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∫∑§—¥¬àÕ

ß“π«‘®—¬™‘Èππ’Èπ”‡ πÕº≈°“√»÷°…“æƒµ‘°√√¡·≈–§à“°”≈—ß√—∫πÈ”Àπ—°¢Õß∞“π√“°µ◊Èπ ∫π¥‘π≈¡ÀÕ∫

·∫∫¢Õπ·°àπ ®“°°“√∑¥ Õ∫°—∫·∫∫®”≈Õß„πÀâÕßªØ‘∫—µ‘°“√ ¿“¬„µâ™ÿ¥‡§√◊ËÕß¡◊Õ∑¥ Õ∫„À¡à‰¥â∂Ÿ°ª√–¥‘…∞å

¢÷Èπ¡“‡æ◊ËÕ„™â«‘‡§√“–Àå√Ÿª·∫∫°“√«‘∫—µ‘¢Õß¥‘π ´÷Ëß‡§√◊ËÕß¡◊Õ “¡“√∂®”≈Õß°“√„Àâ·√ß°√–∑”µàÕ∞“π√“°™π‘¥

µà“ßÊ ‰¥âÕ’°¥â«¬ ®“°§«“¡ —¡æ—π∏å¢Õß·√ß·≈–°“√‡§≈◊ËÕπµ—«  “¡“√∂π”¡“«‘‡§√“–Àå‡æ◊ËÕÀ“§à“°”≈—ß·∫°∑“π

¢Õß¥‘π‰¥â  „π°“√»÷°…“§√—Èßπ’È‰¥âπ”¥‘π≈¡ÀÕ∫·∫∫¢Õπ·°àπ ÷́Ëß¡’ªí≠À“‡√◊ËÕß°“√ Ÿ≠‡ ’¬°”≈—ß√—∫πÈ”Àπ—°

‡¡◊ËÕ¡’§«“¡™◊Èπ‡æ‘Ë¡¢÷Èπ¡“∑”°“√»÷°…“‡ªìπ§√—Èß·√° ‚¥¬·∫àßµ—«Õ¬à“ßÕÕ°‡ªìπ 2 ™ÿ¥∑¥ Õ∫§◊Õ  µ—«Õ¬à“ß·∫∫

§ß ¿“æ„π ¿“æ§«“¡™◊Èπµ“¡∏√√¡™“µ‘  ·≈–„π ¿“æ°“√‡æ‘Ë¡§«“¡™◊Èπ º≈°“√∑¥≈Õß∑’Ë‰¥â· ¥ß§à“°”≈—ß

πÈ”Àπ—°¢Õß¥‘π´÷Ëß®–≈¥≈ß‡¡◊ËÕª√‘¡“≥§«“¡™◊Èπ„π¥‘π‡æ‘Ë¡ Ÿß¢÷Èπ ·≈–®“°™ÿ¥∑¥ Õ∫·∫∫‚ª√àß„ ∑”„Àâ “¡“√∂

¡Õß‡ÀÁπ°“√‡§≈◊ËÕπµ—«  ÷́Ëß “¡“√∂«‘‡§√“–Àå√Ÿª·∫∫°“√«‘∫—µ‘¢Õß¡«≈¥‘π„µâ∞“π√“°‰¥â πÕ°®“°π’ÈºŸâ«‘®—¬¬—ß‰¥â

»÷°…“°—∫¥‘π≈¡ÀÕ∫∑’Ë‰¥â√—∫°“√ª√—∫ª√ÿß§ÿ≥¿“æ¥â«¬ªŸπ ’́‡¡πµåÕ’°¥â«¬  ‚¥¬º≈°“√∑¥ Õ∫· ¥ß„Àâ«à“

ªŸπ´’‡¡πµå‰¥â™à«¬‡æ‘Ë¡§à“°”≈—ßπÈ”Àπ—°„Àâ¡“°¢÷Èπ

ABSTRACT

This research is to study the behavior and the bearing capacity of shallow foundation on loess

subsoil. The study is performed only in the laboratory by using the 1g-physical modeling test.

The new equipment was newly designed and developed in order to study the type of soil failure after

performing the loading test. The load-settlement relationship from the test can indicate the bearing capacity

of the soil. In this study, the Khon Kaen loess was selected as a first project in the use of this new

equipment. The undisturbed samples were excavated from the field and to be tested under natural water

content and under wet conditions. The results show that the addition water can dramatically reduce the

bearing capacity of the loess and the image recorded during the test shows the shape of soil deformation

under the shallow footing. The study also performed with the treated loess by adding the cement to

the soil. The results show  cement can dramatically increase the bearing capacity of the soil.

§” ”§—≠   :  ¥‘π≈¡ÀÕ∫ °“√«‘∫—µ‘¢Õß¥‘π °”≈—ß√—∫πÈ”Àπ—°

Key Words :  Loess soil, Soil failure, Bearing capacity
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∫∑π”

