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º≈¢Õß “√‡™◊ËÕ¡¬÷¥·≈–√–¬–‡«≈“„π°“√‡°Á∫™‘Èπ

ß“πµàÕ§à“§«“¡·¢Áß·√ß¥—¥¢«“ß¢Õß‡√ ‘́πÕ–§√‘≈‘°

‡ √‘¡‡ âπ„¬·°â«

ª√–¿“æ√ ÀÕ¡®—π∑√å®’√—ß ∑.∫. (‡°’¬√µ‘π‘¬¡)1

Õ‘»√“«—≈¬å ∫ÿ≠»‘√‘ ∑.∫., Cert. in Fixed Prosth.2

1π‘ ‘µª√‘≠≠“¡À“∫—≥±‘µ ¿“§«‘™“∑—πµ°√√¡ª√–¥‘…∞å §≥–∑—πµ·æ∑¬»“ µ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬
2¿“§«‘™“∑—πµ°√√¡ª√–¥‘…∞å §≥–∑—πµ·æ∑¬»“ µ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬

∫∑§—¥¬àÕ

«—µ∂ÿª√– ß§å ‡æ◊ËÕ»÷°…“º≈¢Õß “√‡™◊ËÕ¡¬÷¥ 2 ™π‘¥ ·≈–√–¬–‡«≈“°“√‡°Á∫™‘Èπß“πµàÕ§à“§«“¡·¢Áß·√ß¥—¥¢«“ß
¢Õß‡√ ‘́πÕ–§√‘≈‘°‡ √‘¡‡ âπ„¬·°â«

«— ¥ÿ·≈–«‘∏’°“√ ™‘Èπ∑¥ Õ∫¢π“¥ 2x2x25 ¡‘≈≈‘‡¡µ√  √â“ß¢÷Èπ®“°«— ¥ÿ‡√ ‘́πÕ–§√‘≈‘°™π‘¥∫à¡‰¥â‡Õß®”π«π 80 ™‘Èπ
·∫àß‡ªìπ 4 °≈ÿà¡ ‰¥â·°à (°) °≈ÿà¡∑’Ë‰¡à‰¥â‡ √‘¡‡ âπ„¬ (¢) °≈ÿà¡∑’Ë‰¡à‰¥âª√—∫ ¿“æº‘«‡ âπ„¬·°â« (§) °≈ÿà¡‡ √‘¡
‡ âπ„¬·°â«∑’Ëª√—∫ ¿“ææ◊Èπº‘«¥â«¬ “√‡™◊ËÕ¡¬÷¥‰´‡≈π ·≈– (ß) °≈ÿà¡‡ √‘¡‡ âπ„¬·°â«∑’Ëª√—∫ ¿“ææ◊Èπº‘«¥â«¬ “√
‡™◊ËÕ¡¬÷¥‰∑∑“‡πµ ‚¥¬‡ âπ„¬·°â«∑’Ë„™â‡ √‘¡§«“¡·¢Áß·√ßª√‘¡“≥√âÕ¬≈– 10 ‚¥¬ª√‘¡“µ√∂Ÿ°®—¥«“ß„Àâ¢π“πµ“¡
·π«¬“«·≈–Õ¬Ÿà„πµ”·Àπàß°÷Ëß°≈“ß¢Õß™‘Èπ∑¥ Õ∫ ·µà≈–°≈ÿà¡∑¥≈Õß∂Ÿ°·∫àß‡ªìπ 2 °≈ÿà¡¬àÕ¬‡æ◊ËÕ‡°Á∫™‘Èπß“π„π
πÈ”°≈—Ëπ∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 7 «—π ·≈– 30 «—π °àÕππ”¡“∑¥ Õ∫§«“¡·¢Áß·√ß¥—¥¢«“ß·∫∫
3 ®ÿ¥ (§«“¡‡√Á«„π°“√‡§≈◊ËÕπÀ—«°¥ 1 ¡¡. µàÕπ“∑’) ®“°π—Èπ»÷°…“≈—°…≥–æ◊Èπº‘«∑’Ë·µ°¥â«¬°≈âÕß®ÿ≈∑√√»πå
Õ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥ «‘‡§√“–Àå§à“§«“¡·¢Áß·√ß¥—¥¢«“ß¥â«¬°“√∑¥ Õ∫§«“¡·ª√ª√«π·∫∫ Õß∑“ß

º≈°“√»÷°…“ §à“§«“¡·¢Áß·√ß¥—¥¢«“ß¢Õß·µà≈–°≈ÿà¡∑¥ Õ∫µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p < 0.05) ‚¥¬
°≈ÿà¡∑’Ëª√—∫ ¿“ææ◊Èπº‘«¥â«¬ “√‡™◊ËÕ¡¬÷¥‰´‡≈π¡’§à“¡“°°«à“°≈ÿà¡∑’Ëª√—∫ ¿“ææ◊Èπº‘«¥â«¬ “√‡™◊ËÕ¡¬÷¥‰∑∑“‡πµ °≈ÿà¡
∑’Ë‰¡à‰¥âª√—∫ ¿“æº‘«‡ âπ„¬·°â« ·≈–°≈ÿà¡∑’Ë‰¡à‰¥â‡ √‘¡‡ âπ„¬·°â« µ“¡≈”¥—∫ ·≈–§à“§«“¡·¢Áß·√ß¥—¥¢«“ß¢Õß·µà≈–
°≈ÿà¡∑¥ Õ∫∑’Ë·™àπÈ” 7 ¡’§à“¡“°°«à“°≈ÿà¡∑’Ë·™àπÈ” 30 «—π Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p < 0.05)

 √ÿª  “√‡™◊ËÕ¡¬÷¥ “¡“√∂‡æ‘Ë¡§à“§«“¡·¢Áß·√ß¥—¥¢«“ß„π‡√´‘πÕ–§√‘≈‘°‡ √‘¡‡ âπ„¬·°â« ·≈–‡«≈“„π°“√‡°Á∫™‘Èπ
ß“π¡’º≈µàÕ§à“§«“¡·¢Áß·√ß¥—¥¢«“ß¢Õß‡√ ‘́πÕ–§√‘≈‘°‡ √‘¡‡ âπ„¬·°â«

(« ∑—πµ ®ÿÃ“œ 2551;31:349-58)

§” ”§—≠: §«“¡·¢Áß·√ß¥—¥¢«“ß; ‡√ ‘́πÕ–§√‘≈‘°‡ √‘¡‡ âπ„¬·°â«;  “√‡™◊ËÕ¡¬÷¥‰´‡≈π;  “√‡™◊ËÕ¡¬÷¥‰∑∑“‡πµ
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∫∑π”

