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 ▪ꜟⱵ♬►ⱶ │ ⌐ ╣ ≢№╢↓≤⅛╠ 2000 ⅛╠ ╛

─ ▪ꜟⱵ♬►ⱶ ⌐ ↕╣≡⅝√ 1)
2011 ⌐│ ▪ꜟⱵ♬

►ⱶ ╩ ™√ ─ ⅜ ↕╣√ 2) ▪ꜟⱵ♬►ⱶ ╩ ∆╢

╙▪ꜟⱵ♬►ⱶ ≢ ∆╢↓≤⌐╟╡ ⌐╟╢ ─ ─ ⅔╟┘

™ ⌐╟╢ ─ ╩ ╢↓≤⅜ ↕╣╢  

 - 1.1 ⌐ ∆╟℮⌐ ─▪ꜟⱵ♬►ⱶ ─ ─ │ ─∕╣≤ ∂

≢ ▪ꜟⱵ♬►ⱶ A5083-O─ ╩ MIG ⌐╟╢ ≢ ∆╢↓≤⌐╟╡

↕╣╢ │ ╟╡ ⅜ ⅝ↄ ⌐ ═≡ ⅜ ⌐ ⅝ↄ

⌂╢√╘ 0.2% ─ ™ A5083-O╩ ™≡ ─ ╩ ∆╢↓≤│ ≢№╢

─▪ꜟⱵ♬►ⱶ ─ ⌐│ 0.2% ─ ™▪ꜟⱵ♬►ⱶ A6061-T6─

⅜ ≢№╢ ⇔⅛⇔ A6061-T6│ ⌐╟∫≡ 0.2% ⅜ ╘╠╣≡™╢─≢ MIG

╩ ∆≤ ─ 0.2% ⅜ ─∕╣─ ╕≢ ∆╢ - 1.1 ⌐ ∆ ╩

A6061-T6≢ ∆╢≤ ⅜ ∆╢ ≢ MIG ⅜►▼Ⱪ─ ╩

∆╢─≢ ≤⇔≡─ ⅜ ∆╢ ∕↓≢ A6061-T6╩ ⅛∆ ≤⇔≡ - 1.2

⌐ ∆╟℮⌂ T ─ ╩ ⌐╟∫≡ ∑ ⇔ ⌐

↕╣√►▼Ⱪ╩ ∆╢▪ꜟⱵ♬►ⱶ ⅜ ↕╣√ 3)   

 

 

 

   

 

 

 

 

- 1.1  ─▪ꜟⱵ♬►ⱶ    - 1.2  ↕╣√▪ꜟⱵ♬►ⱶ  

 

 ▪ꜟⱵ♬►ⱶ ה JSCE ≤ ┬ 4 ⅜ 2015

3 ⌐ ↕╣√ ⇔⅛⇔ ↓─ ≢│ →╩ ↑╢ ⌐ ⇔≡∕─ ⅜ ∞

↕╣≡™⌂™  

 ↓─ ⌂ ≢ │ →╩ ↑╢▪ꜟⱵ♬►ⱶ ─ ╩ ╠⅛⌐∆╢

↓≤╩ ≤∆╢ √∞⇔ - 1.1 ≤ 1.2 ⌐ ∆ ─ → ─ ╩ ⅎ╢

≤⇔≡ ≢│ ╩ ≤∆╢  

  

MIG  
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 ∆╢▪ꜟⱵ♬►ⱶ  

 

⅜ ™ A6061-T6─ I ─ ╩ ≤⇔≡ ∆╢↓≤⅜≢⅝╢

⅜ ↄ⌂╢≤ - 1.2 ⌐ ∆╟℮⌐ ─ ╩ ⌐╟╡ ⅝ ╦∑

∆╢ ⅜№╢ A6061-T6│ ≢№╢√╘ ╩ ∆≤

⅛╠ ≢ 25mm─ ≢ ⅜ ∆╢ 5) ∕↓≢ - 2. 1⌐ ∆╟℮⌐

≢ ⅎ╠╣╢ ╩↓─ ─ ↕⌐ ⅎ╢↓≤⌐╟╡ 0.2% ⌐ ⇔≡ ↓─ ─

│ ─ ≤ ∂⌐⌂╢ 4)  

      tt
j

j

2.0

2.0

s

s
=          (2.1) 