¥‘π™—Èπ∫π ÿ¥„πÀ≈“¬æ◊Èπ∑’Ë¢Õß¿“§µ–«—π

ÕÕ°‡©’¬ß‡Àπ◊Õ¢Õßª√–‡∑»‰∑¬ æ∫«à“‡ªìπ¥‘π´÷Ëß‡°‘¥

®“°°“√æ—¥æ“‚¥¬≈¡ π‘¬¡‡√’¬°°—π«à“¥‘π≈¡ÀÕ∫

(Loess) ¥‘π™π‘¥π’È®–ª°§≈ÿ¡‡ªìπ∫√‘‡«≥°«â“ß„π

À≈“¬®—ßÀ«—¥ §«“¡Àπ“‡©≈’Ë¬¢Õß™—Èπ¥‘ππ’Èª√–¡“≥

5-6 ‡¡µ√®“°√–¥—∫º‘«¥‘π ¥‘π≈¡ÀÕ∫∑’Ëæ∫„π

µÕπ∫π¢Õß¿“§Õ’ “π¡—°®–¡’ ’·¥ß ‚¥¬®–æ∫¡“°

„π®—ßÀ«—¥¢Õπ·°àπ·≈–®—ßÀ«—¥„°≈â‡§’¬ß  ™◊ËÕ‡√’¬°

¡Õ¥‘π·¥ß ”À√—∫¡À“«‘∑¬“≈—¬¢Õπ·°àπ°Á¡“®“°

 ’·¥ß¢Õß¥‘π≈¡ÀÕ∫  à«π„πµÕπ≈à“ß‡™àπ„π®—ßÀ«—¥

π§√√“™ ’¡“ ¥‘π≈¡ÀÕ∫®–¡’ ’‡À≈◊Õß (Phien-wej

et al., 1992) À“°®”·π°¥‘πµ“¡ª√–‡¿∑∑“ß

«‘»«°√√¡®–æ∫«à“‡ªìπ¥‘π∑√“¬≈–‡Õ’¬¥ªπ∑√“¬·ªÑß

(Silty sand) ®“°°“√∑¥ Õ∫„πÀâÕßªØ‘∫—µ‘°“√

æ∫«à“∑—Èß¥‘π≈¡ÀÕ∫ ’·¥ß·≈–‡À≈◊Õß®–¡’§à“·√ß¬÷¥

‡Àπ’Ë¬«√–À«à“ß‡¡Á¥¥‘ππâÕ¬¡“° §«“¡·¢Áß·√ßÀ√◊Õ

°”≈—ß√—∫·√ß‡©◊Õπ¢Õß¥‘π®–¡’§à“ Ÿß¡“°‡¡◊ËÕ¥‘πÕ¬Ÿà

 ¿“æ·Àâß ·µà°”≈—ß¥—ß°≈à“«®–≈¥≈ßÕ¬à“ß¡“°‡™àπ°—π

‡¡◊ËÕª√‘¡“≥§«“¡™◊Èπ„π¥‘π Ÿß¢÷Èπ °“√°àÕ √â“ßÕ“§“√

 à«π„À≠à„π¿“§µ–«—π‡©’¬ß‡Àπ◊Õ¡—°®–¡’¢π“¥‡≈Á°

·≈–‰¡à Ÿß¡“°π—° ¥—ßπ—Èπ∞“π√“°∑’Ë„™â¡—°∂Ÿ°ÕÕ°·∫∫

„Àâ‡ªìπ∞“π√“°µ◊Èπ∑’Ë¡’√–¥—∫∞“π√“°µ—ÈßÕ¬Ÿà∫π¥‘π

≈¡ÀÕ∫ ªí≠À“∑’Ëæ∫∫àÕ¬°—∫Õ“§“√µà“ßÊ ∑’Ë¡’∞“π√“°

µ◊Èπµ—ÈßÕ¬Ÿà∫π¥‘ππ’È °Á§◊Õ¡’°“√ Ÿ≠‡ ’¬°”≈—ß·≈–‡°‘¥

°“√∑√ÿ¥µ—«¢÷Èπ‡¡◊ËÕ¥‘π¡’§à“§«“¡™◊Èπ‡æ‘Ë¡ Ÿß¢÷Èπ„π

√–¥—∫∑’Ë‰¡à‡∑à“°—π„π·µà≈–∞“π√“°  ªí≠À“®–æ∫∫àÕ¬

°—∫°“√√—Ë«´÷¡¢ÕßπÈ”®“°ÀâÕßπÈ”‰ª¬—ß∞“π√“°∫“ß∞“π

°“√·°âªí≠À“„πªí®®ÿ∫—πÕ“§“√µà“ßÊ¡—°®–À≈’°‡≈’Ë¬ß

°“√°àÕ √â“ß∞“π√“°µ◊Èπ∫π¥‘π≈¡ÀÕ∫ ·µà¡—°®–π‘¬¡

‡≈◊Õ°„™â‡ “‡¢Á¡·∑π ·µàªí≠À“∑’Ëµ“¡¡“¢Õß°“√„™â

∞“π√“°·∫∫‡ “‡¢Á¡°—∫Õ“§“√¢π“¥‡≈Á° °Á§◊Õ√“§“

§à“°àÕ √â“ß®–‡æ‘Ë¡ Ÿß¢÷Èπ¡“°µ“¡‰ª¥â«¬ „πÀ≈“¬ªï

∑’Ëºà“π¡“¡’π—°«‘®—¬®”π«π¡“°„π¿“§µ–«—πÕÕ°

‡©’¬ß‡Àπ◊Õ (Punrattanasin et al., 2002 ·≈– «—™√‘π∑√å

·≈–Õ¿‘™‘µ, æ.».2546) ‰¥â∑”«‘®—¬‚¥¬°“√∑¥≈Õß

„πÀâÕßªØ‘∫—µ‘°“√·≈–∑¥ Õ∫„π π“¡ ‡æ◊ËÕÀ“«‘∏’°“√

ª√—∫ª√ÿß§ÿ≥¿“æ¥‘π≈¡ÀÕ∫π’È „Àâ¡’°”≈—ß∑’Ë Ÿß¢÷Èπ

‚¥¬ “¡“√∂≈¥Õ—µ√“„π°“√ Ÿ≠‡ ’¬°”≈—ß√—∫πÈ”Àπ—°

≈ß‰¥â ‚¥¬°“√»÷°…“æ∫«à“°“√π”¥‘π≈¡ÀÕ∫¡“º ¡

°—∫‡∂â“≈Õ¬·≈–ªŸπ ’́‡¡πµåªÕ√åµ·≈π¥åª√–‡¿∑∑’ËÀπ÷Ëß

„πª√‘¡“≥∑’Ë‡À¡“– ¡ ®–∑”„Àâ°”≈—ß√—∫·√ß‡©◊Õπ

¢Õß¥‘π‡æ‘Ë¡ Ÿß¢÷Èπ ®“°·π«§‘¥π’ÈÀ“°¡’°“√π”¥‘π

¥—ß°≈à“«‰ª„™â‡ªìπ¥‘π ÷́Ëß√Õß√—∫∞“π√“°µ◊Èπ∑’Ë√—∫·√ß

‰¡à Ÿß¡“°π—°°ÁÕ“®®–™à«¬≈¥ªí≠À“°“√«‘∫—µ‘‰¥â·≈–