 –æ“πøíπ™—Ë«§√“«‡√ ‘́πÕ–§√‘≈‘°™π‘¥∫à¡‰¥â‡Õß (chemi-
cally activated acrylic resin) ¡’§«“¡®”‡ªìπ„π°“√∑”Àπâ“∑’Ë
∫¥‡§’È¬«·≈–‡æ◊ËÕ§«“¡ «¬ß“¡¢≥–√Õ™‘Èπß“π –æ“πøíπ∂“«√
®“°ÀâÕßªØ‘∫—µ‘°“√ ´÷ËßµâÕß¡’§«“¡·¢Áß·√ß∑π∑“πµàÕ·√ß∫¥
‡§’È¬«„π™àÕßª“°1-3 ‚¥¬‡©æ“–„π°√≥’ –æ“πøíπ∑’Ë¡’§«“¡
¬“«¡“° À√◊ÕÕ¬Ÿà„π∫√‘‡«≥∑’Ë√—∫·√ß∫¥‡§’È¬« Ÿß „π∑“ß§≈‘π‘°
 –æ“πøíπµâÕß√—∫·√ß®“°À≈“¬∑“ß¥â«¬°—π ‡™àπ ·√ß°¥
·√ß¥÷ß ·≈–·√ß‡©◊Õπ ®÷ß¡’§«“¡®”‡ªìπ„π°“√À“«‘∏’‡æ‘Ë¡§«“¡
·¢Áß·√ß„Àâ·°à‡√´‘πÕ–§√‘≈‘°∑’Ë„™â∑” –æ“πøíπ™—Ë«§√“« ·¡â«à“
°“√„™â‡§√◊ËÕßÕ—¥§«“¡¥—π¢≥–∑’Ë‡√ ‘́πÕ–§√‘≈‘°∫à¡µ—«®– “¡“√∂
‡æ‘Ë¡§«“¡·¢Áß·√ß„Àâ·°à«— ¥ÿ‰¥â ‡π◊ËÕß®“°®”π«π√Ÿæ√ÿπ∑’Ë≈¥≈ß
„π à«πº ¡‡√´‘πÕ–§√‘≈‘°4 ·µà¬—ßæ∫°“√·µ°À—°„π –æ“π
øíπ™—Ë«§√“«∑’Ë¡’§«“¡¬“«¡“° ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß∫√‘‡«≥√Õ¬
µàÕ√–À«à“ßøíπÀ≈—° (retainer) °—∫øíπ·¢«π (pontic) ªí®®ÿ∫—π
°“√‡æ‘Ë¡§«“¡·¢Áß·√ß¥â«¬°“√‡ √‘¡‡ âπ„¬„π‡√ ‘́πÕ–§√‘≈‘°5-10

‡ªìπ«‘∏’°“√∑’Ë‰¥â√—∫§«“¡π‘¬¡‡ªìπÕ¬à“ß¡“° ‚¥¬‡ âπ„¬∑’Ë„™â
‡ √‘¡§«“¡·¢Áß·√ßπ’È·∫àßÕÕ°‰¥âÀ≈“¬ª√–‡¿∑ ‰¥â·°à ‡ âπ„¬
§“√å∫Õπ (carbon fiber) ‡ âπ„¬Õ–√“¡‘¥ (aramid fiber)
‡ âπ„¬æÕ≈‘‡Õ∑’≈’π (polyethylene fiber) ·≈–‡ âπ„¬·°â«
(glass fiber)

‡√ ‘́πÕ–§√‘≈‘°™π‘¥‡ √‘¡‡ âπ„¬ª√–°Õ∫¥â«¬‡ âπ„¬∑’ËΩíßÕ¬Ÿà
„πæÕ≈‘‡¡Õ√å‡¡∑√‘°´å §«“¡·¢Áß·√ß¢Õß‡√´‘πÕ–§√‘≈‘°‡ √‘¡
‡ âπ„¬π’È®÷ß¢÷Èπ°—∫ªí®®—¬µà“ßÊ ‰¥â·°à æÕ≈‘‡¡Õ√å‡¡∑√‘° ǻ¢Õß«— ¥ÿ
™π‘¥¢Õß‡ âπ„¬∑’Ë‡ √‘¡§«“¡·¢Áß·√ß °“√¬÷¥µ‘¥°—π√–À«à“ß
‡ âπ„¬°—∫‡¡∑√‘° ǻ ª√‘¡“≥‡ âπ„¬·≈–°“√‡√’¬ßµ—«¢Õß‡ âπ„¬11-13

§«“¡≈â¡‡À≈«¢Õß‡√ ‘́πÕ–§√‘≈‘°‡ √‘¡‡ âπ„¬‡°‘¥®“°·√ß¿“¬πÕ°
∑’Ë¡“°°√–∑—Ëß∑”„Àâ‡°‘¥°“√·µ°À—°¢ÕßæÕ≈‘‡¡Õ√å‡¡∑√‘°´å
·≈–°“√·µ°À—°∑’Ë¥”‡π‘πµàÕ‰ª∑’Ë∫√‘‡«≥æ◊Èπº‘«‡™◊ËÕ¡µàÕ®π∂÷ß
‡ âπ„¬14 °“√‡æ‘Ë¡°“√¬÷¥µ‘¥¢Õß‡ âπ„¬°—∫æÕ≈‘‡¡Õ√å “¡“√∂
™à«¬„Àâ‡√´‘πÕ–§√‘≈‘°‡ √‘¡‡ âπ„¬¡’§«“¡·¢Áß·√ß¡“°¢÷Èπ ‚¥¬
°“√‡æ‘Ë¡°“√¬÷¥µ‘¥¢Õß‡ âπ„¬°—∫æÕ≈‘‡¡Õ√å ·∫àß‡ªìπ 2 «‘∏’ §◊Õ
°“√¬÷¥µ‘¥∑“ß°≈®“°°“√„™â°√¥°—¥º‘«‡ âπ„¬·≈–°“√¬÷¥µ‘¥∑“ß
‡§¡’ ‰¥â·°à °“√ª√—∫ ¿“ææ◊Èπº‘«¥â«¬æ≈“ ¡à“15 À√◊Õ°“√„™â
 “√‡™◊ËÕ¡¬÷¥‰´‡≈π11,12,16 ®“°°“√»÷°…“¢Õß Vallittu æ∫«à“
‡ âπ„¬·°â«∑’Ëª√—∫ ¿“ææ◊Èπº‘«¥â«¬ “√‡™◊ËÕ¡¬÷¥‰´‡≈π “¡“√∂
‡°‘¥æ—π∏–‡§¡’√–À«à“ß‡ âπ„¬°—∫‡¡∑√‘°´å‰¥â5,13 ¥—ßπ—Èπ®“°
 ¡∫—µ‘°“√¬÷¥µ‘¥∑’Ë¥’√«¡∂÷ß ¡∫—µ‘¥â“π§«“¡ «¬ß“¡¢Õß‡ âπ„¬
·°â«∑”„Àâ‡√´‘πÕ–§√‘≈‘°‡ √‘¡‡ âπ„¬·°â«‰¥â√—∫§«“¡π‘¬¡„π
∑“ß∑—πµ°√√¡¡“°¢÷Èπ17,18

„π∑“ß∑—πµ°√√¡¡’°“√π” “√‡™◊ËÕ¡¬÷¥‰´‡≈π∑’Ë‡√’¬°«à“
 “√‰´‡≈π§Õªª≈‘ß (Silane coupling agent) ¡“„™â™à«¬‡æ‘Ë¡
°“√¬÷¥µ‘¥16 ‚¥¬ “√‡™◊ËÕ¡¬÷¥π’È‡ªìπµ—«‡™◊ËÕ¡√–À«à“ß “√Õ‘π∑√’¬å
·≈–Õπ‘π∑√’¬å‰¥â¥’ „π∑’Ëπ’È §◊Õ ‡√´‘πÕ–§√‘≈‘°·≈–‡ âπ„¬·°â«
µ“¡≈”¥—∫ ‚¥¬ “√‡™◊ËÕ¡¬÷¥∑’Ë¡’¢“¬„π∑âÕßµ≈“¥√Ÿâ®—°°—π„π ™◊ËÕ∑“ß
‡§¡’«à“ ¡ÕπÕøíß°å™—ππ—≈·°¡¡“‡¡∑“§√‘≈Õ°´’æ√Õæ‘≈‰µ√
‡¡∑Õ°´’‰´‡≈π (monofunctional γ methacryloxypropyl
trimethoxysilane; γ-MPTS) À√◊Õ‰µ√‡¡∑Õ°´’‰´≈‘≈
æ√Õæ‘≈‡¡∑“§√‘‡≈µ (3-trimethoxy silylpropylmethacrylate;
3-MPS) ÷́Ëß¡’√“§“§àÕπ¢â“ß Ÿß ‡¡◊ËÕæ‘®“√≥“®“°Õß§åª√–°Õ∫
∑“ß‡§¡’·≈– ¡∫—µ‘¢Õß “√‡™◊ËÕ¡¬÷¥°≈ÿà¡Õ◊Ëπ ‡™àπ ¡ÕπÕÕ—≈§Õ°
´’‰æ‚√øÕ ‡øµ‰∑∑“‡πµ (mono-alkoxy pyrophosphate
titanate) ÷́Ëß„™â„πÕÿµ “À°√√¡æÕ≈‘‡¡Õ√å Õ“®„Àâº≈°“√‡™◊ËÕ¡
¬÷¥„π∑“ß∑—πµ°√√¡‡™àπ‡¥’¬«°—π ®÷ß‡ªìπ∑’Ëπà“ π„®Õ¬à“ß¬‘Ëß
À“°π” “√‡™◊ËÕ¡¬÷¥°≈ÿà¡π’È¡“∑¥·∑π°≈ÿà¡‡¥‘¡‡æ◊ËÕª√–¬ÿ°µå
„™â„π°“√º≈‘µ‡√´‘πÕ–§√‘≈‘°™π‘¥‡ √‘¡‡ âπ„¬·°â«‡æ◊ËÕ∑”∞“π
øíπª≈Õ¡·≈– –æ“πøíπ™—Ë«§√“« ‡π◊ËÕß®“°¡’√“§“∂Ÿ°°«à“

