
º≈°√–∑∫¢Õß™—Èπ°“«∫“ß ·≈–√–¬–Àà“ß√–À«à“ßÀ¡ÿ¥µàÕ

§à“ —¡ª√– ‘∑∏‘Ï§«“¡‡¢â¡¢Õß§«“¡‡§âπ¢Õß√Õ¬µàÕÀ¡ÿ¥¬È”

®—°√å™—¬  ÿ«√√≥‡π“«å
 1
  ‡®√‘≠¬ÿ∑∏ ‡¥™«“¬ÿ°ÿ≈

2
  «‘√‘¬– ∑Õß‡√◊Õß

3

·≈– ∏ß™—¬ øÕß ¡ÿ∑√
4

Abstract
Suwannao, J.1, Dechwayukul, C.1, Thongruang, W.1  and Fongsamootr, T.2

Effects of thin adhesive layer and riveted-pitch distance
on the stress concentration factor of riveted lap joints
Songklanakarin J. Sci. Technol., 2007, 29(4) : 1069-1092

This research is to study the effects of the adhesion of thin adhesive layers in terms of modulus, and
the riveted-pitch distance on the stress concentration factor (SCF) of riveted lap joints, when the joints are
subjected to static tensile loading using Finite Element Method (FEM). The methodology comprises of three
tasks. The first task is to perform tensile and simple shear tests of thin adhesive layers to determine the
adhesion of adhesives in terms of modulus, which will be used in finite element models. The second task is
to verify the finite element models by testing the stiffness of riveted lap joints. The third task is to vary the
adhesion of thin adhesive layers and the riveted-pitch distance in finite element models, and then study the
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Effects of thin adhesive layer and riveted-pitch

Suwannao, J., et al.

effects of these two variables on SCF at the rivet-shank hole. It is found that SCF is reduced when the
adhesion of thin adhesive layers is increased. The increase in the adhesion reduces bending of the joints,
resulting in the reduction of stresses at the rivet-shank hole. In addition, it is also found that SCF is reduced
when the riveted-pitch distance is decreased. When the two variables are considered together, it is found
that the riveted-pitch distance does not affect SCF when the adhesion of thin adhesive layers is 10 MPa or
higher.

Key words : stress concentration factor, finite element models, and riveted lap joint
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¢Õß√Ÿ‡®“–·≈–§«“¡°«â“ß¢Õß·ºàπ‚≈À–µ“¡≈—°…≥–°“√√—∫
°“√¥÷ß ·≈–°“√¥—¥ ¥—ß· ¥ß„π Figure 1 ·≈– 2 µ“¡≈”¥—∫

§à“§«“¡‡§âπ Ÿß ÿ¥®–‡°‘¥¢÷Èπ∑’Ë∫√‘‡«≥√Ÿ‡®“–À¡ÿ¥¬È”À“
‰¥â®“°°“√§Ÿ≥§«“¡‡§âπ‡©≈’Ë¬∑’Ë‡°‘¥¢÷Èπ∑’ËÀπâ“µ—¥¢Õß√Ÿ‡®“–°—∫
§à“ —¡ª√– ‘∑∏‘Ï§«“¡‡¢â¡¢Õß§«“¡‡§âπ∑’ËÀπâ“µ—¥¢Õß√Ÿ‡®“–
 “¡“√∂Õ∏‘∫“¬‰¥â¥â«¬ ¡°“√∑’Ë (1)-(6)

σ
o

t = F

A
(1)

σ
o

t = F

(w − d) × t (2)
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Figure 1. Bar in tension or simple compression with a transverse hole

(Shigley, et al., 2003)

Figrue 2. Rectangular bar with a tranverse hole in bending (Shigley,

 et al., 2003)
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„π·ßà¢Õß·√ß¥—¥;

σ
o

b = Mc

I
(3)

σ
o

b = 12Mc

(w − d) × t3 (4)

„π°√≥’ combined stress §‘¥‡©æ“–§«“¡‡§âπ∑’Ë
‡°‘¥¢÷Èπ∑’Ëº‘«¢Õß√Ÿ‡®“–‡∑à“°—∫

σ
max

t + σ
max

b = K
t

t × σ
o

t + K
t

b × σ
o

b (5)

σ
max

t + σ
max

b = K
t

eff × σ
o

(6)

‚¥¬∑’Ë σ
max

t  §◊Õ§«“¡‡§âπ¥÷ß Ÿß ÿ¥  σ
max

b  §◊Õ§«“¡ ‡§âπ¥—¥
 Ÿß ÿ¥ σ

o
 §◊Õ§«“¡‡§âπ‡©≈’Ë¬∑’Ë‡°‘¥¢÷Èπ∑’ËÀπâ“µ—¥¢Õß√Ÿ‡®“– σ

o

t

§◊Õ§«“¡‡§âπ¥÷ß∑’Ë‡°‘¥¢÷Èπ∑’ËÀπâ“µ—¥¢Õß√Ÿ‡®“– σ
o

b   §◊Õ
§«“¡‡§âπ¥—¥∑’Ë ‡°‘¥¢÷Èπ∑’ËÀπâ“µ—¥¢Õß√Ÿ‡®“– K

t

t  §◊Õ§à“
 —¡ª√– ‘∑∏‘Ï§«“¡‡¢â¡¢Õß§«“¡‡§âπ‡π◊ËÕß®“°°“√¥÷ß  K

t

b  §◊Õ
§à“ —¡ª√– ‘∑∏‘Ï§«“¡‡¢â¡¢Õß§«“¡‡§âπ‡π◊ËÕß®“°°“√¥—¥  K

t

eff

§◊Õ§à“ —¡ª√– ‘∑∏‘Ï§«“¡‡¢â¡¢Õß§«“¡‡§âπ∑’ËÀπâ“µ—¥¢Õß√Ÿ‡®“–
§◊Õ§«“¡°«â“ß¢Õß·ºàπ‚≈À–  F §◊Õ·√ß¥÷ß  A §◊Õæ◊Èπ∑’ËÀπâ“
µ—¥«‘°ƒµ‘  t §◊Õ§«“¡Àπ“¢Õß·ºàπ‚≈À–  d §◊Õ¢π“¥¢Õß√Ÿ
‡®“–µ√ß°≈“ß·ºàπ‚≈À–  M §◊Õ‚¡‡¡πµå¥—¥  I §◊Õ‚¡‡¡πµå
§«“¡‡©◊ËÕ¬¢Õßæ◊Èπ∑’ËÀπâ“µ—¥ c §◊Õ√–¬–Àà“ß°÷Ëß°≈“ß§«“¡
Àπ“·ºàπ‚≈À–

°“√»÷°…“§à “ —¡ª√– ‘∑∏‘Ï §« “¡‡¢â¡¢Õß§«“¡
‡§âπ¢Õß√Õ¬µàÕÀ¡ÿ¥¬È”‰¡à “¡“√∂„™â ¡°“√∑’Ë (1)-(6) ‰¥â‚¥¬µ√ß
‡æ√“–·√ß∑’Ë°√–®“¬∫πæ◊Èπ∑’ËÀπâ“µ—¥«‘°ƒµ‘  ”À√—∫§”π«≥ σ

o

π—Èπ‰¡à “¡“√∂√–∫ÿ§à “∑’Ë·πàπÕπ‰¥â¢≥–π’È  ‡π◊Ë Õß
®“°À¡ÿ¥¬È”√—∫·√ß‰ª∫“ß à«π Õ’°∑—Èß§«“¡‡§âπ∑’Ë‡°‘¥¢÷Èπ∫π
Àπâ“µ—¥«‘°ƒµ‘ ‡°‘¥®“°§«“¡‡§âπº ¡√–À«à“ß°“√¥—¥¢Õß·ºàπ
Õ≈Ÿ¡‘‡π’¬¡ (plate bending due to eccentric loading)
°—∫§«“¡‡§âπ‡π◊ËÕß®“°·√ß¥÷ß F (Dechwayukul, 2003)
¥—ßπ—Èπ „π°“√À“§à“ —¡ª√– ‘∑∏‘Ï§«“¡‡¢â¡¢Õß§«“¡‡§âπ„π√Õ¬
µàÕÀ¡ÿ¥¬È”®÷ß„™â ¡°“√∑’Ë (7) ‡ªìπµ—«°”Àπ¥·∑π‡æ√“–√Õ¬
µàÕ√—∫§«“¡‡§âπº ¡®“°·√ß¥÷ß·≈–·√ß¥—¥ ‡π◊ËÕß®“°‡ªìπ
§«“¡‡§âπº ¡ ®÷ß°”Àπ¥π‘¬“¡¢Õß§à“ —¡ª√– ‘∑∏‘Ï§«“¡‡¢â¡
¢Õß§«“¡‡§âπ∑’ËÀπâ“µ—¥¢Õß√Ÿ‡®“–¢÷Èπ„À¡à  ”À√—∫√Õ¬µàÕ§◊Õ
SCF

eff
 (Effective Stress Concentration Factor)

     ‚¥¬ σ
apply

 §◊Õ§«“¡‡§âπ¥÷ß„π·π«µ—Èß©“°∑’Ë°√–∑”µàÕ
™‘Èπß“π ‡ªìπ§«“¡‡§âπ∑’Ë Õ¬Ÿà „π·π«‡¥’¬«°—∫ σ

max

(Dechwayukul, 2003)
∑—Èßπ’È  σ

max
  §◊Õ§«“¡‡§âπ Ÿß ÿ¥   “¡“√∂À“®“°«‘∏’

‰ø‰πµå‡Õ≈‘‡¡πµå σ
apply

 §”π«≥®“°·√ß¥÷ß∑’Ë°√–∑”°—∫™‘Èπ
ß“πÀ“√¥â«¬æ◊Èπ∑’ËÀπâ“µ—¥¢Õß™‘Èπß“π∑—ÈßÀ¡¥ µ“¡ ¡°“√∑’Ë (8)

