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Abstract
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Compression and shear properties of elastomeric bearing using

finite element analysis
Songklanakarin J. Sci. Technol., 2006, 28(5) : 1121-1134

Standard size samples of four natural rubber compounds, varying the amount of carbon black from

10 to 70 phr, were characterised under uniaxial compression and simple shear tests in order to obtain the

strain energy function constants. These constants were then used as hyperelastic material constants for the

Windows-based finite element package (COSMOS/M version 1.75). The investigated bearings, made with

those NR compounds, had the approximate area and thickness of 50x106 mm2 and 50 mm respectively. Each

compound of bearing consisted of four different values of shape factor ranging from about 0.33 to 1.70,

according to the number of reinforcing plates in the bearing. Three deformation modes of compression,

shear and compression-shear were predicted. Good agreement was found between twelve compression model
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predictions and the corresponding experimental values of bearings, containing 10, 20 and 40 phr of carbon

black and each of which consisted of four different layers of reinforcing metal plates (0, 1, 2 and 3 layers).

On the other hand, deviation from the predicted valve was clearly seen in the 70 phr black bearing case. The

percentage difference increased with respect to the increasing number of reinforcing plates or the rising

shape factor. Therefore, the improved FEA model was supplemented with an imaginary elastic glue layer

between the rubber block and metal plate as glue failure compensation. The optimum value of the elastic

layers modulus is 8 MPa while the thickness of the layer depends on the total thickness or total volume of

rubber block. This model can predict the 70 phr carbon black bearings, having shape factor ranging from

0.5 to 2.35 for 11 cases. The FEA prediction of shear behaviour agrees well with the experimental data for

all four bearing compounds and there is no effect of shape factor on shear stress. Moreover, shear stress does

not depend on the compressive force applied to like bearing before shear and the FEA results agreed with

the corresponding experimental results.

Key words : Finite Element Analysis, elastomeric bearing, compression model,
shear model, compression-shear model, hyperelastic material
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™‘Èπµ—«Õ¬à“ß¢π“¥¡“µ√∞“π¢Õß¬“ß∏√√¡™“µ‘§Õ¡ª“«¥å∑’Ë¡’ª√‘¡“≥‡¢¡à“¥” 10 ∂÷ß 70  à«π„π√âÕ¬ à«π¬“ß

(phr) ‰¥â√—∫°“√π”¡“∑¥ Õ∫¿“¬„µâ·√ß°¥·≈–·√ß‡©◊ÕπÕ¬à“ßßà“¬‡æ◊ËÕ«‘‡§√“–ÀåÀ“§à“§ßµ—«¢Õß ¡°“√æ≈—ßß“π§«“¡

‡§√’¬¥  §à“§ßµ—«‡À≈à“π’È‡ªìπ§à“§ßµ—«¢Õß«— ¥ÿ‰Œ‡ªÕ√åÕ‘≈“ µ‘° ”À√—∫„™â°—∫‚ª√·°√¡‰ø‰π∑å‡Õ‡≈‡¡πµå ”‡√Á®√Ÿª (™◊ËÕ

COSMOS/M version 1.75) ·∫√‘Ëß¬“ß∑’Ë»÷°…“¡’æ◊Èπ∑’Ë√—∫·√ß¢π“¥ª√–¡“≥ 50X106 µ√.¡¡. Àπ“ª√–¡“≥ 50 ¡¡.

·µà≈– Ÿµ√¢Õß·∫√‘Ëß¬“ß¡’§à“ shape factor µà“ß°—π ’Ë§à“ ·ª√µ“¡®”π«π™—Èπ¢Õß‡À≈Á°‡ √‘¡·√ß¿“¬„π·∫√‘Ëß ‚¥¬¡’§à“

µ—Èß·µà 0.33 ∂÷ß 1.73  °“√∑”π“¬æƒµ‘°√√¡°“√º‘¥√Ÿª¢Õß·∫√‘Ëß·∫àß‡ªìπ 3 À¡«¥ ‰¥â·°à °“√º‘¥√Ÿª¿“¬„µâ·√ß°¥

·√ß‡©◊Õπ ·≈–·√ß°¥-‡©◊Õπ  º≈°“√∑”π“¬æƒµ‘°√√¡¢Õß·∫√‘Ëß¬“ß®”π«π 12 ·∫∫®”≈Õß (model) ∑’Ëº‘¥√Ÿª¿“¬

„µâ·√ß°¥¢Õß·∫√‘Ëß¬“ß§Õ¡ª“«¥å∑’Ë¡’‡¢¡à“¥” 10, 20 ·≈– 40 phr ·µà≈–§Õ¡ª“«¥å¡’‡À≈Á°‡ √‘¡·√ß¿“¬„πµà“ß°—π

∑—Èß ’Ë™π‘¥ (0, 1, 2 ·≈– 3 ™—Èπ) „Àâº≈ Õ¥§≈âÕß°—∫º≈°“√∑¥≈Õß¥’¡“°  à«πº≈°“√∑”π“¬·∫√‘Ëß¬“ß§Õ¡ª“«¥å∑’Ë¡’

ª√‘¡“≥‡¢¡à“¥” Ÿß∂÷ß 70 phr ¿“¬„µâ·√ß°¥¡’§«“¡§≈“¥‡§≈◊ËÕπ Ÿß ·≈–√âÕ¬≈–¢Õß§«“¡§≈“¥‡§≈◊ËÕπ‡æ‘Ë¡¢÷Èπµ“¡

®”π«π™—Èπ¢Õß‡À≈Á°‡ √‘¡·√ß¿“¬„π À√◊Õ‡æ‘Ë¡¢÷Èπµ“¡§à“ shape factor ∑’Ë‡æ‘Ë¡¢÷Èπ  „π°√≥’π’È ·∫∫®”≈Õß°“√∑”π“¬

®÷ß‡æ‘Ë¡™—Èπ°“«‡ ¡◊Õπ¬◊¥À¬ÿàπ√–À«à“ß‡π◊ÈÕ¬“ß°—∫·ºàπ‡À≈Á° ‡æ◊ËÕ™¥‡™¬°“√À≈ÿ¥∫“ß à«π¢Õß™—Èπ°“« §à“¡Õ¥ÿ≈— ¬◊¥

À¬ÿàπ¢Õß™—Èπ°“«‡ ¡◊Õπ∑’Ë‡À¡“– ¡¡’§à“‡∑à“°—∫ 8 MPa  à«π§«“¡Àπ“¢Õß™—Èπ°“«¬◊¥À¬ÿàπ·ª√º—π‚¥¬µ√ß°—∫§«“¡

Àπ“À√◊Õª√‘¡“µ√¢Õß‡π◊ÈÕ¬“ß∑—ÈßÀ¡¥  ·∫∫®”≈Õßπ’È∑”π“¬°“√º‘¥√Ÿª¿“¬„µâ·√ß°¥¢Õß·∫√‘Ëß¬“ßπ’È∑’Ë¡’ §à“ shape factor

µ—Èß·µà 0.5 ∂÷ß 2.35 (11 °√≥’) ‰¥â Õ¥§≈âÕß°—∫º≈°“√∑¥≈Õß¥’¡“°  °“√∑”π“¬°“√º‘¥√Ÿª¿“¬„µâ·√ß‡©◊Õπ¢Õß·∫√‘Ëß