¬—ß®–™à«¬„Àâ§à“°àÕ √â“ßÕ“§“√≈¥≈ß‰¥â  ¥—ßπ—Èπ

ß“π«‘®—¬™‘Èππ’È®÷ß‰¥â®—¥∑”¢÷Èπ  ‡æ◊ËÕ»÷°…“§à“°”≈—ß

√—∫πÈ”Àπ—°·≈–æƒµ‘°√√¡¢Õß∞“π√“°µ◊Èπ∑’Ëµ—ÈßÕ¬Ÿà

∫π¥‘π≈¡ÀÕ∫„π ¿“æ§«“¡™◊Èπª°µ‘·≈–„π ¿“æ

∑’Ë¡’§à“§«“¡™◊Èπ‡æ‘Ë¡¢÷Èπ µ—«Õ¬à“ß¥‘π∑’Ë®–∑”°“√»÷°…“

‡°Á∫¡“®“°„π π“¡·≈â«®–∂Ÿ°π”¡“®”≈Õß„πÀâÕß

ªØ‘∫—µ‘°“√ ‡æ◊ËÕ„Àâ‡ª√’¬∫‡ ¡◊Õπ‡ªìπ™—Èπ¥‘π≈¡ÀÕ∫®√‘ß

πÕ°®“°π’Èµ—«Õ¬à“ß¥‘π≈¡ÀÕ∫∑’Ë‰¥â√—∫°“√ª√—∫ª√ÿß

§ÿ≥¿“æ¥â«¬´’‡¡πµå  °Á∂Ÿ°π”¡“∑¥≈Õß‡æ◊ËÕ‡ª√’¬∫

‡∑’¬∫°—∫µ—«Õ¬à“ß¥‘π∏√√¡™“µ‘ ´÷Ëß®–‡ÀÁπ§«“¡·µ°

µà“ß∑“ß¥â“π°”≈—ß  º≈∑’Ë‰¥â®“°°“√∑¥≈Õß„πÀâÕß

ªØ‘∫—µ‘°“√ “¡“√∂π”‡ πÕ√Ÿª·∫∫¢Õß°“√«‘∫—µ‘¢Õß

¥‘π„µâ∞“π√“°‰¥âÕ’°¥â«¬ ¥—ßπ—Èπ®÷ß‡ªìπ∑“ß‡≈◊Õ¥Àπ÷Ëß

∑’Ë®–∑”„Àâ«‘»«°√∑’Ë‡°’Ë¬«¢âÕß°—∫¥‘π™π‘¥π’È “¡“√∂

·°â‰¢ªí≠À“∑’ËÕ“®®–æ∫„πÕπ“§µ‰¥â‡¡◊ËÕ‡¢â“‰ª

‡°’Ë¬«¢âÕß°—∫ß“π°àÕ √â“ß∫π¥‘π™π‘¥π’È

«‘∏’°“√∑¥≈Õß

‡æ◊ËÕ»÷°…“§à“°”≈—ß√—∫πÈ”Àπ—°¢Õß¥‘π ·≈–

æƒµ‘°√√¡¢Õß¥‘π∑’Ë‡ª≈’Ë¬π‰ª„µâ∞“π√“° ºŸâ«‘®—¬®÷ß‰¥â

∑”°“√ª√–¥‘…∞å™ÿ¥‡§√◊ËÕß¡◊Õ∑¥ Õ∫°“√„Àâ·√ßµàÕ

∞“π√“°„À¡à¢÷Èπ¡“ ‡æ◊ËÕ„™â∑¥≈Õß„πÀâÕßªØ‘∫—µ‘°“√

‚¥¬‡§√◊ËÕß¡◊Õ™ÿ¥π’È  ∂Ÿ°ÕÕ°·∫∫¿“¬„µâ‡ß◊ËÕπ‰¢

¢Õß§«“¡∂Ÿ°µâÕß·¡àπ¬”¢Õß‡§√◊ËÕß¡◊Õ ‚¥¬‡πâπ∂÷ß

§«“¡ª√–À¬—¥„π°“√ √â“ß  ‰¥â¡’°“√∑”Õÿª°√≥å·≈–

‡§√◊ËÕß¡◊Õ∫“ß à«π∑’Ë¡’Õ¬Ÿà·≈â«„πÀâÕßªØ‘∫—µ‘°“√À√◊Õ

 “¡“√∂À“ ◊́ÈÕ‰¥â„π∑âÕß∂‘Ëπ¡“ª√–¬ÿ°µå„™â  Õ’°∑—Èß
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‡§√◊ËÕß¡◊Õπ’È¬—ßµâÕß “¡“√∂π”‰ª„™â„π°“√»÷°…“‡°’Ë¬«

°—∫æƒµ‘°√√¡¢Õß¥‘π·≈–∞“π√“°™π‘¥Õ◊ËπÊ ‰¥â

Õ’°¥â«¬  ”À√—∫«‘∏’°“√»÷°…“ ”À√—∫ß“π«‘®—¬™‘Èππ’È

ª√–°Õ∫‰ª¥â«¬ 2  à«πÀ≈—°Ê ¥—ßµàÕπ’È

1. °“√‡µ√’¬¡µ—«Õ¬à“ß¥‘π

°“√‡µ√’¬¡µ—«Õ¬à“ß¥‘π µ—«Õ¬à“ß¥‘π∑’Ë∑”°“√

∑¥ Õ∫·∫àßÕÕ°‡ªìπ 2 ™ÿ¥ §◊Õ µ—«Õ¬à“ß¥‘π·∫∫§ß

 ¿“æ∑’Ë‡°Á∫„π∑’Ë(Undisturbed sample) ·≈–µ—«Õ¬à“ß

¥‘π≈¡ÀÕ∫∑’Ë‰¥â√—∫°“√ª√—∫ª√ÿß§ÿ≥¿“æ¥â«¬´’‡¡πµå

(Cement-treated soil)

„πµ—«Õ¬à“ß·µà≈–™ÿ¥¬—ß·∫àßÕÕ°‡ªìπ 2  ¿“«–

§◊Õ∑’Ë§«“¡™◊Èπ∏√√¡™“µ‘ (Natural water content

condition) ·≈–„π ¿“«–°“√‡æ‘Ë¡§«“¡™◊Èπ (Wet

condition) ‚¥¬µ—«Õ¬à“ß§ß ¿“æ∂Ÿ°‡°Á∫„πæ◊Èπ∑’Ë

¡À“«‘∑¬“≈—¬¢Õπ·°àπ¥—ß· ¥ß„π√Ÿª∑’Ë 1 ‡¡◊ËÕ‡°Á∫¡“

·≈â«µ—«Õ¬à“ß¥‘π®–∂Ÿ°π”¡“∫√√®ÿ„π∂—ß∑¥ Õ∫

‚¥¬®–∑”°“√ª√—∫·µàß√–¥—∫¢Õßº‘«¥‘π„Àâ√“∫‡√’¬∫

°àÕπ®–π”∞“π√“°µ◊Èπ¡“∑”°“√∑¥ Õ∫ ‚¥¬∞“π√“°

∑’Ë„™â®–‡ªìπ·∫∫ Strip footing ́ ÷Ëß¡’§«“¡°«â“ß 5.0 ́ ¡.

