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Abstract
Dechwayukul, C., Thongruang, W. and Piwat, W.
Stress distributions in rubber butt-joints bonding
Songklanakarin J. Sci. Technol., 2007, 29(4) : 1049-1068

The objective of this research is to investigate the effect of shear modulus of thin adhesive layer
on stress distributions and deformations in rubber butt-joints with Finite Element Method (FEM) and shape
factor. The research methods comprise of three important tasks. First, the material properties of adhesive
layer and rubber are figured out in order to use in 3-D FEM models of the rubber butt joint. Second, the FEM
models are verified with experiments in order to evaluate the accuracy. Third, the effect of shear modulus of
thin adhesive layer is studied from FEM models. The finding of this research indicates that the shear modulus
of thin adhesive layer and shape factor of the rubber joint increases the resistance of lateral deformation and
hydrostatic pressure in rubber butt-joints.
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§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡§âπ·≈–§«“¡‡§√’¬¥¢Õß¬“ß™‘Èπ
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°≈à“« “¡“√∂‡¢’¬πÕ¬Ÿà„π√Ÿª ¡°“√‚æ≈‘πÕ‡¡’¬π (ABAQUS/
Standard User's Manual, 1998) ¥—ß· ¥ß„π ¡°“√ (1)
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Figure 1. Spring element and thin adhesive layer
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‡ª≈’Ë¬π‡ªìπ°“√‡§≈◊ËÕπµ—«¢Õß ª√‘ß„π·π«µ—Èß©“°°—∫º‘« ·≈–
„π·π«‡©◊Õπµ“¡≈”¥—∫  ¡°“√ 3 ∂÷ß 5 · ¥ß°“√‡ª≈’Ë¬π
§«“¡‡§âπ·≈–§«“¡‡§√’¬¥„π‡Õ≈‘‡¡πµå “¡¡‘µ‘¢Õß™—Èπ°“«∫“ß
‡ªìπ·√ß·≈–°“√‡§≈◊ËÕπ∑’Ë„π ª√‘ß‡Õ≈‘‡¡πµå
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¢Õß°“« (elastic modulus of  adhesive), „π°√≥’°“√
‡©◊Õπ‡¡◊Ë Õ ¡¡µ‘ „Àâ™—Èπ°“«‡ªìπ«— ¥ÿ·∫∫‰Õ‚´‚∑√ªî§
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 §◊Õ §«“¡·¢Áßµ÷ß‡©◊Õπ (shear

stiffness) ¢Õß ª√‘ß„π·π«‡©◊Õπ,  G §◊Õ ¡Õ¥Ÿ≈— ‡©◊Õπ
¢Õß°“« (shear modulus of adhesive)

¢—ÈπµÕπ°“√«‘®—¬

1. °“√∑¥ Õ∫ ¡∫—µ‘∑“ß°≈¢Õß¬“ß

‡ªìπ°“√∑¥ Õ∫‡æ◊ËÕ°”Àπ¥æƒµ‘°√√¡°“√‡ª≈’Ë¬π√Ÿª
¢Õß¬“ßµàÕ·√ß°¥„πµâπ·∫∫‰ø‰πµå‡Õ≈‘‡¡πµå ‚¥¬°“√π”
µ—«Õ¬à“ß™‘Èπ¬“ß∑¥ Õ∫¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß 29 ¡¡. Àπ“
12.5 ¡¡. · ¥ß„π Figure 2 À“§«“¡ —¡æ—π∏å√–À«à“ß·√ß
°¥ (uniaxial compression test) °—∫√–¬–¬ÿ∫µ—«¢Õß™‘Èπ
¬“ß¥â«¬‡§√◊ËÕß∑¥ Õ∫§«“¡·¢Áß·√ß¢Õß«— ¥ÿ·∫∫‡Õπ°ª√– ß§å
(universal testing machine) ‚¥¬∑¥ Õ∫µ“¡¡“µ√∞“π
"Standard Test Method for Rubber Properties -
Compression Set" [ASTM D 395-78 1978] ∑’ËÕ—µ√“
°“√°¥§ß∑’Ë 100 ¡¡./π“∑’ „™â “√À≈àÕ≈◊Ëπ√–À«à“ß™‘Èπß“π

·≈–À—«°¥™ÿ∫‚§√‡¡’¬¡‡æ◊ËÕ„Àâ·√ß‡ ’¬¥∑“π∑’Ë‡°‘¥¢÷ÈππâÕ¬∑’Ë ÿ¥

2. °“√∑¥ Õ∫ ¡∫—µ‘∑“ß°≈¢Õß°“«

°“√∑¥ Õ∫ ¡∫—µ‘∑“ß°≈¢Õß°“«ª√–°Õ∫¥â«¬°“√
∑¥ Õ∫À“§à“§«“¡µâ“π∑“π·√ß¥÷ß·≈–§«“¡µâ“π∑“π·√ß
‡©◊Õπ¢Õß™—Èπ°“« µ“¡¡“µ√∞“π "Testing methods for
tensile strength of adhesive bonds" [JIS K 6849-
1994] ·≈–¡“µ√∞“π¢Õß "Testing methods for shear
strength of adhesive bonds" [JIS (Japan Industrial
Standard) K 6850-1994] µ“¡≈”¥—∫ ‚¥¬™—Èπ°“«∑¥ Õ∫
¡’§«“¡Àπ“ 200 ‰¡§√Õπ ”À√—∫‡ªìπ¢âÕ¡Ÿ≈„π°“√°”Àπ¥
æƒµ‘°√√¡¢Õß™—Èπ°“«„π·∫∫®”≈Õß∑“ß‰ø‰π‡Õ≈‘‡¡πµå °“«
∑’Ë„™â„πß“π«‘®—¬¡’ Õßª√–‡¿∑§◊Õ°“«¬“ß (rubber glue) ´÷Ëß
‡ªìπ°“«∑’Ë¡’§«“¡·¢Áß·√ßµË”·≈–°“«·Àâß‡√Á« (instant glue)
´÷Ëß‡ªìπ°“«∑’Ë¡’§«“¡·¢Áß·√ß Ÿß∑¥ Õ∫∑’ËÕ—µ√“°“√¥÷ß§ß∑’Ë 50
¡¡./π“∑’