¬“ß§Õ¡ª“«¥å∑—Èß ’Ë™π‘¥  Õ¥§≈âÕß°—∫º≈°“√∑¥≈Õß ·≈–· ¥ß„Àâ‡ÀÁπ«à“ shape factor ‰¡à¡’Õ‘∑∏‘æ≈µàÕ§à“§«“¡‡§âπ

‡©◊Õπ  πÕ°®“°π—Èπ æ∫«à“§«“¡‡§âπ‡©◊Õπ‰¡à¢÷Èπ°—∫·√ß°¥∑’Ë°√–∑”°—∫·∫√‘Ëß ·≈–°“√∑”π“¬„Àâº≈ Õ¥§≈âÕß°—∫°“√

∑¥≈Õß¥’¡“°

¬“ß‡ªìπ«— ¥ÿ«‘»«°√√¡∑’Ë„™â°—πÕ¬à“ßµàÕ‡π◊ËÕß¡“‡ªìπ
‡«≈“π“π‡π◊ËÕß®“°¡’ ¡∫—µ‘∑“ßøî ‘° å∑’Ë¥’‡≈‘» ‡™àπ  “¡“√∂
º‘¥√Ÿª‰¥â¡“°  ¡’§«“¡·¢Áß·√ß Ÿß  ·≈–¡’§«“¡¬◊¥À¬ÿàπ Ÿß

∑—Èß¬—ß “¡“√∂„™â‡ªìπ«— ¥ÿ∑’Ë¥Ÿ¥´—∫æ≈—ßß“πÕ¬à“ß¥’‡¬’Ë¬¡‡¡◊ËÕ
¡’·√ß¿“¬πÕ°À√◊Õ∂Ÿ°°√–∑”¥â«¬·√ß —Ëπ –‡∑◊Õπ ¥—ßπ—Èπ
¬“ß®÷ß¡—°∂Ÿ°π”‰ª„™â„π≈—°…≥–¢Õß·∫√‘Ëß¬“ß ∑’Ë¡’∑—Èß·√ß
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 –æ“π ¡’·√ß°¥µ√ß®“°πÈ”Àπ—°¢Õß –æ“π·≈–πÈ”Àπ—°
¢Õß√∂∑’ËÕ¬Ÿà∫π –æ“π  ¢≥–‡¥’¬«°—π°Á¡’·√ß‡©◊Õπ¢≥–∑’Ë
√∂«‘Ëßºà“πµÕ¡âÕ ·∫√‘Ëß¬“ß∑—Ë«‰ª¡—°‡ √‘¡§«“¡·¢Áß·√ß‡æ◊ËÕ
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¥—ßπ—Èπ°“√∑”§«“¡‡¢â“„®æƒµ‘°√√¡¢Õß¬“ß∑’Ë¡’·√ßª√–‡¿∑
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ß“π«‘®—¬π’È„™â‚ª√·°√¡ ”‡√Á®√Ÿª∑“ß‰ø‰π∑å‡Õ‡≈‡¡πµå
™◊ËÕ COSMOS/M (version 1.75, window based) ‡æ◊ËÕ
»÷°…“ ¡∫—µ‘¿“¬„µâ·√ß°¥·≈–·√ß‡©◊Õπ¢Õß·∫√‘Ëß¬“ß °“√
»÷°…“·¬°‡ªìπ 2  à«π   à«π·√°‡ªìπ°“√»÷°…“‡æ◊ËÕÀ“
 ¡∫—µ‘‡©æ“–¢Õß¬“ß§Õ¡ª“«¥å∑’Ë„™â¢÷Èπ√Ÿª‡ªìπ·∫√‘Ëß  à«π∑’Ë
 Õß‡ªìπ°“√»÷°…“ ¡∫—µ‘À√◊Õæƒµ‘°√√¡¿“¬„µâ°“√°¥  °“√
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«— ¥ÿ Õÿª°√≥å·≈–«‘∏’°“√

1. «— ¥ÿ

«— ¥ÿ∑’Ë»÷°…“‡ªìπ¬“ß§Õ¡ª“«¥å ∑’Ë·ª√ª√‘¡“≥‡¢¡à“
¥” 4 §à“ ‰¥â·°à 10, 20, 40 ·≈– 70 phr ·≈–¡’ à«πº ¡
Õ◊ËπÊ ¥—ß· ¥ß„π Table 1 ¬“ß§Õ¡ª“«¥å‡À≈à“π’È‡√’¬°™◊ËÕ«à“
BR10, BR20, BR40 ·≈– BR70 µ“¡≈”¥—∫  ¬“ß Õß
 Ÿµ√À≈—ß‡ªìπ Ÿµ√¢Õß¬“ß√Õß§Õ –æ“π∑’Ë‡§¬¡’°“√»÷°…“
¡“·≈â« ‚¥¬ «‘‰≈æ√ ·≈–§≥– (2541)  à«π¬“ß Õß Ÿµ√
·√°¡’ª√‘¡“≥‡¢¡à“¥”º ¡Õ¬ŸàµË”°«à“¡“µ√∞“π Ÿµ√¬“ß√Õß
§Õ –æ“π ®—¥‡ªìπ Ÿµ√¬“ß∑’Ë¡’ª√‘¡“π‡¢¡à“¥”πâÕ¬¡“°
„™â‡æ◊ËÕ°“√»÷°…“‡ª√’¬∫‡∑’¬∫„πß“π«‘®—¬π’È

¬“ß§Õ¡ª“«¥å‡À≈à“π’È∂Ÿ°π”¡“¢÷Èπ√Ÿª„Àâ‡ªìπ™‘Èπ
µ—«Õ¬à“ß¬“ß∑’Ë¡’¢π“¥µ“¡¡“µ√∞“π°“√°¥·≈–‡©◊Õπ (BS-

standard 903 Part A14 ·≈– A4 µ“¡≈”¥—∫) ‚¥¬¢π“¥
¢Õßµ—«Õ¬à“ß∑’Ë„™â°¥„πÀπ÷Ëß·π«·√ß‡ªìπ√Ÿª∑√ß°√–∫Õ°∑’Ë¡’
¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß·≈–§«“¡ Ÿßª√–¡“≥ 29 ·≈–
13 ¡¡. µ“¡≈”¥—∫  ™‘Èπµ—«Õ¬à“ß∑’Ë„™â∑¥ Õ∫°“√‡©◊Õπ
Õ¬à“ßßà“¬ ¢÷Èπ√Ÿª·∫∫ double sandwich ∑’Ëª√–°Õ∫¥â«¬
™‘Èπµ—«Õ¬à“ß¬“ß 4 ™‘Èπª–°∫µ‘¥°—π ‚¥¬¡’æ◊Èπ∑’Ë√—∫·√ß·≈–
§«“¡Àπ“‚¥¬ª√–¡“≥‡ªìπ 25x50 µ√.¡¡. ·≈– 7 ¡¡.
µ“¡≈”¥—∫

·∫√‘Ëß¬“ß∑’Ë∑”¢÷Èπ®“°¬“ß§Õ¡ª“«¥å∑—Èß ’Ë ¡’æ◊Èπ∑’Ë√—∫
·√ß·≈–§«“¡Àπ“ª√–¡“≥ 50x106 µ√.¡¡. ·≈– 50 ¡¡.
µ“¡≈”¥—∫  ·∫√‘Ëß¡’·ºàπ‡À≈Á°Àπ“ 5 ¡¡.ª–°∫∫π-≈à“ß