„π∑“ß§≈‘π‘°§«“¡·¢Áß·√ß¥—¥¢«“ß (transverse strength)
¢Õß«— ¥ÿ¡’º≈µàÕ§«“¡ “¡“√∂„π°“√µâ“π∑“πµàÕ°“√·µ°À—°
¢≥–∫¥‡§’È¬«¢Õß‡√´‘πÕ–§√‘≈‘°19 ´÷Ëß “¡“√∂ª√–‡¡‘π‰¥â®“°
«‘∏’°“√∑¥ Õ∫§«“¡·¢Áß·√ß¥—¥¢«“ß·∫∫ 3 ®ÿ¥ (three point
bending) ‡æ◊ËÕÀ“§à“§«“¡·¢Áß·√ß¥—¥¢«“ß Ÿß ÿ¥∑’Ë∑”„Àâ«— ¥ÿ
·µ°À—°2 ́ ÷Ëß‡ªìπ°“√«‘‡§√“–Àå·√ß°√–∑”∑—Èß·√ß°¥ ≥ µ”·Àπàß
∑’Ë„Àâ·√ß √«¡∑—Èß·√ß¥÷ß·≈–·√ß‡©◊Õπ ≥ µ”·Àπàß∑’Ëµâ“π·√ß1

°“√»÷°…“π’È®—¥∑”¢÷Èπ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫§à“§«“¡·¢Áß·√ß¥—¥¢«“ß
¢Õß‡√´‘πÕ–§√‘≈‘°‡ √‘¡‡ âπ„¬·°â«∑’Ë‡æ‘Ë¡°“√¬÷¥µ‘¥√–À«à“ß
‡√ ‘́πÕ–§√‘≈‘°·≈–‡ âπ„¬¥â«¬ “√‡™◊ËÕ¡¬÷¥‰´‡≈π∑’Ë¡’¢“¬„π∑âÕß
µ≈“¥°—∫ “√‡™◊ËÕ¡¬÷¥‰∑∑“‡πµ∑’Ë„™â„πÕÿµ “À°√√¡æÕ≈‘‡¡Õ√å
√«¡∑—Èßº≈¢Õß°“√‡°Á∫™‘Èπß“πµàÕ§à“§«“¡·¢Áß·√ß¥—¥¢«“ß¢Õß
«— ¥ÿπ’È

«— ¥ÿ·≈–«‘∏’°“√

«— ¥ÿ·≈– à«πª√–°Õ∫¢Õß«— ¥ÿ∑’Ë„™â· ¥ß‰«â„πµ“√“ß∑’Ë 1
™‘Èπ∑¥ Õ∫∂Ÿ°‡µ√’¬¡¢÷Èπ‚¥¬„™â·∫∫À≈àÕ‚≈À–∑’Ëª√–°Õ∫¥â«¬
∞“π∑Õß‡À≈◊Õß·≈–·ºàπ‡À≈Á°‰√â π‘¡ 2 ™—Èπ ·µà≈–™—Èπ¡’§«“¡
Àπ“ 1 ¡‘≈≈‘‡¡µ√ §«“¡°«â“ß 2 ¡‘≈≈‘‡¡µ√ ·≈–§«“¡¬“« 25
¡‘≈≈‘‡¡µ√ ‚¥¬‡¡◊ËÕª√–°Õ∫·ºàπ‡À≈Á°‰√â π‘¡∑—Èß 2 ™—Èπ‡¢â“
¥â«¬°—π∫π∞“π∑Õß‡À≈◊Õß®–‰¥â·∫∫À≈àÕ¢Õß™‘Èπ∑¥ Õ∫´÷Ëß¡’
¢π“¥ 2x2x25 ¡‘≈≈‘‡¡µ√ (√Ÿª∑’Ë 1) º ¡ à«πºßÕ–§√‘≈‘°
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µ“√“ß∑’Ë 1 «— ¥ÿ·≈– à«πª√–°Õ∫¢Õß«— ¥ÿ∑’Ë„™â„π°“√»÷°…“

Table 1 Materials and their compositions used in this study

   Product name Manufacturer Composition

UNIFAST Trad GC, Dental products Corporation, - Methylmethacrylate Resin
Japan - Benzoyl peroxide

Glass fiber Saint-Gobain, Thailand 52-62% SiO2, 0-10% B2O3, 11-16% Al2O3,
0-3% TiO2, 0-1% Fe2O3, 0-2% F2

Monobond-S Ivoclar-Vivadent, Schaan, 50-52% wt. Ethanol
Liechtenstein 1% wt. 3-Methacryloyloxypropyl-trimethoxysilane

Titanate Coupling Nanjing Shuguang Chemical, - Isopropyl tri (dioctyl) pyrophosphate
agent NDZ-201 China titanate

√Ÿª∑’Ë 1 ·∫∫À≈àÕ‚≈À–∑’Ë„™â„π°“√»÷°…“
A.  à«πª√–°Õ∫µà“ßÊ ¢Õß·∫∫À≈àÕ‚≈À–
B. ¥â“π¢â“ß¢Õß·∫∫À≈àÕ‚≈À–

Fig. 1 The metal split mold used in this study
A. The component of the metal split mold
B. Lateral view of the metal split mold

A.

B.
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·≈–¡ÕπÕ‡¡Õ√å„πÕ—µ√“ à«π 1 : 1 µ“¡§”·π–π”¢Õß∫√‘…—∑
ºŸâº≈‘µ ·≈–‡æ◊ËÕ„Àâ‰¥â§«“¡¢âπÀπ◊¥¢Õß‡√´‘πÕ–§√‘≈‘°∑’Ë‡æ’¬ß
æÕµàÕ°“√„ à«— ¥ÿ≈ß„π·∫∫À≈àÕ‚≈À– °“√‡µ√’¬¡™‘Èπ∑¥ Õ∫
®–∂Ÿ°·∫àßµ“¡°≈ÿà¡∑¥≈Õß∑—ÈßÀ¡¥ 4 °≈ÿà¡ §◊Õ °≈ÿà¡∑’Ë 1 ‡ªìπ
°≈ÿà¡§«∫§ÿ¡ ÷́Ëß‡ªìπ™‘Èπ∑¥ Õ∫‡√ ‘́πÕ–§√‘≈‘°∑’Ë‰¡à‰¥â‡ √‘¡§«“¡
·¢Áß·√ß¥â«¬‡ âπ„¬·°â« °≈ÿà¡∑’Ë 2 ‡ªìπ™‘Èπ∑¥ Õ∫‡√ ‘́πÕ–§√‘≈‘°
‡ √‘¡‡ âπ„¬·°â«∑’Ë‰¡à‰¥âª√—∫ ¿“ææ◊Èπº‘«‡ âπ„¬ °≈ÿà¡∑’Ë 3 ‡ªìπ
™‘Èπ∑¥ Õ∫‡√´‘πÕ–§√‘≈‘°‡ √‘¡‡ âπ„¬·°â«∑’Ëª√—∫ ¿“ææ◊Èπº‘«
¥â«¬ “√‡™◊ËÕ¡¬÷¥‰´‡≈π ·≈–°≈ÿà¡∑’Ë 4 ‡ªìπ™‘Èπ∑¥ Õ∫‡√´‘π
Õ–§√‘≈‘°‡ √‘¡‡ âπ„¬∑’Ëª√—∫ ¿“ææ◊Èπº‘«¥â«¬ “√‡™◊ËÕ¡¬÷¥‰∑∑“‡πµ