·≈–¬“« 40.0 ´¡.  à«πµ—«Õ¬à“ß¥‘π∑’Ë‰¥â√—∫°“√

ª√—∫ª√ÿß§ÿ≥¿“æ¥â«¬ ’́‡¡πµå ®–„™âª√‘¡“≥ ’́‡¡πµå

Àπ—°‡ªìπ 8% ¢ÕßπÈ”Àπ—°¥‘π·Àâß ‡¢â“‰ªº ¡°—∫πÈ”∑’Ë

ª√‘¡“≥§«“¡™◊Èπ‡∑à“°—∫§«“¡™◊Èπ∏√√¡™“µ‘¢Õß

µ—«Õ¬à“ß¥‘π∑’Ë‡°Á∫„π∑’Ë  ‡æ◊ËÕ∑’Ë®– “¡“√∂§«∫§ÿ¡„Àâ

§«“¡™◊Èπ¢Õß°“√∑¥≈Õß∑—Èß 2  “¡“√∂π”¡“‡ª√’¬∫

‡∑’¬∫°—π‰¥â ‚¥¬Õ—µ√“ à«πº ¡¢Õß´’‡¡πµåπ’È‰¥â¡“

®“°º≈°“√∑¥≈Õß¢Õß°≈ÿà¡ºŸâ«‘®—¬„πÕ¥’µ («—™√‘π∑√å

·≈–Õ¿‘™‘µ, æ.».2546) ‚¥¬√Ÿª∑’Ë 2 ‡ªìπ√Ÿª· ¥ß

¢≥–º ¡µ—«Õ¬à“ß¥‘π·Àâß°—∫´’‡¡πµå¥â«¬§«“¡™◊Èπ∑’Ë

°”Àπ¥‰«â≈à«ßÀπâ“  à«π√Ÿª∑’Ë 3 ‡ªìπ¿“æ· ¥ß°“√∫¥

Õ—¥µ—«Õ¬à“ß¥‘πÀ≈—ß®“°‰¥âº ¡µ—«Õ¬à“ß¥‘π  ´’‡¡πµå

·≈–πÈ”‡¢â“¥â«¬°—π „πµ“√“ß∑’Ë 1 ‰¥â √ÿª§”Õ∏‘∫“¬

¢Õß°“√∑¥ Õ∫∑—Èß 4 µ—«Õ¬à“ß „π°“√®”≈Õß ¿“æ

°“√‡æ‘Ë¡§«“¡™◊Èπ‰¥â„™â ‡ª√¬å©’¥∑’Ëº‘«Àπâ“¢Õßµ—«Õ¬à“ß

‚¥¬®–§«∫§ÿ¡ª√‘¡“≥πÈ”∑’Ë®–©’¥„Àâ°—∫µ—«Õ¬à“ß·∫∫

§ß ¿“æ  ·≈–µ—«Õ¬à“ß∑’Ë‰¥â√—∫°“√ª√—∫ª√ÿß§ÿ≥¿“æ

„Àâ¡’ª√‘¡“≥‡∑à“°—π¥—ß· ¥ß„π√Ÿª∑’Ë 4 ‡¡◊ËÕ‡µ√’¬¡

µ—«Õ¬à“ß„ à‡¢â“‰ª„π∂—ß∫√√®ÿµ—«Õ¬à“ß·≈â«‡ √Á® ®–∑”

°“√µ‘¥µ—ÈßÀ¡ÿ¥«—¥°“√‡§≈◊ËÕπµ—« ‡æ◊ËÕ®–»÷°…“°“√

‡§≈◊ËÕπ∑’Ë¢Õß¡«≈¥‘π„µâ∞“π√“° À¡ÿ¥®–µ‘¥µ—Èß∑’Ë

µ”·Àπàßµà“ßÊ °—π∫πº‘«Àπâ“¢Õß¥‘π À“°¡’°“√

‡§≈◊ËÕπµ—«¢ÕßÀ¡ÿ¥‡À≈à“π’È‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫À¡ÿ¥

Õâ“ßÕ‘ß¿“¬πÕ°®– “¡“√∂π”¡“»÷°…“æƒµ‘°√√¡°“√

‡§≈◊ËÕπµ—«¢Õß¥‘π„µâ∞“π√“°‰¥â √Ÿª∑’Ë 5  ´÷Ëß‡ªìπ

µ— «Õ¬à “ß¢Õß¥‘π∑’Ë ‰¥â √—∫°“√µ‘¥µ—È ßÀ¡ÿ¥«—¥°“√

‡§≈◊ËÕπµ—«·≈â«

√Ÿª∑’Ë 1 °“√‡°Á∫µ—«Õ¬à“ß¥‘π·∫∫§ß ¿“æ

√Ÿª∑’Ë 2 °“√º ¡¥‘π·Àâß‡¢â“°—∫ªŸπ ’́‡¡πµå
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√Ÿª∑’Ë 3 °“√∫¥Õ—¥µ—«Õ¬à“ß≈ß‰ª„π∂—ß∫√√®ÿµ—«Õ¬à“ß

