Ë 2 æ∫«à“ Õ—µ√“ à«π¢Õß

§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß°”≈—ß√—∫·√ß¥÷ßµàÕ°”≈—ß

√—∫·√ß¥÷ß‡©≈’Ë¬¢Õßµ—«Õ¬à“ß∑¥ Õ∫‚¥¬™à“ß‡™◊ËÕ¡√“¬∑’Ë

1 ∂÷ß 6 ¡’§à“§àÕπ¢â“ß Ÿß§◊Õ Õ¬Ÿà√–À«à“ß 10.8

‡ªÕ√å‡´Áπµå ∂÷ß 26.1 ‡ªÕ√å‡´Áπµå ´÷Ëß· ¥ß„Àâ‡ÀÁπ«à“

™à“ß‡™◊ËÕ¡·µà≈–√“¬„π®—ßÀ«—¥π§√√“™ ’¡“ ¡’Ωï¡◊Õ„π

°“√‡™◊ËÕ¡µ—«Õ¬à“ß∑¥ Õ∫∑’Ë·µ°µà“ß°—π§àÕπ¢â“ß¡“°

Table 2. Averaged tensile strength, standard deviation, predicted tensile strength by using
 EIT design equations, and averaged factor of safety of welded connections by the
 welded in Nakhon Ratchasima.

welding pattern - plate thickness

Averaged Tensile strength, σult (kN)

standard deviation, Sx (kN)

(Sx /σult ) 100, %

Predicted tensile strength by using EIT design equations(kN)

Averaged factor of safety

3/12

210.2

47.2

22.4

52.85

4

1/6

110.1

21.2

19.2

33.38

3.3

1/12

180

47

26.1

66.75

2.7

2/6

110.6

11.9

10.8

31.71

3.5

2/12

163.1

32.3

19.8

52.85

3.1

3/6

147.5

21.8

14.8

31.71

4.7
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     ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫Õ—µ√“ à«πª≈Õ¥¿—¬¢Õß

√Õ¬‡™◊ËÕ¡∑’Ë‰¥â®“°°“√À“√§à“°”≈—ß√—∫·√ß¥÷ß∑’Ë

∑¥ Õ∫‰¥â°—∫§à “∑’Ë §”π«≥‰¥â‚¥¬„™â ¡°“√

ÕÕ°·∫∫√Õ¬‡™◊ËÕ¡¢Õß « ∑. ¥—ß∑’Ë· ¥ß„πµ“√“ß

∑’Ë 1 ·≈–µ“√“ß∑’Ë 2 æ∫«à“ √Õ¬‡™◊ËÕ¡·∫∫∑’Ë 2 ·≈–

·∫∫∑’Ë 3 ∑’Ë∂Ÿ°‡™◊ËÕ¡‚¥¬™à“ß‡™◊ËÕ¡„π®—ßÀ«—¥

π§√√“™ ’¡“ ‚¥¬ à«π„À≠à (ª√–¡“≥ 70 ‡ªÕ√å‡´Áπµå

¢Õßµ—«Õ¬à“ß∑¥ Õ∫∑—ÈßÀ¡¥) ¡’§à“Õ—µ√“ à«πª≈Õ¥¿—¬

¡“°°«à“ 3.33 ́ ÷Ëß‡ªìπ‡°≥±å¢Õß « ∑. Õ¬à“ß‰√°Áµ“¡

‡¡◊ËÕ·ºàπ‡À≈Á°∑’Ë‡™◊ËÕ¡µàÕ¡’§«“¡Àπ“ 12 ¡‘≈≈‘‡¡µ√

·≈â«§à“Õ—µ√“ à«πª≈Õ¥¿—¬∑’Ë§”π«≥‰¥â®–µË”°«à“

‡¡◊ËÕ·ºàπ‡À≈Á°∑’Ë‡™◊ËÕ¡µàÕ¡’§«“¡Àπ“ 6 ¡‘≈≈‘‡¡µ√

‚¥¬‡©æ“–„π√Õ¬‡™◊ËÕ¡·∫∫∑’Ë 1 ·≈–·∫∫∑’Ë 2 ∑’Ë¡’