„π°≈ÿà¡∑¥≈Õß∑’Ë 2-4 ́ ÷Ëß¡’°“√‡ √‘¡§«“¡·¢Áß·√ß¢Õß™‘Èπ
∑¥ Õ∫‡√´‘πÕ–§√‘≈‘°¥â«¬‡ âπ„¬·°â«π—Èπ®–„™â‡ âπ„¬·°â«„π
ª√‘¡“≥√âÕ¬≈– 10 ‚¥¬ª√‘¡“µ√20 «“ßÕ¬Ÿà„π·π«¢π“πµ“¡
¬“«·≈–„πµ”·Àπàß°÷Ëß°≈“ß¢Õß™‘Èπ∑¥ Õ∫ ¿“¬À≈—ß°“√∫à¡
µ—«¢Õß‡√ ‘́πÕ–§√‘≈‘° ¡∫Ÿ√≥å·≈â«·°–™‘Èπ∑¥ Õ∫ÕÕ°®“°·∫∫
À≈àÕ ¢—¥·µàß„Àâ‡√’¬∫·≈–‰¥â¢π“¥µ“¡∑’ËµâÕß°“√¥â«¬°√–¥“…
∑√“¬πÈ” π”™‘Èπ∑¥ Õ∫„π·µà≈–°≈ÿà¡∑¥≈Õß·™àπÈ”°≈—Ëπ∑’Ë
Õÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬ ‡ªìπ‡«≈“ 7 «—π ·≈– 30 «—π„πµŸâ
§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ (Contherm160M, Contherm Scientific
Ltd., New Zealand) °àÕππ”¡“∑¥ Õ∫§«“¡·¢Áß·√ß¥—¥¢«“ß
‚¥¬·µà≈–°≈ÿà¡∑¥≈Õß¬àÕ¬ª√–°Õ∫¥â«¬™‘Èπ∑¥ Õ∫∑—ÈßÀ¡¥ 10 ™‘Èπ

°“√∑¥ Õ∫§«“¡·¢Áß·√ß¥—¥¢«“ß¢Õß™‘Èπ∑¥ Õ∫°√–∑”
‚¥¬„™â‡§√◊ËÕß∑¥ Õ∫·√ß¥÷ß·√ßÕ—¥√–∫∫‰Œ¥√Õ≈‘° (Servo
Hydraulic System) (Model 8872, INSTRON, USA) ‚¥¬
„™â‚À≈¥‡´≈≈å (Load cell) ¢π“¥ 1000 π‘«µ—π «“ß™‘Èπ
∑¥ Õ∫„Àâ¬÷¥Õ¬Ÿà∫π∑’Ë®—∫∫π∞“π¢Õß‡§√◊ËÕß∑¥ Õ∫‚¥¬¡’√–¬–
Àà“ß√–À«à“ß®ÿ¥√Õß√—∫ 20 ¡‘≈≈‘‡¡µ√ À—«°¥°¥≈ß∑’Ëµ”·Àπàß
°÷Ëß°≈“ß¢Õß™‘Èπ∑¥ Õ∫ ‡§≈◊ËÕπÀ—«°¥≈ß¥â«¬§«“¡‡√Á«„π°“√°¥
(cross head speed) 1 ¡‘≈≈‘‡¡µ√µàÕπ“∑’ ®π‡°‘¥°“√·µ°√â“«
¢Õß«— ¥ÿ ́ ÷Ëß —ß‡°µ‰¥â®“°°“√≈¥≈ß¢Õß·√ß∑—π∑’ ∫—π∑÷°§à“·√ß
 Ÿß ÿ¥∑’Ë∑”„Àâ™‘Èπ∑¥ Õ∫·µ°À—°‡æ◊ËÕπ”‰ª§”π«≥§à“§«“¡
·¢Áß·√ß¥—¥¢«“ß®“° Ÿµ√

S = 3WL/2bd2

‚¥¬ S §◊Õ §«“¡·¢Áß·√ß¥—¥¢«“ß; W §◊Õ §à“·√ß Ÿß ÿ¥
∑’Ë™‘Èπ∑¥ Õ∫·µ°; L §◊Õ √–¬–Àà“ß¢Õß®ÿ¥∑’Ë√Õß√—∫™‘Èπ∑¥ Õ∫;
b §◊Õ §«“¡°«â“ß¢Õß™‘Èπ∑¥ Õ∫ ·≈– d §◊Õ §«“¡Àπ“¢Õß
™‘Èπ∑¥ Õ∫

µ√«® Õ∫∫√‘‡«≥∑’Ë‡°‘¥°“√·µ°À—°¢Õß™‘Èπ∑¥ Õ∫¥â«¬

°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥ (Scanning elec-
tron microscope) (JSM 5410LV, JEOL, Tokyo, Japan)
∑’Ë§«“¡µà“ß»—°¬å 15 °‘‚≈‚«≈µå

«‘‡§√“–Àå‡ª√’¬∫‡∑’¬∫§à“§«“¡·¢Áß·√ß¥—¥¢«“ß¢Õß·µà
≈–°≈ÿà¡¥â«¬°“√«‘‡§√“–Àå§«“¡·ª√ª√«π Õß∑“ß (Two-way
ANOVA) ·≈–°“√‡ª√’¬∫‡∑’¬∫æÀÿ§Ÿ≥ (Multiple compari-
sons) ‚¥¬„™â‚ª√·°√¡ ”‡√Á®√Ÿª‡Õ æ’‡Õ ‡Õ  ‡«Õ√å™—Ëπ 13
(Statistical Package for Social Science, SPSS version 13)
°”Àπ¥§à“π—¬ ”§—≠∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 (p < 0.05)