√Ÿª∑’Ë 4  °“√‡æ‘Ë¡§«“¡™◊Èπ„Àâ°—∫µ—«Õ¬à“ß¥‘π

√Ÿª∑’Ë 5 °“√µ‘¥µ—ÈßÀ¡ÿ¥«—¥°“√‡§≈◊ËÕπµ—«∑’Ë§«“¡≈÷°µà“ßÊ

µ“√“ß∑’Ë 1  §”Õ∏‘∫“¬°“√∑¥ Õ∫µà“ßÊ

2. ‡§√◊ËÕß¡◊Õ∑’Ë„™â„π°“√∑¥ Õ∫

 à«πª√–°Õ∫À≈—°¢Õß‡§√◊ËÕß¡◊Õ∑’Ë„™â„π°“√

∑¥ Õ∫ ·∫àßÕÕ°‡ªìπ 3  à«π¥—ßπ’È 1) ∂—ß∫√√®ÿ

µ—«Õ¬à“ß·∫∫‚ª√àß„  «—µ∂ÿª√– ß§å¢Õß°“√„™â∂—ß·∫∫

‚ª√àß„  °Á‡æ◊ËÕ®–∑”„Àâ “¡“√∂¡Õß‡ÀÁπ·≈– “¡“√∂

∫—π∑÷°¿“æ°“√‡§≈◊ËÕπ∑’Ë¢Õß¥‘π‰¥â ‚¥¬ “¡“√∂

π”¡“«‘ ‡§√“–Àå√Ÿª·∫∫°“√«‘∫—µ‘¢Õß¡«≈¥‘π‰¥â

2) ™ÿ¥Õÿª°√≥å„Àâ·√ß·≈–‡§√◊ËÕß¡◊Õ«—¥°“√‡§≈◊ËÕπ∑’Ë

¢Õß∞“π√“° ®–ª√–°Õ∫‰ª¥â«¬™ÿ¥¡Õ‡µÕ√å´÷Ëß

 “¡“√∂§«∫§ÿ¡§«“¡‡√Á«À√◊ÕÕ—µ√“„π°“√„Àâ·√ß∑’Ë

§«“¡‡√Á«µà“ßÊ‰¥â „π°“√«—¥§à“¢Õß·√ß∑’Ë‡°‘¥¢÷Èπ®–„™â

‡§√◊ËÕß¡◊Õ«—¥·√ß (Proving Ring) ∑’Ë¡’Õ¬Ÿà„πÀâÕß

ªØ‘∫—µ‘°“√  à«π°“√‡§≈◊ËÕπ∑’Ë¢Õß∞“π√“°®–„™â

‡§√◊ËÕß¡◊Õ«—¥°“√‡§≈◊ËÕπµ—« (LVDTs) 1 §Ÿà«“ß∫π

∞“π√“°‚¥¬®–«“ß‰«â∑’Ëµ”·Àπàß·µ°µà“ß°—π ‡æ◊ËÕ

‡ªìπ°“√‡ª√’¬∫‡∑’¬∫§«“¡∂Ÿ°µâÕß¢Õß¢âÕ¡Ÿ≈∑’Ë‰¥â

·≈–¬—ß “¡“√∂«—¥°“√À¡ÿπÀ“°∞“π√“°¡’°“√∑√ÿ¥µ—«

∑’Ë‰¡à‡∑à“°—π √Ÿª∑’Ë 6 · ¥ß„Àâ‡ÀÁπ∂÷ß¿“æ√«¡¢Õß

™ÿ¥‡§√◊ËÕß¡◊Õ∑¥ Õ∫  à«π„π√Ÿª∑’Ë  7 ‰¥â· ¥ß

√“¬≈–‡Õ’¬¥¢Õß‡§√◊ËÕß¡◊Õ«—¥µà“ßÊ ∫π∞“π√“°´÷Ëß

ª√–°Õ∫‰ª¥â«¬‡§√◊ËÕß¡◊Õ«—¥·√ß·≈–°“√‡§≈◊ËÕπµ—«

3) ™ÿ¥Õÿª°√≥å∫—π∑÷°¿“æ·≈–ª√–¡«≈º≈ ´÷Ëß à«ππ’È

‡ªìπ à«π∑’Ë ”§—≠µàÕ§«“¡∂Ÿ°µâÕß¢Õß¢âÕ¡Ÿ≈∑’Ë‰¥â√—∫¡“

®“°Õÿª°√≥å«—¥§à“µà“ßÊ „π°“√∑¥≈Õßπ’È®–„™â™ÿ¥

«—¥ —≠≠“≥·∫∫æ°æ“ (Portable Data Logger)



52 «“√ “√«‘®—¬ ¡¢. (∫».) 7 (1) :  ¡.§. - ¡’.§. 2550

´÷Ëß¡’§«“¡≈–‡Õ’¬¥·≈–·¡àπ¬” Ÿß¡“„™â„π°“√∫—π∑÷°

§à“µà“ßÊ ¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√∑¥ Õ∫ ®– àßºà“π‰ª¬—ß

