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∫∑§—¥¬àÕ

‡À≈Á°¥—¥‡¬Áπ„π‚§√ßÀ≈—ß§“∑’Ë„™âÀπâ“µ—¥∑’Ë

´—∫ ấÕπ¢÷Èπ‡æ◊ËÕπ”¡“„™â‡ªìπ§“πÀ≈—°„π‚§√ß

À≈—ß§“π—Èπ°”≈—ß‡ªìπ∑’Ëπ‘¬¡Õ¬à“ß·æ√àÀ≈“¬„π∑«’ª

Õ‡¡√‘°“ „π°“√ÕÕ°·∫∫‚§√ß √â“ß„™â‡À≈Á°¥—¥

‡¬Áπ∑’Ë§àÕπ¢â“ß∫“ßπ—Èπ ºŸâÕÕ°·∫∫¡—°µâÕß§”π÷ß∂÷ß

°“√‚°àß‡¥“–‡©æ“–∑’Ë¢ÕßÕß§åÕ“§“√¢Õß‡À≈Á°¥—¥

‡¬Áππ—Èπ √Ÿª√à“ß∑’Ë´—∫´âÕπ¡“°¢÷Èπ‰¥â· ¥ß„Àâ‡ÀÁπ

∂÷ßª√–‚¬™πå„π°“√™à«¬®”°—¥°“√«‘∫—µ‘®“°°“√

‚°àß‡¥“–‡©æ“–∑’Ë (Local Buckling) ·µàºŸâ

ÕÕ°·∫∫®–µâÕß§”π÷ß∂÷ß°“√‚°àß‡¥“–·∫∫∫‘¥‡∫’È¬«

(Distortional Buckling) ¢ÕßÕß§åÕ“§“√Õ’°¥â«¬

‡æ√“–°“√«‘∫—µ‘„π≈—°…≥–π’ÈÕ“®®–‡ªìπªí®®—¬∑’Ë

§«∫§ÿ¡§à“°“√ÕÕ°·∫∫¢ÕßÕß§åÕ“§“√≈—°…≥–π’È

°“√‡æ‘Ë¡æŸπ§«“¡‡¢â“„®„πæƒµ‘°√√¡¢Õß‡À≈Á°¥—¥

‡¬Áπ∑’Ë„™âÀπâ“µ—¥∑’Ë´—∫´âÕπ®–™à«¬„Àâ°“√ÕÕ°·∫∫

‡ªìπ‰ª‰¥âÕ¬à“ßª≈Õ¥¿—¬·≈–¡’ª√– ‘∑∏‘¿“æ

æƒµ‘°√√¡¢Õß‡À≈Á°¥—¥‡¬Áπ∑’Ë„™âÀπâ“µ—¥∑’Ë´—∫´âÕπ

¿“¬„µâ·√ß¥—¥‰¥â∂Ÿ°‡√’¬∫‡√’¬ß‰«â„π∫∑§«“¡π’È  ‚¥¬

¡’∞“π¢âÕ¡Ÿ≈ ”§—≠®“°∫∑§«“¡¢Õß Nuttaya-

sakul and Easterling (2003)

°Õß«‘™“«‘»«°√√¡‚¬∏“  à«π°“√»÷°…“

‚√ß‡√’¬ππ“¬√âÕ¬æ√–®ÿ≈®Õ¡‡°≈â“

‡À≈Á°¥—¥‡¬Áπ∑’Ë‡ªìπÕß§åÕ“§“√

√—∫·√ß¥—¥´÷Ëß«‘∫—µ‘‚¥¬°“√‚°àß‡¥“–

·∫∫∫‘¥‡∫’È¬«·≈–«‘∫—µ‘‚¥¬°“√∫‘¥·≈–

‚°àßµ—«∑“ß¢â“ß

Cold-Formed Steel Flexural Members

Undergoing Distortional and

Euler Buckling

√.Õ.¥√. ≥—∞æ√ πÿµ¬– °ÿ≈
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§”À≈—° ‡À≈Á°¥—¥‡¬Áπ, distortiional buckling,

finite strip

Abstract

Cold-formed steel roof truss systems

that use complex hat shape members for

both top and bottom chord elements are

a growing trend in the North American

steel framing industry. When designing

cold-formed steel sections, engineers typi-

cally try to improve the local buckling

behavior of the cold-formed steel

elements. The complex hat shape has

proved to limit the negative influence of

local buckling, however, the distortional

buckling mode can be the controlling

mode of failure in the design of flexural

members with intermediate un-braced

lengths. When designing a cold-formed

steel truss, the chord member may be

subjected to bending because of the

continuity at truss panel points.  An improved

understanding of the flexural behavior of

these complex hat shapes is necessary

for safe, efficient design of cold-formed

trusses.  The behavior and design of these

shapes is the addressed in this paper.