σ
apply

= F

(w × t) (8)

2. «‘∏’°“√«‘‡§√“–Àå™—Èπ°“«∫“ß (Thin Adhesive Layer

Analysis, TALA Method)

æƒµ‘°√√¡°“√¬÷¥µ‘¥¢Õß™—Èπ°“«»÷°…“„π√Ÿª¢Õß°“√
µâ“π·√ß·≈–°“√‡§≈◊ËÕπµ—«√–À«à“ßº‘« —¡º— ∑’Ë°“«¬÷¥µ‘¥ °“√
®”≈Õßæƒµ‘°√√¡°“√¬÷¥µ‘¥°—π¥â«¬™—Èπ°“«∫“ß√–À«à“ß Õßº‘«
 —¡º— ∑’Ë π„®„π·∫∫®”≈Õß¥â«¬«‘∏’‰ø‰πµå‡Õ≈‘‡¡πµå„™â
À≈—°°“√ TALA (Dechwayukul, 2003) ¥—ß· ¥ß„π
Figure 3  ª√‘ß‡Õ≈‘‡¡πµåÀ≈“¬Ê µ—«®–π”¡“„™â ”À√—∫®”≈Õß
æƒµ‘°√√¡¢Õß™—Èπ°“«∫“ß∑—Èß„π·π«‡©◊Õπ·≈–·π«µ—Èß©“°°—∫
º‘« —¡º—  ‚¥¬ ª√‘ß·µà≈–µ—«®–¡’§à“§«“¡·¢Áßµ÷ß (stiffness)
µ“¡§«“¡·¢Áß·√ß„π°“√¬÷¥µ‘¥¢Õß™—Èπ°“«∫“ß„π·π«µà“ßÊ
°“√‡ª≈’Ë¬π§«“¡·¢Áß·√ß„π°“√¬÷¥µ‘¥¢Õß™—Èπ°“«√–À«à“ßº‘«
 —¡º— „Àâ‡ªìπ§à“§«“¡·¢Áßµ÷ß¢Õß ª√‘ß∑”‰¥â‚¥¬°“√‡ª≈’Ë¬π
¡Õ¥ÿ≈— ¬◊¥À¬ÿàπ·≈–‡©◊Õπ¢Õß™—Èπ°“«µ“¡¢π“¥æ◊Èπ∑’Ëº‘«·≈–
§«“¡Àπ“¢Õß™—Èπ°“«∑’Ë„™â¬÷¥µ‘¥

 ¡¡ÿµ‘„Àâ™—Èπ°“«∫“ß¡“°‡¡◊ËÕ‡∑’¬∫°—∫§«“¡Àπ“¢Õß
™‘Èπß“π∑’Ë„™â¬÷¥µ‘¥ ™—Èπ°“«‡ª√’¬∫‡ ¡◊Õπº‘«∫“ß∑’Ë¡’‡©æ“– σ

z
,

τ
zx
 ·≈– τ

zy
 ‡°‘¥¢÷Èπ‡¡◊ËÕ·√ßºà“π¡“∂÷ß™—Èπ°“« æ‘®“√≥“æ◊Èπ∑’Ë

º‘«°“«‡≈Á°Ê A
i
 ∑’Ë§«“¡Àπ“ h ‡™◊ËÕ¡µàÕ√–À«à“ß®ÿ¥ a ·≈– b

√–À«à“ßº‘« —¡º—  §«“¡‡§âπ„π·π«µ—Èß©“°°—∫™—Èπ°“« σ
z
 √«¡

∑—Èß τ
zx
 ·≈– τ

zy
 ´÷Ëß‡ªìπ§«“¡‡§âπ‡©◊Õπµ“¡º‘«¢Õß™—Èπ°“«

∂Ÿ°‡ª≈’Ë¬π‡ªìπ·√ß∑’Ë°√–∑”µàÕ™—Èπ°“« ¢≥–‡¥’¬«°—π™—Èπ°“«
®–µâ“π∑“π·√ß‡À≈à“π—Èπ¥â«¬§«“¡·¢Áß·√ß¢Õß°“√¬÷¥µ‘¥ ´÷Ëß
Õ¬Ÿà„π√Ÿª¢Õß§à“¡Õ¥ÿ≈—  ‚¥¬¬Õ¡„Àâ™—Èπ°“«‡°‘¥°“√¬◊¥µ—«¥â«¬
§«“¡‡§√’¬¥ ε

z
, γ

zx
 ·≈– γ

zy
 ®“°À≈—°°“√¥—ß°≈à“« “¡“√∂

À“§à“§«“¡·¢Áßµ÷ß¢Õß™—Èπ°“«∫πæ◊Èπ∑’Ë A
i
 „π√Ÿª¢Õß ª√‘ß ́ ÷Ëß

 “¡“√∂®”≈Õßæƒµ‘°√√¡°“√¬÷¥µ‘¥¢Õß™—Èπ°“«‰¥â¥—ß ¡°“√∑’Ë
(9)-(18)
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„π·π«µ—Èß©“°°—∫æ◊Èπº‘«;
σ

z
= E × ε

z
(9)

n
a,z

+ n
b,z( ) = E ×

A
i
h













× v
a,z

+ v
b,z( ) (10)

n
a,z

+ n
b,z( ) = k

n
× v

a,z
+ v

b,z( ) (11)

F
n,i

= k
n,i

× v
n,i (12)

k
n,i

= E ×
A

i
h





 (13)

‡¡◊ËÕ F
n,i
 §◊Õ·√ß≈—æ∏å„π ª√‘ß„π·π«µ—Èß©“° v

n,i
 §◊Õ

°“√¬◊¥µ—«¢Õß ª√‘ß„π·π«µ—Èß©“°  k
n,i
 §◊Õ§«“¡·¢Áßµ÷ß¢Õß

 ª√‘ß„π·π«µ—Èß©“° E §◊Õ¡Õ¥ÿ≈— ¬◊¥À¬ÿàπ¢Õß°“«∫“ß
(elastic modulus of thin adhesive layer)   n §◊Õ·√ß
¬◊¥µ—«„π·π«µ—Èß©“°™—Èπ°“« „π°√≥’°“√‡©◊ËÕ¬ ‡¡◊ËÕ ¡¡µ‘„Àâ
™—Èπ°“«‡ªìπ«— ¥ÿ·∫∫‰Õ‚´‚∑√ªî§ (isotropic);

„π·π«‡©◊Õπ;
τ

zx
= G × γ

zx
(14)

f
a,x

+ f
b,x( ) = G ×

A
i
h













× u
a,x

+ u
b,x( ) (15)

f
a,x

+ f
b,x( ) = k

f
× u

a,x
+ u

b,x( ) (16)

F
f ,i

= k
f ,i

× u
f ,i (17)

k
f ,i

= G ×
A

i
h





 (18)

‡¡◊ËÕ F
f,i
 §◊Õ·√ß≈—æ∏å„π ª√‘ß„π·π«‡©◊Õπ  u

f,i
 §◊Õ

°“√¬◊¥µ—«¢Õß ª√‘ß„π·π«‡©◊Õπ k
f,i
 §◊Õ§«“¡·¢Áßµ÷ß¢Õß

 ª√‘ß„π·π«‡©◊Õπ  G §◊Õ¡Õ¥ÿ≈— ‡©◊Õπ¢Õß°“«∫“ß (shear
modulus of thin adhesive layer)  f §◊Õ·√ß‡©◊Õπ„π
·π«™—Èπ°“« ´÷Ëß®–·¬°‡ªìπ·π«·°π x ·≈– y

®“° ¡°“√¢â“ßµâπ‡¡◊ËÕ∑√“∫§à“ E ·≈– G ´÷Ëß‰¥â®“°
°“√∑¥ Õ∫™—Èπ°“«∫“ß„πÀâÕßªØ‘∫—µ‘°“√  “¡“√∂‡ª≈’Ë¬π§à“
¥—ß°≈à“«‡ªìπ§à“§«“¡·¢Áßµ÷ß¢Õß ª√‘ß ‡¡◊ËÕ√Ÿâ§«“¡Àπ“·≈–
æ◊Èπ∑’Ë —¡º— „π·∫∫®”≈Õß∑’Ë π„®®–»÷°…“

Figure 3. Schematic of spring representation of solid adhesive element
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2.1 °“√‡ª≈’Ë¬π°“«∫“ß‡ªìπ ª√‘ß‡Õ≈‘‡¡πµå„π