‡§√◊ËÕß∫—π∑÷°Õ—µ‚π¡—µ‘„π√Ÿª·∫∫¢Õß°“√«—¥ —≠≠“≥

·∫∫∑’Ë ‡°‘¥¢÷Èπ®√‘ß·∫∫∑—π∑à«ß∑’ (Real Time

Recording)  à«πÕÿª°√≥å∫—π∑÷°¿“æ®–„™â°≈âÕß«’¥’‚Õ

„π°“√∫—π∑÷°¿“æ°“√‡§≈◊ËÕπµ—«¢Õß¡«≈¥‘π „π¢≥–

∑”°“√∑¥ Õ∫ ¿“æ∑’Ë∫—π∑÷°‰¥â®–· ¥ß„Àâ‡ÀÁπ∂÷ß°“√

‡§≈◊ËÕπ∑’Ë¢Õß¥‘π ‡¡◊ËÕ¡’·√ß¡“°√–∑”∑’Ë‡«≈“µà“ßÊ

‚¥¬¢âÕ¡Ÿ≈∑—ÈßÀ¡¥®– àß‰ª¬—ß§Õ¡æ‘«‡µÕ√å∑’Ë§«∫§ÿ¡

®”π«π 2 ™ÿ¥ §◊Õ ™ÿ¥·√°„™â∫—π∑÷°§à“®“°™ÿ¥«—¥

 —≠≠“≥·∫∫æ°æ“ (Portable Data Logger) ÷́Ëß

®–‰¥â§«“¡ —¡æ—π∏å√–À«à“ß°“√‡§≈◊ËÕπµ—«¢Õß∞“π√“°

·≈–·√ß∑’Ë¡“°√–∑”  ·≈–Õ’°™ÿ¥®–„™â∫—π∑÷°¿“æ®“°

°≈âÕß«’¥’‚Õ  ´÷Ëß®–‰¥â¿“æ¢≥–∑”°“√∑¥ Õ∫„π

∑ÿ°™à«ß‡«≈“

√Ÿª∑’Ë 6 ∂—ß∫√√®ÿµ—«Õ¬à“ß·∫∫‚ª√àß„ ·≈–Õÿª°√≥å

„Àâ·√ß„π·π«¥‘Ëß´÷Ëßª√–°Õ∫‰ª¥â«¬™ÿ¥

¡Õ‡µÕ√å

√Ÿª∑’Ë 7 °“√µ‘¥µ—ÈßÕÿª°√≥å«—¥·√ß·≈–°“√‡§≈◊ËÕπµ—«

º≈°“√«‘®—¬

 ”À√—∫µ—«Õ¬à“ß¥‘π·∫∫§ß ¿“æ ∑’Ë∑¥ Õ∫

„π ¿“æ§«“¡™◊Èπµ“¡∏√√¡™“µ‘ ®“°°“√∑¥≈Õß

 “¡“√∂À“§à“·√ß°√–∑”µàÕ∞“π√“° Ÿß ÿ¥ (Maximum

load) ‰¥â®“°°√“ø§«“¡ —¡æ—π∏å√–À«à“ß§à“°“√

∑√ÿ¥µ—«·≈–·√ß°¥ ¥—ß· ¥ß„π√Ÿª∑’Ë 8 ®“°°√“ø

 “¡“√∂À“§à “·√ß°¥ Ÿ ß ÿ¥°àÕπ‡°‘¥°“√«‘∫—µ‘

‡π◊ËÕß®“°·√ß‡©◊Õπ„π¥‘π‰¥â‡∑à“°—∫ 21 kN ´÷Ëß‡°‘¥

∑’Ë√–¥—∫°“√∑√ÿ¥µ—« 9 ¡¡. ·µà∑—Ë«‰ª¡—°‰¡àπ‘¬¡„™â

§à“·√ß Ÿß ÿ¥‰ª„™âß“πÀ“°¡’°“√∑√ÿ¥µ—«‡°‘¥¢÷Èπ¡“°

·µà®–„™â§à“·√ß∑’Ë°“√∑√ÿ¥µ—«∑’Ë 10% ¢Õß§«“¡°«â“ß

∞“π√“° (0.1B) ·∑π ÷́Ëß„π°“√»÷°…“π’È§«“¡°«â“ß

¢Õß∞“π√“°§◊Õ 50 ¡¡. ÷́Ëß®–„Àâ§à“·√ß‡∑à“°—∫

13 kN ‡æ◊ËÕπ”‰ª„™â„π°“√§”π«≥§à“°”≈—ß√—∫πÈ”Àπ—°

∫√√∑ÿ°ª√–≈—¬¢Õß¥‘π (Ultimate bearing capacity)

µàÕ‰ª ®“°°√“ø®–‡ÀÁπ‰¥â«à“¡’‡ âπÀ¬—°À≈“¬‡ âπ‡°‘¥

¢÷Èπ‡¡◊ËÕ¡’°“√‡æ‘Ë¡¢÷Èπ¢Õß·√ß  “‡Àµÿ¢Õß√Õ¬À¬—°

‡À≈à“π’È‡°‘¥¢÷Èπ®“°°“√·µ°√â“«¢Õßµ—«Õ¬à“ß‡¡◊ËÕ¡’·√ß

°√–∑” Ÿß¢÷Èπ ´÷Ëß “¡“√∂ —ß‡°µ‰¥â™—¥‡®π®“°¿“æ

¢Õß¥‘πÀ≈—ß∑”°“√∑¥ Õ∫ ‚¥¬√Õ¬·µ°√â“«‡À≈à“π’È

‡°‘¥¢÷Èπ„π≈—°…≥–§≈â“¬°—∫°“√∑¥ Õ∫§à“°”≈—ß√—∫

·√ßÕ—¥¢Õß°âÕπ§Õπ°√’µ  ”À√—∫µ—«Õ¬à“ß¥‘π§ß

 ¿“æÀ“°æ‘®“√≥“‡∫◊ÈÕßµâπ®–æ∫«à“®–¡’§«“¡·¢Áß·√ß

¡“°·≈–¡’≈—°…≥–§≈â“¬°âÕπ§Õπ°√’µ ‚¥¬√Ÿª°àÕπ

·≈–À≈—ß∑”°“√∑¥ Õ∫À“§à“°”≈—ß√—∫·√ß°¥ “¡“√∂

»÷°…“‰¥â®“°√Ÿª∑’Ë 9 ·≈– 10
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√Ÿª∑’Ë  8 §«“¡ —¡æ—π∏å√–À«à“ß Load-Settlement

            ¢Õßµ—«Õ¬à“ß¥‘π·∫∫§ß ¿“æ

‡¡◊ËÕπ”°âÕπµ—«Õ¬à“ß¥‘π·∫∫§ß ¿“æ„À¡à

¡“∑”°“√∑¥ Õ∫ ‚¥¬°àÕπ‡√‘Ë¡µâπ‰¥â‡æ‘Ë¡§«“¡™◊Èπ

‡¢â“‰ª„πµ—«Õ¬à“ß¥‘π ‡¡◊ËÕ∑”°“√∑¥ Õ∫·≈â«®–

æ∫«à“§à“·√ß Ÿß ÿ¥∑’Ë¥‘π “¡“√∂√—∫‰¥â ‚¥¬¥Ÿ®“°

√Ÿª∑’Ë  8 ¡’§à“≈¥≈ßÕ¬à“ß¡“°‚¥¬§à“ Ÿß ÿ¥∑’Ë√—∫

‰¥â¡’§à“ª√–¡“≥ 3 kN À“°«‘‡§√“–Àå∑’Ë°“√∑√ÿ¥µ—« 0.1B

§à“·√ß∑’Ë√—∫‰¥â®–‡À≈◊Õ‡æ’¬ß 2 kN ´÷Ëß· ¥ß„Àâ‡ÀÁπ‰¥â

«à“ πÈ”∑’Ë„ à‡¢â“‰ª‰¥â‰ª∑”≈“¬·√ß¬÷¥‡Àπ’Ë¬«√–À«à“ß

‡¡Á¥¥‘π¢Õß¥‘π≈¡ÀÕ∫≈ß ∑”„Àâ§à“°”≈—ß√—∫πÈ”Àπ—°

¢Õß¥‘π≈¥≈ß  ”À√—∫¿“æ°àÕπ·≈–À≈—ß°“√∑¥ Õ∫

¢Õßµ—«Õ¬à“ß¥‘π„π ¿“æ‡æ‘Ë¡§«“¡™◊Èπ  “¡“√∂¥Ÿ‰¥â

„π√Ÿª∑’Ë 11 ·≈– 12 µ“¡≈”¥—∫

√Ÿª∑’Ë 9 µ—«Õ¬à“ß¥‘π§ß ¿“æ§«“¡™◊Èπ∏√√¡™“µ‘°àÕπ

‡√‘Ë¡∑”°“√∑¥ Õ∫

√Ÿª∑’Ë 10 µ—«Õ¬à“ß¥‘π§ß ¿“æ§«“¡™◊Èπ∏√√¡™“µ‘

À≈—ß∑”°“√∑¥ Õ∫

√Ÿª∑’Ë 11 µ—«Õ¬à“ß¥‘π§ß ¿“æ∑’Ë‰¥â√—∫°“√‡æ‘Ë¡§«“¡™◊Èπ

°àÕπ‡√‘Ë¡∑”°“√∑¥ Õ∫

√Ÿª∑’Ë 12 µ—«Õ¬à“ß¥‘π§ß ¿“æ∑’Ë‰¥â√—∫°“√‡æ‘Ë¡§«“¡™◊Èπ

À≈—ß∑”°“√∑¥ Õ∫
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®“°°“√»÷°…“∑’Ëºà“π¡“æ∫«à“ °“√‡æ‘Ë¡