§”π”

¡’ß“π«‘®—¬®”π«π¡“°∑’Ë∑”°“√»÷°…“‡°’Ë¬«°—∫

æƒµ‘°√√¡¿“¬„µâ·√ß¥—¥¢ÕßÕß§åÕ“§“√‡À≈Á°¥—¥

‡¬Áπ ·µà à«π„À≠à¡—°®–‡ªìπ°“√»÷°…“¿“¬„µâ

‡ß◊ËÕπ‰¢∑’ËÕß§åÕ“§“√¡’°“√§È”¬—π®“°¥â“π¢â“ß

µ≈Õ¥∑—ÈßÕß§åÕ“§“√  “‡Àµÿ°Á‡ªìπ‡æ√“–«à“Õß§å

Õ“§“√‡À≈à“π’È  ¡—°®–„™âÕ¬Ÿà°—∫‚§√ß √â“ßÀ≈—ß§“∑’Ë

„™â‡ªìπ·ª ÷́Ëß¡’·ºàπÀ≈—ß§“µ‘¥µ—Èß‚¥¬„™â ≈—°‡°≈’¬«

¬÷¥Õ¬Ÿà‡ªìπ√–¬– ‡™ø‡øÕ√å‰¥â√«∫√«¡¢âÕ¡Ÿ≈·≈–

‡¢’¬π‰«â„π√“¬ß“π‡°’Ë¬«°—∫æƒµ‘°√√¡¢ÕßÕß§å

Õ“§“√‡À≈Á°¥—¥‡¬Áπ¿“¬„µâ·√ß¥—¥ (Schafer 2002)

·≈–‰¥â‡ πÕ°“√§”π«≥·∫∫ Direct Stretch

Method (DSM) ‡æ◊ËÕ‡æ‘Ë¡‡µ‘¡·≈–„™â„π¡“µ√∞“π

°“√ÕÕ°·∫∫‡À≈Á°¥—¥‡¬Áπ¢Õß À√—∞´÷Ëß°Á§◊Õ Ameri-

can Iron and Steel Institue (AISI) Standard

¡“µ√∞“π AISI ·µà‡¥‘¡‰¥â„™â°“√§”π«≥·∫∫Àπâ“

µ—¥ª√– ‘∑∏‘º≈  (Effective Width) „π°“√§”π«≥

·µà‡™ø‡øÕ√å‰¥â√“¬ß“π«à“«‘∏’Àπâ“µ—¥ª√– ‘∑∏‘º≈

‰¡à “¡“√∂Õ∏‘∫“¬æƒµ‘°√√¡¢Õß°“√‚°àß‡¥“–·∫∫

∫‘¥‡∫’È¬« (Distortional Buckling) ‰¥âÕ¬à“ß∂Ÿ°

µâÕß·≈–‡ªìπ°“√ÕÕ°·∫∫∑’ËÕ“®‰¡àª≈Õ¥¿—¬  ‡æ√“–

©–π—Èπ°“√‡æ‘Ë¡¢âÕ¡Ÿ≈„π°“√∑¥≈Õß¢Õßæƒµ‘°√√¡

¿“¬„µâ·√ß¥—¥¢ÕßÕß§åÕ“§“√‡À≈Á°¥—¥‡¬Áπ·∫∫

‰¡à¡’°“√§È”¬—π®–‡ªìπª√–‚¬™πåµàÕ°“√«—¥º≈¢Õß«‘∏’