3. °“√¬◊π¬—π§«“¡∂Ÿ°µâÕß¢Õßµâπ·∫∫®”≈Õß

«—µ∂ÿª√– ß§å‡æ◊ËÕ„Àâ·πà„®«à“·∫∫®”≈Õß‰ø‰π‡Õ≈‘‡¡πµå
∑’Ë √â“ß¢÷Èπµ“¡≈—°…≥–™‘Èπß“π∑¥ Õ∫®√‘ß·≈–„™âæƒµ‘°√√¡
¢Õß¬“ß·≈–°“«∑’Ë‰¥â®“°°“√∑¥ Õ∫„Àâº≈§”π«≥∂Ÿ°µâÕß
°“√¬◊π¬—πº≈°“√§”π«≥∑”°“√‡ª√’¬∫‡∑’¬∫§à“°“√À¥µ—«„π
·π«·√ß (vertical deformation) ·≈–§à“°“√¬◊¥µ—«„π·π«
µ—Èß©“°°—∫·√ß (lateral deformation) ‚¥¬¡’¢—ÈπµÕπ·≈–
º≈¥—ßπ’È

3.1 °“√ √â“ß™‘Èπß“π·≈–°“√∑¥ Õ∫

 √â“ß™‘Èπß“π®“°¬“ß∏√√¡™“µ‘™π‘¥‡¥’¬«°—∫∑’Ë
∑¥ Õ∫„πÀ—«¢âÕ 1 ≈—°…≥–‡ªìπ·ºàπ°≈¡ “¡¢π“¥§◊Õ‡ âπ
ºà“»Ÿπ¬å°≈“ß 30 ¡¡. Àπ“ 10 ¡¡. ‡ âπºà“»Ÿπ¬å°≈“ß 40

Figure 2.  Circular rubber butt-joint
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¡¡. Àπ“ 18 ¡¡. ·≈–‡ âπºà“»Ÿπ¬å°≈“ß 50 ¡¡. Àπ“ 30
¡¡. µàÕ·∫∫™π°—∫·ºàπ‚≈À–∑—Èß Õß¥â“π¥â«¬°“«∑’Ë∑¥ Õ∫
 ¡∫—µ‘∑“ß°≈∑—Èß Õß™π‘¥ π”™‘Èπß“π∑¥ Õ∫√—∫·√ßÕ—¥·∫∫
§≈â“¬ ∂‘µ (Quasi-static) „π·π«µ—Èß©“°°—∫™‘Èπß“π ∑”°“√
«—¥°“√‡ª≈’Ë¬π√Ÿª¢Õß™‘Èπß“π„π·π«·√ß·≈–°“√‡ª≈’Ë¬π√Ÿª
¢Õß™‘Èπß“π„π·π«µ—Èß©“°°—∫·√ß ¥—ß Figure 3.

3.2 °“√ √â“ß·∫∫®”≈Õß‰ø‰πµå‡Õ≈‘‡¡πµå

 √â“ß·≈–«‘‡§√“–Àå·∫∫®”≈Õß¥â«¬‚ª√·°√¡
ABAQUS Standard version 5.7 ‡π◊ËÕß®“°™‘Èπß“π®√‘ß¡’
§«“¡ ¡¡“µ√√Õ∫·°πÀ¡ÿπ®÷ß √â“ß·∫∫®”≈Õß‰ø‰πµå‡Õ≈‘
‡¡πµå “¡¡‘µ‘‡©æ“–Àπ÷Ëß„π ’Ë à«π¥—ß· ¥ß„π Figure 4 °”Àπ¥
„Àâ√–π“∫µ—¥ “¡“√∂‡§≈◊ËÕπµ—«„π·π«√—»¡’‰¥â‡∑à“π—Èπ °“√
°”Àπ¥®”≈Õß™—Èπ°“«∑’Ë¬÷¥√–À«à“ß¬“ß°—∫·ºàπ‚≈À–„™â ª√‘ß
‡Õ≈‘‡¡πµå SPRING2 (spring element) µ“¡À≈—°°“√
TALA  ¡∫—µ‘¢Õß ª√‘ß‡Õ≈‘‡¡πµå®–‡ª≈’Ë¬π·ª≈ßµ“¡æ◊Èπ∑’Ë
°“√¬÷¥µ‘¥ ·≈–°“√®”≈Õß¬“ß„π·∫∫®”≈Õß„™â‚´≈‘¥∑å‡Õ≈‘‡¡πµå
·∫∫ C3D6H (6 nodes linear triangular prism, hybrid
constant pressure) °—∫·°π°≈“ß¢Õß¬“ß·≈– à«π∑’Ë‡À≈◊Õ
„™â·∫∫ C3D8RH (8 nodes linear brick, hybrid constant
pressure) æƒµ‘°√√¡∑“ß°≈¢Õß¬“ß∂Ÿ°°”Àπ¥¥â«¬ ¡°“√
æ≈—ßß“π§«“¡‡§√’¬¥¥—ß· ¥ß„π ¡°“√∑’Ë 2 ·≈–§à“§ß∑’Ë¢Õß
 ¡°“√‰¥â®“°°“√ fit curve ®“° ¡°“√∑’Ë 9 ·≈–¢âÕ¡Ÿ≈„π
°“√ fit curve ‰¥â¡“®“°°“√∑¥≈Õß°¥¬“ß®“°‡§√◊ËÕß∑¥ Õ∫
°“√µ√«® Õ∫§«“¡∂Ÿ°µâÕß¢Õß·∫∫®”≈Õß∑”‚¥¬°“√‡ª√’¬∫
‡∑’¬∫°—∫°“√∑¥≈Õß‚¥¬»÷°…“‡ª√’¬∫‡∑’¬∫®“°°“√‡ª≈’Ë¬π√Ÿª
¢Õß™‘Èπß“π„π·π«·√ß·≈–°“√‡ª≈’Ë¬π√Ÿª¢Õß™‘Èπß“π„π·π«
µ—Èß©“°°—∫·√ß‡¡◊ËÕ·∫∫®”≈Õß√—∫·√ß°¥