ªŸπ´’‡¡πµå‡æ’¬ß·§à 5-10% ¢ÕßπÈ”Àπ—°¥‘π·Àâß

 “¡“√∂™à«¬„Àâ°”≈—ß√—∫·√ß‡©◊Õπ¢Õß¥‘π‡æ‘Ë¡ Ÿß¢÷Èπ

·µà°“√»÷°…“∑’Ëºà“π¡“‰¥â∑”‡©æ“–°“√À“§à“§«“¡

µâ“π∑“π·√ß‡©◊Õπ‡∑à“π—Èπ ‰¡à¡’ºŸâ„¥‰¥â∑”°“√»÷°…“

∂÷ß§à“°”≈—ß√—∫πÈ”Àπ—°¢Õß¥‘π‡≈¬ ¥—ßπ—Èπ„π‚§√ß°“√

»÷°…“§√—Èßπ’È®÷ß‰¥âπ”µ—«Õ¬à“ß¥‘π∑’Ëº ¡´’‡¡πµå¡“

∑”°“√»÷°…“¥â«¬ ®“°°“√∑¥ Õ∫æ∫«à“µ—«Õ¬à“ß

¢Õß¥‘π≈¡ÀÕ∫ ∑’Ë‰¥â√—∫°“√ª√—∫ª√ÿß§ÿ≥¿“æ¥â«¬

´’‡¡πµå 8% ∑”„Àâ§à“§«“¡µâ“π·√ß∑’Ë°¥‡¢â“‰ª°—∫

µ—«Õ¬à“ß¡’§à“ Ÿß¡“°°«à“ 50 kN ¥—ß· ¥ß„π√Ÿª∑’Ë 13

·µà‡π◊ËÕß®“°¢âÕ®”°—¥¢Õß‡§√◊ËÕß¡◊Õ∑’ËÕÕ°·∫∫‰«â„Àâ

 “¡“√∂‡æ‘Ë¡·√ß°¥‰¥â‡æ’¬ß 50 kN ∑”„Àâº≈®“°°“√

∑¥ Õ∫‰¡à “¡“√∂À“§à“°”≈—ß√—∫·√ß Ÿß∑’Ë ÿ¥¢Õß

µ—«Õ¬à“ß¥‘πº ¡ ’́‡¡πµåπ’È‰¥â ·µà®“°°√“ø®–‡ÀÁπ‰¥â

«à“∑’Ë·√ß°¥ 50 kN §à“°“√∑√ÿ¥µ—«‡°‘¥¢÷Èπ‡æ’¬ß

1 ¡¡. ‡∑à“π—Èπ À≈—ß®“°π—Èπ‰¥âπ”µ—«Õ¬à“ß¥‘πº ¡

´’‡¡πµå™ÿ¥„À¡à ¡“∑”°“√∑¥ Õ∫·µà°àÕπ‡√‘Ë¡°¥·√ß

≈ß‰ª∑’Ë∞“π√“° µ—«Õ¬à“ß¥‘π´’‡¡πµå‰¥â√—∫°“√‡æ‘Ë¡

§«“¡™◊Èπ „πª√‘¡“≥‡¥’¬«°—∫∑’Ë‰¥â∑¥ Õ∫°—∫µ—«Õ¬à“ß

·∫∫§ß ¿“æ º≈°“√∑¥≈Õß· ¥ß„Àâ‡ÀÁπ∂÷ß

ª√–‚¬™πå¢Õß´’‡¡πµå∑’Ë¡’µàÕ§à“°”≈—ß√—∫πÈ”Àπ—°¢Õß¥‘π

‚¥¬§à“·√ß°¥ Ÿß ÿ¥∑’Ë¥‘π√—∫‰¥â √—∫‰¥â Ÿß∂÷ß 41 kN

∑’Ë°“√∑√ÿ¥µ—« 2 ¡¡. ·µà‡¡◊ËÕ‡æ‘Ë¡·√ß„Àâ¡“°°«à“ 41 kN

¥‘π‰¡à “¡“√∂µâ“π∑“π·√ßµàÕ‰ª‰¥âÕ’°‚¥¬¥Ÿ®“°“√

∑√ÿ¥µ—«∑’Ë‡æ‘Ë¡¡“°¢÷Èπ æƒµ‘°√√¡°“√√—∫πÈ”Àπ—°¥Ÿ‰¥â

®“°§«“¡ —¡æ—π∏å¢Õß°“√∑√ÿ¥µ—«·≈–·√ß  ”À√—∫

µ—«Õ¬à“ßπ’È®–¡’≈—°…≥–§≈â“¬°—∫º≈°“√∑¥ Õ∫

∑’Ë°√–∑”°—∫µ—«Õ¬à“ß¢Õß°âÕπ§Õπ°√’µ √Ÿª∑’Ë 14-17

· ¥ß°“√‡§≈◊ËÕπµ—«¢Õßµ—«Õ¬à“ß¥‘π∑’Ë ‰¥â√—∫°“√

ª√—∫ª√ÿß§ÿ≥¿“æ¥â«¬´’‡¡πµå ‡¡◊ËÕπ”§à“°“√∑√ÿ¥µ—«

·≈–·√ß°√–∑”µàÕ∞“π√“°¢Õßµ—«Õ¬à “ß¥‘π∑—È ß

4 µ—«Õ¬à“ß¡“‡¢’¬π√«¡°—π®–‰¥â¥—ß· ¥ß„π√Ÿª∑’Ë 18

 à«πµ“√“ß∑’Ë 2 ‰¥â √ÿª§à“°”≈—ßπÈ”Àπ—°¢Õß¥‘π„π

 ¿“«–µà“ßÊ ‰«â ‚¥¬¡’§à“°”≈—ß Ÿß ÿ¥·≈–§à“°”≈—ß

¢Õß¥‘π∑’Ë°“√∑√ÿ¥µ—« 10% ¢Õß§«“¡°«â“ß∞“π√“°

√Ÿª∑’Ë 13 §«“¡ —¡æ—π∏å√–À«à“ß Load-Settlement

¢Õßµ— «Õ¬à “ ß¥‘π∑’Ë ‰¥â √— ∫°“√ª√—∫ª√ÿ ß

§ÿ≥¿“æ¥â«¬´’‡¡πµå

√Ÿª∑’Ë 14 µ—«Õ¬à“ß¥‘π∑’Ë‰¥â√—∫°“√ª√—∫ª√ÿß§ÿ≥¿“æ

¥â«¬ ’́ ‡¡πµå ¿“æ§«“¡™◊Èπ∏√√¡™“µ‘