DSM „π°“√«‘‡§√“–Àåæƒµ‘°√√¡¢ÕßÕß§åÕ“§“√

≈—°…≥–π’È

¢âÕ¡Ÿ≈°“√»÷°…“∑¥≈Õß∑’Ë»÷°…“‡©æ“–Õß§å

Õ“§“√‡À≈Á°¥—¥‡¬Áπ·∫∫‰¡à¡’°“√§È”¬—π¥â“π¢â“ß´÷Ëß

√—∫·√ß¥—¥π—Èπ¡’§àÕπ¢â“ß®”°—¥ °“√»÷°…“Àπ÷Ëß∑’Ë

 ”§—≠¡“°∑’Ë®–‡ªìπæ◊Èπ∞“π¢Õß°“√∑¥≈Õßπ’È  π—Èπ

¡“®“°°“√∑¥≈Õß¢Õß ∫“«·≈–≈“∫Ÿ (Bau and

LaBaube 2001) ÷́Ëß‰¥â· ¥ßº≈°“√∑¥≈Õß¢Õß

Õß§åÕ“§“√‡À≈Á°¥—¥‡¬ÁπÀπâ“µ—¥´—∫´âÕπ®“°ºŸâº≈‘µ

À≈“¬√“¬„π À√—∞Õ‡¡√‘°“„π°“√»÷°…“π’ÈºŸâ·µàß‰¥â

 √ÿª«à“Àπâ“µ—¥‡À≈à“π’È®–‡°‘¥°“√‚°àß‡¥“–·∫∫

∫‘¥ ‡∫’È ¬ «π—È π¢÷È πÕ¬Ÿà °— ∫ √–¬–§È”¬—π¥â “π¢â “ ß

¡“µ√∞“π AISI ¡‘‰¥â√–∫ÿ‰«â™—¥‡®π∂÷ß°“√§”π«≥

°”≈—ßª√–≈—¬¢Õß°“√‚°àß‡¥“–·∫∫∫‘¥‡∫’È¬« ·µà

‰¥âÕâ“ß∂÷ß‰«â„π à«πÕ∏‘∫“¬¡“µ√∞“π AISI C.3.1.2

°“√»÷°…“¥—ß°≈à“«¬—ß‰¥â√–∫ÿÕ’°¥â«¬«à“ °“√‰¡à

§”π÷ß∂÷ß°”≈—ßª√–≈—¬¢Õß°“√‚°àß‡¥“–·∫∫∫‘¥

‡∫’È¬«Õ“®‡ªìπ°“√§”π«≥·∫∫‰¡àÕπÿ√—°…åπ‘¬¡
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∫“«·≈–≈“∫Ÿ‰¥â„™â«‘∏’‰ø‰πµå  µ√‘∫ (Finite

Strip) ‡æ◊ËÕÀ“·√ß‚°àß‡¥“–«‘∫—µ‘ ·√ß‚°àß‡¥“–«‘∫—µ‘

π’È‰¥âπ”¡“„™â„π Ÿµ√§”π«≥∑’Ë‡ πÕ‚¥¬  «‘π‡∑Õ√å

„πªï  1968 (Winter 1968)  ·≈–·°â‰¢ª√—∫ª√ÿß

‚¥¬§«Õπ·≈–·Œπ§ÁÕ° (Kwon  and Handcock

1992) ‡æ◊ËÕ„™âÀ“§à“‚¡‡¡πµå¥—¥∑’Ë‡°‘¥®“°°“√‚°àß

‡¥“–·∫∫∑’Ë¡’æƒµ‘°√√¡·∫∫‰¡à¬◊¥À¬ÿàπ (Inelastic

Buckling Moment) §à“∑’Ë‰¥â®“°°“√«‘‡§√“–Àå

·∫∫π’È„Àâ§à“∑’Ë„°≈â‡§’¬ß°—∫º≈°“√∑¥≈Õß‚¥¬∫“«

·≈–≈“∫Ÿ   ”À√—∫§“π∑’Ë¡’™à«ß√–¬–§È”¬—π¥â“π¢â“ß∑’Ë

0.61 m ·≈– 1.22 m

«‘∏’§”π«≥¢Õß∫“«·≈–≈“∫Ÿπ—Èπ “¡“√∂

Õ∏‘∫“¬‚¥¬ ¡°“√ 1 ∂÷ß 4 ‚¡‡¡πµå§√“° (My)

π—Èπ §”π«≥‰¥â®“°§à“‚¡¥Ÿ≈— Àπâ“µ—¥·∫∫‡µ‘¡

Àπâ“µ—¥   à«π‚¡‡¡πµå®“°°“√‚°àß‡¥“–·∫∫∫‘¥

‡∫’È¬«∑’Ë¬—ß¡’æƒµ‘°√√¡·∫∫¬◊¥À¬ÿàπ (Elastic

distortional  buckling, Mcrd) π—Èπ‰¥â¡“®“°«‘∏’

‰ø‰π µ√‘∫ (Finite Strip) ‡æ√“–©–π—Èπ‚¡‡¡πµå

®“°°“√‚°àß‡¥“–·∫∫∫‘¥‡∫’È¬«„π™à«ßæƒµ‘°√√¡

·∫∫‰¡à¬◊¥À¬ÿàπ (Inelastic distortional moment

Mcrd)  “¡“√∂§”π«≥‰¥â®“° ¡°“√¥—ßµàÕ‰ªπ’È

∂â“  (1)

∂â“

(2)

‚¥¬∑’Ë

§«Õπ·≈–·Œπ§ÁÕ°‰¥â‡ πÕ ¡°“√∑’Ë‡ª≈’Ë¬π

§à“§ß∑’Ë‡æ◊ËÕ„Àâ§à“∑’Ë°”Àπ¥„°≈â‡§’¬ß°—∫§à“°“√

∑¥≈Õß¡“°¢÷Èπ‚¥¬‡ πÕ ¡°“√‰«â¥—ßµàÕ‰ªπ’È

∂â“ (3)

∂â“

(4)