º≈°“√∑¥≈Õß

1.  ¡∫—µ‘∑“ß°≈¢Õß¬“ß

º≈°“√∑¥ Õ∫À“§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡§âπ·≈–
§«“¡‡§√’¬¥„π·π«·°π‡¥’¬« µ“¡¡“µ√∞“π¢Õß ASTM D
395-78 ¢Õß™‘Èπß“π¬“ß≈—°…≥–·∫∫·ºàπ°≈¡ (circular
disk) 5 ™‘Èπµ—«Õ¬à“ß§◊Õ CCF_01, CCF_02, CCF_03,
CCF_04 ·≈– CCF_05 · ¥ßº≈„π√Ÿª¥—ß Figure 5 æ∫
«à“§à“∑’Ë‰¥â„°≈â‡§’¬ß°—π∑—Èß 5 ™‘Èπ·≈–‡¡◊ËÕπ”¢âÕ¡Ÿ≈∑—ÈßÀ¡¥¡“
À“§à“‡©≈’Ë¬„π‡∑Õ¡¢Õß ¡°“√‚æ≈‘πÕ‡¡’¬≈°”≈—ß “¡· ¥ß¥—ß
‡ âπ°√“ø CCF_00 ¡’§à“ À —¡æ—π∏å (Correlation Co-
efficient, r2) ‡∑à“°—∫ 0.9964

2. §à“ —¡ª√– ‘∑∏‘Ïæ≈—ßß“π§«“¡‡§√’¬¥

 —¡ª√– ‘∑∏‘Ï¢Õß ¡°“√æ≈—ßß“π§«“¡‡§√’¬¥ ”À√—∫
°”Àπ¥æƒµ‘°√√¡¢Õß¬“ß„πµâπ·∫∫‰ø‰π‡Õ≈‘‡¡πµå ‰¥â®“°
°“√π”§Ÿà≈”¥—∫§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡§âπ·≈–§«“¡‡§√’¬¥
∑’Ë‰¥â®“°°“√∑¥ Õ∫·√ß°¥¡“æ≈ÁÕµ·≈–À“ —¡ª√– ‘∑∏å®“°
 ¡°“√æ≈—ßß“π§«“¡‡§√’¬¥∑’Ë„™âµ“¡§«“¡ —¡æ—π∏å¥—ßπ’È

σ
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§◊Õ Õ—µ√“°“√¬◊¥µ—«„π·π«·√ß
C

10
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02
  §◊Õ —¡ª√– ‘∑∏‘Ïæ≈—ßß“π

         §«“¡‡§√’¬¥Figure 3.  Lateral deformation measuring

Figure 4. Finite element model of circular rubber
butt-joint

(Color figure can be viewed in the electronic version)
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I §◊Õ Three Invariants of the Green
Deformation Tensor

·≈–®“°°“√ fit curve ‰¥â§à“ —¡ª√– ‘∑∏‘Ïæ≈—ßß“π
§«“¡‡§√’¬¥¡’Àπà«¬ MPa ¥—ßπ’È

C
10

= 2.834,C
01

= −1.986,C
02

= 2.013,

C
11

= −1.311,C
02

= 0.318

3.  ¡∫—µ‘∑“ß°≈¢Õß°“«

º≈°“√∑¥ Õ∫ ¡∫—µ‘∑“ß°≈¢Õß°“«∑’Ë„™â„πß“π«‘®—¬
∑—Èß Õß™π‘¥· ¥ß„π Table 1

4. °“√‡ª√’¬∫‡∑’¬∫º≈®“°°“√∑¥ Õ∫·≈–·∫∫®”≈Õß

π”º≈∑’Ë‰¥â®“°°“√∑¥ Õ∫™‘Èπß“π®√‘ß‡ª√’¬∫‡∑’¬∫°—∫
º≈∑’Ë‰¥â®“°·∫∫®”≈Õß‰ø‰πµå‡Õ≈‘‡¡πµå §”π«≥À“√âÕ¬≈–
¢Õß§«“¡·µ°µà“ß‡©≈’Ë¬µ≈Õ¥™à«ß§«“¡‡§√’¬¥∑’Ëæ‘®“√≥“§◊Õ
0 ∂÷ß 30% ¥â«¬ ¡°“√∑’Ë 10 («‘‰≈æ√ ·≈–§≥–, 2545)

%difference = 1
N

l
x( fea)

− l
x(exp)

l
x(exp)

i=1

N

∑ (10)

‡¡◊ËÕ l
x(exp)

 §◊Õ√–¬–°“√‡ª≈’Ë¬π√Ÿª¢Õß™‘Èπß“π„π·π«

µ—Èß©“°°—∫·π«·√ß∑’Ë‰¥â®“°·∫∫®”≈Õß §◊Õ√–¬–°“√‡ª≈’Ë¬π
√Ÿª¢Õß™‘Èπß“π„π·π«µ—Èß©“°°—∫·π«·√ß∑’Ë‰¥â®“°°“√∑¥≈Õß
N §◊Õ®”π«π§Ÿà≈”¥—∫§«“¡ —¡æ—π∏å√–À«à“ß°“√‡ª≈’Ë¬π√Ÿª¢Õß
™‘Èπß“π„π·π«µ—Èß©“°°—∫·π«·√ß·≈–„π·π«·√ß

º≈‡ª√’¬∫‡∑’¬∫§à“√–¬–°“√¬◊¥µ—«ÕÕ°¥â“π¢â“ß (l
x
) °—∫

°“√¬ÿ∫µ—«„π·π«·√ß (l
z
) ¢Õß‡π◊ÈÕ¬“ß∑’Ë§”π«≥‰¥â®“°µâπ·∫∫

‰ø‰πµå‡Õ≈‘‡¡πµå°—∫°“√∑¥≈Õß®√‘ßµ“¡≈—°…≥–°“√¬÷¥µ‘¥
·≈–µ“¡¢π“¥™‘Èπß“π∑’Ëµà“ß°—π‰¥âº≈¥—ßπ’È

Table 1. Modulus of thin adhesive layer

       adhesive Elastic Modulus Shear Modulus
(E) (G)

Rubber Glue 1.128 MPa 0.154 MPa
  (ACT No. 354 H)
Instant Glue 5.8 MPa 2.6 MPa
  (LOCTITE  No. 380)