·∫∫®”≈Õß 3 ¡‘µ‘

   Àπ÷Ëß‡Õ≈‘‡¡πµå‡ª≈’Ë¬π‡ªìπ ª√‘ß‡°â“µ—« «‘∏’π’È®–∑”°“√
‡ª≈’Ë¬π°“«∫“ßÀπ÷Ëß‡Õ≈‘‡¡πµå‡ªìπ ª√‘ß‡Õ≈‘‡¡πµå‡°â“µ—« ¥—ß
· ¥ß„π Figure 4
‚¥¬∑’Ë®ÿ¥∫πº‘« —¡º—  a-b-c-d ¢Õß element U

i
 ®–‡™◊ËÕ¡

µàÕ°—∫®ÿ¥∫πº‘« —¡º—  a'-b'-c'-d' ¢Õß element L
i
  ª√‘ß S

i

®–®”≈Õßæƒµ‘°√√¡®√‘ß¢Õß™—Èπ°“«„π “¡∑‘»∑“ß ª√–°Õ∫
¥â«¬∑‘»µ—Èß©“°°—∫æ◊Èπ∑’Ëº‘« (z direction) ·≈–¢π“π°—∫º‘«
 —¡º—  (x and y direction) ´÷Ëß ª√‘ß®–‡™◊ËÕ¡µàÕ√–À«à“ß®ÿ¥
u

i
 ·≈– l

i
  à«π ª√‘ß∑’Ë‡À≈◊Õ (S

i+1
-S

i+8
) °Á®–· ¥ß

æƒµ‘°√√¡„π≈—°…≥–‡™àπ‡¥’¬«°—π ‚¥¬æ◊Èπ∑’Ë¢Õß ª√‘ß„π
·µà≈–µ—«· ¥ß„π Table 1

Figure 4.  Schematic for representing solid

adhesive element with spring elements

Table 1. Formulation for calculating the spring

area for the 3-D model

         Spring      Spring Area

Si A i     = 4(Di)/16

Si+1 A i+1 = (Di)/16+(Di+1)/16+(Di+2)/

                   16+(Di+4)/16

Si+2 A i+2 = (Di)/8+(Di+2)/8

Si+3 A i+3 = (Di)/16+(Di+2)/16+(Di+3)/

             16+(Di+5)/16

Si+4 A i+4 = (Di)/8+(Di+4)/8

Si+5 A i+5 = (Di)/8+(Di+5)/8

Si+6 A i+6 = (Di)/16+(Di+4)/16+(Di+6)/

             16+(Di+7)/16

Si+7 A i+7 = (Di)/8+(Di+7)/8

Si+8 A i+8 = (Di)/16+(Di+5)/16+(Di+7)/

             16+(Di+8)/16

«‘∏’°“√∑¥≈Õß

     ‡√‘Ë¡®“°°“√∑¥ Õ∫§«“¡µâ“π∑“π°“√¬÷¥µ‘¥¢Õß™—Èπ°“«
µàÕ·√ß¥÷ß·≈–·√ß‡©◊Õπ‡ªìπÀ≈—° ‡æ◊ËÕ°”Àπ¥æƒµ‘°√√¡¢Õß
™—Èπ°“«∫“ß„π·∫∫®”≈Õß‰ø‰πµå‡Õ≈‘‡¡πµå (finite element
models) ®“°π—Èπ∑¥ Õ∫À“§«“¡µâ“π∑“π·√ß¥÷ß¢Õß√Õ¬µàÕ
À¡ÿ¥¬È”·∫∫µà“ßÊ ‡æ◊ËÕµ√«® Õ∫§«“¡∂Ÿ°µâÕß¢Õß·∫∫®”≈Õß
À≈—ß®“°π—Èπª√—∫‡ª≈’Ë¬π§«“¡·¢Áß·√ß„π°“√¬÷¥µ‘¥¢Õß™—Èπ°“«
·≈–√–¬–Àà“ß√–À«à“ßÀ¡ÿ¥„π·∫∫®”≈Õß »÷°…“«à“µ—«·ª√∑—Èß
 Õß àßº≈Õ¬à“ß‰√µàÕ§à“ —¡ª√– ‘∑∏‘Ï§«“¡‡¢â¡¢Õß§«“¡‡§âπ„π
√Ÿ‡®“–

1. °“√∑¥ Õ∫°“√¬÷¥µ‘¥¢Õß™—Èπ°“«∫“ß¿“¬„µâ·√ß¥÷ß

·≈–‡©◊Õπ

     °“√»÷°…“°“√¬÷¥µ‘¥¢Õß™—Èπ°“«„π·π«µ—Èß©“°°—∫º‘«°“«
¿“¬„µâ·√ß¥÷ß ‡æ◊ËÕÀ“§à“¡Õ¥ÿ≈— ¬◊¥À¬ÿàπ (E) ¢Õß™—Èπ°“«∫“ß
·≈–„π·π« —¡º— À√◊Õ·π«¢π“π°—∫º‘«°“«¿“¬„µâ·√ß‡©◊Õπ ‡æ◊ËÕ
À“§à“¡Õ¥ÿ≈— ‡©◊Õπ (G) ¢Õß™—Èπ°“«∫“ß  ”À√—∫‡ªìπ¢âÕ¡Ÿ≈
„π°“√°”Àπ¥§à“§«“¡·¢Áß¢Õß ª√‘ß„π·π«µ—Èß©“° ·≈–·π«
‡©◊Õπ ¢Õß™—Èπ°“«∫“ß„π·∫∫®”≈Õß‰ø‰πµå‡Õ≈‘‡¡πµå ‚¥¬
‡µ√’¬¡™‘Èπß“π∑¥ Õ∫µ“¡¡“µ√∞“π JIS (Japan Industrial
Standard) K6849-1994: Testing methods for tensile
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strength of adhesive bonds ·≈– K6850-1994: Testing
methods for shear strength of adhesive bonds by
tensile loading  ¥—ß· ¥ß„π Figure 5 ¡’¢—ÈπµÕπ¥—ßπ’È
    1. π”‡À≈Á°·∑àß°≈¡µ—π·≈–‡À≈Á°·ºàπ¡“¢—¥¥â«¬
°√–¥“…∑√“¬≈–‡Õ’¬¥∑’Ë∫√‘‡«≥º‘« —¡º— ∑’Ë‡™◊ËÕ¡µàÕ¥â«¬°“«
À≈—ß®“°π—Èπ∑”§«“¡ –Õ“¥¥â«¬Õ–´’‚µπ ‡æ◊ËÕ≈â“ß§√“∫πÈ”¡—π
·≈– ‘Ëß °ª√°ÕÕ°
     2. π”‡À≈Á°·∑àß°≈¡µ—π∑’Ë∑”§«“¡ –Õ“¥¡“ª√–°∫°—π
·∫∫™π (butt joint) ´÷Ëß™—Èπ°“«∑¥ Õ∫Õ¬Ÿà√–À«à“ß™—Èπ
ª√–°∫∑—Èß Õß ‚¥¬„™â‡§√◊ËÕß§«∫§ÿ¡§«“¡Àπ“¢Õß™—Èπ°“«∫“ß
„π°“√§«∫§ÿ¡§«“¡Àπ“¢Õß°“«„Àâ¡’§«“¡Àπ“ª√–¡“≥ 200
‰¡§√Õπ ¥—ß· ¥ß„π Figure 6  à«π‡À≈Á°·ºàπ∑’Ë∑”§«“¡
 –Õ“¥¡“ª√–°∫°—π·∫∫‡°¬ (single lap joint) ·µà¡’°“√
√—∫¿“√–„π·π«‡¥’¬«°—π ́ ÷Ëß‰¡à∑”„Àâ‡°‘¥§à“‚¡‡¡πµå¥—¥„π√Õ¬µàÕ

Figure 5. Butt joint and single lap joint for JIS K6849 and K6850

´÷Ëß™—Èπ°“«∑¥ Õ∫Õ¬Ÿà√–À«à“ß™—Èπª√–°∫∑—Èß Õß ‚¥¬∑”°“√
∑¥ Õ∫°“«∑’Ë¡’§«“¡Àπ“ª√–¡“≥ 100 ‰¡§√Õπ ‚¥¬„™â
·ºàπøî≈å¡∫“ßÊ‡ªìπµ—« √â“ß§«“¡Àπ“¢Õß™—Èπ°“«∫“ß ·≈–„™â
’́·§≈â¡„π°“√¬÷¥®—∫ À≈—ß®“°π—Èπ∑‘Èß‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕßª√–¡“≥

16 ™—Ë«‚¡ß
3. ∑”°“√∑¥ Õ∫°“√¬÷¥µ‘¥¢Õß™—Èπ°“«∫“ß„π·π«µ—Èß

©“°·≈–·π«‡©◊ÕπÕ¬à“ß≈– 5 ™‘Èπß“πµ—«Õ¬à“ß „π·µà≈–
ª√–‡¿∑¢Õß°“« ¥—ß· ¥ß„π Table 2 ¥â«¬‡§√◊ËÕß∑¥ Õ∫
§«“¡·¢Áß·√ß¢Õß«— ¥ÿ¥—ß· ¥ß„π Figure 7 ¥â«¬Õ—µ√“°“√
¥÷ß§ß∑’Ë 50 ¡¡./π“∑’ ∑”°“√∑¥ Õ∫®π°√–∑—Èß√Õ¬µàÕÀ≈ÿ¥
ÕÕ°®“°°—π

4. ∑”°“√∫—π∑÷°¢π“¥¢Õß·√ß¥÷ß ·≈–°“√‡ª≈’Ë¬π√Ÿª
¢Õß™—Èπ°“«„π™‘Èπß“πµ—«Õ¬à“ß

5. π”¢âÕ¡Ÿ≈√–À«à“ß·√ß∑’Ë„™â¥÷ß°—∫°“√‡ª≈’Ë¬π√Ÿª¢Õß
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™—Èπ°“«„π·π«·√ß¡“«‘‡§√“–Àå ‡æ◊ËÕÀ“§à“ E ·≈– G ¢Õß™—Èπ
°“«∫“ß

2. °“√∑¥ Õ∫™‘Èπß“π

¢π“¥¢Õß™‘Èπß“πµ—«Õ¬à“ß· ¥ß„π Figure 8 ∂÷ß 10
÷́Ëßª√–°Õ∫¥â«¬·ºàπÕ≈Ÿ¡‘‡π’¬¡Õ—≈≈Õ¬¥å (Al 7075-T6)  Õß