∫“«°—∫≈“∫Ÿ‰¥â√“¬ß“π«à“ ¡°“√∑’Ë‡ πÕ‚¥¬

§«Õπ·≈–·Œπ§ÁÕ° (3-4)  Õ¥§≈âÕß°—∫°“√

∑¥≈Õß¢Õßæ«°‡¢“¥’°«à“ ¡°“√·√° (1-2) ∑’Ë

‡ πÕ‚¥¬«‘π‡∑Õ√å ·≈–§à“°“√§”π«≥®–Õ¬Ÿà„π™à«ß

∑’Ë‡ªìπÕπÿ√—°…π‘¬¡ ·µà„π¡“µ√∞“π AISI π—Èπ

 ¡°“√¢Õß«‘π‡∑Õ√å ‰¥â∂Ÿ°π”¡“„™â„π Direct

Stretch Method (DSM) „π°“√À“§à“°”≈—ß

ª√–≈—¬Õß§åÕ“§“√∑’Ë«‘∫—µ‘„π√Ÿª·∫∫¢Õß°“√‚°àß

‡¥“–·∫∫∫‘¥‡∫’È¬« ·µà‡π◊ËÕß®“° ¡°“√∑’Ëπ”¡“„™â

‰¥â∂Ÿ°‡ª√’¬∫‡∑’¬∫°—∫§“π∑’Ë¡’°“√§È”¬—π¥â“π¢â“ß

µ≈Õ¥·π« °“√∑¥≈Õß‡æ‘Ë¡‡µ‘¡‡æ◊ËÕ¬◊π¬—π§«“¡

∂Ÿ°µâÕß¢Õß ¡°“√π’ÈµàÕ°“√ÕÕ°·∫∫§“π‡À≈Á°

¥—¥‡¬Áπ∑’Ë‰¡à¡’°“√§È”¬—π®“°¥â“π¢â“ß®÷ß¡’§«“¡

®”‡ªìπ

°“√»÷°…“∑¥≈Õß

«—µ∂ÿª√– ß§å¢Õß°“√»÷°…“π’È°Á‡æ◊ËÕ∑¥ Õ∫

æƒµ‘°√√¡Õß§åÕ“§“√¢Õß‡À≈Á°¥—¥‡¬Áπ¿“¬„µâ·√ß

¥—¥·≈–‡ª√’¬∫‡∑’¬∫°—∫¡“µ√∞“π AISI À√◊Õ North

American ·≈–«‘∏’ DSM √ŸªÀπâ“µ—¥¢ÕßÕß§åÕ“§“√

‡À≈Á°¥—¥‡¬Áπ¥—ß· ¥ß„π√Ÿª∑’Ë 1 ‰¥â∂Ÿ°π”¡“∑”°“√

∑¥≈Õß‚¥¬¡’Àπâ“µ—¥∑’Ë‡ª≈’Ë¬π‰ª ·≈–¡’Àπâ“µ—¥ 4

·∫∫ (¥—ß∑’Ë √ÿª‰«â„πµ“√“ß∑’Ë 1) Àπâ“µ—¥∑’Ëπ”¡“

∑¥≈Õß¡’ 2 §«“¡Àπ“

√Ÿª∑’Ë 1 Àπâ“µ—¥Õß§åÕ“§“√∑’Ëπ”¡“∑¥≈Õß
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„™â°“√§”π«≥·∫∫‰ø‰πµå  µ√‘∫ ‡ªìπæ◊Èπ∞“π