º≈°“√»÷°…“

§à“‡©≈’Ë¬·≈– à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß§«“¡·¢Áß·√ß
¥—¥¢«“ß„π·µà≈–°≈ÿà¡∑¥≈Õßπ”‡ πÕ¥—ßµ“√“ß∑’Ë 2 ®“°°“√
«‘‡§√“–Àå§à“§«“¡·¢Áß·√ß¥—¥¢«“ß®“°ªí®®—¬°“√‡æ‘Ë¡·√ß¬÷¥µ‘¥
¥â«¬ “√‡™◊ËÕ¡¬÷¥·≈–√–¬–‡«≈“„π°“√‡°Á∫™‘Èπß“π¥â«¬°“√
«‘‡§√“–Àå§«“¡·ª√ª√«π·∫∫ Õß∑“ß (Two-way ANOVA)
æ∫«à“‰¡à¡’º≈°√–∑∫√à«¡¢Õß∑—Èß 2 ªí®®—¬ (p = 0.688) ®÷ß
‡ª√’¬∫‡∑’¬∫º≈¢Õß “√‡™◊ËÕ¡¬÷¥µàÕ§à“§«“¡·¢Áß·√ß¥—¥¢«“ß
‚¥¬æ‘®“√≥“„π·µà≈–√–¬–‡«≈“∑’Ë‡°Á∫™‘Èπ∑¥ Õ∫‰«â„ππÈ”°≈—Ëπ
¥â«¬°“√«‘‡§√“–Àå§«“¡·ª√ª√«π·∫∫∑“ß‡¥’¬« (One-way
ANOVA) ·≈–°“√‡ª√’¬∫‡∑’¬∫æÀÿ§Ÿ≥™π‘¥‡™ø‡ø (Scheffeûs
test) ‚¥¬„π°≈ÿà¡∑¥ Õ∫∑’Ë·™àπÈ” 7 «—π æ∫«à“‡√´‘πÕ–§√‘≈‘°
°≈ÿà¡∑’Ë‡ √‘¡‡ âπ„¬·°â«∑’Ëª√—∫ ¿“ææ◊Èπº‘«¥â«¬ “√‡™◊ËÕ¡¬÷¥‰´‡≈π
¡’§«“¡·¢Áß·√ß¥—¥¢«“ß Ÿß∑’Ë ÿ¥ ‚¥¬ Ÿß°«à“‡√´‘πÕ–§√‘≈‘° °≈ÿà¡
Õ◊ËπÊ Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p < 0.05) ·≈–„π°≈ÿà¡
∑¥ Õ∫∑’Ë·™àπÈ”‰«â 30 «—π æ∫«à“‡√´‘πÕ–§√‘≈‘°°≈ÿà¡∑’Ë‡ √‘¡
‡ âπ„¬·°â«∑’Ëª√—∫ ¿“ææ◊Èπº‘«¥â«¬ “√‡™◊ËÕ¡¬÷¥‰´‡≈π¡’§«“¡
·¢Áß·√ß¥—¥¢«“ß Ÿß∑’Ë ÿ¥‡™àπ‡¥’¬«°—π (p < 0.001) ¢≥–∑’Ë§«“¡
·¢Áß·√ß¥—¥¢«“ß¢Õß‡√´‘πÕ–§√‘≈‘°°≈ÿà¡∑’Ë‡ √‘¡‡ âπ„¬·°â«∑’Ë
ª√—∫ ¿“ææ◊Èπº‘«¥â«¬ “√‡™◊ËÕ¡¬÷¥‰∑∑“‡πµ·≈–°≈ÿà¡∑’Ë‡ √‘¡
‡ âπ„¬·°â«∑’Ë‰¡à‰¥âª√—∫ ¿“ææ◊Èπº‘«π—Èπ‰¡à¡’§«“¡·µ°µà“ß°—π
Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p = 0.561) (µ“√“ß∑’Ë 2)

‡¡◊ËÕæ‘®“√≥“º≈¢Õß√–¬–‡«≈“„π°“√‡°Á∫™‘Èπß“πµàÕ
§«“¡·¢Áß·√ß¥—¥¢«“ß¢Õß‡√´‘πÕ–§√‘≈‘°„π·µà≈–°≈ÿà¡∑¥≈Õß
¥â«¬°“√∑¥ Õ∫∑’ ”À√—∫°≈ÿà¡µ—«Õ¬à“ß Õß°≈ÿà¡∑’Ë‰¡à —¡æ—π∏å°—π
(Independent t-test) æ∫«à“™‘Èπ∑¥ Õ∫∑’Ë·™àπÈ” 7 «—π¡’§à“
§«“¡·¢Áß·√ß¥—¥¢«“ß¡“°°«à“°≈ÿà¡∑’Ë·™àπÈ” 30 «—π„π∑ÿ°Ê °≈ÿà¡
∑¥≈ÕßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p < 0.002) (µ“√“ß∑’Ë 2)
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º≈°“√»÷°…“¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß
°√“¥∫√‘‡«≥√Õ¬·µ°¢Õß™‘Èπ∑¥ Õ∫‡√ ‘́πÕ–§√‘≈‘° (√Ÿª∑’Ë 2)
æ∫«à“™‘ Èπ∑¥ Õ∫∑’ Ë‡ √‘¡‡ âπ„¬·°â«¡’°“√À≈ÿ¥ÕÕ°¢Õß
‡ âπ„¬·°â«∑’Ë¬÷¥µ‘¥°—∫‡√ ‘́π‡¡∑√‘° ǻ∫√‘‡«≥√Õ∫Ê ‡°‘¥‡ªìπ™àÕß
«à“ß æ◊Èπº‘«¢Õß‡ âπ„¬·°â«‰¡à∂Ÿ°‡§≈◊Õ∫∑—∫¥â«¬‡√´‘π‡¡∑√‘°´å
´÷Ëß —ß‡°µ®“°æ◊Èπº‘«¢Õß‡ âπ„¬¡’≈—°…≥–‡√’¬∫ „π¢≥–∑’Ë™‘Èπ
∑¥ Õ∫‡√ ‘́πÕ–§√‘≈‘°‡ √‘¡‡ âπ„¬·°â«∑’Ëª√—∫ ¿“ææ◊Èπº‘«¥â«¬ “√
‡™◊ËÕ¡¬÷¥‰´‡≈π·≈–‰∑∑“‡πµæ∫‡ âπ„¬¬÷¥µ‘¥°—∫‡√ ‘́π‡¡∑√‘° ǻ
‰¥â¥’ ´÷Ëß —ß‡°µ‰¥â®“°§«“¡Àπ“·πàπ¢Õß‡ âπ„¬‡¡◊ËÕ‡∑’¬∫°—∫
°≈ÿà¡∑’Ë‰¡à‰¥â‡æ‘Ë¡°“√¬÷¥µ‘¥¥â«¬ “√‡™◊ËÕ¡¬÷¥ ‡ âπ„¬·°â«∂Ÿ°
ª°§≈ÿ¡¥â«¬‡√´‘π‡¡∑√‘°´å‚¥¬√Õ∫·≈–¡’≈—°…≥–æ◊Èπº‘«¢Õß
‡ âπ„¬∑’Ë§àÕπ¢â“ß¢√ÿ¢√– ´÷Ëß· ¥ß∂÷ß§«“¡ “¡“√∂„π°“√¬÷¥
µ‘¥°—π√–À«à“ß‡ âπ„¬·°â«°—∫‡√´‘πÕ–§√‘≈‘°

«‘®“√≥å

°“√»÷°…“§à“§«“¡·¢Áß·√ß¥—¥¢«“ß¢Õß™‘Èπ∑¥ Õ∫‡√´‘π
Õ–§√‘≈‘°‡ √‘¡‡ âπ„¬·°â«∑’Ëª√—∫ ¿“ææ◊Èπº‘«¥â«¬ “√‡™◊ËÕ¡¬÷¥

‰´‡≈π·≈–‰∑∑“‡πµæ∫«à“ „Àâ§à“§«“¡·¢Áß·√ß¥—¥¢«“ß Ÿß¢÷Èπ

∂÷ß√âÕ¬≈– 130 ·≈– 110 µ“¡≈”¥—∫ ‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡™‘Èπ

∑¥ Õ∫‡√´‘πÕ–§√‘≈‘°∑’Ë‰¡à‰¥â‡ √‘¡‡ âπ„¬·°â« ´÷Ëß Õ¥§≈âÕß

°—∫º≈°“√»÷°…“¢Õß Chung ·≈–§≥–„πªï 199821 ´÷Ëßæ∫

«à“°“√‡ √‘¡‡ âπ„¬·°â«√âÕ¬≈– 1 ‚¥¬πÈ”Àπ—°„π¥â“π∑’Ë‡°‘¥·√ß

¥÷ß¢Õß™‘Èπ∑¥ Õ∫ “¡“√∂‡æ‘Ë¡§à“§«“¡·¢Áß·√ß¥—¥¢«“ß‰¥â

√âÕ¬≈– 20 ·≈–·π–π”„Àâ‡ √‘¡‡ âπ„¬·°â«„π‡√´‘πÕ–§√‘≈‘°„π

°√≥’∑’ËµâÕß„ à –æ“πøíπ™—Ë«§√“«‡ªìπ√–¬–‡«≈“π“π ¥—ßπ—Èπ

®÷ßÕ“®π”‡√´‘πÕ–§√‘≈‘°‡ √‘¡‡ âπ„¬·°â« ´÷Ëßª√—∫ ¿“ææ◊Èπº‘«

µ“√“ß∑’Ë 2 §à“‡©≈’Ë¬·≈– à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß§«“¡·¢Áß·√ß¥—¥¢«“ß¢Õß™‘Èπ∑¥ Õ∫·µà≈–°≈ÿà¡