·µà≈–™π‘¥¢Õß·∫√‘Ëß¬“ß§Õ¡ª“«¥åÀπ÷ËßÊ ¡’°“√‡ √‘¡·√ß
¿“¬„π·∫√‘Ëß¥â«¬·ºàπ‡À≈Á°®”π«π 0, 1, 2 ·≈– 3 ·ºàπ
‚¥¬‡À≈Á°‡ √‘¡·√ß·µà≈–·ºàπÀπ“ 3 ¡¡.  àßº≈„Àâ shape

factor ¢Õß·∫√‘Ëß¬“ß¡’§à“ª√–¡“≥ 0.33, 0.73, 1.20 ·≈–
1.73 µ“¡≈”¥—∫

2. Õÿª°√≥å

‡§√◊ËÕß¡◊Õ∑¥ Õ∫§«“¡·¢Áß·√ß·∫∫Õ‡π°ª√– ß§å
(Universal tensile tester) ¢Õß∫√‘…—∑ Hounsfield √ÿàπ
H10KS ‡ªìπÕÿª°√≥åÀ≈—°∑’Ë„™â∑¥ Õ∫ °“√º‘¥√Ÿª„π·π«
·√ß°¥ °“√‡©◊ÕπÕ¬à“ßßà“¬ ·≈–∑¥ Õ∫§«“¡·¢Áß·√ß¢Õß
·∫√‘Ëß¬“ß∑—Èß “¡À¡«¥ ·¡â«à“Õÿª°√≥åπ’È¡’¢’¥®”°—¥∑’Ë 10 kN

´÷Ëßæ∫«à“‰¡à “¡“√∂°¥·∫√‘Ëß¬“ß∑’Ë¡’§«“¡·¢Áß·√ß Ÿß‰¥â
ºŸâ«‘®—¬‰¥âÕÕ°·∫∫√–∫∫§“π∑’Ë “¡“√∂∑¥·√ß°¥‰¥â∂÷ß 5.63

‡∑à“ ·≈–∑”„Àâ‡π◊ÈÕ¬“ß∂Ÿ°°¥‰¥â®π∂÷ß 20% ∑ÿ°°√≥’   à«π
°“√«‘‡§√“–Àå§«“¡ —¡æ—π∏åÕ◊ËπÊ „™â Microsoft Excel

3. «‘∏’°“√∑¥ Õ∫·≈–°“√«‘‡§√“–Àåº≈

°“√∑¥ Õ∫·≈–«‘‡§√“–Àåº≈·¬°‡ªìπ 2  à«π ‰¥â·°à
°“√À“§à“§ßµ—«¢Õß ¡°“√æ≈—ßß“π§«“¡‡§√’¬¥¢Õß¬“ß
§Õ¡ª“«¥å ·≈–°“√∑¥ Õ∫·∫√‘Ëß¬“ß

 à«π∑’Ë 1 : °“√À“§à“§ßµ—«¢Õß ¡°“√æ≈—ßß“π

§«“¡‡§√’¬¥¢Õß¬“ß§Õ¡ª“«¥å

¬“ß§Õ¡ª“«¥å∑—Èß ’Ë Ÿµ√∂Ÿ°π”¡“∑¥ Õ∫¿“¬„µâ
·√ß°¥·≈–°“√‡©◊ÕπÕ¬à“ßßà“¬ µ“¡¢—ÈπµÕπ∑’Ë°”Àπ¥‚¥¬

Table 1. Compounds formulation

No.1 No. 2 No. 3 No. 4

 Ingredients (BR70) (BR40) (BR20) (BR10)

phr phr phr phr

Natural Rubber 100.0 100.0 100.0 100.0
ZnO 5.0 5.0 5.0 5.0
Stearic acid 2.0 2.0 2.0 2.0
HAF 70.0 40.0 20.0 10.0
Spindle Oil 6.0 6.0 - -
Flectol TMQ 3.0 3.0 3.0 3.0
Paraffin Wax 3.0 3.0 3.0 3.0
CBS 1.5 1.5 1.5 1.5
Sulphur 1.5 1.5 1.5 1.5
6PPD 2.0 2.0 2.0 2.0
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¡“µ√∞“πÕ—ß°ƒ… BS903 part A14 ·≈– A4 µ“¡≈”¥—∫
√“¬≈–‡Õ’¬¥¥Ÿ‰¥â®“° Table 2 °√≥’°“√°¥„π·π«·√ßµâÕß
¡’°“√À≈àÕ≈◊Ëπ∑’Ëº‘«∫π·≈–≈à“ß¢Õß™‘Èπµ—«Õ¬à“ß‡æ◊ËÕ„Àâ¡’°“√
º‘¥√Ÿª„π·π«°¥‡∑à“π—Èπ  º≈°“√∑¥≈Õß· ¥ß„π√Ÿª§«“¡
 —¡æ—π∏å¢Õß§«“¡‡§âπ-§«“¡‡§√’¬¥  ·≈â«π”‰ª§”π«≥À“
§à“§«“¡‡§âπ≈¥√Ÿª‡©≈’Ë¬®“°°“√º‘¥√Ÿª∑—Èß ÕßÀ¡«¥·ª√§à“
°—∫ (I

1
-3) ®“°π—Èπ®÷ßÀ“ ¡°“√‡ âπ·π«‚πâ¡¢Õß§«“¡

 —¡æ—π∏åπ’È¥â«¬ ¡°“√‚æ≈‘‚π‡¡’¬≈°”≈—ß Õß¢Õß§à“ (I
1
-3)

‚¥¬§à“§ßµ—«¢Õß ¡°“√®–‡∑’¬∫‡∑à“°—∫§à“ 2C
10

, 4C
20
 ·≈–

6C
30
 µ“¡ ¡°“√ (2)

§à“§ßµ—«∑’Ë‰¥â∂Ÿ°π”‰ª„™â„π‚ª√·°√¡‰ø‰π∑å‡Õ‡≈-
‡¡πµå ‡æ◊ËÕµ√«® Õ∫ ¡∫—µ‘¿“¬„µâ°“√°¥„πÀπ÷Ëß·π«·√ß
·≈–°“√‡©◊ÕπÕ¬à“ßßà“¬ À√◊Õæ‘ Ÿ®πå«à“§à“§ßµ—«π’È “¡“√∂
∑”π“¬æƒµ‘°√√¡π’È‰¥âÀ√◊Õ‰¡à  à«π‡ß◊ËÕπ‰¢¢Õß·∫∫®”≈Õß
· ¥ß„π Table 3 §«“¡·µ°µà“ß¢Õßº≈°“√∑”π“¬· ¥ß
¥â«¬§à“√âÕ¬≈–‡©≈’Ë¬µ≈Õ¥™à«ß°“√∑¥ Õ∫™‘Èπß“π   ¥—ß

Table 2. Conditions of uniaxial compression and simple shear tests

Conditions Compression Shear

Standard procedure BS903 Part A4 BS903 Part A14
Sample geometry Cylindrical specimen Double sandwich specimen

Size D ≅  29 mm,  H
O
 ≅  12mm Area ≅  25x50 mm2, Thickness 7 mm

Cross head speed 5 mm/min 10 mm/min
Condition of testing Cyclic test, taken the average values of the 3rd to the 6th loaded cycle
Maximum strain ≅  50% ≅  70%
Others Lubricated at upper and lower surfaces