·ºàπ ¡’§«“¡Àπ“ 1.6 ¡¡. ‡™◊ËÕ¡µàÕ‡°¬¥â«¬À¡ÿ¥¬È” (Al 2117-
T4) 3, 4, ·≈– 5 À¡ÿ¥ ´÷Ëß¡’√–¬–Àà“ß√–À«à“ßÀ¡ÿ¥ 50.8,
38.1, ·≈– 30.16 ¡¡. µ“¡≈”¥—∫ ‚¥¬¡’°“√‡ª≈’Ë¬π√–¬–
Àà“ß√–À«à“ßÀ¡ÿ¥¬È” ·≈–™π‘¥¢Õß°“« µ“¡·∫∫¢Õß·µà≈–
™‘Èπß“πµ—«Õ¬à“ß ¥—ß¡’√“¬≈–‡Õ’¬¥µà“ßÊ· ¥ß„π Table 3 ·≈–
π”™‘Èπß“πµ—«Õ¬à“ß¡“∑¥ Õ∫·√ß¥÷ß¥â«¬‡§√◊ËÕß∑’Ë¡’Õÿª°√≥å
∑¥ Õ∫§«“¡·¢Áß·√ß¢Õß«— ¥ÿ¥â«¬Õ—µ√“°“√¥÷ß§ß∑’Ë 10 ¡¡./
π“∑’ ‚¥¬°“√∑¥ Õ∫®–∑”°“√¥÷ß™‘Èπß“πµ—«Õ¬à“ß„π™à«ß¬◊¥
µ—«πâÕ¬Ê·∫∫‡™‘ß‡ âπ (linear and small deformation)
À≈—ß®“°π—Èπ∑”°“√∫—π∑÷°¢π“¥¢Õß·√ß¥÷ß (0-6000 N) ·≈–
§à“°“√¬◊¥µ—«¢Õß™‘Èπß“πµ—«Õ¬à“ß

Figure 6. Control thickness of adhesive machine

Table 2.  Detail of specimens for adhesive bonds

Piece NO. Standard        TypeofAdhesive      Thickness of  Adhesive

        A1 JIS K6849-1994            Rubber glue 0.2 mm
        A2 JIS K6849-1994            Rubber glue 0.2 mm
        A3 JIS K6849-1994            Rubber glue 0.2 mm
        A4 JIS K6849-1994            Rubber glue 0.2 mm
        A5 JIS K6849-1994            Rubber glue 0.2 mm
        B1 JIS K6850-1994            Rubber glue 0.1 mm
        B2 JIS K6850-1994            Rubber glue 0.1 mm
        B3 JIS K6850-1994            Rubber glue 0.1 mm
        B4 JIS K6850-1994            Rubber glue 0.1 mm
        B5 JIS K6850-1994            Rubber glue 0.1 mm
        C1 JIS K6849-1994            Epoxy 0.2 mm
        C2 JIS K6849-1994            Epoxy 0.2 mm
        C3 JIS K6849-1994            Epoxy 0.2 mm
        C4 JIS K6849-1994            Epoxy 0.2 mm
        C5 JIS K6849-1994            Epoxy 0.2 mm
        D1 JIS K6850-1994            Epoxy 0.1 mm
        D2 JIS K6850-1994            Epoxy 0.1 mm
        D3 JIS K6850-1994            Epoxy 0.1 mm
        D4 JIS K6850-1994            Epoxy 0.1 mm
        D5 JIS K6850-1994            Epoxy 0.1 mm
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Figure 7.  Dimension of specimens, riveted-pitch

distance as 38.1 mm

Figure 8. Dimension of specimens, riveted-

      pitch distance as 30.16 mm

Figure 9. Dimension of specimens, riveted-

     pitch distance as 38.1 mm

Figure 10. Dimension of specimens, riveted-

  pitch distance as 50.8 mm



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 29 ©∫—∫∑’Ë 4 °.§. -  .§. 2550
º≈°√–∑∫¢Õß™—Èπ°“«∫“ß ·≈–√–¬–Àà“ß√–À«à“ßÀ¡ÿ¥

®—°√å™—¬  ÿ«√√≥‡π“«å ·≈–§≥–1079

 Table 3. Detail of all riveted lap joints

Code of Specimen      Number of              Riveted-Pitch         Type of              Thickness
                                     Rivet                                                       Adhesive            of Adhesive

TJR-50.8-01-Exp 3   50.80 mm Rubber glue 0.11 mm
TJR-50.8-02-Exp 3            50.80 mm Rubber glue 0.20 mm
TJR-50.8-03-Exp 3            50.80 mm Rubber glue 0.08 mm
TJR-38.1-01-Exp 4            38.10 mm Rubber glue 0.09 mm
TJR-38.1-02-Exp 4            38.10 mm Rubber glue 0.20 mm
TJR-38.1-03-Exp 4            38.10 mm Rubber glue 0.15 mm
TJR-30.16-01-Exp 5            30.16 mm Rubber glue 0.22 mm
TJR-30.16-02-Exp 5            30.16 mm Rubber glue 0.13 mm
TJR-30.16-03-Exp 5            30.16 mm Rubber glue 0.07 mm
TJE-50.8-01-Exp 3            50.80 mm Epoxy 0.04 mm
TJE-50.8-02-Exp 3            50.80 mm Epoxy 0.08 mm
TJE-50.8-03-Exp 3            50.80 mm Epoxy 0.03 mm
TJE-38.1-01-Exp 4 38.10 mm Epoxy 0.02 mm
TJE-38.1-02-Exp 4            38.10 mm Epoxy 0.07 mm
TJE-38.1-03-Exp 4 38.10 mm Epoxy 0.13 mm
TJE-30.16-01-Exp 5            30.16 mm Epoxy 0.05 mm
TJE-30.16-02-Exp 5 30.16 mm Epoxy 0.12 mm
TJE-30.16-03-Exp 5            30.16 mm Epoxy 0.02 mm
TJF-50.8-01-Exp 3            50.80 mm Free bonding     -
TJF-50.8-02-Exp 3 50.80 mm Free bonding     -
TJF-50.8-03-Exp 3            50.80 mm Free bonding     -
TJF-38.1-01-Exp 4            38.10 mm Free bonding     -
TJF-38.1-02-Exp 4            38.10 mm Free bonding     -
TJF-38.1-03-Exp 4            38.10 mm Free bonding     -
TJF-30.16-01-Exp 5            30.16 mm Free bonding     -
TJF-30.16-02-Exp 5            30.16 mm Free bonding     -

TJF-30.16-03-Exp5      30.16 mm  Free bonding     -

3. °“√®”≈Õß™‘Èπß“π

     √Õ¬µàÕÀ¡ÿ¥¬È”√–¬–Àà“ß√–À«à“ßÀ¡ÿ¥ 50.8, 38.1, ·≈–
30.16 ¡¡. ´÷Ëß„™â‡ªìπ™‘Èπß“π∑¥ Õ∫ ∂Ÿ° √â“ß¢÷Èπ‡ªìπ·∫∫
®”≈Õß “¡¡‘µ‘ ”À√—∫„™â°—∫«‘∏’‰ø‰πµå‡Õ≈‘‡¡πµå ‚¥¬®”≈Õß
‡©æ“– à«π∑’Ë ¡¡“µ√¥—ß· ¥ß„π Figure 8 ‡π◊ËÕß®“°
∫√‘‡«≥µ√ß°≈“ß‡ªìπ à«π∑’Ë àß∂à“¬·√ß‰¥â¥’ ( ¡¡ÿµ‘„Àâ·√ß∑’Ë àß
ºà“π¡“¬—ßÀ¡ÿ¥¬È”°√–®“¬µ—«Õ¬à“ß ¡Ë”‡ ¡Õ∫π√Õ¬µàÕ) ®÷ß‰¡à
®”‡ªìπµâÕß®”≈Õß√Õ¬µàÕÀ¡ÿ¥¬È”∑—ÈßÀ¡¥ ‚¥¬·∫∫®”≈Õß√Õ¬
µàÕÀ¡ÿ¥¬È”¡’≈—°…≥–¥—ß· ¥ß„π Figure 11 °“√‡ª≈’Ë¬π
√–¬–À¡ÿ¥„π·∫∫®”≈Õß∑”‚¥¬°“√‡ª≈’Ë¬π√–¬– AB ·≈– CD
¥—ß Figure 8 µ“¡√–¬–Àà“ß√–À«à“ßÀ¡ÿ¥ „π·∫∫®”≈Õß
ª√–°Õ∫¥â«¬·ºàπÕ≈Ÿ¡‘‡π’¬¡Õ—≈≈Õ¬¥å (Al 7075-T6)  Õß
·ºàπª√–°∫°—π ·≈–¬÷¥µ‘¥°—π¥â«¬À¡ÿ¥¬È” (Al 2117-T4) ‡Õ