√–¬–§È”¬—π¥â“π¢â“ß 3 √–¬– 762, 1524, 2540

mm ‰¥â∂Ÿ°‡≈◊Õ°¡“‡ªìπ√–¬–§È”¬—π¥â“π¢â“ß∑’Ë„™â

„π°“√∑¥≈Õß  à«π°“√∑¥≈ÕßÀ“·√ß¥—¥‰¥â∂Ÿ°

®—¥¢÷Èπµ“¡„π√Ÿª∑’Ë 2 √–¬–§È”¬—π¥â“π¢â“ß‰¥â∂Ÿ°

°”Àπ¥‰«â∑’Ë®ÿ¥¢Õß·√ß°√–∑”‡∑à“π—Èπ  „π™à«ß

√–À«à“ß·√ß°√–∑”‰¡à¡’Õ–‰√§È”¬—π ·¡à·√ß∂Ÿ°«“ß

‰«â∑’Ë®ÿ¥ª≈“¬¢Õß§“π¢â“ß„µâ∑’Ë√Õß√—∫·√ß™π‘¥¢âÕ

À¡ÿπ ·ºàπ‡À≈Á°«“ß‰«â∑’Ë®ÿ¥§È”¬—π¥â“π¢â“ß∑’Ë

ª≈“¬¢Õß√–¬– b ‡æ◊ËÕ°“√§È”¬—π  à«π√–¬–§ß∑’Ë

a „™â∑’Ë 508 mm „π∑ÿ°°“√∑¥≈Õß √–À«à“ß°“√

∑¥≈Õß ·√ß∑’Ë„™â‡æ‘Ë¡¢÷Èπ§√—Èß≈– 10% ¢Õß·√ß∑’Ë

§”π«≥«à“®–‡°‘¥°“√«‘∫—µ‘ ∑ÿ°Õß§åÕ“§“√∑’Ëπ”¡“

∑¥≈Õßπ—Èπ∂◊Õ«à“«‘∫—µ‘‡¡◊ËÕ‰¡à “¡“√∂√—∫·√ß‡æ‘Ë¡¢÷Èπ

‰¥âÕ’°µàÕ‰ª

º≈°“√∑¥≈Õß

º≈°“√∑¥≈Õß¢ÕßÕß§åÕ“§“√¿“¬„µâ·√ß

¥—¥‰¥âπ”‡ πÕ„πµ“√“ß∑’Ë 2  à«πº≈°“√∑¥≈Õß ÷́Ëß

‡ªìπº≈°“√∑¥≈Õß§ÿ≥≈—°…≥–¢Õß‡À≈Á°´÷Ëß¡’§à“

‡©≈’Ë¬¢Õß·√ß§√“°·≈–·√ßª√–≈—¬√«¡∂÷ß‡ªÕ√å‡´Áπµå

°“√¬◊¥µ—«‰¥âªØ‘∫—µ‘µ“¡¡“µ√∞“π ASTM A370

·≈–· ¥ß‰«â„π√Ÿª∑’Ë 3 ‡π◊ËÕß®“°Àπâ“µ—¥∑—ÈßÀ¡¥∑’Ë

π”¡“∑”°“√∑¥≈Õß‰¥â∂Ÿ°¥—¥‡¬Áπ¡“®“°‡À≈Á°¡â«π

‡¥’¬«°—π §à“‡©≈’Ë¬¢Õß§ÿ≥≈—°…≥–¢Õß‡À≈Á°®÷ß∂Ÿ°

π”¡“„™â

µ“√“ß∑’Ë 1 √“¬≈–‡Õ’¬¥Àπâ“µ—¥∑’Ëπ”¡“∑”°“√

∑¥≈Õß

√Ÿª∑’Ë 2 ¿“æ· ¥ß°“√∑¥≈Õß

*C = 19.05 mm, D = 6.35 mm, E = 12.7 mm
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°“√«‘∫—µ‘ à«π„À≠à¢ÕßÀπâ“µ—¥∑’Ë√–¬–§È”¬—π 762

mm ·≈– 1524 mm ‡ªìπ°“√«‘∫—µ‘‚¥¬°“√‚°àß

‡¥“–·∫∫∫‘¥‡∫’È¬«„π‚À¡¥∑’ËÀπ÷Ëß¥—ß· ¥ß„π√Ÿª∑’Ë 4

¡’Àπâ“µ—¥ 2 ™‘Èπ«‘∫—µ‘„π‚À¡¥∑’Ë Õß´÷ËßÕ“®‡ªìπ‰ª

‰¥â®“°Àπâ“µ—¥∑’Ë¡’§«“¡‰¡à ¡∫Ÿ√≥åµ—Èß·µà°àÕπ∑¥≈Õß

√ŸªÀπâ“µ—¥∑’Ë®ÿ¥«‘∫—µ‘¢Õß‚À¡¥∑’ËÀπ÷Ëß·≈–‚À¡¥∑’Ë

 Õß‰¥â¡“®“°‰ø‰π∑å µ√‘∫ (Finite Strip Method)

¢Õß‡™ø‡øÕ√å

µ“√“ß∑’Ë 2 º≈°“√∑¥≈Õß¢ÕßÕß§åÕ“§“√¿“¬„µâ

·√ß¥—¥

Àπâ“µ—¥∫“ßÕ—π∑’Ë√–¬–§È”¬—π 1524 mm · ¥ß°“√

«‘∫—µ‘·∫∫º ¡√–À«à“ß°“√‚°àß‡¥“–·∫∫∫‘¥‡∫’È¬«

·≈–°“√∫‘¥·≈–‚°àßµ—«∑“ß¢â“ß (Lateral-Torsional

Buckling) °“√«‘∫—µ‘¢ÕßÀπâ“µ—¥∑’Ë√–¬–§È”¬—π 2540

mm ‡ªìπ°“√«‘∫—µ‘·∫∫°“√∫‘¥·≈–‚°àßµ—«∑“ß¢â“ß

√Ÿª∑’Ë 3 §ÿ≥≈—°…≥–¢Õß‡À≈Á°∑’Ë„™â„π°“√∑¥≈Õß
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°“√«‘‡§√“–Àåº≈°“√∑¥≈Õß