Figure 5.  Uniaxial compression testing
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°“√‡ª√’¬∫‡∑’¬∫¢Õß™‘Èπß“π¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß
30 ¡¡. Àπ“ 10 ¡¡. ¥—ß· ¥ß„π Figure 6 æ∫«à“§«“¡
·µ°µà“ß‡©≈’Ë¬¢Õß™‘Èπß“π Õß™‘Èπ∑’Ë‰¡à¡’°“√¬÷¥µ‘¥°“« (CCF_
30_10_01 ·≈– CCF_30_10_02) ‡∑’¬∫°—∫·∫∫®”≈Õß
(CCF_30_10_M) ¡’§à“ 5.00% ·≈– 5.01% µ“¡≈”¥—∫
Figure 7 æ∫«à“§«“¡·µ°µà“ß‡©≈’Ë¬¢Õß™‘Èπß“π Õß™‘Èπ∑’Ë¬÷¥
µ‘¥¥â«¬°“«¬“ß (CCR_30_10_03 ·≈– CCR_30_10_04)
‡∑’¬∫°—∫·∫∫®”≈Õß (CCR_30_10_M) ¡’§à“ 4.44% ·≈–
8.80% µ“¡≈”¥—∫ Figure 8 æ∫«à“§«“¡·µ°µà“ß‡©≈’Ë¬¢Õß
™‘Èπß“π Õß™‘Èπ∑’Ë¬÷¥µ‘¥¥â«¬°“«·Àâß‡√Á« (CCI_30_10_05
·≈– CCI_30_10_06) ‡∑’¬∫°—∫·∫∫®”≈Õß (CCI_30_
10_M) ¡’§à“ 4.76% ·≈– 2.86% µ“¡≈”¥—∫

°“√‡ª√’¬∫‡∑’¬∫¢Õß™‘Èπß“π¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß
40 ¡¡. Àπ“ 18 ¡¡. · ¥ß„π Figure 9 æ∫«à“§«“¡
·µ°µà“ß‡©≈’Ë¬¢Õß™‘Èπß“π Õß™‘Èπ∑’Ë‰¡àµ‘¥°“« (CCF_40_
18_01 ·≈– CCF_40_18_02) ‡∑’¬∫°—∫·∫∫®”≈Õß
(CCF_40_18_M) ¡’§à“ 6.64% ·≈– 4.23% µ“¡≈”¥—∫
Figure 10 æ∫«à“§«“¡·µ°µà“ß‡©≈’Ë¬¢Õß™‘Èπß“π Õß™‘Èπ∑’Ë
¬÷¥µ‘¥¥â«¬°“«¬“ß (CCR_40_18_03 ·≈– CCR_40_18_
04) ‡∑’¬∫°—∫·∫∫®”≈Õß (CCR_40_18_M) ¡’§à“ 5.42%

·≈– 8.17% µ“¡≈”¥—∫  Figure 11 æ∫«à“§«“¡·µ°µà“ß
‡©≈’Ë¬¢Õß™‘Èπß“π Õß™‘Èπ∑’Ë¬÷¥µ‘¥¥â«¬°“«·Àâß‡√Á« (CCI_40_
18_05 ·≈– CCI_40_18_06) ‡∑’¬∫°—∫·∫∫®”≈Õß
(CCI_40_18_M) ¡’§à“ 4.86% ·≈– 6.10% µ“¡≈”¥—∫

°“√‡ª√’¬∫‡∑’¬∫¢Õß™‘Èπß“π¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß
50 ¡¡. Àπ“ 30 ¡¡. · ¥ß Figure 12 æ∫«à“§«“¡·µ°
µà“ß‡©≈’Ë¬¢Õß™‘Èπß“π Õß™‘Èπ∑’Ë‰¡àµ‘¥°“« (CCF_50_30_01
·≈– CCF_50_30_02) ‡∑’¬∫°—∫·∫∫®”≈Õß (CCF_50_
30_M) ¡’§à“√âÕ¬≈– 4.85% ·≈– 8.49% µ“¡≈”¥—∫ Fig-
ure 13 æ∫«à“§«“¡·µ°µà“ß‡©≈’Ë¬¢Õß™‘Èπß“π Õß™‘Èπ∑’Ë¬÷¥µ‘¥
¥â«¬°“«¬“ß (CCR_50_30_03 ·≈– CCR_50_30_04)
‡∑’¬∫°—∫·∫∫®”≈Õß (CCR_50_30_M) ¡’§à“ 5.68% ·≈–
2.75% µ“¡≈”¥—∫  Figure 14 æ∫«à“§«“¡·µ°µà“ß‡©≈’Ë¬
¢Õß™‘Èπß“π Õß™‘Èπ∑’Ë¬÷¥µ‘¥¥â«¬°“«·Àâß‡√Á« (CCI_50_30_
05 ·≈– CCI_50_30_06) ‡∑’¬∫°—∫·∫∫®”≈Õß (CCI_
50_30_M) ¡’§à“ 4.63% ·≈– 4.69% µ“¡≈”¥—∫

º≈°“√»÷°…“°“√°√–®“¬§«“¡‡§âπ®“°·∫∫®”≈Õß

°“√°√–®“¬§«“¡‡§âπ®“°·∫∫®”≈Õß»÷°…“®“°
§«“¡‡§âπ¢Õß‡π◊ÈÕ¬“ß„π‡∑Õ¡¢Õß§à“§«“¡¥—πÕÿ∑° ∂‘µ

Figure 6. Vertical and lateral deformations of free bonding butt-joint
diameter of 30 mm and thickness of 10 mm
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Figure 7. Vertical and lateral deformations of rubber glue bonding
butt-joint diameter of 30 mm and thickness of 10 mm

Figure 8. Vertical  and  lateral  deformations  of instant glue
bonding butt-joint diameter of 30 mm and thickness of
10 mm
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Figure 9. Vertical and lateral deformations of free bonding butt-joint
diameter of 40 mm and thickness of 18 mm

Figure 10. Vertical and lateral deformations of rubber glue bonding
butt-joint dia-meter of 40 mm and thickness of 18 mm
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Figure 11. Vertical and lateral deformations of instant glue bonding
butt-joint dia-meter of 40 mm and thickness of 18 mm

Figure 12. Vertical and lateral deformations of free bonding butt-joint
diameter of 50 mm and thickness of 30 mm
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Figure 13. Vertical and lateral deformations of rubber glue bonding
butt-joint dia-meter of 50 mm and thickness of 30 mm