≈‘‡¡πµå·∫∫≈Ÿ°∫“»°åÀ°Àπâ“ (27-node brick elements)
„™â ”À√—∫®”≈Õß·ºàπÕ≈Ÿ¡‘‡π’¬¡Õ—≈≈Õ¬¥å ·≈–‡Õ≈‘‡¡πµå·∫∫
ª√‘ ÷́¡Àâ“Àπâ“ (15-node triangular prisms) „™â ”À√—∫
®”≈ÕßÀ¡ÿ¥¬È”‡æ◊ËÕµâÕß°“√„ÀâÀ¡ÿ¥¬È”¡’§«“¡·¢Áß Ÿß°«à“·ºàπ
Õ≈Ÿ¡‘‡π’¬¡Õ—≈≈Õ¬¥å ´÷Ëß‡À¡◊Õπ°—∫§«“¡‡ªìπ®√‘ß ‚¥¬¡’
®”π«π‡Õ≈‘‡¡πµå∑—ÈßÀ¡¥ 228 ‡Õ≈‘‡¡πµå ‚¥¬‡Õ≈‘‡¡πµå∑’ËÕ¬Ÿà
∫√‘‡«≥∑’ËµàÕ‡°¬°—π¡’®”π«π¡“° ‡π◊ËÕß®“°‡ªìπ∫√‘‡«≥∑’Ë‰¡à
µàÕ‡π◊ËÕß¢Õß™‘Èπß“π  à«π§à“ —¡ª√– ‘∑∏‘Ï§«“¡‡ ’¬¥∑“π∑’Ëº‘«
 —¡º— ‡∑à“°—∫ 0.2 (Iyer, 1997) ´÷Ëß¡’¢π“¥√Ÿª√à“ß æ◊Èπ∑’Ëº‘«
 —¡º— ¢ÕßÀ¡ÿ¥¬È”¥—ß· ¥ß„π Figure 12 ¡Õ¥ÿ≈— ¬◊¥À¬ÿàπ (E)
¢ÕßÕ≈Ÿ¡‘‡π’¬¡Õ—≈≈Õ¬¥å·≈–À¡ÿ¥¬È”‡∑à“°—∫ 70 GPa Õ—µ√“ à«π
ªí«´Õß(Poisson's ratio,υ) ‡∑à“°—∫ 0.25 (Dechwayukul,
2003) ‚¥¬«‘‡§√“–Àåº≈√Ÿª∑√ß‡√¢“§≥‘µ‡ª≈’Ë¬π·ª≈ß·∫∫
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‰¡à‡ªìπ‡™‘ß‡ âπ (NLGEOM) „™â·√ß¥÷ß„π™à«ß 0-6000 N
(·√ß¥÷ßª√–¡“≥ 3000 N ¡’§à“§«“¡‡§âπ¥÷ß‡∑à“°—∫ 36.9 MPa)
·≈–‰¡à„Àâ¡’°“√‡§≈◊ËÕπ∑’Ë∑ÿ°∑‘»∑“ß„π√–π“∫ AB  à«π AC
·≈– BD ‰¡à„Àâ¡’°“√‡§≈◊ËÕπ∑’Ë„π∑‘»∑“ß 2 ¥—ß Figure 13
‡¡◊ËÕ‰¥â·∫∫∑’Ë ¡∫Ÿ√≥å·≈â«∑”°“√§”π«≥¥â«¬‚ª√·°√¡
ABAQUS (ABAQUS Users Manual, 2000)
     ‚¥¬„π à«π¢Õß™—Èπ°“«∫“ß‡¡◊ËÕπ”¡“„™â¥â«¬«‘∏’‰ø‰πµå‡Õ
≈‘‡¡πµå∂Ÿ°π”¡“„™â‚¥¬À≈—°°“√∑’Ë‡√’¬°«à“ TALA „πß“π«‘®—¬
§√—Èßπ’È ¡¡ÿµ‘„Àâ°“«∫“ß¡’‡©æ“–„π∫√‘‡«≥ à«π∑’ËµàÕ‡°¬°—π
√–À«à“ßÕ≈Ÿ¡‘‡π’¬¡Õ—≈≈Õ¬¥å·ºàπ∫π°—∫≈à“ß (contact area, C1)
‡∑à“π—Èπ¥—ß· ¥ß„π Figure 14 ‚¥¬™—Èπ°“«∫“ß®–∂Ÿ°‡ª≈’Ë¬π

Figure 11. Schematic element of riveted lap

‡ªìπ ª√‘ß‡Õ≈‘‡¡πµåÀ≈“¬Êµ—«∑’Ë “¡“√∂®”≈Õßæƒµ‘°√√¡
‡™‘ß°≈¢Õß™—Èπ°“«∫“ß„π “¡∑‘»∑“ß ª√–°Õ∫¥â«¬∑‘»µ—Èß©“°
°—∫æ◊Èπ∑’Ëº‘«·≈–¢π“π°—∫º‘« —¡º—  ´÷Ëß¡’®”π«π¢Õß ª√‘ß‡Õ≈‘
‡¡πµå¥—ß· ¥ß„π Table 4

  Table 4. Number of spring element

    Contact area             No. of linear springs

    Normal direction      Shear direction

      C1              293                     586

    Total for two-              293                     586

    standard rivet

Figure 12. Dimension and contact area of rivet
(Color figure can be viewed in the electronic version)
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Figure 13.  Modeling of riveted lap joints

Figure 14. Contact area of adhesive layer

(Color figure can be viewed in the electronic version)



Songklanakarin J. Sci. Technol.

Vol. 29  No. 4  Jul. - Aug. 2007 1082

Effects of thin adhesive layer and riveted-pitch

Suwannao, J., et al.

‡Õ≈‘‡¡πµå¢Õß™‘Èπß“π∑—ÈßÀ¡¥¥—ß„π Table 6
‚¥¬∑’Ë¡Õ¥ÿ≈— ∑’Ë„™â„π°“√¬÷¥µ‘¥√–À«à“ßº‘« —¡º— „π

√Õ¬µàÕ¢Õß°“«¬“ß (rubber glue) ·≈–°“«Õ’æÕ° ’́ (epoxy
adhesive) ‰¥â¢âÕ¡Ÿ≈®“°°“√∑¥ Õ∫°“√¬÷¥µ‘¥¢Õß™—Èπ°“«
∫“ßµ“¡¡“µ√∞“π JIS K6849 ·≈– K6850  à«π¡Õ¥ÿ≈— ∑’Ë
„™â„π°“√¬÷¥µ‘¥√–À«à“ßº‘« —¡º— „π√Õ¬µàÕ¢Õß°“« adhesive
A, adhesive B, ·≈–§à“√–¬–Àà“ß√–À«à“ßÀ¡ÿ¥¬È” 76.20 ¡¡.
‰¥â®“°°“√ª√—∫¢âÕ¡Ÿ≈¥â«¬«‘∏’‰ø‰πµå‡Õ≈‘‡¡πµå ‡æ◊ËÕ»÷°…“º≈
°√–∑∫¢Õß§à“¥—ß°≈à“«¢â“ßµâπµàÕ§à“ —¡ª√– ‘∑∏‘Ï§«“¡‡¢â¡¢Õß
§«“¡‡§âπ∑’Ë‡°‘¥¢÷Èπ∫√‘‡«≥√Ÿ‡®“–À¡ÿ¥¬È”

°“√«‘‡§√“–Àå™—Èπ°“«∫“ßÀ√◊Õ∑’Ë‡√’¬°«à“«‘∏’ TALA ®–
¡’‡©æ“– σ

z 
,τ

zx
 ·≈– τ

zy
 ‡°‘¥¢÷Èπ‡¡◊ËÕ√Õ¬µàÕ àßºà“π·√ß

¡“∂÷ß™—Èπ°“« „Àâ°“« adhesiveA ·≈– adhesiveB «— ¥ÿ
‡ªìπ·∫∫‰Õ‚´‚∑√ªî§ (isotropic) §à“¡Õ¥ÿ≈— ‡©◊ÕπÀ“‰¥â®“°
 ¡°“√∑’Ë (19) ¥—ßπ’È

 G =
E

2(1+ v)             (19)

‡¡◊ËÕ  E §◊Õ¡Õ¥ÿ≈— ¬◊¥À¬ÿàπ  G §◊Õ¡Õ¥ÿ≈— ‡©◊Õπ υ
§◊ÕÕ—µ√“ à«πªí«´Õß

„π à«π¢Õß·∫∫®”≈Õß∑’Ëπ”‰ª„™â„π°“√»÷°…“µ—«·ª√
(‰¡à¡’°“√∑¥≈Õß®√‘ß) ®–„™â§à“Õ—µ√“ à«πªí«´Õß‡∑à“°—∫ 0.33
(Dowling, 1993) ´÷Ëß ¡¡ÿµ‘„Àâ°“« adhesive A ·≈–
adhesive B ‡ªìπ°“«ª√–‡¿∑Õ’æÕ°´’ ·≈–§«“¡Àπ“¢Õß
™—Èπ°“«‰¥â®“°°“√‡©≈’Ë¬™—Èπ°“«∑—ÈßÀ¡¥®“°™‘Èπß“πµ—«Õ¬à“ß ́ ÷Ëß
¡’§à“‡©≈’Ë¬‡∑à“°—∫ 0.10 ¡¡. §à“‡À≈à“π’È®–∂Ÿ°π”¡“„™â„π·∫∫
®”≈Õß∑’Ëπ”‰ª„™â„π°“√»÷°…“µ—«·ª√

º≈°“√∑¥≈Õß

1. °“√¬◊π¬—π§«“¡∂Ÿ°µâÕß¢Õß·∫∫®”≈Õß

π”§«“¡ —¡æ—π∏å√–À«à“ß·√ß¥÷ß°—∫°“√¬◊¥µ—«¢Õß√Õ¬
µàÕ∑’Ë‰¥â®“°°“√∑¥ Õ∫·√ß¥÷ß¢Õß™‘Èπß“πµ—«Õ¬à“ßπ”¡“
‡ª√’¬∫‡∑’¬∫°—∫°√“ø∑’Ë‰¥â®“°·∫∫®”≈Õß‰ø‰πµå‡Õ≈‘‡¡πµå ‚¥¬
‡ª√’¬∫‡∑’¬∫∑’Ë·√ß¥÷ß‡¥’¬«°—π¥—ß· ¥ß„π Figure 15 ∂÷ß 23

Modeling in comparison with the

experiment

Modeling to use parametric study (Do not
have the experiment)