‚ª√·°√¡ CFS (1998)  “¡“√∂§”π«≥§à“

‚¡‡¡πµåµ“¡¡“µ√∞“π AISI ·≈â«π”¡“‡ª√’¬∫

‡∑’¬∫°—∫º≈°“√∑¥≈Õß  à«π‚ª√·°√¡ CUFSM

(Schafer, 2002)  “¡“√∂„™â§”π«≥·≈–«“¥

°√“ø· ¥ß§à“·√ß¢Õß°“√‚°àß‡¥“–∑’Ë¡’æƒµ‘°√√¡

·∫∫¬◊¥À¬ÿàπ ”À√—∫À“§à“∑’Ë„™â„π ¡°“√ 1-4  Àπâ“

µ—¥∑’Ëπ”¡“∑¥≈Õß®–„Àâº≈°√“ø· ¥ß§à“·√ß¢Õß

°“√‚°àß‡¥“–∑’Ë¡’æƒµ‘°√√¡·∫∫¬◊¥À¬ÿàπ¥—ß· ¥ß

„π√Ÿª∑’Ë 5 °√“ø¢Õß‚À¡¥∑’ËÀπ÷Ëß‰¡à¡’§à“µË”∑’Ë ÿ¥

§à“∑’Ë Õß ÷́Ëß¡—°®–‡ªìπµ—«∫àß∫Õ°∂÷ß§à“·√ß¢Õß°“√

‚°àß‡¥“–·∫∫∫‘¥‡∫’È¬« ¥—ßπ—Èπ°“√µ’§«“¡®“°ºŸâ

§”π«≥®÷ß¡’§«“¡ ”§—≠Õ¬à“ß¬‘Ëß„π°“√°”Àπ¥

§à“·√ß¢Õß°“√‚°àß‡¥“–·∫∫∫‘¥‡∫’È¬«‰¥âÕ¬à“ß∂Ÿ°µâÕß

°√“ø°“√‚°àß‡¥“–·∫∫¬◊¥À¬ÿàπ„π‚À¡¥∑’Ë 2

 “¡“√∂„™â„π°“√™à«¬∑”π“¬§à“°“√‚°àß‡¥“–·∫∫

∫‘¥‡∫’È¬«‰¥â¥â«¬ ‡¡◊ËÕ§à“·√ß°“√‚°àß‡¥“–·∫∫¬◊¥À¬ÿàπ

®“°°√“ø„π‚À¡¥∑’Ë 1 ·≈–‚À¡¥∑’Ë Ÿß¢÷Èππ—Èπ®–

µâÕß∂Ÿ°π”¡“æ‘®“√≥“¥â«¬ ®“°º≈°“√∑¥≈Õß

¢ÕßÀπâ“µ—¥∑’Ë¡’§«“¡Àπ“ 14 gage (1.81 mm)

¥—ß· ¥ß„π√Ÿª∑’Ë 5 §à“·√ß∑’ËµË”∑’Ë ÿ¥¢Õß‚À¡¥ Õß

‡°‘¥∑’Ë §à“√–¬–§È”¬—π∑’Ë 762 mm ·≈–¡’§à“ Ÿß

°«à“§à“∑’ËÀ“‰¥â®“°‚À¡¥∑’ËÀπ÷Ëß §à“®“°‚À¡¥∑’ËÀπ÷Ëß

®÷ß∂Ÿ°π”¡“„™â„π°“√§”π«≥§à“ Mcrd.  ”À√—∫

º≈°“√∑¥≈Õß®“°Àπâ“µ—¥∑’Ë¡’§«“¡Àπ“ 22 gage

(0.72 mm) §à“µË” ÿ¥¢ÕßÀπà«¬·√ß∑’Ë√–¬–‰¡â§È”