Figure 14. Vertical and lateral deformations of instant glue bonding
butt-joint dia-meter of 50 mm and thickness of 30 mm
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(hydrostatic pressure)  ”À√—∫™‘Èπß“πæ‘°—¥∑√ß°√–∫Õ°
À√◊Õ·ºàπ°≈¡§«“¡¥—πÕÿ∑° ∂‘µ‡∑à“°—∫
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¡“»÷°…“π—Èπ‡π◊ËÕß®“°√Õ¬µàÕ¬“ß∑’Ë»÷°…“√—∫·√ß°¥„π·π«·°π
®“°¿“¬πÕ°  §«“¡‡§âπÀ≈—°∑’Ë‡°‘¥¢÷Èπ„π‡π◊ÈÕ¬“ß à«π„À≠à
·≈â«‡ªìπ§«“¡¥—π ·≈–®“°‡°≥±å«‘‡§√“–Àå§«“¡‡ ’¬À“¬¥â«¬
À≈—°¢Õß Von Mises (W.V. Chang and S.H. Peng,
1992., I.M. Ward, 1983) ‰¥â·π–π”„Àâ§”π÷ß∂÷ß§«“¡¥—π
∑’Ë‡°‘¥®“°§«“¡‡§âπÀ≈—°µàÕ§«“¡‡ ’¬À“¬„π‡π◊ÈÕ«— ¥ÿ®”æ«°
æÕ≈‘‡¡Õ√å‡™àπ°—π

1. ≈—°…≥–∑—Ë«‰ª¢Õß°“√°√–®“¬§«“¡‡§âπ„π™‘Èπ

¬“ß·ºàπ°≈¡

Figure 15 · ¥ß°“√°√–®“¬¢Õß§«“¡‡§âπ„π
√Ÿª¢ÕßÕ—µ√“ à«π§«“¡¥—πÕÿ∑° ∂‘µ (σ

h
) °—∫§«“¡¥—π∑’Ë°√–∑”

(P
a
) „π™‘Èπ¬“ß·ºàπ°≈¡∑’Ëµ”·Àπàß√—»¡’·≈–§«“¡≈÷°„π‡π◊ÈÕ

¬“ß  ‡¡◊ËÕ™‘Èπß“π√—∫§«“¡¥—π°¥§ß∑’Ë 0.745 MPa ·≈–¡’§à“

§«“¡‡§√’¬¥°¥ (compression strain) 10% æ∫«à“
Õ—µ√“ à«π√–À«à“ß§«“¡¥—πÕÿ∑° ∂‘µ (σ

h
) °—∫§«“¡¥—π∑’Ë°√–∑”

(P
a
) ¡’§«“¡ ¡¡“µ√µ“¡·π«≈÷°§◊Õ °“√°√–®“¬§«“¡‡§âπ

„π·π«√—»¡’∑’Ë§«“¡≈÷°µ—Èß·µà h/t=0 ∂÷ß h/t =0.5 ‡À¡◊Õπ°—∫
°“√°√–®“¬∑’Ë§«“¡≈÷°µ—Èß·µà h/t=0.5 ∂÷ß h/t =1 ®÷ß· ¥ß
°“√°√–®“¬‰«â§√÷Ëß‡¥’¬«„π√Ÿªπ’È §à“§«“¡‡§âπ Ÿß ÿ¥‡°‘¥¢÷Èπ
∫√‘‡«≥„°≈â√Õ¬µàÕ√–À«à“ß°“«°—∫¬“ß À√◊Õ∑’Ëº‘« h/t = 0.958
(„°≈â 1) ·≈–‡ª√’¬∫‡∑’¬∫„π·π«√—»¡’æ∫«à“§«“¡¥—πÕÿ∑°
 ∂‘µ¡’§à“ Ÿß∫√‘‡«≥·π«®ÿ¥»Ÿπ¬å°≈“ß™‘Èπ¬“ß À√◊Õ∑’Ë√—»¡’ r/
R=0.033 („°≈â 0) ·≈–æ∫«à“§«“¡¥—πÕÿ∑° ∂‘µ¡’§à“ Ÿß
∫√‘‡«≥¢Õ∫¢Õß√Õ¬µàÕ√–À«à“ß°“«°—∫¬“ß ´÷Ëß∫√‘‡«≥¥—ß°≈à“«
¡’°“√‡ª≈’Ë¬π·ª≈ß√Ÿª√à“ß¢Õß‡Õ≈‘‡¡πµå¡“°∑’Ë ÿ¥

2. º≈¢Õßµ—«ª√–°Õ∫√Ÿª∑√ß (Shape Factor) µàÕ

°“√°√–®“¬§«“¡‡§âπ„π‡π◊ÈÕ¬“ß

µ—«ª√–°Õ∫√Ÿª∑√ß¡’§«“¡ —¡æ—π∏å°—∫√Ÿª√à“ß™‘Èπ
ß“π (Imbimbo, 1998) ¥—ß ¡°“√

S = D

4t
(12)