∆ ∆ ∆

∆ ∆ ∆

∆
∆

∆

∆

∆

∆

 à«πæƒµ‘°√√¡°“√¬÷¥µ‘¥¢Õß™—Èπ°“« ‡¡◊ËÕæ‘®“√≥“°“√¬÷¥µ‘¥
¢Õß™—Èπ°“«„π·ßà¢Õß¡Õ¥ÿ≈— ∑”‰¥â‚¥¬π”¢âÕ¡Ÿ≈√–À«à“ß·√ß∑’Ë
„™â¥÷ß°—∫°“√‡ª≈’Ë¬π√Ÿª¢Õß™—Èπ°“«„π·π«·√ß¡“«‘‡§√“–Àå ‚¥¬
 “¡“√∂À“§à“¡Õ¥ÿ≈— ¢Õß°“«‰¥â¥—ß· ¥ß„π Table 5

Table 5. The adhesion of thin adhesive layer in

    terms of modulus

Adhesive        Elastic Modulus, E     Shear Modulus, G

        (MPa)                          (MPa)

Rubber glue         1.128                            0.154

ACT No. 354 H

Epoxy adhesive         23.147                          9.385

Araldite Standard

4.  °“√»÷°…“µ—«·ª√ (parametric study)

     ¡Õ¥ÿ≈— ¢Õß°“«∑’Ë„™â„π°“√¬÷¥µ‘¥√–À«à“ßº‘« —¡º— „π
√Õ¬µàÕ ·≈–√–¬–Àà“ß√–À«à“ßÀ¡ÿ¥¬È” ®–∂Ÿ°π”¡“ª√—∫
‡ª≈’Ë¬π„π·∫∫®”≈Õß‰æ‚π‡Õ≈‘‡¡πµå∑’Ëºà“π°“√¬◊π¬—π§«“¡
∂Ÿ°µâÕß·≈â« ‡æ◊ËÕ»÷°…“º≈∑’Ë¡’µàÕ§à“ —¡ª√– ‘∑∏‘Ï§«“¡‡¢â¡¢Õß
§«“¡‡§âπ∫√‘‡«≥√Ÿ‡®“–À¡ÿ¥¬È” ‚¥¬· ¥ß·∫∫®”≈Õß‰ø‰πµå

  Table 6. All modeling of riveted lap joints

        Adhesive             Pitch distance (mm)
    30.16     38.10     50.80    76.20

      No adhesive

       rubber glue
     (E=1.128MPa,
    G=0.154 MPa)

       adhesive A
     (E=10 MPa,
    G=3.84 MPa)

    epoxy adhesive
   (E=23.147 MPa,
    G=9.385 MPa)

      adhesive B
     (E=100 MPa,

G=38.46 MPA)
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®“°π—Èπ«‘‡§√“–ÀåÀ“§à“‡©≈’Ë¬¢Õß§«“¡·µ°µà“ß¢Õß°“√∑¥≈Õß
°—∫·∫∫®”≈Õß‰ø‰πµå‡Õ≈‘‡¡πµå · ¥ß®“°‡ªÕ√å‡ Á́πµå (%) §à“
‡©≈’Ë¬¢Õß§«“¡·µ°µà“ß¢Õß°“√¬◊¥µ—«∑’Ë·√ß¥÷ßµà“ßÊ («‘‰≈æ√
·≈– ¡π— , 2545) ‚¥¬¡’π‘¬“¡¥—ß ¡°“√∑’Ë (20)

‡¡◊ËÕ  ∆U
F,FEM

 §◊Õµà“°“√¬◊¥µ—«∑’Ë‡ª≈’Ë¬π‰ª‡¡◊ËÕ·√ß
¥÷ßµà“ß°—π∑’Ë‰¥â®“°·∫∫®”≈Õß‰ø‰πµå‡Õ≈‘‡¡πµå  ∆U

F,Exp
 §◊Õ

§à“°“√¬◊¥µ—«∑’Ë‡ª≈’Ë¬π·ª≈ß‰¥â®“°°“√∑¥≈Õß
®“° Figure 15 ∂÷ß 23 °√“ø‡ª√’¬∫‡∑’¬∫√–À«à“ß

º≈∑’Ë‰¥â®“°°“√∑¥≈Õß®√‘ß°—∫·∫∫®”≈Õß‰ø‰πµå‡Õ≈‘‡¡πµå
 “¡“√∂· ¥ß®“°‡ªÕ√å‡´Áπµå§à“‡©≈’Ë¬¢Õß§«“¡·µ°µà“ß¢Õß

°“√‡§≈◊ËÕπµ—«∑’Ë·√ß¥÷ßµà“ßÊ (0-6000 N) ¥—ß· ¥ß„π
Table 7

Table 7.  Average value of % difference the

     experiment in comparison with

                the modeling

Pitch distance        Average value of % Difference

    (mm)          no-adhesive    rubber glue    epoxy adhesive

     50.8             14.8 %         22.1 %              14.4 %

     38.1               6.3 %         13.9 %              15.6 %

     30.16             5.2 %           8.8 %              15.9 %

Average value of % Difference =
∑

∆UF,FEM −∆UF,Exp
∆UF,Exp

Total no.of calculated force ×10 (20)

Figure 15. The experiment in comparison with the modeling, riveted-pitch distance

  as 50.8 mm (free bonding)

(Color figure can be viewed in the electronic version)
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(Color figure can be viewed in the electronic version)

Figure 16.  The experiment in comparison with the modeling, riveted-

    pitch distance as 50.8 mm (rubber glue)

Figure 17. The experiment in comparison with the modeling, riveted-

  pitch distance as 50.8 mm (epoxy adhesive)
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(Color figure can be viewed in the electronic version)

Figure 18. The experiment in comparison with the modeling, riveted-pitch

   distance as 38.1 mm (free bonding)

Figure 19.  The experiment in comparison with the  modeling, riveted-pitch

     distance as 38.1 mm (rubber glue)
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Figure 20.  The experiment in comparison with the modeling, riveted-pitch distance as

   38.1 mm (epoxy adhesive)

Figure 21. The experiment in comparison with the modeling, riveted-pitch distance as

  30.16 mm (free bonding)
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Figure 22. The experiment in comparison with the modeling, riveted-pitch distance

 as 30.16 mm (rubber glue)

Figure 23. The experiment in comparison with the modeling, riveted-pitch distance

  as 30.16 mm (epoxy adhesive)
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 “‡Àµÿ¢Õß√âÕ¬≈–§«“¡·µ°µà“ß

     1. √Ÿª∑√ß¢Õß™‘Èπß“πµ—«Õ¬à“ß¡’≈—°…≥–‰¡à‡ªìπ·ºàπ ’
‡À≈’Ë¬¡ ‡æ√“–µ—«®—∫¢Õß‡§√◊ËÕß∑¥ Õ∫§«“¡·¢Áß·√ß¢Õß
«— ¥ÿ¡’√–¬–§«“¡°«â“ß¬÷¥®—∫∑’Ë à«πª≈“¬¢Õß™‘Èπß“πµ—«Õ¬à“ß
‡æ’¬ß 2 π‘È« ®÷ß®”‡ªìπµâÕß¡’°“√¥—¥·ª≈ß™‘Èπß“πµ—«Õ¬à“ß‡ªìπ
√Ÿª∑√ß¥—ß Figure 8 ∂÷ß 10 ∑”„Àâ°“√¬◊¥µ—«∑’Ë à«πª≈“¬¢
Õß™‘Èπß“πµ—«Õ¬à“ß¡’°“√¬◊¥µ—« Ÿß ‡π◊ËÕß®“°µ√ß∫√‘‡«≥¥—ß
°≈à“«¡’≈—°…≥–‡ªìπ à«π‚§âß‡«â“ ∂â“ à«πª≈“¬¢Õß™‘Èπß“π
µ—«Õ¬à“ß¡’√–¬–§«“¡°«â“ß 6 π‘È« ´÷Ëß∑”„Àâ™‘Èπß“πµ—«Õ¬à“ß¡’
√Ÿª√à“ß‡ªìπ ’Ë‡À≈’Ë¬¡ ∑”„Àâ°“√ àß∂à“¬·√ß¡“¬—ßÀ¡ÿ¥¬È”‡°‘¥¢÷Èπ
Õ¬à“ß ¡Ë”‡ ¡Õ Õ“® àßº≈„Àâ√âÕ¬≈–§«“¡·µ°µà“ß¡’§à“≈¥≈ß
µ≈Õ¥®π‰¡à “¡“√∂§«∫§ÿ¡§«“¡Àπ“¢Õß™—Èπ°“«∫“ß¢Õß
√Õ¬µàÕÀ¡ÿ¥¬È”‰¥â

2.  ¡∫—µ‘‡™‘ß°≈¢Õß™—Èπ°“«∫“ß ∂Ÿ°‡ª≈’Ë¬π‡ªìπ ª√‘ß
‡Õ≈‘‡¡πµå ‚¥¬°“√«‘®—¬§√—Èßπ’È∑”°“√∑¥ Õ∫µ“¡¡“µ√∞“π JIS
K6849 ·≈– K6850 ‡æ◊ËÕ»÷°…“°“√¬÷¥µ‘¥¢Õß™—Èπ°“«„π·ßà
¢Õß¡Õ¥ÿ≈— ¬◊¥À¬ÿàπ ·≈–¡Õ¥ÿ≈— ‡©◊Õπ ‚¥¬§à“¡Õ¥ÿ≈— ∑’Ëπ”¡“
„™â®–‡ªìπ§à“‡™‘ß‡ âπ§ß∑’Ë ·µà„πæƒµ‘°√√¡®√‘ß¢Õß™—Èπ°“«∫“ß
®–· ¥ßæƒµ‘°√√¡‰¡à‡ªìπ‡™‘ß‡ âπ (nonlinear) ·≈–
æƒµ‘°√√¡¢Õß ª√‘ß„π·π«µ—Èß©“°°—∫º‘« —¡º— ®–· ¥ß∑—Èß
°“√¬◊¥µ—«·≈–°“√À¥µ—«