¬—π∑’Ë 1270 mm „π‚À¡¥∑’Ë Õß®–¡’§à“µË”°«à“

§à“·√ß∑’Ë‰¥â®“°‚À¡¥∑’ËÀπ÷Ëß∑’Ë√–¬–‰¡â§È”¬—π∑’Ë 762

mm „π°√≥’π’È§«√π”§à“∑’ËµË”∑’Ë ÿ¥®“°‚À¡¥∑’Ë 2

∑’Ë 1270 mm ¡“„™â§”π«≥ Mcrd.  ”À√—∫√–¬–

‰¡â§È”¬—π∑’Ë 762 mm °“√§”π«≥„π≈—°…≥–π’È

™à«¬∑”„Àâ§à“∑’Ë§”π«≥‚¥¬«‘∏’«‘π‡∑Õ√å·≈–·Œπ§Õ°

¡’§à“„°≈â‡§’¬ßº≈°“√∑¥≈Õß¡“°¢÷Èπ

§à“∑’Ë„™â§”π«≥®“°°“√„™â¡“µ√∞“π AISI,

 ¡°“√¢Õß«‘π‡∑Õ√å,  ¡°“√¢Õß·Œπ§Õ°‰¥â∂Ÿ°

π”¡“‡ª√’¬∫‡∑’¬∫°—∫º≈°“√∑¥≈Õß ·≈–· ¥ß‰«â

„πµ“√“ß∑’Ë 3 ·≈–√Ÿª∑’Ë 6 º≈„πµ“√“ß∑’Ë 3

‰¥â· ¥ßÕ—µ√“ à«π‡ª√’¬∫‡∑’¬∫√–À«à“ß‚¡‡¡πµå

¥—¥ª√–≈—¬®“°°“√∑¥≈Õß°—∫§à“∑’Ë§”π«≥‰¥â®“° 3

«‘∏’µ“¡≈”¥—∫ §à“Õ—µ√“ à«π‡∑’¬∫°—∫¡“µ√∞“π

AISI ¢ÕßÀπâ“µ—¥Àπ“ 22 gage ¡’§à“∑’ËµË”∑’Ë ÿ¥

∑’Ë 0.438 ·≈– 0.555  ”À√—∫°“√∑¥≈Õß∑’Ë√–¬–

§È”¬—π¥â“π¢â“ß¡’ 762 mm ·≈– 1524 mm

µ“¡≈”¥—∫

√Ÿª∑’Ë 4 °“√«‘∫—µ‘‚À¡¥∑’ËÀπ÷Ëß·≈–‚À¡¥∑’Ë Õß¢Õß

°“√‚°àß‡¥“–·∫∫∫‘¥‡∫’È¬« (Distortional

Buckling)
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º≈‡™àππ’È· ¥ß„Àâ‡ÀÁπ«à“ ¡“µ√∞“π AISI „π

ªí®®ÿ∫—π‰¡à “¡“√∂§”π«≥§à“‚¡‡¡πµå¥—¥¢Õß

Àπâ“µ—¥·∫∫π’È‰¥âÕ¬à“ß∂Ÿ°µâÕß·≈–§à“‡ªìπ§à“∑’ËµË”

°«à“º≈°“√∑¥≈Õß¡“° „π™à«ß√–¬–§È”¬—π¥â“π

¢â“ß¥—ß°≈à“«   ”À√—∫∑’Ë√–¬–§È”¬—π¥â“π¢â“ß∑’Ë 2540

mm ¡“µ√∞“π AISI  “¡“√∂§”π«≥‰¥â„°≈â

‡§’¬ß°—∫º≈°“√∑¥≈Õß¡“° ‡π◊ËÕß®“°„π√–¬–

§È”¬—π¥â“π¢â“ß¡“°Ê Àπâ“µ—¥®–«‘∫—µ‘·∫∫∫‘¥·≈–

‚°àßµ—«∑“ß¢â“ß §à“°“√«‘‡§√“–Àå∑“ß ∂‘µ‘¢Õß°“√

‡ª√’¬∫‡∑’¬∫§à“®“° ¡°“√·≈–¡“µ√∞“π AISI

 “¡“√∂π”¡“„™â„π°“√æ‘®“√≥“º≈°“√∑¥≈Õß

§à“‡©≈’Ë¬ §à“§«“¡‡∫’Ë¬ß‡∫π¡“µ√∞“π·≈–§à“

 —¡ª√– ‘∑∏‘Ï¢Õß§à“§«“¡‡∫’Ë¬ß‡∫π¡“µ√∞“π·≈–

µ—«§Ÿ≥°”≈—ß φ ¢Õß§à“Õ—µ√“ à«π‡ª√’¬∫‡∑’¬∫‰¥â

π”¡“ √ÿª‰«â„πµ“√“ß∑’Ë 4 µ—«§Ÿ≥°”≈—ß‰¥â§”π«≥

®“°¥—™π’§«“¡πà“‡™◊ËÕ∂◊Õ (Reliability Index) ∑’Ë

2.5 ÷́Ëß‡ªìπ§à“∑’Ë°”Àπ¥‚¥¬¡“µ√∞“π AISI

√Ÿª∑’Ë 5 ≈—°…≥–∑—Ë«‰ª¢Õß°√“ø°“√‚°àß‡¥“–„π™à«ßæƒµ‘°√√¡¬◊¥À¬ÿàπ

√Ÿª∑’Ë 6 °√“ø‡ª√’¬∫‡∑’¬∫º≈°“√∑¥≈Õß°—∫ ¡°“√¢Õß«‘π‡∑Õ√å·≈–·Œπ§Õ°
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   µ“√“ß∑’Ë 3 §à“Õ—µ√“ à«π‡ª√’¬∫‡∑’¬∫®“° 3 «‘∏’

µ“√“ß∑’Ë 4 °“√‡ª√’¬∫‡∑’¬∫∑“ß ∂‘µ‘
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µ“√“ß∑’Ë 5 °“√‡ª√’¬∫‡∑’¬∫∑“ß ∂‘µ‘‚¥¬·∫àßµ“¡§«“¡Àπ“