Figure 15. Hydrostatic pressure in circular rubber butt-joint at
different depth and radius
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‡¡◊ËÕ S §◊Õ µ—«ª√–°Õ∫√Ÿª∑√ß (Shape Factor),
D §◊Õ¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß¢Õß™‘Èπ¬“ß ·≈– t §◊Õ §«“¡
Àπ“¢Õß™‘Èπ¬“ß „π°“√»÷°…“π’È∑”°“√®”≈Õß·∫∫™‘Èπß“π∑’Ë¡’
µ—«ª√–°Õ∫√Ÿª∑√ßµà“ß°—π§◊Õ µ—«ª√–°Õ∫√Ÿª∑√ß 0.5 ¡’‡ âπ
ºà“»Ÿπ¬å°≈“ß 40 ¡¡. Àπ“ 20 ¡¡. µ—«ª√–°Õ∫√Ÿª∑√ß 0.75
¡’‡ âπºà“»Ÿπ¬å°≈“ß 30 ¡¡. Àπ“ 10 ¡¡. µ—«ª√–°Õ∫√Ÿª∑√ß
1.0 ¡’‡ âπºà“»Ÿπ¬å°≈“ß 40 ¡¡. Àπ“ 10 ¡¡. ·≈–µ—«
ª√–°Õ∫√Ÿª∑√ß 1.25 ¡’‡ âπºà“»Ÿπ¬å°≈“ß 50 ¡¡. Àπ“ 10
¡¡. µ“¡≈”¥—∫ ·≈–„π·µà≈–¢π“¥®”≈Õß¡’°“√¬÷¥µ‘¥√–À«à“ß
¬“ß·≈–‚≈À–  3  ·∫∫  §◊Õ  ·∫∫ ¡∫Ÿ√≥å§◊Õµ‘¥·πàπ π‘∑
(perfect bonding) ·∫∫„™â°“«·Àâß‡√Á«·≈–·∫∫„™â°“«¬“ß
‚¥¬®”≈Õß ∂“π°“√≥å„Àâ·∫∫®”≈Õß√—∫§«“¡¥—π°¥§ß∑’Ë®π
™‘Èπß“π¡’§«“¡‡§√’¬¥ 10% ®“°π—Èπ»÷°…“°“√¬÷¥µ‘¥µà“ßÊ °—π
°—∫µ—«ª√–°Õ∫√Ÿª∑√ßµà“ßÊ °—πµàÕ°“√°√–®“¬§«“¡‡§âπ„π
‡π◊ÈÕ¬“ß∫√‘‡«≥„°≈â√Õ¬µàÕ√–À«à“ß¬“ß°—∫‚≈À– (h/t = 0.958)

°“√°√–®“¬§«“¡¥—πÕÿ∑° ∂‘µ∑’Ë‡°‘¥¢÷Èπ„π‡π◊ÈÕ¬“ß
∑’Ë„°≈âº‘«√Õ¬µàÕ· ¥ß„π Figure 16, 17 ·≈– 18 ‚¥¬»÷°…“
∑’Ëµ—«ª√–°Õ∫√Ÿª∑√ßµà“ß°—π§◊Õ 0.5, 0.75, 1.0 ·≈– 1.25
°”Àπ¥§«“¡µâ“π∑“π·√ß¥÷ß·≈–‡©◊Õπ¢Õß°“«∑’Ëº‘« —¡º— 
µà“ß°—π¥—ßπ’È Figure 16 ¬“ß°—∫‚≈À–¡’°“√¬÷¥µ‘¥·∫∫ ¡∫Ÿ√≥å

Figure 17 ¬“ß°—∫‚≈À–¡’°“√¬÷¥µ‘¥¥â«¬°“«·Àâß‡√Á« Figure
18 ¬“ß°—∫‚≈À–¡’°“√¬÷¥µ‘¥¥â«¬°“«¬“ß   ‡¡◊ËÕ»÷°…“°“√
°√–®“¬§«“¡¥—πÕÿ∑° ∂‘µ∑’Ëµ”·Àπàß„¥Ê µ“¡·π«√—»¡’„π
‡π◊ÈÕ™‘Èπ¬“ß µ—«ª√–°Õ∫√Ÿª∑√ß ·≈–≈—°…≥–°“√¬÷¥µ‘¥¢Õß
™—Èπ°“«∑’Ë‡ª≈’Ë¬π‰ª æ∫«à“ ∑’Ë§à“µ—«ª√–°Õ∫√Ÿª∑√ß‡∑à“°—π°“√
¬÷¥µ‘¥·∫∫ ¡∫Ÿ√≥å°—∫·∫∫°“«·Àâß‡√Á«¡’·π«‚πâ¡¢Õß°“√
°√–®“¬µ—«¢Õß§«“¡‡§âπ∑’Ë‡À¡◊Õπ°—π·≈–¡’°“√°√–®“¬§«“¡
‡§âπ∑’Ë Ÿß°«à“°“√¬÷¥µ‘¥¥â«¬°“«¬“ß ‡ª√’¬∫‡∑’¬∫™‘Èπ¬“ß∑’Ë¡’
°“√¬÷¥µ‘¥·∫∫‡¥’¬«°—π∑’Ëµ”·Àπàß√—»¡’‡¥’¬«°—πæ∫«à“™‘Èπ¬“ß
∑’Ë¡’§à“µ—«ª√–°Õ∫√Ÿª∑√ß Ÿß¢÷Èπ¡’§à“§«“¡¥—πÕÿ∑° ∂‘µ Ÿß¢÷Èπ
¥â«¬ Õ¬à“ß‰√°Áµ“¡≈—°…≥–°“√°√–®“¬§«“¡‡§âπ∫√‘‡«≥„°≈â
ª≈“¬√—»¡’À√◊Õ∫√‘‡«≥„°≈âº‘«Õ‘ √–¡’·π«‚πâ¡°“√°√–®“¬‰¡à
‡À¡◊Õπ∫√‘‡«≥Õ◊ËπÊ

3. º≈§«“¡µâ“π∑“π·√ß‡©◊Õπ¢Õß°“«µàÕ°“√

°√–®“¬§«“¡‡§âπ„π‡π◊ÈÕ¬“ß

º≈¢Õß§«“¡µâ“π∑“π·√ß‡©◊Õπ¢Õß°“«µ“¡
≈—°…≥–°“√¬÷¥µ‘¥∑’Ëµà“ß°—πµàÕ°“√°√–®“¬§«“¡‡§âπ„π‡π◊ÈÕ
¬“ß »÷°…“®“°·∫∫®”≈Õß™‘Èπß“πµ“¡µ—«ª√–°Õ∫√Ÿª∑√ßµà“ß
°—π 0.5, 0.75, 1.0 ·≈– 1.25 ∑’Ë§«“¡Àπ“™—Èπ°“«§ß∑’Ë
‡∑à“°—∫ 0.1 ¡¡. ·≈–‡ª≈’Ë¬π ¡∫—µ‘§à“§«“¡µâ“π∑“π·√ß

Figure 16. Hydrostatic pressure in the radial direction of perfect bond-ing
circular rubber butt-joint at depth h/t = 0.958 and at different
shape factor
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Figure 17. Hydrostatic pressure in the radial  direction of instant glue
bonding circular rubber butt-joint at depth h/t = 0.958  and
at different shape factor

Figure 18. Hydrostatic pressure in the radial direction of rubber
glue bonding circular rubber butt-joint at depth h/t = 0.96
and at different shape factor
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Figure 19. Hydrostatic pressure at depth h/t = 0.96 and
r/R = 0.03 at various shear  modulus of thin adhesive
layer and shape factor.