§à“Õ—µ√“ à«πª≈Õ¥¿—¬‡©≈’Ë¬‚¥¬√«¡‡∑à“°—∫ 2.7

·≈– 3.1 µ“¡≈”¥—∫ ´÷Ëßπà“®–‡°‘¥®“°°“√∑’Ë√Õ¬‡™◊ËÕ¡

¢Õß·ºàπ‡À≈Á°¢“¥§«“¡ ¡∫Ÿ√≥å‡π◊ËÕß®“°°“√‡™◊ËÕ¡

‰¡à‡µÁ¡Àπâ“µ—¥¢Õß·ºàπ‡À≈Á°·≈–°“√‡°‘¥√Õ¬æ√ÿπ

„π√Õ¬‡™◊ËÕ¡

∫∑ √ÿª

®“°°“√»÷°…“°”≈—ß√—∫·√ß¥÷ß¢Õß√Õ¬‡™◊ËÕ¡·∫∫µà“ß Ê

‚¥¬∑”°“√§«∫§ÿ¡µ—«·ª√µà“ß Ê ‡™àπ §«“¡Àπ“

¢Õß·ºàπ‡À≈Á° ™π‘¥¢Õß≈«¥‡™◊ËÕ¡ ™π‘¥¢Õß®ÿ¥

‡™◊ËÕ¡µàÕ ™π‘¥°“√‡™◊ËÕ¡ ·≈–§«“¡¬“«·≈–¢π“¥¢Õß

√Õ¬‡™◊ËÕ¡ ‡ªìπµâπ æ∫«à“

     1. µ—«Õ¬à“ß∑¥ Õ∫¡’æƒµ‘°√√¡°“√√—∫·√ß¥÷ß

·∫∫‡Àπ’¬« (ductile)  Õ¥§≈âÕß°—∫æƒµ‘°√√¡°“√

√—∫·√ß¥÷ß¢Õß‡À≈Á° ·µà¡’°“√«‘∫—µ‘·∫∫∑—π∑’∑—π„¥

¡“°°«à“ ‚¥¬¡’§«“¡ —¡æ—π∏å√–À«à“ß·√ß¥÷ß·≈–

√–¬–°“√¬◊¥µ—«„π√Ÿª·∫∫‡™‘ß‡ âπµ√ß (linear)

ª√–¡“≥ 75 - 90 ‡ªÕ√å‡́ Áπµå¢Õß°”≈—ß√—∫·√ß¥÷ß Ÿß ÿ¥

·≈–µ—«Õ¬à“ß∑¥ Õ∫®–‡°‘¥°“√«‘∫—µ‘∑’Ë√Õ¬‡™◊ËÕ¡

‚¥¬√Õ¬‡™◊ËÕ¡·∫∫∑’Ë 1 ¡’°”≈—ß√—∫·√ß¥÷ßµàÕÀπ÷ËßÀπà«¬

§«“¡¬“« Ÿß ÿ¥ √Õß≈ß¡“‡ªìπ√Õ¬‡™◊ËÕ¡·∫∫∑’Ë 3 ·≈–

·∫∫∑’Ë 2 µ“¡≈”¥—∫

     2. ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°”≈—ß√—∫·√ß¥÷ß¢Õß

√Õ¬‡™◊ËÕ¡∑’Ë‰¥â®“°µ—«Õ¬à“ß∑¥ Õ∫√Ÿª·∫∫∑’Ë 1 ·≈–

ª√–¡“≥ 70 ‡ªÕ√å‡´Áπµå ¢Õß√Ÿª·∫∫∑’Ë 2 °—∫

 ¡°“√ÕÕ°·∫∫√Õ¬‡™◊ËÕ¡¢Õß « ∑. ·≈â«æ∫«à“

°”≈—ß√—∫·√ß¥÷ß∑’Ë‰¥â¡’Õ—µ√“ à«πª≈Õ¥¿—¬∑’ËµË”°«à“

∑’Ë « ∑. °”Àπ¥§◊Õ 3.33 ‚¥¬∑’Ëµ—«Õ¬à“ß∑¥ Õ∫

·∫∫∑’Ë 3 ‡∑à“π—Èπ ∑’Ë¡’§à“Õ—µ√“ à«πª≈Õ¥¿—¬∑’Ë Ÿß°«à“

À√◊Õ„°≈â‡§’¬ß°—∫§à“∑’Ë « ∑. °”Àπ¥ Õ¬à“ß‰√°Áµ“¡

§à“°”≈—ß√—∫·√ß¥÷ß¢Õß·µà≈–µ—«Õ¬à“ß∑¥ Õ∫∑’Ë‰¥â

®“°™à“ß‡™◊ËÕ¡·µà≈–√“¬„π°“√‡™◊ËÕ¡√Ÿª·∫∫Àπ÷Ëß Ê

¬—ß¡’§«“¡·µ°µà“ß°—π§àÕπ¢â“ß Ÿß ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫

°—∫¢Õß™à“ß‡™◊ËÕ¡Õâ“ßÕ‘ß · ¥ß∂÷ß§«“¡‰¡à ¡Ë”‡ ¡Õ

¢ÕßΩï¡◊Õ„π°“√‡™◊ËÕ¡¢Õß™à“ß‡™◊ËÕ¡„π®—ßÀ«—¥

π§√√“™ ’¡“ ∂÷ß·¡â«à“™à“ß‡™◊ËÕ¡∑’Ë ÿà¡µ—«Õ¬à“ß„π‡¢µ

Õ”‡¿Õ‡¡◊Õß ®—ßÀ«—¥π§√√“™ ’¡“®–¡’ª√–°“√≥å„π

°“√∑”ß“π‡™◊ËÕ¡‚§√ß √â“ßª√–‡¿∑µà“ß Ê ‚¥¬‡©≈’Ë¬

10 ªï°Áµ“¡ ¥—ßπ—Èπ §«√°”Àπ¥¡“µ√°“√„π°“√

§«∫§ÿ¡Õ∫√¡™à“ß‡™◊ËÕ¡„Àâ¡’‡∑§π‘§·≈–Ωï¡◊Õ„π°“√

‡™◊ËÕ¡„Àâ Ÿß¢÷Èπµ“¡¡“µ√∞“π “°≈Õ¬à“ß‡√àß¥à«π ‡™àπ

¡“µ√“∞“π¢Õß ¡“§¡™à“ß‡™◊ËÕ¡Õ‡¡√‘°—π ‡ªìπµâπ
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