Table 3. Conditions of FEA models of compression, shear and compression shear bearings

    Number of reinforcing metal plate
                  Conditions

0 1 2 3

Bearing size: WxLxH (in mm) 50x106x50 50x106x50 50x106x50 50x106x50
Model size: WxLxH (in mm)
  - compression 25x53x50 25x53x24 25x53x13 25x53x10
  - shear and compression -shear 50x106x50 50x106x24 50x106x13 50x106x10

No. of element at each side
  - compression 7x10x10 7x10x9 7x10x8 7x10x7
  - shear and compression -shear 10x20x10 10x20x9 10x20x8 10x20x7

Boundary conditions See Figure 2

Loading conditions
  - compression model - Apply Y-displacement steps up to about 25% strain
  - shear model - Apply X (shear) displacement up to about 30% shear strain

- Apply fix compressive displacement (5, 10 and 15% compression
  strain)

  - compression   shear model - Apply X (shear) displacement, while the step compressive strain
  change were hold at 5, 10 and 15%
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 ¡°“√ (7)

Average % difference =

ABS(σFEA or τFEA − σEXP or τEXP )
σEXP or τEXP

x 100
at each ε or γ

∑ (7)

 à«π∑’Ë 2 : °“√∑¥ Õ∫·∫√‘Ëß¬“ß

°“√∑¥ Õ∫·∫√‘Ëß¬“ß·∫àß‡ªìπ 3 À¡«¥ ‰¥â·°à °“√
°¥ °“√‡©◊Õπ ·≈–°“√°¥-‡©◊Õπ · ¥ß„π Figure 1 °“√
∑¥ Õ∫°”Àπ¥„Àâ‡ªìπ·∫∫«—Æ®—°√  ¢âÕ¡Ÿ≈æ◊Èπ∞“π∑’ËµâÕß°“√
(¢Õß∑ÿ°À¡«¥°“√º‘¥√Ÿª) ‡ªìπ§à“·√ß∑’Ë·ª√µ“¡√–¬–°¥
¢Õß√Õ∫∑’Ë 3 ∂÷ß 6 ®ÿ¥ª√– ß§åÀ≈—°¢Õß°“√°¥µâÕß°“√„Àâ
™‘Èπµ—«Õ¬à“ß¡’°“√º‘¥√Ÿª‰¥â Ÿß ÿ¥ª√–¡“≥ 20% À≈—ß®“°π—Èπ
®÷ß«‘‡§√“–ÀåÀ“§à“§«“¡‡§âπ-§«“¡‡§√’¬¥¢Õß·µà≈–À¡«¥
µàÕ‰ª

®“°°“√°¥·∫√‘Ëß‚¥¬µ√ß¥â«¬·ºàπ°¥¢Õß‡§√◊ËÕß¡◊Õ
∑¥ Õ∫§«“¡·¢Áß·√ßÕ‡π°ª√– ß§å æ∫«à“¡’·∫√‘Ëß¬“ß‡æ’¬ß
5 ™π‘¥ (®“°∑—ÈßÀ¡¥ 16 ™π‘¥) ∑’Ë “¡“√∂∂Ÿ°°¥®π∂÷ß
20% ¥—ßπ—ÈπºŸâ«‘®—¬®÷ß‰¥âÕÕ°·∫∫√–∫∫§“π‡æ◊ËÕ„Àâ¡’°“√∑¥
·√ß·≈– “¡“√∂°¥™‘Èπµ—«Õ¬à“ß„Àâº‘¥√Ÿªµ“¡«—µ∂ÿª√– ß§å
 à«π°“√∑¥ Õ∫¬“ß·∫∫‡©◊Õπ ·≈–·∫∫°¥-‡©◊Õπ  ·∫√‘Ëß
¬“ß∑’Ë∑¥ Õ∫°“√°¥·≈â«∂Ÿ°π”¡“‡™◊ËÕ¡µ‘¥°—∫Õÿª°√≥å∑’Ë
ÕÕ°·∫∫‰«â·≈â«π”¡“¥÷ß¥â«¬‡§√◊ËÕß∑¥ Õ∫§«“¡·¢Áß·√ß
Õ‡π°ª√– ß§å‡æ◊ËÕ„Àâ™‘Èπµ—«Õ¬à“ßº‘¥√Ÿª·∫∫‡©◊Õπ

·∫∫®”≈Õß‰ø‰π∑å‡Õ‡≈‡¡πµå 3 ¡‘µ‘ ª√–°Õ∫¢÷Èπ
¥â«¬‡Õ‡≈‡¡πµå·∫∫ 8 ®ÿ¥µàÕ ·¬°‡ªìπ 3 ·∫∫µ“¡À¡«¥
°“√º‘¥√Ÿª¿“¬„µâ·√ß°¥  ·√ß‡©◊Õπ  ·≈–°“√°¥-‡©◊Õπ
‡ß◊ËÕπ‰¢·≈–¢π“¥¢Õß·∫∫®”≈Õß· ¥ß„π Table 3

·∫∫®”≈Õß°“√°¥¡’¢π“¥æ◊Èπ∑’Ë√—∫·√ß 1/4 ¢Õß·∫√‘Ëß®√‘ß
 à«π·∫∫®”≈Õß°“√‡©◊Õπ·≈–°“√°¥-‡©◊Õπ¡’æ◊Èπ∑’Ë‡∑à“°—∫
æ◊Èπ∑’Ë¢Õß·∫√‘Ëß¬“ß®√‘ß  §«“¡Àπ“¢Õß·∫∫®”≈Õß°”Àπ¥„Àâ
‡∑à“°—∫§«“¡Àπ“¢Õß™—Èπ¬“ß∑’Ë∂Ÿ°¢—Èπ¥â«¬·ºàπ‡À≈Á° ‡æ√“–
‰¥âæ‘ Ÿ®πå·≈â««à“°“√º‘¥√Ÿª¿“¬„µâ·√ß°¥À√◊Õ‡©◊Õπ¢Õß¬“ß
·µà≈–™—Èπ¡’≈—°…≥–‡À¡◊Õπ°—π ·≈– àßº≈„Àâ‡«≈“∑’Ë„™â„π°“√
§”π«≥ —Èπ≈ß («‘‰≈æ√ ·≈–¡π— , 2548) π—Ëπ§◊Õ·∫√‘Ëß¬“ß
∑’Ë¡’‡À≈Á°‡ √‘¡·√ß¿“¬„π®”π«π  0,  1,  2  ·≈–  3  ™—Èπ
‡π◊ÈÕ¬“ß¡’§«“¡Àπ“‡ªìπ 50, 24, 13 ·≈– 10 ¡¡. ·∫√‘Ëß
¬“ß∑’Ë»÷°…“æƒµ‘°√√¡°“√‡©◊Õπ¿“¬„µâ·√ß°¥ ¡’°“√»÷°…“
Õ‘∑∏‘æ≈¢Õß°“√°¥ 3 √–¥—∫ §◊Õ∑’Ë 5, 10 ·≈– 15%

§«“¡‡§√’¬¥°¥ º≈°“√∑”π“¬· ¥ß„π√Ÿª¢Õß§«“¡‡§âπ-
§«“¡‡§√’¬¥‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫º≈°“√∑¥≈Õß¢Õß·µà≈–
°√≥’