Figure 20. Hydrostatic pressure at depth h/t = 0.96 and
r/R = 0.5 at various shear  modulus of thin adhesive
layer and shape factor.
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‡©◊Õπ¢Õß°“« (G) 0.01, 0.04, 0.1, 0.4, 1, 4, 10, 40,
100, 400 ·≈– 1000 MPa µ“¡≈”¥—∫ ‚¥¬√—∫§«“¡¥—π
§ß∑’Ë 1.0 MPa ·≈–∑”°“√‡ª√’¬∫‡∑’¬∫§à“Õ—µ√“ à«π√–À«à“ß
§«“¡¥—πÕÿ∑° ∂‘µ∑’Ë‡°‘¥ „π‡π◊ÈÕ¬“ß°—∫§«“¡¥—π∑’Ë°√–∑” (σ

h
/

P
a
)

§à“§«“¡¥—πÕÿ∑° ∂‘µ∑’Ë‡°‘¥¢÷Èπ„π‡π◊ÈÕ¬“ß„°≈â√Õ¬
µàÕ√–À«à“ß¬“ß°—∫‚≈À– (∑’Ë h/t = 0.96) ∑’Ëµ”·Àπàß„π·π«
√—»¡’ §◊Õ r/R = 0.03, 0.5 ·≈– 0.97 µ“¡≈”¥—∫· ¥ß„π
Figure 19, 20 ·≈– 21 æ∫«à“‡¡◊ËÕ‡æ‘Ë¡§«“¡µâ“π∑“π·√ß
‡©◊Õπ¢Õß™—Èπ°“«§à“§«“¡¥—πÕÿ∑° ∂‘µ‡æ‘Ë¡¢÷Èπ·≈–¡’·π«‚πâ¡
§ß∑’Ë‡¡◊ËÕ°“«∑’Ë„™â¡’ ¡∫—µ‘§«“¡µâ“π∑“π·√ß‡©◊Õπ Ÿß°«à“ 10
MPa ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ ≥ µ”·Àπàß„π·π«√—»¡’‡¥’¬«°—π
§à“µ—«ª√–°Õ∫√Ÿª∑√ß∑’Ë¡“°¢÷Èπ¡’§à“°“√°√–®“¬§«“¡‡§âπ∑’Ë Ÿß
¢÷Èπ·≈–°“√°√–®“¬§«“¡‡§âπ Ÿß ÿ¥‡°‘¥∑’Ë·π«®ÿ¥»Ÿπ¬å°≈“ß
¢Õß‡π◊ÈÕ¬“ß (r/R = 0.03 ´÷Ëß„°≈â 0)

4. º≈¢Õß°“«µàÕ§«“¡·¢Áß‡™‘ß°¥¢Õß™‘Èπß“π

º≈¢Õß°“«µàÕ§«“¡·¢Áß‡™‘ß°¥¢Õß™‘Èπß“π»÷°…“
„π‡∑Õ¡§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡§âπ∑“ß«‘»«°√√¡ (σ

P
) ·≈–

§«“¡‡§√’¬¥ (ε) ®“°·∫∫®”≈Õß¢Õß™‘Èπß“π¬“ß‚¥¬‡ª√’¬∫
‡∑’¬∫µ“¡≈—°…≥–°“√¬÷¥µ‘¥√–À«à“ß°“«·≈–‚≈À–

§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡§âπ·≈–§«“¡‡§√’¬¥
¢Õß™‘Èπß“π· ¥ß„π Figure 22, 23, 24 ·≈– 25 æ∫«à“
√Õ¬µàÕ∑’Ë¬÷¥µ‘¥·∫∫ ¡∫Ÿ√≥å¡’§à“§«“¡·¢Áß‡™‘ß°¥ Ÿß ÿ¥·≈–
„°≈â‡§’¬ß°—∫√Õ¬µàÕ∑’Ë¬÷¥µ‘¥¥â«¬°“«·Àâß‡√Á«  ”À√—∫√Õ¬µàÕ∑’Ë
¬÷¥µ‘¥¥â«¬°“«¬“ß  ·≈–™‘Èπß“π∑’Ë‰¡à¡’°“√¬÷¥µ‘¥¡’§«“¡·¢Áß
‡™‘ß°¥≈¥≈ßµ“¡≈”¥—∫  ·≈–‡¡◊ËÕæ‘®“√≥“®“°µ—«ª√–°Õ∫
√Ÿª∑√ßæ∫«à“™‘Èπß“π¡’§«“¡·¢Áß‡™‘ß°¥ Ÿß¢÷Èπ‡¡◊ËÕµ—«ª√–°Õ∫
√Ÿª∑√ß¡’§à“ Ÿß¢÷Èπ

«‘®“√≥åº≈

™‘Èπß“π¬“ß·∫∫µàÕ™π‡¡◊ËÕ‰¥â√—∫·√ß°¥®“°¿“¬πÕ°
®–‡°‘¥°“√‡ª≈’Ë¬π√Ÿª„π Õß·π«§◊Õ °“√¬ÿ∫µ—«„π·π«·√ß
·≈–°“√¬◊¥µ—«„π·π«µ—Èß©“°°—∫·√ß™‘Èπß“πµàÕ™π∑’Ë¡’æ◊Èπº‘«
 —¡º— √–À«à“ß¬“ß°—∫‚≈À–‡ªìπÕ‘ √– (‰¡à¡’°“√¬÷¥µ‘¥¥â«¬°“«
À√◊Õ¡’·√ß‡ ’¬¥∑“π) ‡¡◊ËÕ™‘Èπ¬“ß¬ÿ∫µ—«„π·π«·√ß®–¡’°“√
¬◊¥¢¬“¬µ—«ÕÕ°„π·π«µ—Èß©“°°—∫·√ß‰¥âÕ¬à“ßÕ‘ √–æ√âÕ¡°—π
‚¥¬¢≥–¬◊¥ÕÕ°¬—ß§ß√—°…“ª√‘¡“µ√¢Õß¬“ß‰«â§ß∑’Ë ‡¡◊ËÕ™‘Èπ
ß“π¡’°“√µàÕ™π·≈–¬÷¥µ‘¥º‘«√–À«à“ß¬“ß°—∫‚≈À–¥â«¬™—Èπ°“«
∫“ß ™—Èπ°“«∫“ß®–µâ“π∑“πº‘«√Õ¬µàÕ‰¡à„Àâ “¡“√∂‡§≈◊ËÕπ