Table 2 Mean and standard deviation of transverse strength of specimen in each group

specimen
 Storage times

7 days 30 days

Acrylic resin 78.93 (7.94) 67.40 (6.11)

Glass fiber reinforced acrylic resin 154.54 (9.40) 137.60 (11.83)*

Glass fiber reinforced acrylic resin with silane coupling agent 184.23 (9.67) 165.61 (11.87)

Glass fiber reinforced acrylic resin with titanate coupling agent 166.55 (7.99) 144.15 (9.73)*

Values in parentheses are standard deviations.
*indicates no statistically significant difference (p > 0.05).
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¥â«¬ “√‡™◊ËÕ¡¬÷¥‰´‡≈π·≈–‰∑∑“‡πµ¡“ª√–¬ÿ°µå„™â„π°“√∑”
 –æ“πøíπ™—Ë«§√“« ∑—Èß„π°√≥’∑’Ë¡’§«“¡¬“«¢Õß –æ“πøíπ¡“°
À√◊Õ∫√‘‡«≥∑’ËµâÕß√Õß√—∫·√ß∫¥‡§’È¬«¡“°„π√–¬–‡«≈“π“πÊ
‡æ◊ ËÕ≈¥‚Õ°“ °“√·µ°À—°∫√‘‡«≥¢âÕµàÕÀ√◊Õ à«πÕ◊ Ëπ¢Õß
 –æ“πøíπ‰¥â

·¡â«à“§«“¡·¢Áß·√ß¥—¥¢«“ß¢Õß™‘Èπ∑¥ Õ∫‡√ ‘́πÕ–§√‘≈‘°
‡ √‘¡‡ âπ„¬·°â«∑’Ëª√—∫ ¿“ææ◊Èπº‘«¥â«¬ “√‡™◊ËÕ¡¬÷¥‰∑∑“‡πµ
®–‰¡à Ÿß‡∑à“°—∫°≈ÿà¡∑’Ëª√—∫ ¿“ææ◊Èπº‘«¥â«¬ “√‡™◊ËÕ¡¬÷¥‰´‡≈π
·µà§à“∑’Ë‰¥âπ—Èπ¡“°°«à“°≈ÿà¡™‘Èπ∑¥ Õ∫‡√´‘πÕ–§√‘≈‘°‡ √‘¡„¬
·°â«∑’Ë‰¡à‰¥âª√—∫ ¿“æº‘« √«¡∑—Èß‡¡◊ËÕµ√«® Õ∫™‘Èπ∑¥ Õ∫

√Ÿª∑’Ë 2 ¿“æ∂à“¬¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥∫√‘‡«≥√Õ¬·µ°À—°¢Õß™‘Èπ∑¥ Õ∫

A. °≈ÿà¡‡√ ‘́πÕ–§√‘≈‘°

B. °≈ÿà¡‡√´‘πÕ–§√‘≈‘°‡ √‘¡‡ âπ„¬·°â«

C. °≈ÿà¡‡√ ‘́πÕ–§√‘≈‘°‡ √‘¡‡ âπ„¬·°â«‡æ‘Ë¡°“√¬÷¥µ‘¥¥â«¬ “√‡™◊ËÕ¡¬÷¥‰´‡≈π

D. °≈ÿà¡‡√ ‘́πÕ–§√‘≈‘°‡ √‘¡‡ âπ„¬·°â«‡æ‘Ë¡°“√¬÷¥µ‘¥¥â«¬ “√‡™◊ËÕ¡¬÷¥‰∑∑“‡πµ

Fig. 2 Scanning electron micrographs of specimens

A. Acrylic resin group

B. Fiber reinforced acrylic resin group

C. Silane treated fiber reinforced acrylic resin group

D. Titanate treated fiber reinforced acrylic resin group
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¿“¬À≈—ß°“√·µ°À—°¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß
°√“¥æ∫ à«π¢Õß‡√ ‘́π‡¡∑√‘° ǻ‡§≈◊Õ∫µ‘¥∫πæ◊Èπº‘«‡ âπ„¬·°â«
´÷Ëß· ¥ß„Àâ‡ÀÁπ«à“ “√‡™◊ËÕ¡¬÷¥‰∑∑“‡πµ “¡“√∂‡æ‘Ë¡°“√¬÷¥
µ‘¥√–À«à“ß‡ âπ„¬·≈–‡√´‘πÕ–§√‘≈‘°‰¥â®√‘ß ·≈– àßº≈µàÕ°“√
∂à“¬∑Õ¥·√ß®“°‡√´‘π‡¡∑√‘°´å‰ª Ÿà‡ âπ„¬∑’Ë∑”Àπâ“∑’Ë‡ √‘¡
§«“¡·¢Áß·√ßÕ¬Ÿà¿“¬„π‰¥â‡ªìπÕ¬à“ß¥’ ´÷Ëß¡“®“° Õß “‡Àµÿ
¥â«¬°—π §◊Õ À¡ŸàÕ—≈§Õ°´’„π “√‡™◊ËÕ¡¬÷¥‰∑∑“‡πµ “¡“√∂
‡°‘¥æ—π∏–°—∫æ◊Èπº‘«¢Õß‡ âπ„¬·°â«‰¥â11 ‚¥¬®”π«πÀ¡ŸàÕ—≈§Õ° ’́
∑’ËπâÕ¬°«à“„π “√‡™◊ËÕ¡¬÷¥‰´‡≈πÕ“®‡ªìπ‡Àµÿ„Àâ‡°‘¥°“√¬÷¥µ‘¥
°—∫‡ âπ„¬·°â«‰¥â‰¡à¥’‡∑à“ “√‡™◊ËÕ¡¬÷¥‰´‡≈π ·≈–Õ’° “‡Àµÿ
Àπ÷Ëß∑’Ë ”§—≠ §◊Õ °“√„™â “√‡™◊ËÕ¡¬÷¥‰∑∑“‡πµ “¡“√∂‡æ‘Ë¡
 ¡∫—µ‘°“√‡ªï¬° (wettability) ¢Õß‡ âπ„¬·°â«‰¥â‡ªìπ‡™àπ
‡¥’¬«°—∫ “√‡™◊ËÕ¡¬÷¥‰´‡≈π ´÷Ëß Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß
Keyf ·≈–§≥–ªï 200310 „™â “√‰Œ¥√Õ° ’́‡Õ∑‘≈‡¡∑“§√‘‡≈µ
(hydroxyethyl-methacrylate: HEMA) ª√—∫ ¿“ææ◊Èπº‘«
‡ âπ„¬·°â« ‡æ◊ËÕ‡æ‘Ë¡°“√¬÷¥µ‘¥¢Õß‡ âπ„¬„π‡√´‘πÕ–§√‘≈‘°
æ∫«à“™‘Èπ∑¥ Õ∫∑’Ë‰¡à‰¥âª√—∫ ¿“ææ◊Èπº‘«æ∫°“√¬÷¥µ‘¥‰¡à ¡∫Ÿ√≥å
√–À«à“ß‡ âπ„¬·≈–‡√´‘π‡¡∑√‘°´å ¢≥–∑’Ë™‘ Èπ∑¥ Õ∫∑’Ëª√—∫
 ¿“ææ◊Èπº‘«æ∫«à“‡ âπ„¬∂Ÿ°‡§≈◊Õ∫¥â«¬‡√´‘π‡¡∑√‘°´å · ¥ß
„Àâ‡ÀÁπ∂÷ß°“√¬÷¥µ‘¥∑’Ë¥’√–À«à“ß‡ âπ„¬∑’Ëºà“π°“√ª√—∫ ¿“ææ◊Èπº‘«
°—∫‡√´‘π‡¡∑√‘°´å