®“°º≈°“√»÷°…“‡∫◊ÈÕßµâπ æ∫«à“ º≈°“√∑”π“¬
æƒµ‘°√√¡¢Õß·∫√‘Ëß¬“ß∑’Ë¡’‡¢¡à“¥”º ¡Õ¬Ÿà Ÿß 70 phr ¡’
§«“¡§≈“¥‡§≈◊ËÕπ¡“°°«à“°√≥’Õ◊ËπÊ ºŸâ«‘®—¬®÷ß‡ πÕ·π–«à“
§«√¡’°“√ª√—∫ª√ÿß·∫∫®”≈Õß¢Õß Yeoh ‚¥¬‡æ‘Ë¡™—Èπ°“«
‡ ¡◊Õπ¬◊¥À¬ÿàπ ‡æ◊ËÕ™¥‡™¬°“√À≈ÿ¥¢Õß™—Èπ°“«¢≥–¡’·√ß
°√–∑” ´÷Ëß· ¥ß„Àâ‡ÀÁπ™—¥‡®π°√≥’¢Õß¬“ß∑’Ë¡’‡¢¡à“¥” Ÿß
(«‘‰≈æ√ ·≈–¡π— , 2546) ºŸâ«‘®—¬‡√’¬°·∫∫®”≈Õß·∫∫π’È«à“
·∫∫®”≈Õß·∫∫¬÷¥µ‘¥¬◊¥À¬ÿàπ (elastic bonded)  à«π
·∫∫®”≈Õß∑’Ë‰¡à¡’™—Èπ°“«‡ ¡◊Õπ‡√’¬°«à“ ·∫∫®”≈Õß¬÷¥µ‘¥
·πàπ (perfect bonded)  °“√«‘‡§√“–Àåª√–°Õ∫¥â«¬°“√
«‘‡§√“–ÀåÀ“§à“¡Õ¥Ÿ≈— ·≈–§«“¡Àπ“∑’Ë‡À¡“– ¡¢Õß™—Èπ
°“« ‚¥¬π”¢âÕ¡Ÿ≈°“√°¥·∫√‘Ëß¬“ß BR70 ∑’Ë‰¥â∑¥ Õ∫
·≈– √ÿª‰«â„π√“¬ß“π«‘®—¬‡¡◊ËÕªï 2541 ·≈– 2546 ¡“»÷°…“
‡ª√’¬∫‡∑’¬∫‡ªìπ®”π«π∑—Èß ‘Èπ 11 ·∫∫®”≈Õß

                (a) compression          (b) shear     (c) compression-shear

Figure 1.  Bearing arrangements in compression, shear and compression-shear tests
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‡ß◊ËÕπ‰¢¢Õ∫‡¢µ·≈–·ºπ¿“æ¢Õß·∫∫®”≈Õß °“√
°¥·∫∫ perfect bonded ·≈– elastic bonded ·∫∫
®”≈Õß°“√‡©◊Õπ (·≈–°“√°¥-‡©◊Õπ) · ¥ß„π Figure 2

º≈°“√∑¥≈Õß·≈–«‘®“√≥å

º≈°“√∑¥≈Õß·≈–«‘®“√≥åº≈°“√∑¥≈Õß·∫àßÕÕ°
‡ªìπ 4  à«π ‰¥â·°à 1. °“√«‘‡§√“–ÀåÀ“§à“§ßµ—«¢Õß ¡°“√
æ≈—ßß“π§«“¡‡§√’¬¥ 2. °“√∑”π“¬æƒµ‘°√√¡°“√°¥¢Õß

·∫√‘Ëß·∫∫¬÷¥µ‘¥·πàπ (perfect bonded)  3. °“√∑”π“¬
æƒµ‘°√√¡°“√°¥¢Õß·∫√‘Ëß·∫∫¬÷¥µ‘¥¬◊¥À¬ÿàπ (elastic

bonded) ·≈– 4. °“√∑”π“¬æƒµ‘°√√¡°“√‡©◊Õπ ·≈–°“√
°¥-‡©◊Õπ  ¥—ß√“¬≈–‡Õ’¬¥µàÕ‰ªπ’È

1. °“√«‘‡§√“–ÀåÀ“§à“§ßµ—«¢Õß ¡°“√æ≈—ßß“π§«“¡

‡§√’¬¥

®“°§à“§«“¡‡§âπ-§«“¡‡§√’¬¥°¥„πÀπ÷Ëß·π«·√ß
·≈–§«“¡‡§âπ-§«“¡‡§√’¬¥‡©◊ÕπÕ¬à“ßßà“¬¢Õß™‘Èπµ—«Õ¬à“ß

Figure 2. Diagram of (a)  3D-one quarter compression model, (b) 3D full size of shear and

compression-shear model (c) xz-plane of compressive “perfect bonded” mesh and

(d) xz plane of compressive “elastic bonded” mesh.

Face 1 is the upper part of rubber block, which is
bonded to metal plate and where the step
compressive displacement is applied

Face 2 is the lower part of rubber block, which is
bonded to metal plate and it is fixed for no
movement in all directions

Face 3 and 4  are the side faces, which are defined as
in y and x symmetry plane, respectively.

Face 1 is the upper part of rubber block, which is
bonded to metal plate and where the step
compressive displacement and/or shear
displacement applied

Face 2 is the lower part of rubber block, which is
bonded to metal plate and it is fixed for no
movement in all directions

(a) Compression model

(b) Shear and compression-shear models

(c) Perfect bonded compression model

(d) Elastic bonded model
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¬“ß¢π“¥‡≈Á° ∑”„Àâ “¡“√∂«‘‡§√“–ÀåÀ“§à“§«“¡‡§âπ≈¥
√Ÿª‡©≈’Ë¬¢Õß∑—Èß Õß°√≥’∑’Ë·ª√µ“¡ (I

1
-3) ¥—ß· ¥ß„π

Figure 3 ·≈–®“° ¡°“√‡ âπ·π«‚πâ¡¢Õß§«“¡ —¡æ—π∏åπ’È
„π√Ÿª‚æ≈‘‚π‡¡’¬≈°”≈—ß Õß ∑”„Àâ “¡“√∂«‘‡§√“–ÀåÀ“§à“
§ßµ—« C

30
, C

20
, C

10
 ·≈–§à“ —¡ª√– ‘∑∏‘ À —¡æ—π∏å¥—ß· ¥ß

„π Table ∑’Ë 4 ®–‡ÀÁπ«à“§à“ C
10
 ´÷Ëß‡ªìπæ“√“¡‘‡µÕ√å∑’Ë

·ª√º—π‚¥¬µ√ß°—∫§«“¡·¢Áß·√ß¢Õß§Õ¡ª“«¥å¡’≈¥≈ß®“°
0.97 MPa ‡ªìπ 0.31 MPa µ“¡°“√≈¥≈ß¢Õßª√‘¡“≥
‡¢¡à“¥”„π§Õ¡ª“«¥å®“° 70 phr ‡ªìπ 10 phr µ“¡≈”¥—∫