Figure 21. Hydrostatic pressure at depth h/t = 0.96 and
r/R = 0.97 at various shear  modulus of thin adhesive
layer and shape factor.
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µ—«„π·π«¥â“π¢â“ßÀ√◊Õ·π«µ—Èß©“°°—∫·√ß°¥‰¥âÕ¬à“ßÕ‘ √–
‡π◊ËÕß®“°™—Èπ°“«‡Àπ’Ë¬«√—Èß‰«â  àßº≈„Àâ∫√‘‡«≥¢Õ∫Õ‘ √–¥â“π
¢â“ß™‘Èπß“π¡’≈—°…≥–‚§âßπŸπ·≈–µâÕß„™â·√ß°¥ Ÿß°«à“™‘Èπß“π
∑’Ëæ◊Èπº‘«√Õ¬µàÕ‡ªìπÕ‘ √–‡æ◊ËÕ„Àâ‰¥â√–¬–¬ÿ∫µ—«¢Õß™‘Èπß“π∑’Ë
‡∑à“°—π àßº≈„Àâ¡’§«“¡·¢Áß‡™‘ß°¥∑’Ëµà“ß°—π °“√¬÷¥µ‘¥¢Õß
√Õ¬µàÕ¥â«¬°“«∫“ß∑’Ë¡’ ¡∫—µ‘°“√µâ“π∑“π·√ß‡©◊Õπ¢Õß°“«∑’Ë
µà“ß°—π ∑”„Àâ§«“¡ “¡“√∂„π°“√‡Àπ’Ë¬«√—Èß°“√‡§≈◊ËÕπ∑’Ë¢Õß
¬“ß„π·π«¥â“π¢â“ß·µ°µà“ß°—π ™—Èπ°“«∫“ß∑’Ë¡’§«“¡µâ“π∑“π
·√ß‡©◊Õπ Ÿß¡’°“√‡Àπ’Ë¬«√—Èß Ÿß∑”„Àâæ◊Èπº‘«√Õ¬µàÕ‡§≈◊ËÕπµ—«
„π·π«µ—Èß©“°°—∫·√ß‰¥â¬“°·≈–‡°‘¥§«“¡¥—πÕÿ∑° ∂‘µ Ÿß
‡¡◊ËÕ™‘Èπß“π√—∫·√ß°¥

°“√°√–®“¬§«“¡¥—πÕÿ∑° ∂‘µ∑’Ë√–π“∫„¥Ê µ“¡·π«
§«“¡Àπ“¢Õß‡π◊ÈÕ¬“ß §à“§«“¡¥—πÕÿ∑° ∂‘µ Ÿß ÿ¥‡°‘¥¢÷Èπµ√ß
·π«®ÿ¥»Ÿπ¬å°≈“ß¢Õß‡π◊ÈÕ¬“ß·≈–¡’·π«‚πâ¡≈¥µË”≈ßµ“¡
·π«√—»¡’‰ª®π∂÷ß¢Õ∫º‘«Õ‘ √–¢Õß‡π◊ÈÕ¬“ß·≈–∑’Ë√–π“∫„π
‡π◊ÈÕ¬“ß∫√‘‡«≥„°≈â√Õ¬µàÕ¬“ß°—∫°“«§à“§«“¡¥—πÕÿ∑° ∂‘µ
‡°‘¥¢÷Èπ Ÿß ÿ¥ ∑—Èßπ’È‡π◊ËÕß®“°¬“ß∫√‘‡«≥®ÿ¥»Ÿπ¬å°≈“ß∂Ÿ°®”°—¥
°“√‡§≈◊ËÕπ∑’Ë„π·π«¥â“π¢â“ß¥â«¬™—Èπ°“«·≈–§«“¡Àπ“¢Õß
ºπ—ß¬“ß à«π∑’Ë‡À≈◊Õ‡ªìπ°“√√—Èß‰¡à„Àâ¬“ß¬◊¥µ—«ÕÕ°¥â“π¢â“ß‰¥â
Õ¬à“ßÕ‘ √– º≈°“√√—Èßπ’È®–§àÕ¬Ê πâÕ¬≈ß®“°·°π°≈“ß Ÿàº‘«
Õ‘ √–¥â“π¢â“ß¢Õß¬“ß‡ªìπº≈„Àâ§«“¡‡§âπ≈¥≈ßµ“¡‰ª¥â«¬
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À√◊Õæ◊Èπ∑’Ë√—∫·√ß¢Õß™‘Èπß“πµàÕæ◊Èπ∑’Ë¥â“π¢â“ßÀ√◊Õæ◊Èπ∑’Ëº‘«
Õ‘ √–¢Õß™‘Èπß“π ®– àßº≈µàÕ§à“§«“¡¥—πÕÿ∑° ∂‘µ∑’Ë‡°‘¥¢÷Èπ
‚¥¬æ◊Èπ∑’Ëº‘«Õ‘ √–¥â“π¢â“ß™‘Èπß“π∑’ËπâÕ¬®–®”°—¥°“√‡§≈◊ËÕπ
„π·π«¥â“π¢â“ß‰¥â Ÿß àßº≈„Àâ§«“¡¥—πÕÿ∑° ∂‘µ∑’Ë‡°‘¥¢÷Èπ„π
™‘Èπß“π Ÿß¢÷Èπ¥â«¬

Figure 22. Elastic properties of rubber butt-joints (compressive
test, diameter of 40 mm , thickness of 20 mm and shape
factor of 0.5)
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Figure 23. Elastic properties of rubber butt-joints (compressive test, diameter
of 30 mm , thickness of 10 mm and shape factor of 0.75)

Figure 24. Elastic properties of rubber butt-joints (compressive test,
diameter of 40 mm , thickness of 10 mm and shape factor of 1.0)
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Figure 25. Elastic properties of rubber butt-joints (compressive test, diameter
of 50 mm , thickness of 10 mm and shape factor of 1.25)
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