°“√·µ°À—°∑’Ë‡°‘¥¢÷Èπ„π™‘Èπ∑¥ Õ∫°≈ÿà¡∑’Ë‰¡à‰¥â‡ √‘¡‡ âπ„¬
·°â«æ∫°“√·µ°À—°ÕÕ°‡ªìπ 2  à«π∑’Ë®ÿ¥°÷Ëß°≈“ß§«“¡¬“«¢Õß
™‘Èπ∑¥ Õ∫ ¢≥–∑’Ë™‘Èπ∑¥ Õ∫„π°≈ÿà¡‡ √‘¡‡ âπ„¬·°â«‡°‘¥°“√
·µ°À—°¢÷Èπ∑“ß¥â“π∑’Ë‡°‘¥·√ß¥÷ß ·≈–√Õ¬·µ°∑’Ë‡°‘¥¢÷Èπ¡—°À¬ÿ¥
Õ¬Ÿà ≥ µ”·Àπàß∑’Ë·π«‡ âπ„¬∑Õ¥µ—«¢«“ßÕ¬Ÿà ¥—ßπ—Èπ‡ âπ„¬®÷ß
∑”Àπâ“∑’Ë√—∫·√ß à«π∑’Ë¡“°‡°‘π°«à“‡√ ‘́πÕ–§√‘≈‘° “¡“√∂∑π·√ß
‰¥â ·≈– àßºà“π·√ß‰ªµ“¡·π«¢Õß‡ âπ„¬∑’Ë‡ √‘¡Õ¬Ÿà ®π‡¡◊ËÕ
·√ß°√–∑”π—Èπ¡’¢π“¥¡“°æÕ∑”„Àâ‡√´‘πÕ–§√‘≈‘°‡ √‘¡§«“¡
·¢Áß·√ß¥â«¬‡ âπ„¬π’È·µ°À—°À√◊Õ‚§âßßÕ‰¥â · ¥ß„Àâ‡ÀÁπ«à“°“√
·µ°À—°¢Õß™‘Èπ∑¥ Õ∫∂Ÿ°À¬ÿ¥¬—Èß¥â«¬§«“¡·¢Áß·√ß¢Õß‡ âπ„¬
∑’Ë∑Õ¥¢«“ßÕ¬Ÿà ‚¥¬‡ âπ„¬ “¡“√∂À¬ÿ¥¬—Èß°“√¥”‡π‘πµàÕ‰ª¢Õß
√Õ¬·µ°√â“«Õ¬à“ßµàÕ‡π◊ËÕß¢Õß‡√´‘π‡¡∑√‘°´å ´÷Ëß Õ¥§≈âÕß
°—∫º≈°“√»÷°…“¢Õß Vallittu „πªï 19995 ·≈– Lassila ·≈–
§≥– „πªï 200217

®“°§à“§«“¡·¢Áß·√ß¥—¥¢«“ß„π°≈ÿà¡∑’Ë·™àπÈ” 7 «—π∑’Ë¡’§à“
 Ÿß°«à“°≈ÿà¡∑’Ë·™àπÈ” 30 «—ππ—Èπ ‡π◊ËÕß®“°‡√ ‘́πÕ–§√‘≈‘° “¡“√∂
¥Ÿ¥ ÷́¡πÈ”‡¢â“‰ª„π‡π◊ÈÕ«— ¥ÿ √«¡∑—Èß¢≥– √â“ß™‘Èπ∑¥ Õ∫„π°≈ÿà¡
∑’Ë‡ √‘¡‡ âπ„¬·°â« ‡¡◊ËÕ«“ß à«πª√–°Õ∫™—Èπ∑’Ë 2 ¢Õß·∫∫

À≈àÕ‚≈À–Õ“®∑”„Àâ‡ âπ„¬·°â«·µ°°√–®“¬ÕÕ°‰ª‰¥â  ‡π◊ËÕß®“°
‡ âπ„¬‰¡à‡°“–°≈ÿà¡°—π·πàπ ·≈–·∂∫‡ âπ„¬µ“¡πÈ”Àπ—°∑’Ë™—Ëß¡’
§«“¡°«â“ßª√–¡“≥ 2 ¡‘≈≈‘‡¡µ√ ∑”„Àâ¢≥– √â“ß™‘Èπ∑¥ Õ∫
Õ“®¡’‡ âπ„¬·°â«∂Ÿ°¥—πÕÕ°¡“∑“ß¥â“π¢â“ß ´÷Ëß¡’º≈µàÕ°“√
¥Ÿ¥´÷¡πÈ”‡¢â“„π™‘Èπ∑¥ Õ∫·≈– àßº≈µàÕ§«“¡·¢Áß·√ß¥—¥¢«“ß
¢Õß«— ¥ÿ5,17 ¥—ßπ—Èπ°≈ÿà¡∑¥ Õ∫∑’Ëºà“π°“√·™àπÈ”π“π¢÷Èπ®÷ß¡’
º≈∑”„Àâ§à“§«“¡·¢Áß·√ß¥—¥¢«“ß¢Õß‡√ ‘́πÕ–§√‘≈‘°≈¥≈ß‰¥â

°“√»÷°…“π’È¡’°“√§«∫§ÿ¡§«“¡§≈“¥‡§≈◊ËÕπ∑’ËÕ“®‡°‘¥¢÷Èπ
¢≥–‡µ√’¬¡™‘Èπ∑¥ Õ∫‚¥¬™—Ëß “√¥â«¬‡§√◊ËÕß™—Ëß¥‘®‘µÕ≈ √«¡
∑—Èß§«∫§ÿ¡§«“¡Àπ◊¥¢Õß‡√´‘πÕ–§√‘≈‘° ‚¥¬°”Àπ¥‡«≈“
µ—Èß·µà‡√‘Ë¡º ¡ à«πºß·≈–¡ÕπÕ‡¡Õ√å®π„ à≈ß„π·∫∫À≈àÕ‡ªìπ
‡«≈“ 5 «‘π“∑’ ®÷ß‡ªìπ°“√§«∫§ÿ¡ª√‘¡“≥¡ÕπÕ‡¡Õ√å∑’Ë‡À≈◊Õ
´÷Ëß¡’º≈µàÕ°“√¬÷¥µ‘¥°—∫‡ âπ„¬·°â«∑’Ë‡ √‘¡‡¢â“‰ª ·≈–∑”„Àâ¡’
º≈µàÕ§à“§«“¡·¢Áß·√ß¥—¥¢«“ßµ“¡¡“22 °“√»÷°…“π’È„™â°“√
∑¥ Õ∫§«“¡·¢Áß·√ß¥—¥¢«“ß ‡π◊ËÕß®“°°“√∑¥ Õ∫ ¡∫—µ‘
§«“¡·¢Áß·√ß¢Õß«— ¥ÿ¥â«¬«‘∏’Õ◊ËπÊ π—Èπ Õ“®‰¡à‡À¡“– ¡µàÕ
°“√π”¡“„™â ‚¥¬§«“¡·¢Áß·√ß¥÷ß (tensile strength) ‡ªìπ°“√
∑¥ Õ∫´÷Ëß¡’‡∑§π‘§§àÕπ¢â“ß¬ÿàß¬“° ·≈–º≈°“√∑¥ Õ∫‰¡à
 –∑âÕπ∂÷ß°“√‡ª≈’Ë¬π·ª≈ß√Ÿª√à“ß·π«¢«“ß¢≥–¡’·√ß∫¥‡§’È¬«
 ”À√—∫°“√∑¥ Õ∫§«“¡·¢Áß·√ß°¥ (compressive strength)
‡ªìπ°“√∑¥ Õ∫∑’Ë√«¡√Ÿª·∫∫¢Õß§«“¡≈â¡‡À≈« (failure mode)
√–À«à“ß·√ß¥÷ß·≈–·√ß‡©◊Õπ‚¥¬∑“ßÕâÕ¡ ·≈–°“√«—¥§«“¡
·¢Áß·√ß¥÷ßµ“¡»Ÿπ¬å°≈“ß (diametral tensile strength) ‡À¡“–
°—∫«— ¥ÿ∑’Ë‰¡à¡’°“√‰À≈·ºà·∫∫æ≈“ µ‘° (plastic flow) ¥—ßπ—Èπ
°“√∑¥ Õ∫§«“¡·¢Áß·√ß¥—¥¢«“ß·∫∫ 3 ®ÿ¥ ́ ÷Ëß‡ªìπ°“√«‘‡§√“–Àå
·√ß°√–∑”∑’Ë‡ªìπ·√ß°¥ ≥ µ”·Àπàß∑’Ë„Àâ·√ß ·≈–‡ªìπ°“√
«‘‡§√“–Àå·√ß°√–∑”∑’Ë‡ªìπ·√ß¥÷ß·≈–·√ß‡©◊Õπ ≥ µ”·Àπàß∑’Ë
µâ“π·√ß ®÷ß “¡“√∂Õ∏‘∫“¬ ¡∫—µ‘‡™‘ß°≈¢Õß«— ¥ÿ∫Ÿ√≥–„π
∑“ß∑—πµ°√√¡‰¥âÕ¬à“ß‡À¡“– ¡∑’Ë ÿ¥1,23