§à“§ßµ—«∑’Ë‰¥â∂Ÿ°„™â‡ªìπ§à“§ß∑’Ë¢Õß«— ¥ÿ‰Œ‡ªÕ√åÕ‘≈“ -
µ‘°¢Õß‚ª√·°√¡ COSMOS/M ‡æ◊ËÕ∑”π“¬æƒµ‘°√√¡
¿“¬„µâ°“√°¥„πÀπ÷Ëß·π«·√ß¢Õß™‘Èπ∑√ß°√–∫Õ°∑’Ë¡’‡ âπ
ºà“π»Ÿπ¬å°≈“ßª√–¡“≥ 29 ¡¡.  Ÿß 13 ¡¡. ¥â«¬·∫∫
®”≈Õß Õß¡‘µ‘¢Õß plane strain ∑’Ëª√–°Õ∫¥â«¬‡Õ‡≈‡¡πµå
·∫∫ 3 ®ÿ¥µàÕ  ·≈–¡’ ¡¡“µ√√Õ∫·°πºà“π°≈“ß¢Õß
∑√ß°√–∫Õ°  (axis  symmetry  element)  ·≈–∑”π“¬

æƒµ‘°√√¡°“√‡©◊Õπ¢Õß™‘Èπµ—«Õ¬à“ß¢π“¥æ◊Èπ∑’Ë√—∫·√ß
25x50 µ√.¡¡. Àπ“ 7 ¡¡. ∑’Ë„™â·∫∫®”≈Õß “¡¡‘µ‘¢Õß
«— ¥ÿ·¢Áß (solid element) ª√–°Õ∫¥â«¬ 8 ®ÿ¥µàÕ‡Õ‡≈‡¡πµå
Figure 4 ‡ªìπº≈°“√∑”π“¬· ¥ß„π√Ÿª°√“ø§«“¡ —¡æ—π∏å
¢Õß§«“¡‡§âπ-§«“¡‡§√’¬¥ ‡ª√’¬∫‡∑’¬∫°—∫º≈°“√∑¥≈Õß
÷́Ëß· ¥ß„Àâ‡ÀÁπ«à“º≈°“√∑”π“¬ Õ¥§≈âÕß°—∫º≈°“√

∑¥≈Õß¥’¡“° §à“√âÕ¬≈–¢Õß§«“¡·µ°µà“ß‡©≈’Ë¬µ≈Õ¥™à«ß
§«“¡‡§√’¬¥∑’Ë∑¥ Õ∫¢Õß°“√°¥µË”°«à“ 3%  à«π„π°√≥’
°“√‡©◊Õπ§à“√âÕ¬≈–¢Õß§«“¡·µ°µà“ß¥—ß°≈à“«¡’§à“ Ÿß ÿ¥
ª√–¡“≥ 9% „π°√≥’¬“ß BR40 º≈§«“¡·µ°µà“ß∑’Ë¡“°
°«à“°“√°¥Õ“®‡ªìπ‡æ√“–™‘Èπµ—«Õ¬à“ß°“√‡©◊Õπ¡’§«“¡‰¡à
 ¡∫Ÿ√≥å®“°°“√¢÷Èπ√Ÿª¡“°°«à“

2. °“√∑”π“¬æƒµ‘°√√¡°“√°¥¢Õß·∫√‘Ëß·∫∫¬÷¥µ‘¥·πàπ

°√“ø‡ª√’¬∫‡∑’¬∫º≈°“√∑”π“¬æƒµ‘°√√¡¿“¬„µâ
·√ß°¥¢Õß·∫√‘Ëß¬“ß∑’Ë √â“ß¢÷Èπ 16 ™π‘¥ °—∫º≈°“√∑¥≈Õß

Figure 3. Reduced stress plotted against (I
1
-3) tested from uniaxial compression and simple

shear modes for 4 rubber compounds.

Table 4. Strain energy constants for each compounds, preformed from

uniaxial compression and simple shear tests.

      Strain Energy Constants in MPa
Compounds

C
10

C
20

C
30

      BR10 0.3113 -0.0450 0.0277 0.9310
      BR20 0.3772 -0.0761 0.0489 0.9451
      BR40 0.5326 -0.2485 0.1815 0.9135
      BR70 0.9700 -0.7948 0.6409 0.8758

Correlation

coefficient, r2
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∑’Ë Õ¥§≈âÕß°—π· ¥ß„π Figure 5 (a) , (b) ·≈– (c) · ¥ß
º≈°“√∑”π“¬∑’Ë Õ¥§≈âÕß°—∫º≈°“√∑¥≈ÕßÕ¬à“ß¥’¬‘Ëß
„π°√≥’¢Õß·∫√‘Ëß¬“ß BR10, BR20 ·≈– BR40 ‰¡à«à“®–
‡ªìπ·∫√‘Ëß∑’Ë¡’‡À≈Á°‡ √‘¡·√ßÀ√◊Õ‰¡à π—Ëπ§◊Õ°“√«‘∏’‰ø‰π∑å
‡Õ‡≈‡¡πµå “¡“√∂∑”π“¬æƒµ‘°√√¡°“√°¥‰¥â¥’  °√≥’∑’Ë
·∫√‘Ëß¬“ß¡’ª√‘¡“≥‡¢¡à“¥”º ¡Õ¬Ÿà®π∂÷ß 40 phr ·≈–¡’§à“
shape factor Õ¬Ÿà√–À«à“ß 0.33 ∂÷ß 1.73  §à“‡©≈’Ë¬¢Õß
√âÕ¬≈–¢Õß§«“¡·µ°µà“ß¢Õß°“√‡ª√’¬∫‡∑’¬∫·∫√‘Ëß 12

™π‘¥ ¡’§à“µË”°«à“ 7%   à«πº≈°“√∑”π“¬·∫√‘Ëß¬“ß∑’Ë¡’
ª√‘¡“≥‡¢¡à“¥”º ¡Õ¬Ÿà 70 phr ¡’§«“¡ Õ¥§≈âÕß°—∫º≈
°“√∑¥≈Õß¥’¡“°  ”À√—∫°√≥’∑’Ë‰¡à¡’‡À≈Á°‡ √‘¡·√ß¿“¬„π
·µà‡¡◊ËÕ·∫√‘Ëß¬“ß¡’‡À≈Á°‡ √‘¡·√ß 1, 2 ·≈– 3 ™—Èπ  §à“
§«“¡‡§âπ°¥∑’Ë‰¥â®“°«‘∏’‰ø‰π∑å‡Õ‡≈‡¡πµå°≈—∫¡’§à“ Ÿß°«à“

Figure 4. The comparison of FEA and experiment stresses of 4 compounds (BR10, BR20,

BR40 and BR70), obtained from (a) the uniaxial compression test and (b) the

simple shear tests. The numbers in the bracket are the average percentage differ-

ence of the FEA results and the experimental results.