°àÕπ‡√‘Ë¡∑”°“√∑¥ Õ∫

√Ÿª∑’Ë 15 µ—«Õ¬à“ß¥‘π∑’Ë‰¥â√—∫°“√ª√—∫ª√ÿß§ÿ≥¿“æ

¥â«¬´’‡¡πµå ¿“æ§«“¡™◊Èπ∏√√¡™“µ‘À≈—ß

∑”°“√∑¥ Õ∫
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√Ÿª∑’Ë 16 µ—«Õ¬à“ß¥‘π∑’Ë‰¥â√—∫°“√ª√—∫ª√ÿß§ÿ≥¿“æ

¥â«¬ ’́‡¡πµå∑’Ë‰¥â√—∫°“√‡æ‘Ë¡§«“¡™◊Èπ°àÕπ

‡√‘Ë¡∑”°“√∑¥ Õ∫

√Ÿª∑’Ë 17 µ—«Õ¬à“ß¥‘π∑’Ë‰¥â√—∫°“√ª√—∫ª√ÿß§ÿ≥¿“æ

¥â«¬´’‡¡πµå∑’Ë‰¥â√—∫°“√‡æ‘Ë¡§«“¡™◊ÈπÀ≈—ß

∑”°“√∑¥ Õ∫

√Ÿª∑’Ë 18 §«“¡ —¡æ—π∏å√–À«à“ß Load-Settlement

¢Õßµ—«Õ¬à“ß¥‘π∑—ÈßÀ¡¥∑’Ë‰¥â∑”°“√∑¥ Õ∫

µ“√“ß∑’Ë 2 §à“°”≈—ß√—∫πÈ”Àπ—°¢Õß∞“π√“°„π√Ÿª

¢Õß·√ß

 √ÿªº≈°“√«‘®—¬

ß“π«‘®—¬π’È‡ªìπß“π«‘®—¬ ‡æ◊ËÕ»÷°…“æƒµ‘°√√¡

·≈–§à“°”≈—ß√—∫πÈ”Àπ—°¢Õß¥‘π≈¡ÀÕ∫„π ¿“«–

µà“ßÊ ®“°°“√»÷°…“„πÀâÕßªØ‘∫—µ‘°“√¥â«¬·∫∫®”≈Õß

‡§√◊ËÕß¡◊Õ∑’Ë„™â„π°“√»÷°…“‰¥â®—¥∑”¢÷Èπ„À¡à ‚¥¬™ÿ¥

Õÿª°√≥å·∫∫‚ª√àß„ ∑”„Àâ “¡“√∂¡Õß‡ÀÁπ°“√

‡§≈◊ËÕπµ—«¢Õß¥‘π∑’Ë‡°‘¥¢÷Èπ„π√–À«à“ß°“√√—∫πÈ”Àπ—°

µ—«Õ¬à“ß¥‘π≈¡ÀÕ∫„π ¿“æ§«“¡™◊Èπ∏√√¡™“µ‘

‰¥â∂Ÿ°‡°Á∫¡“∑¥ Õ∫ ‡æ◊ËÕÀ“§à“°”≈—ß√—∫πÈ”Àπ—°

®“°°“√∑¥ Õ∫æ∫«à“ª√‘¡“≥πÈ”∑’Ë „ à ‡¢â “‰ª„π

µ—«Õ¬à“ß¥‘π ∑”„Àâ§à“°”≈—ß√—∫πÈ”Àπ—°¢Õß¥‘π≈¡ÀÕ∫

≈¥≈ßÕ¬à“ß¡“° ´÷Ëß®–‰ª Õ¥§≈âÕß°—∫ªí≠À“

¢ÕßÕ“§“√∑’Ë „™â∞“π√“°µ◊Èπµ—È ßÕ¬Ÿà∫π¥‘π™π‘¥π’È

®“°°“√»÷°…“¬—ßæ∫Õ’°«à“°“√‡æ‘Ë¡·≈–º ¡ªŸπ´’‡¡πµå

‡¢â“‰ª„πµ—«Õ¬à“ß¥‘π·≈â«∑”°“√∫¥Õ—¥  “¡“√∂

‡æ‘Ë¡°”≈—ß√—∫πÈ”Àπ—°¢Õß¥‘π„Àâ Ÿß¢÷Èπ‰¥â ·≈–‡¡◊ËÕπ”

µ—«Õ¬à“ß¢Õß¥‘π∑’Ë‰¥â√—∫°“√ª√—∫ª√ÿß§ÿ≥¿“æ·≈â«

¡“∑¥ Õ∫ ¥â«¬°“√‡æ‘Ë¡§«“¡™◊Èπ§à“°”≈—ß√—∫πÈ”Àπ—°

¢Õß¥‘π ¬—ß§ß Ÿß°«à“µ—«Õ¬à“ß¥‘π·∫∫§ß ¿“æ„π

 ¿“«–§«“¡™◊Èπ∏√√¡™“µ‘  à«π¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√

»÷°…“§√—Èßπ’È „π‡√◊ËÕß¢Õß°“√‡§≈◊ËÕπµ—«¢Õß¡«≈¥‘π

¬—ß‰¡à‰¥âπ”¡“∑”°“√·ª≈º≈ ‚¥¬º≈∑’Ë§“¥«à“®–‰¥â√—∫
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∑”„Àâ “¡“√∂«‘‡§√“–Àå√Ÿª·∫∫¢Õß°“√«‘∫—µ‘¢Õß¥‘π·≈–

Displacement vector ∑’Ë‡°‘¥¢÷Èπ‰¥â ¥—ß· ¥ß„π

µ—«Õ¬à“ß„π√Ÿª∑’Ë 22

√Ÿª∑’Ë 22 µ—«Õ¬à“ß°“√«‘‡§√“–Àå Displacement

vector ∑’Ë‡°‘¥¢÷Èπ
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