2. º≈°“√»÷°…“µ—«·ª√

     2.1 º≈°“√»÷°…“µ—«·ª√®“°·∫∫®”≈Õß∑’Ë‰¥â√—∫°“√

¬◊π¬—π§«“¡∂Ÿ°µâÕß®“°°“√∑¥≈Õß®√‘ß

     °“√À“§à“ —¡ª√– ‘∑∏‘Ï§«“¡‡¢â¡¢Õß§«“¡‡§âπ ´÷ËßÀ“§à“
‰¥â®“°·∫∫®”≈Õß‰ø‰πµå‡Õ≈‘‡¡πµå ‚¥¬§à“ —¡ª√– ‘∑∏‘Ï§«“¡
‡¢â¡¢Õß§«“¡‡§âπ¢Õß√Õ¬µàÕÀ¡ÿ¥¬È”∑’Ë¡’√–¬–Àà“ß√–À«à“ßÀ¡ÿ¥
50.8 ¡¡. °√≥’‰¡à∑“°“« ∑“°“«¬“ß ·≈–∑“°“«Õ’æÕ°´’¡’§à“
8.30, 7.74, ·≈– 1.68 µ“¡≈”¥—∫  à«π§à“ —¡ª√– ‘∑∏‘Ï§«“¡
‡¢â¡¢Õß§«“¡‡§âπ¢Õß√Õ¬µàÕÀ¡ÿ¥¬È”∑’Ë¡’√–¬–Àà“ß√–À«à“ßÀ¡ÿ¥
38.1 ¡¡. °√≥’‰¡à∑“°“« ∑“°“«¬“ß ·≈–∑“°“«Õ’æÕ°´’¡’§à“
6.48, 6.14, ·≈– 1.99 µ“¡≈”¥—∫ ·≈–§à“ —¡ª√– ‘∑∏‘Ï§«“¡
‡¢â¡¢Õß§«“¡‡§âπ¢Õß√Õ¬µàÕÀ¡ÿ¥¬È”∑’Ë¡’√–¬–Àà“ß√–À«à“ßÀ¡ÿ¥
30.16 ¡¡. °√≥’‰¡à∑“°“« ∑“°“«¬“ß ·≈–∑“°“«Õ’æÕ°´’¡’
§à“ 5.41, 5.17, ·≈– 1.88 µ“¡≈”¥—∫

2.2 º≈°“√»÷°…“µ—«·ª√®“°·∫∫®”≈Õß∑’Ëπ”‰ª

„™â„π°“√»÷°…“µ—«·ª√ (‰¡à¡’°“√∑¥≈Õß®√‘ß)

     °“√À“§à“ —¡ª√– ‘∑∏‘Ï§«“¡‡¢â¡¢Õß§«“¡‡§âπ ´÷ËßÀ“§à“
‰¥â®“°·∫∫®”≈Õß‰ø‰πµå‡Õ≈‘‡¡πµå ‚¥¬§à“ —¡ª√– ‘∑∏‘Ï§«“¡
‡¢â¡¢Õß§«“¡‡§âπ¢Õß√Õ¬µàÕÀ¡ÿ¥¬È”∑’Ë¡’√–¬–Àà“ß√–À«à“ßÀ¡ÿ¥
76.20 ¡¡. °√≥’‰¡à∑“°“« ∑“°“«¬“ß ∑“°“« adhesiveA
∑“°“«Õ’æÕ° ·≈–∑“°“« adhesiveB ¡’§à“ 12.16, 10.42,
3.53, 2.19 ·≈– 1.35 µ“¡≈”¥—∫  à«π§à“ —¡ª√– ‘∑∏‘Ï§«“¡
‡¢â¡¢Õß§«“¡‡§âπ¢Õß√Õ¬µàÕÀ¡ÿ¥¬È”∑’Ë¡’√–¬–Àà“ß√–À«à“ßÀ¡ÿ¥
50.8 ¡¡. °√≥’∑“°“« adhesiveA ·≈–∑“°“« adhesiveB
¡’§à“ 3.49 ·≈– 1.41 µ“¡≈”¥—∫  à«π§à“ —¡ª√– ‘∑∏‘Ï§«“¡
‡¢â¡¢Õß§«“¡‡§âπ¢Õß√Õ¬µàÕÀ¡ÿ¥¬È”∑’Ë¡’√–¬–Àà“ß√–À«à“ßÀ¡ÿ¥
38.1 ¡¡. °√≥’∑“°“« adhesiveA ·≈–∑“°“« adhesiveB
¡’§à“ 3.34 ·≈– 1.43 µ“¡≈”¥—∫ ·≈–§à“ —¡ª√– ‘∑∏‘Ï§«“¡
‡¢â¡¢Õß§«“¡‡§âπ¢Õß√Õ¬µàÕÀ¡ÿ¥¬È”∑’Ë¡’√–¬–Àà“ß√–À«à“ßÀ¡ÿ¥
30.16 ¡‘≈≈‘‡¡µ√ °√≥’∑“°“« adhesiveA ·≈–∑“°“«
adhesive B ¡’§à“ 3.18 ·≈– 1.45 µ“¡≈”¥—∫
     ¥—ß· ¥ßµ”·Àπàß°“√°√–®“¬¢Õß§«“¡‡§âπ„π·π«·°π
¢Õß√Õ¬µàÕÀ¡ÿ¥¬È”„π Figure 24  “¡“√∂Õ∏‘∫“¬‰¥â«à“‡¡◊ËÕ¡’
°“√∑“°“«∑’Ëº‘« —¡º— ¢Õß√Õ¬µàÕÀ¡ÿ¥¬È” ∑”„Àâ§à“°“√
‡ª≈’Ë¬π·ª≈ß¢Õß§«“¡‡§âπ∑’Ë‡°‘¥¢÷Èπ∫√‘‡«≥√ŸÀ¡ÿ¥¬È”≈¥≈ß „π
°√≥’∑“°“«Õ’æÕ° ’́, adhesiveA, ·≈– adhesiveB æ∫
«à“°“√‡ª≈’Ë¬π·ª≈ß¢Õß§«“¡‡§âπ‡°◊Õ∫®–‰¡à¡’°“√‡ª≈’Ë¬π·ª≈ß
„π∑ÿ°§à“¢Õß√–¬–Àà“ß√–À«à“ßÀ¡ÿ¥¬È”

 à«π§à“ —¡ª√– ‘∑∏‘Ï§«“¡‡¢â¡¢Õß§«“¡‡§âπ¢Õß·∫∫
®”≈Õß∑—ÈßÀ¡¥‡ πÕ„π√Ÿª¢Õßµ“√“ß ¥—ß· ¥ß„π Table 8 ·≈–
°√“ø· ¥ß§à“¡Õ¥ÿ≈— ¢Õß°“« ·≈–√–¬–Àà“ß√–À«à“ßÀ¡ÿ¥¬È”
¡’º≈µàÕ°“√‡æ‘Ë¡≈¥§à“ —¡ª√– ‘∑∏‘Ï§«“¡‡¢â¡¢Õß§«“¡‡§âπ
· ¥ß¥—ß Figure 25

 √ÿª

     1. °√“ø§«“¡ —¡æ—π∏å√–À«à“ß·√ß¥÷ß°—∫°“√¬◊¥µ—«∑’Ë‰¥â
®“°·∫∫®”≈Õß‰ø‰πµå‡Õ≈‘‡¡πµå ‡¡◊ËÕπ”¡“‡ª√’¬∫‡∑’¬∫°—∫
°√“ø∑’Ë‰¥â√—∫®“°°“√∑¥ Õ∫¢Õß™‘Èπß“πµ—«Õ¬à“ß æ∫«à“ ·∫∫
®”≈Õß√Õ¬µàÕÀ¡ÿ¥¬È”√–¬–Àà“ß√–À«à“ßÀ¡ÿ¥ 50.8, 38.1, ·≈–
30.16 ¡¡. ¡’§à“‡©≈’Ë¬¢Õß√âÕ¬≈–§«“¡·µ°µà“ßµ≈Õ¥™à«ß·√ß¥÷ß
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Figure 24.  Stress distribution near a hole in a riveted lap joint,

     riveted-pitch distance as 50.8 mm (rubber glue)

Table 8. The stress concentration factor (SCF) of the modeling

                                 Pitch distance (mm)
Adhesive in terms  of  Modulus      76.20     50.80 38.10 30.16