(a) Uniaxial compression

(b) Simple shear

º≈°“√∑¥≈Õß ‚¥¬¡’§à“‡©≈’Ë¬¢Õß√âÕ¬≈–¢Õß§«“¡·µ°µà“ß
¡’§à“‡æ‘Ë¡¢÷Èπ‡ªìπ 11.16, 19.17 ·≈– 20.86 µ“¡≈”¥—∫

3. °“√∑”π“¬æƒµ‘°√√¡°“√°¥¢Õß·∫√‘Ëß·∫∫¬÷¥µ‘¥

¬◊¥À¬ÿàπ

„π¢≥–∑”°“√∑¥≈ÕßºŸâ«‘®—¬æ∫«à“¡’°“√À≈ÿ¥¢Õß™—Èπ
°“«∑’Ë¬÷¥µ‘¥√–À«à“ß·ºàπ‡À≈Á°°—∫‡π◊ÈÕ¬“ß  ª√“°Ø°“√≥åπ’È
‡ÀÁπ‰¥â™—¥°√≥’∑’Ë¡’ª√‘¡“≥‡¢¡à“¥”„π§Õ¡ª“«¥å Ÿß («‘‰≈æ√
·≈–¡π— , 2546) ¥—ßπ—Èπß“π«‘®—¬π’È®÷ß‰¥âª√—∫‡ª≈’Ë¬π·∫∫
®”≈Õß°“√°¥∑’Ë‰¡à¡’™—Èπ°“«À√◊Õ∑’Ë‡√’¬°«à“·∫∫®”≈Õß¬÷¥µ‘¥
·πàπ ‡ªìπ·∫∫®”≈Õß·∫∫¬÷¥µ‘¥¬◊¥À¬ÿàπ ‚¥¬‡æ‘Ë¡™—Èπ°“«
¬◊¥À¬ÿàπ‡ ¡◊Õπ  ®“°°“√«‘‡§√“–ÀåÀ“§à“¡Õ¥ÿ≈— ·≈–§«“¡
Àπ“∑’Ë‡À¡“– ¡¢Õß™—Èπ°“«‡ ¡◊Õππ’Èæ∫«à“§à“¡Õ¥ÿ≈— 
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Figure 5. Comparison of experimental compressive stress-strain relationship with the

“perfect-bonded” models of 4 bearings of (a) BR10, (b) BR20, (c) BR40 and (d)

BR70, having loading area of 50x106 mm2. Each bearing has four difference

number of reinforcing metal plates of 0, 1, 2 and 3 layers. The numbers in the

bracket are the average percentage difference of the FEA results from the exper-

imental ones.
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Figure 6. The elastic bonded model can predict the compressive behaviour of BR70 bearings.

Various sizes of bearings, varying with area and number of reinforcing plates, are

(a) 50x106 mm2;1, 2 and 3 plates, (b) 82x82 mm2; 1 and 2 plates, (c) 102x102 mm2;

1 and 2 plates, (d) 102x 153 mm2; 1 and 2 plates, and (e) 102x204 mm2; 1 plate.

¬◊¥À¬ÿàπ¡’§à“§ßµ—«‡ªìπ 8 MPa  à«π§«“¡Àπ“·ª√§à“°—∫
§«“¡Àπ“¢Õß™—Èπ¬“ß∑—ÈßÀ¡¥ Figure 6 · ¥ß°√“ø‡ª√’¬∫
‡∑’¬∫º≈°“√∑”π“¬∑’Ë Õ¥§≈âÕß°—∫º≈°“√∑¥ Õ∫Õ¬à“ß¥’
¬‘Ëß¢Õß·∫√‘Ëß¬“ß BR70 ®”π«π∑—Èß ‘Èπ 11 ·∫∫®”≈Õß
Figure 6 (a) ‡ªìπ·∫∫®”≈Õß¢Õß·∫√‘Ëß¬“ß∑’Ë¡’æ◊Èπ∑’Ë√—∫·√ß
50x106 µ√.¡¡. Àπ“√«¡ 50 ¡¡. ¡’‡À≈Á°‡ √‘¡·√ß 1, 2

·≈– 3 ™—Èπ (°√≥’‡¥’¬«°—∫ Figure 5(d))  Figure 6 (b)-(e)

‡ªìπ·∫∫®”≈Õß¢Õß·∫√‘Ëß∑’Ë¡’æ◊Èπ∑’Ë√—∫·√ßµà“ßÊ °—π (‰¥â·°à
82x82,  102x102,  102x153  ·≈–  102x204  µ√.¡¡.)
§«“¡Àπ“√«¡¢Õß·∫√‘Ëßª√–¡“≥ 50 ¡¡. ¡’‡À≈Á°‡ √‘¡
·√ß·ª√§à“µ—Èß·µà 0 ®π∂÷ß 2 ™—Èπ  ·∫√‘Ëß∑—ÈßÀ¡¥ (11 ™π‘¥)

¡’§à“ shape factor ·ª√§à“µ—Èß·µàª√–¡“≥ 0.5 ®π∂÷ß 2.35
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πÕ°®“°π—Èπ¬—ßæ∫«à“§«“¡Àπ“¢Õß™—Èπ°“«∑’Ë‡À¡“– ¡ (2

™—Èπ ∫π - ≈à“ß) ·ª√º—π‚¥¬µ√ß°—∫§«“¡Àπ“¢Õß™—Èπ¬“ß
¥—ß· ¥ß„π Figure 7 ¥â«¬ ¡°“√‡ âπ·π«‚πâ¡‡™‘ß‡ âπºà“π
®ÿ¥‡√‘Ë¡µâπ  ¡’§à“§«“¡™—π¢Õß°√“ø‡∑à“°—∫ 9.21  À√◊Õ™—Èπ
°“«Àπ“ª√–¡“≥ 10% ¢Õß™—Èπ¬“ß∑—ÈßÀ¡¥ · ¥ß„Àâ‡ÀÁπ
«à“™—Èπ°“«‡ ¡◊Õπ¢Õß·∫∫®”≈Õß elastic bonded  “¡“√∂
™¥‡™¬°“√À≈ÿ¥¢Õß™—Èπ°“«‰¥â®√‘ß ·≈– àßº≈„Àâ°“√∑”π“¬
æƒµ‘°√√¡°“√°¥¢Õß·∫√‘Ëß¬“ß∑’Ë¡’ª√‘¡“≥‡¢¡à“¥”º ¡Õ¬Ÿà
 Ÿß¡’§«“¡·¡àπ¬” Ÿß

4. °“√∑”π“¬æƒµ‘°√√¡°“√‡©◊Õπ ·≈–°“√°¥-‡©◊Õπ

®“°°“√¥÷ß·∫√‘Ëß¬“ß  4  ™‘Èπ∑’Ë‡™◊ËÕ¡µàÕ°—π·∫∫
double sandwich „Àâº‘¥√Ÿª·∫∫‡©◊Õπæ∫«à“ shape factor

¢Õß·∫√‘Ëß¬“ß‰¡à¡’º≈µàÕ§«“¡‡§âπ‡©◊Õπ  ·µà°“√∑”π“¬
°≈—∫æ∫«à“§«“¡‡§âπ‡©◊Õπ∑’Ë·ª√°—∫§«“¡‡§√’¬¥ °√≥’‡À≈Á°
‡ √‘¡·√ß¿“¬„π 0 ™—Èπ µË”°«à“§à“§«“¡‡§âπ°√≥’∑’Ë¡’‡À≈Á°
‡ √‘¡·√ß 1 ™—Èπ ´÷Ëß¡’§à“µË”°«à“°√≥’ 2 ·≈– 3 ™—Èπ‡æ’¬ß
‡≈Á°πâÕ¬   à«π°√≥’ 2 ·≈– 3 ™—Èππ—Èπ¡’§à“§«“¡‡§âπ‡©◊Õπ
ấÕπ∑—∫°—π  §«“¡·µ°µà“ßπ’È‡ªìπÕ‘∑∏‘æ≈¢Õß°“√À—°ßÕ∑’Ëæ∫

Figure 7.  The relationship of rubber thick and total elastic layer thick of elastic bonded model.

Figure 8. Comparison of FEA and experimental shear stresses for BR70, BR40, BR20 and

BR10. Various set of makers are average experimental values shearing up to 20%

strain. Various set of lines present the FEA results. Bonding effect is clearly seen

as less apparent shear stress in the case of non reinforcing plate bearing, which is

indicate as dot red lines.