 ”À√—∫°“√∑¥≈Õß∑’Ë√–¬–§È”¬—π 762 mm ·≈–

1524 mm ¡“µ√∞“π AISI „Àâº≈§à“µ—«§Ÿ≥°”≈—ß

φ ∑’Ë 0.60 ·≈– 0.54 ‡∑à“π—Èπ  à«π ¡°“√¢Õß

«‘π‡∑Õ√å·≈–·Œπ§Õ°„Àâº≈§à“µ—«§Ÿ≥°”≈—ß φ ∑’Ë

0.72 ·≈– 0.73 µ“¡≈”¥—∫ §à“‡©≈’Ë¬®“°°“√

‡ª√’¬∫‡∑’¬∫¢Õß∑—Èß “¡«‘∏’· ¥ß„Àâ‡ÀÁπ«à“ ¡°“√

¢Õß·Œπ§Õ°π—ÈπÕπÿ√—°…π‘¬¡·≈–πà“‡™◊ËÕ∂◊Õ¡“°∑’Ë ÿ¥

º≈°“√∑¥≈Õß¢Õß∫“«·≈–≈“∫Ÿ ”À√—∫√–¬–§È”¬—π∑’Ë

610 mm ·≈– 1219 mm ‰¥â∂Ÿ°π”¡“æ‘®“√≥“

√«¡„π°“√§”π«≥§à“∑“ß ∂‘µ‘π’È¥â«¬  ¡°“√¢Õß

·Œπ§Õ°¬—ß‡ªìπ ¡°“√∑’Ë¡’§«“¡Õπÿ√—°…π‘¬¡¡“°

∑’Ë ÿ¥¡’§à“‡©≈’Ë¬∑’Ë 1.16 ·≈–µ—«§Ÿ≥°”≈—ß φ ∑’Ë 0.73
 ”À√—∫º≈°“√∑¥≈Õß¢ÕßÀπâ“µ—¥§«“¡

Àπ“∑’Ë 14-gage (1.81 mm) §à“°“√«‘‡§√“–Àå

∑“ß ∂‘µ‘„πµ“√“ß∑’Ë 5 · ¥ß„Àâ‡ÀÁπ«à“§à“®“°°“√

§”π«≥∑—Èß 3 ·∫∫¡’§à“„°≈â‡§’¬ß°—∫º≈°“√

∑¥≈Õß·≈–¡’§à“‡©≈’Ë¬¡“°°«à“ 1.0 ‡Àµÿº≈Àπ÷Ëß

‡ªìπ‡æ√“–Àπâ“µ—¥ 14-gage ¡’§à“Õ—µ√“ à«π

§«“¡°«â“ßµàÕ§«“¡Àπ“¡“°°«à“ Àπâ“µ—¥ 22-gage

(0.72 mm) ∂÷ß 2.5 ‡∑à“ ‡æ√“–©–π—ÈπÀπâ“µ—¥∑’Ë

14-gage ®–¡’º≈°√–∑∫®“°°“√‚°àß‡¥“–·∫∫

∫‘¥‡∫’È¬« (distortional buckling) πâÕ¬°«à“Àπâ“

µ—¥ 22-gage

 √ÿª

°“√»÷°…“º≈°“√∑¥≈Õß·≈–æƒµ‘°√√¡¢Õß

‡À≈Á°¥—¥‡¬Áπ√ŸªÀ¡«°∑’Ë¡’Àπâ“µ—¥∑’Ë´—∫´âÕπ¿“¬„µâ

·√ß¥—¥‰¥â∂Ÿ° √ÿª‰«â„π∫∑§«“¡π’È °“√«‘‡§√“–Àå∑’Ë

„™â°√“ø¢Õß°“√‚°àß‡¥“–„π™à«ßæƒµ‘°√√¡¬◊¥À¬ÿàπ

∑”„Àâ‡ÀÁπ«à“°“√‡≈◊Õ°§à“∑’ËµË” ÿ¥‡æ◊ËÕ„™â‡ªìπ§à“

„π°“√°”Àπ¥°“√‚°àß‡¥“–·∫∫∫‘¥‡∫’È¬« (Distor-

tional Buckling) π—ÈπµâÕßæ‘®“√≥“∂÷ß°“√‚°àß

‡¥“–·∫∫∫‘¥‡∫’È¬«„π‚À¡¥∑’Ë Ÿß°«à“¥â«¬‡æ√“–«à“

§à“Õ“®®–„°≈â‡§’¬ß°—∫§à“„π‚À¡¥·√°·≈–®–™à«¬

∑”„Àâ°“√«‘‡§√“–Àå‚¥¬„™â ¡°“√¢Õß«‘π‡∑Õ√å·≈–

·Œπ§Õ°¡’§à“¥’¢÷Èπ„π°“√∑”π“¬æƒµ‘°√√¡®√‘ß

°“√‡ª√’¬∫‡∑’¬∫√–À«à“ßº≈°“√∑¥≈Õß ·≈–

§à“∑’Ë§”π«≥‰¥â‚¥¬„™â¡“µ√∞“π AISI · ¥ß„Àâ‡ÀÁπ«à“

¡“µ√∞“π AISI ¬—ß∑”π“¬§à“‰¥âµË”°«à“∑’Ë‡°‘¥„π

æƒµ‘°√√¡®√‘ß  ‚¥¬‡©æ“–√ŸªÀπâ“µ—¥∑’Ë¡’§«“¡Àπ“

22-gage (0.72 mm) §à“∑’Ë‰¥â®“° ¡°“√¢Õß

·Œπ§Õ°π—Èπ∑”π“¬§à“‰¥â¥’·≈–Õπÿ√—°…åπ‘¬¡∑’Ë ÿ¥

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫«‘∏’Õ◊Ëπ ·≈–¡’§à“µ—«§Ÿ≥°”≈—ß φ
∑’Ë 0.73
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