     SCF       SCF SCF SCF

No adhesive      12.16 8.30 6.48 5.41

rubber glue (E=1.128MPa, G=0.154 MPa)      10.42 7.74 6.14 5.17

adhesive A (E=10 MPa, G=3.84 MPa)        3.53 3.49 3.34 3.18

epoxy adhesive (E=23.147 MPa, G=9.385 MPa)        2.19 1.68 1.99 1.88

adhesive B (E=100 MPa, G=38.46 MPa)        1.35 1.41 1.43 1.45

(0-6000 N)  Ÿß ÿ¥ª√–¡“≥  15 %  à«π·∫∫®”≈Õß√Õ¬
µàÕÀ¡ÿ¥¬È”√à«¡°—∫°“«√–¬–Àà“ß√–À«à“ßÀ¡ÿ¥ 50.8, 38.1, ·≈–
30.16 ¡¡. (°√≥’∑“°“«¬“ß) ¡’§à“‡©≈’Ë¬¢Õß√âÕ¬≈–§«“¡
·µ°µà“ßµ≈Õ¥™à«ß·√ß¥÷ß (0-6000 N)  Ÿß ÿ¥ª√–¡“≥ 22%
·≈–·∫∫®”≈Õß√Õ¬µàÕÀ¡ÿ¥¬È”√à«¡°—∫°“«√–¬–Àà“ß√–À«à“ßÀ¡ÿ¥
50.8, 38.1, ·≈– 30.16 ¡¡. (°√≥’∑“°“«Õ’æÕ°´’) ¡’§à“
‡©≈’Ë¬¢Õß√âÕ¬≈–§«“¡·µ°µà“ßµ≈Õ¥™à«ß·√ß¥÷ß (0-6000 N)
 Ÿß ÿ¥ª√–¡“≥ 16 % · ¥ß«à“·∫∫®”≈Õß·≈–°“√∑¥ Õ∫
®√‘ß¡’§«“¡„°≈â‡§’¬ß°—π„π√–¥—∫Àπ÷Ëß„π™à«ß°“√¬◊¥µ—«„π√–¬–
πâÕ¬Ê ´÷ËßÕ¬Ÿà„π™à«ß¢Õß°“√¬◊¥µ—«·∫∫‡™‘ß‡ âπ ¥—ßπ—Èπ·∫∫
®”≈Õß®÷ß¡’§«“¡‡™◊ËÕ∂◊Õ‰¥â√–¥—∫Àπ÷Ëß„π™à«ß∑’Ë¡’°“√¬◊¥µ—«πâÕ¬Ê
‡π◊ËÕß®“° “‡Àµÿ§«“¡§≈“¥‡§≈◊ËÕπÕ“®‡°‘¥®“°√Õ¬‡«â“¢Õß
™‘Èπß“π ·≈–°“√§«∫§ÿ¡§«“¡Àπ“¢Õß™—Èπ°“«∫“ß

2. °“√≈¥√–¬–Àà“ß√–À«à“ßÀ¡ÿ¥¬È” ™à«¬≈¥§à“ —¡ª√–-
 ‘∑∏‘Ï§«“¡‡¢â¡¢Õß§«“¡‡§âπ∫√‘‡«≥√Ÿ‡®“– (°√≥’‰¡à∑“°“«,
Figure 25) ‡π◊ËÕß®“°√–¬–Àà“ß√–À«à“ßÀ¡ÿ¥¡’º≈µàÕ°“√ àß
∂à“¬·√ß¡“¬—ßµ—«À¡ÿ¥¬È”∑”„ÀâÀ¡ÿ¥¬È”√—∫·√ß‰ª∫“ß à«π¥â«¬
¥—ßπ—Èπ°“√µàÕ·ºàπ‚≈À–¥â«¬À¡ÿ¥¬È”∑’Ë¡’√–¬–Àà“ß√–À«à“ßÀ¡ÿ¥
πâÕ¬°«à“¬àÕ¡¡’®”π«πÀ¡ÿ¥¬È”¡“°°«à“®– “¡“√∂∑”„Àâ§à“
 —¡ª√– ‘∑∏‘Ï§«“¡‡¢â¡¢Õß§«“¡‡§âπ≈¥≈ß‰¥â

3. °“√‡æ‘Ë¡§«“¡·¢Áß·√ß„π°“√¬÷¥µ‘¥¢Õß™—Èπ°“«
(Figure 25)  àßº≈„Àâ§à“ —¡ª√– ‘∑∏‘Ï§«“¡‡¢â¡¢Õß§«“¡‡§âπ
∫√‘‡«≥√Ÿ‡®“–À¡ÿ¥¬È”≈¥≈ß ∑—Èßπ’È™—Èπ°“«∑’Ë¬÷¥µ‘¥·¢Áß·√ß¢÷Èπ
 “¡“√∂™à«¬≈¥°“√¥—¥µ—«¢Õß√Õ¬µàÕ  àßº≈„Àâ§«“¡‡§âπ∑’Ë
‡°‘¥¢÷Èπ®“°°“√¥—¥„π√Ÿ‡®“–≈¥≈ß

4. °“√∑“°“«™—Èπ∫“ß„π√Õ¬µàÕÀ¡ÿ¥¬È”  “¡“√∂™à«¬

(Color figure can be viewed in the electronic version)
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Figure 25.  Modulus and riveted-pitch distance affect SCF

≈¥§à“ —¡ª√– ‘∑∏‘Ï§«“¡‡¢â¡¢Õß§«“¡‡§âπ∫√‘‡«≥√Ÿ‡®“–À¡ÿ¥¬È”≈ß
°“√‡æ‘Ë¡§à“¡Õ¥ÿ≈— ¢Õß°“«¡“°¢÷Èπ (  10 MPa, Figure 25)
∑”„Àâ§à“√–¬–Àà“ß√–À«à“ßÀ¡ÿ¥¬È”‰¡à¡’º≈µàÕ°“√≈¥§à“
 —¡ª√– ‘∑∏‘Ï§«“¡‡¢â¡¢Õß§«“¡‡§âπ ‡π◊ËÕß®“°°“√∑“°“«∑’Ë¡’
§à“¡Õ¥ÿ≈—  Ÿß àßº≈µàÕ§«“¡·¢Áß·√ß¢Õß√Õ¬µàÕ¡“°°«à“√–¬–
Àà“ß√–À«à“ßÀ¡ÿ¥ „π·µà≈–ª√–‡¿∑¢Õß°“«§à“ —¡ª√– ‘∑∏‘Ï
§«“¡‡¢â¡¢Õß§«“¡‡§âπ¡’·π«‚πâ¡§ß∑’Ë∑ÿ°√–¬–Àà“ß√–À«à“ßÀ¡ÿ¥
· ¥ß«à“°“√µàÕ·ºàπ‚≈À–¥â«¬À¡ÿ¥¬È”√à«¡°—∫°“«¡Õ¥ÿ≈—  Ÿß
 “¡“√∂≈¥®”π«πÀ¡ÿ¥¬È”≈ß‰¥â ∑”„Àâ‚§√ß √â“ß¡’πÈ”Àπ—°‡∫“
¡’§«“¡·¢Áß·√ßµàÕπÈ”Àπ—° Ÿß

¢âÕ‡ πÕ·π–

°“√„™â«‘∏’‰ø‰πµå‡Õ≈‘‡¡πµå»÷°…“º≈°√–∑∫¢Õß™—Èπ
°“«∫“ß ·≈–√–¬–Àà“ß√–À«à“ßÀ¡ÿ¥µàÕ§à“ —¡ª√– ‘∑∏‘Ï§«“¡
‡¢â¡¢Õß§«“¡‡§âπ¢Õß√Õ¬µàÕÀ¡ÿ¥¬È” ¡’¢âÕ‡ πÕ·π–·≈–§«√
ª√—∫ª√ÿß¥—ßπ’È
     1. „π°“√«‘®—¬§√—Èßπ’È‰¡àæ‘®“√≥“º≈¢Õß§«“¡Àπ“¢Õß
™—Èπ°“«µàÕ°“√‡ª≈’Ë¬π·ª≈ß§à“§«“¡·¢Áß·√ß¢Õß™‘Èπß“π ¥—ß

π—Èπ„π°“√«‘®—¬§√—ÈßµàÕ‰ª§«√∑’Ë®–§«∫§ÿ¡§«“¡Àπ“¢Õß™—Èπ
°“«„π√Õ¬µàÕÀ¡ÿ¥¬È”

2. §«√¡’°“√∑¥ Õ∫°“√≈â“ (fatigue test) ¢Õß™‘Èπ
ß“π ‡æ◊ËÕ‡ªìπ°“√¬◊π¬—π§«“¡∂Ÿ°µâÕß¢Õß·∫∫®”≈Õß‰ø‰πµå
‡Õ≈‘‡¡πµå ´÷Ëß “¡“√∂π”§à“ —¡ª√– ‘∑∏‘Ï§«“¡‡¢â¡¢Õß
§«“¡‡§âπ∫√‘‡«≥√Ÿ‡®“–À¡ÿ¥¬È” ‰ª∑”π“¬Õ“¬ÿ„π°“√„™âß“π
¢Õß™‘Èπß“π‰¥â §à“ —¡ª√– ‘∑∏‘Ï§«“¡‡¢â¡¢Õß§«“¡‡§âπ„π°“√
»÷°…“π’È ‡ªìπº≈°“√§”π«≥®“°«‘∏’¢Õß‰ø‰πµå‡Õ≈‘‡¡πµå‡¡◊ËÕ
√Õ¬µàÕ√—∫·√ß¥÷ß ∂‘µ¬å (static tensile loading) ‡∑à“π—Èπ „π
°“√»÷°…“§√—Èßπ’È¬—ß‰¡à»÷°…“§à“ —¡ª√– ‘∑∏‘Ï§«“¡‡¢â¡¢Õß
§«“¡‡§âπµàÕ°“√≈â“ (fatigue Stress Concentration Factor,
SCF

f
) ¿“¬„µâ·√ß¥÷ß ≈—∫ ‡π◊ËÕß®“°§à“ —¡ª√– ‘∑∏‘Ï§«“¡‡¢â¡

¢Õß§«“¡‡§âπ∑’Ë‰¥â®“°°“√»÷°…“§√—Èßπ’È “¡“√∂‡™◊ËÕ¡‚¬ßÀ√◊Õ
 —¡æ—π∏å°—π‰¥â‡¡◊ËÕ∑√“∫§à“ notchsensitivity(Shigley,et al.,
2003)

3. §«√¡’°“√«—¥§à“√–¬–‡ªî¥∫√‘‡«≥ à«π∑’Ë‡°¬¢Õß√Õ¬
µàÕ ·≈–¡ÿ¡‡Õ’¬ß¢ÕßÀ¡ÿ¥¬È” ‡æ√“–§à“‡À≈à“π’È “¡“√∂Õ∏‘∫“¬
§à“ —¡ª√– ‘∑∏‘Ï§«“¡‡¢â¡¢Õß§«“¡‡§âπ‰¥â ‡π◊ËÕß®“°§à“
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