¢Õ∫‡¢µ¢Õß°“√»÷°…“π’È™‘Èπ∑¥ Õ∫∂Ÿ° √â“ß¢÷Èπ‚¥¬Õâ“ßÕ‘ß
®“°¡“µ√∞“π ISO 4049:2000 ́ ÷Ëß¡’¢π“¥ 2x2x25 ¡‘≈≈‘‡¡µ√
‚¥¬„°≈â‡§’¬ß°—∫§«“¡Àπ“¢Õß«— ¥ÿ∑” –æ“πøíπ™—Ë«§√“«„π
∑“ß§≈‘π‘° ´÷Ëß¡’§«“¡Àπ“ª√–¡“≥ 1.5 ¡‘≈≈‘‡¡µ√ Õ¬à“ß‰√
°Áµ“¡§«√¡’°“√»÷°…“‡æ‘Ë¡‡µ‘¡µàÕ‰ª∂÷ßº≈§«“¡·µ°µà“ß∑“ß
§≈‘π‘°¢Õß “√‡™◊ËÕ¡¬÷¥∑—Èß Õß™π‘¥π’È πÕ°®“°π’È§«√¡’°“√
∑¥ Õ∫ ¡∫—µ‘§«“¡·¢Áß·√ß¢Õß‡√ ‘́πÕ–§√‘≈‘°‡ √‘¡‡ âπ„¬¥â«¬
«‘∏’Õ◊ËπÊ ‡™àπ °“√∑¥ Õ∫§«“¡≈â“ (fatique load) ‡π◊ËÕß®“°
„π™àÕßª“°¡’°“√√—∫·√ß„πª√‘¡“≥∑’Ë‰¡à¡“°·≈–´È”Ê °—π ·≈–
°“√∑¥ Õ∫«—Ø®—°√Õÿ≥À¿“æ (thermocycling test) ‡π◊ËÕß®“°
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Õÿ≥À¿Ÿ¡‘„π™àÕßª“°¡’°“√‡ª≈’Ë¬π·ª≈ß®“°Õ“À“√∑’Ë√—∫ª√–∑“π
‡æ◊ËÕ‡ªìπ°“√≈Õ°‡≈’¬π ¿“«–®√‘ß∑’Ë‡°‘¥¢÷Èπ„π™àÕßª“°°àÕπ∑’Ëπ”
¡“ª√–¬ÿ°µå„™â„π§≈‘π‘°µàÕ‰ª

 √ÿª

‡√ ‘́πÕ–§√‘≈‘°‡ √‘¡‡ âπ„¬∑’Ë‡æ‘Ë¡°“√¬÷¥µ‘¥√–À«à“ß‡ âπ„¬
·°â«°—∫‡√´‘π‡¡∑√‘°´å¥â«¬ “√‡™◊ËÕ¡¬÷¥ “¡“√∂‡æ‘Ë¡§à“§«“¡
·¢Áß·√ß¥—¥¢«“ß‰¥â ·¡â«à“°“√„™â “√‡™◊ËÕ¡¬÷¥‰´‡≈π “¡“√∂
‡æ‘Ë¡§«“¡·¢Áß·√ß¥—¥¢«“ß¢Õß‡√´‘πÕ–§√‘≈‘°‡ √‘¡‡ âπ„¬‰¥â
¡“°°«à“°“√„™â “√‡™◊ËÕ¡¬÷¥‰∑∑“‡πµ ·µà‡√´‘πÕ–§√‘≈‘°‡ √‘¡
‡ âπ„¬·≈–∑’Ëª√—∫ ¿“ææ◊Èπº‘«¥â«¬ “√‡™◊ËÕ¡¬÷¥‰∑∑“‡πµ “¡“√∂
„Àâ§à“§«“¡·¢Áß·√ß¥—¥¢«“ß∑’Ë¡“°°«à“‡√´‘πÕ–§√‘≈‘°∑’Ë‰¡à‡ √‘¡
‡ âπ„¬·≈–‡√´‘πÕ–§√‘≈‘°∑’ Ë‰¡à‰¥âª√—∫ ¿“æº‘«‡ âπ„¬·°â«
πÕ°®“°π’È®“°°“√‡°Á∫™‘Èπß“π™‘Èπ∑¥ Õ∫‡ªìπ‡«≈“∑’Ëµà“ß°—π
§◊Õ 7 «—π ·≈– 30 «—π æ∫«à“™‘Èπ∑¥ Õ∫∑’Ëºà“π°“√·™àπÈ” 7 «—π
¡’§à“§«“¡·¢Áß·√ß¥—¥¢«“ß Ÿß°«à“™‘Èπ∑¥ Õ∫∑’Ëºà“π°“√·™àπÈ”
30 «—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘„π∑ÿ°°≈ÿà¡∑¥≈Õß
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Abstract

Objective To determine the effects of two different coupling agents and storage times on transverse
strength of acrylic resin with glass fiber reinforcement.

Materials and methods Eighty test specimens (2x2x25 mm) made of chemically activated acrylic
resin were divided into four groups: (A) no fibers; (B) non-impregnated glass fibers; (C) silane
impregnated glass fibers and (D) titanate impregnated glass fibers. The specimens in group B-D were
reinforced with 10% volume of glass fibers which were oriented parallel to the long axis and positioned
in the center of the specimen. Each group was subdivided to store in distilled water for 7 and 30 days
at 37 ÌC before testing. They were subjected to a three-point loading test set up at a crosshead speed of
1 mm/min. Scanning electron microscopy was used to examine the microstructure of the cracked
surface. Transverse strengths were analyzed by means of Two-way ANOVA.

Results There were statistically significant differences among the groups (p < 0.05). Transverse strength
of silane impregnated glass fiber group was higher than those of titanate impregnated glass fiber group,
non-impregnated glass fiber and no fiber group, respectively. The transverse strengths of each group
were decreased significantly from 7 days to 30 days of water storage (p < 0.05).

Conclusion Treating the surface of glass fibers with coupling agents produced significant improve-
ment in the transverse strength. The storage times had a significant effect on the transverse strength of
acrylic resin with glass fiber reinforcement.

(CU Dent J. 2008;31:349-58)

Key words: glass fiber-reinforced acrylic resin; silane coupling agent; titanate coupling agent; trans-
verse strength