[Color figure can be viewed in the electronic version]
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Figure 9. Compression effect of shear stress. Set of markers present the experimental results

and lines indicate the FEA prediction.

‡¡◊ËÕÕ—µ√“ à«π¢Õß§«“¡Àπ“µàÕ§«“¡¬“«¢Õß™‘Èπµ—«Õ¬à“ß
¡“°«à“ 0.25 (Lindley, 1978 p. 27)  ·∫√‘Ëß¬“ß∑’Ë¡’‡À≈Á°
‡ √‘¡·√ß 0 ·≈– 1 ™—Èπ¡’Õ—µ√“ à«π§«“¡Àπ“µàÕ§«“¡¬“«
‡ªìπ 50/102 ·≈– 24/102 (À√◊Õª√–¡“≥ 0.49, 0.24)

µ“¡≈”¥—∫  ·≈–‡¡◊ËÕπ”º≈°“√∑”π“¬‰ª‡ª√’¬∫‡∑’¬∫°—∫º≈
°“√∑¥≈Õß (Figure 8) æ∫«à“§à“∑—Èß Õß¡’§«“¡ Õ¥§≈âÕß
°—π πÕ°®“°π—Èπ¬—ßæ∫«à“°“√°¥·∫√‘Ëß¬“ß‰¡à∑”„Àâ§«“¡‡§âπ
‡©◊Õπ‡ª≈’Ë¬π‰ª (Figure 9) ‚¥¬º≈°“√∑¥≈Õß Õ¥§≈âÕß
°—∫º≈°“√∑”π“¬¥’¡“°

 √ÿªº≈

°“√∑”π“¬æƒµ‘°√√¡°“√º‘¥√Ÿª„πÀπ÷Ëß·π«·√ß°¥
¥â«¬·∫∫®”≈Õß 2 ¡‘µ‘ ·≈–°“√º‘¥√Ÿª·∫∫‡©◊Õπ¥â«¬·∫∫
®”≈Õß 3 ¡‘µ‘¢Õß¬“ß§Õ¡ª“«¥å∑—Èß ’Ë™π‘¥∑’Ë¡’ª√‘¡“≥‡¢¡à“
¥”º ¡Õ¬Ÿà 10, 20, 40 ·≈– 70 phr „Àâº≈¥’¡“°  π—Ëπ
¬◊π¬—π«à“§à“§ßµ—« C

10
, C

20
 ·≈– C

30
 ∑’Ëπ”¡“„™â„π‚ª√·°√¡

‰ø‰π∑å‡Õ‡≈‡¡πµå ”‡√Á®√Ÿª COSMOS/M ¡’§«“¡∂Ÿ°µâÕß
·≈– “¡“√∂π”‰ª„™â‡ªìπ ¡∫—µ‘‡©æ“–·∫∫«— ¥ÿ‰Œ‡ªÕ√å
Õ‘≈“ µ‘°  °“√∑”π“¬æƒµ‘°√√¡°“√º‘¥√Ÿª¢Õß·∫√‘Ëß¬“ß
·∫∫¬÷¥µ‘¥·πàπ „Àâº≈ Õ¥§≈âÕß°—∫º≈°“√∑¥≈Õß„π°√≥’
·∫√‘Ëß¬“ßπ‘Ë¡∑’Ë¡’‡¢¡à“¥”º ¡Õ¬Ÿà 3 √–¥—∫‰¥â·°à 10  40 phr

 à«π·∫√‘Ëß¬“ß∑’Ë¡’‡¢¡à“¥”º ¡Õ¬Ÿà Ÿß ·≈– shape factor

µ—Èß·µà 0.5 µâÕß„™â·∫∫®”≈Õß·∫∫¬÷¥µ‘¥¬◊¥À¬ÿàπ elastic

bond ∑’Ë¡’™—Èπ°“«‡ ¡◊Õπ¬◊¥À¬ÿàπ ™¥‡™¬°“√À≈ÿ¥¢Õß™—Èπ

°“« ®÷ß “¡“√∂∑”π“¬æƒµ‘°√√¡¢Õß·∫√‘Ëß¬“ß¿“¬„µâ·√ß
°¥‰¥â¥’‡¬’Ë¬¡ °“√∑”π“¬æƒµ‘°√√¡°“√‡©◊Õπ ·≈–°“√
‡©◊Õπ¿“¬„µâ·√ß°¥„Àâº≈ Õ¥§≈âÕß°—∫º≈°“√∑¥≈Õß ·≈–
· ¥ß„Àâ‡ÀÁπ«à“§«“¡‡§âπ‡©◊Õπ‰¡à¢÷Èπ°—∫§à“ shape factor

∑’Ë‡ª≈’Ë¬π¢Õß·∫√‘Ëß

°‘µµ‘°√√¡ª√–°“»

∫∑§«“¡π’È√«∫√«¡º≈°“√«‘®—¬®“° 3 ·À≈àß ∑’Ë∑”
·≈– √ÿª‡¡◊ËÕªï 2541, 2546, 2548 √«¡∑—Èßß“π«‘®—¬√–¥—∫
∫—≥±‘µ»÷°…“  “¢“«‘™“øî ‘° åæÕ≈‘‡¡Õ√å    ºŸâ«‘®—¬®÷ß¢Õ
¢Õ∫æ√–§ÿ≥·À≈àß∑ÿπ∑’ËÕÿ¥Àπÿπß“π«‘®—¬‡À≈à“π’È ´÷Ëß‰¥â·°à
»Ÿπ¬å‡∑§‚π‚≈¬’‚≈À–·≈–«— ¥ÿ·Ààß™“µ‘   ”π—°ß“πæ—≤π“
«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’·Ààß™“µ‘ (‡ß‘πÕÿ¥Àπÿπ«‘®—¬ª√–®”
ªï 2539 ·≈– 2543)  §≥–«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’
¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å (°Õß∑ÿπ«‘®—¬§≥–œ ª√–®”
ªïß∫ª√–¡“≥ 2547) ·≈–∫—≥±‘µ«‘∑¬“≈—¬ ¡À“«‘∑¬“≈—¬
 ß¢≈“π§√‘π∑√å (∑ÿπÕÿ¥Àπÿπ«‘®—¬∫—≥±‘µ»÷°…“ ª√–®”ªï
ß∫ª√–¡“≥ 2547)

‡Õ° “√Õâ“ßÕ‘ß

«‘‰≈æ√ πæ√—µπå‰°√≈“»  ∏’√–æ—π∏ÿå  —πµ‘‡∑«°ÿ≈  ·≈–Õ¥‘»—¬ √ÿàß-
«‘™“π‘«—≤πå. 2541. √“¬ß“π«‘®—¬©∫—∫ ¡∫Ÿ√≥å ‡√◊ËÕß °“√
 √â“ß·∫∫®”≈Õß¬“ß√Õß§Õ –æ“π¥â«¬§Õ¡æ‘«‡µÕ√å.
§≥–«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’ ¡À“«‘∑¬“≈—¬ ß¢≈“
π§√‘π∑√å ªíµµ“π’
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«‘‰≈æ√  ≈—°…¡’«“≥‘™¬å. 2543.  ¡∫—µ‘¬◊¥À¬ÿàπ‡©æ“–¢Õß¬“ß
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