↓↓⌐ jt   ─  

2.0s   ─ 0.2%  

2.0js  ─ 0.2%  

t   ─  

(2.1)⌐╟∫≡ ↕╣√ ╩ ∆╢ ─ → │ ─ ─∕╣╟╡ ↄ⌂

╢ ⇔√⅜∫≡ A6061-T6⌐ ⇔≡│ ─╖╩ ∆╢  

⅜ ™ A5083-O─ I ─ ╩ ≤⇔≡ ∆╢↓≤⅜≢⅝╢

⅜ ⅜ ↄ⌂╢≤ - 1.1 ⌐ ∆╟℮⌐ A5083-O─►▼Ⱪ╩ⱨꜝfi☺⌐ MIG

⌐╟╢ ≢ ∆╢↓≤⌐╟╡ ⅜ ↕╣╢ ⇔√⅜∫≡ A5083-O ⌐ ⇔≡│

≤ ╩ ∆╢  

 

 

- 2. 1 ⌐ ↕╣√   
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 ─  

 

⌐ ∆╟℮⌐ →╩ ↑╢ ─ ♩ⱷfiכ⸗→ uM │ ⱨꜝfi☺⌐╟∫≡ ⅎ

╠╣╢ ≡∫╟⌐ⱷfi♩≤►▼Ⱪכ⸗→ ⅎ╠╣╢ ─♩ⱷfiכ⸗→ ≤⇔≡

ⅎ╠╣╢≤ ∆╢  

wufuu MMM +=         (3.1) 

↓↓⌐ uM  ─  ♩ⱷfiכ⸗→

fuM  ⱨꜝfi☺⌐╟∫≡ ⅎ╠╣╢  ♩ⱷfiכ⸗→

wuM  ►▼Ⱪ⌐╟∫≡ ⅎ╠╣╢    ♩ⱷfiכ⸗→

─ ─ - 3.1 ╩ ⇔≡ ⱨꜝfi☺⌐╟∫≡ ⅎ╠╣╢ ⱷfiכ⸗→

♩│ ≢ ⅎ╠╣╢  

( )ffuwfu AbM s=         (3.2) 

↓↓⌐ fA  ⱨꜝfi☺─  

wb  ►▼Ⱪ─  

fus  ╩ ↑╢ⱨꜝfi☺─  

(3.2)⌐⅔™≡│ ⱨꜝfi☺─ ft ⅜►▼Ⱪ─ wb ≤ ⇔≡ ⌐ ↕™↓≤⅜

↕╣≡™╢  

 

- 3.1 I ─  

 

►▼Ⱪ⌐╟∫≡ ⅎ╠╣╢ │♩ⱷfiכ⸗→ ≢ ⅎ╠╣╢  

wuwwwu
ww

wu bA
bt

M ss
6

1

6

2

==       (3.3) 

↓↓⌐ wA  ►▼Ⱪ─  

wt ►▼Ⱪ─  
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wus ►▼Ⱪ─ ╩ ≤⇔√►▼Ⱪ─  

 (3.2)≤(3.3)╩ (3.1)⌐ ⇔≡ ─ ⅜♩ⱷfiכ⸗→ ≢ ⅎ╠╣╢  

       ö
÷

õ
æ
ç

å
+= wuwfufwu AAbM ss

6

1
       (3.4) 

 ─ ─ ─ │♩ⱷfiכ⸗  
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≢ ↕╣ ∕─ W│ ≢ ↕╣╢  

       ö
÷
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å
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+
=
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2
w

fw
fw

A
Ab

tb

I
W       (3.6) 

(3.6)╩ ™≡ ─ ♩ⱷfiכ⸗→ YM │ ≢ ⅎ╠╣╢  
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å
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6
2.02.0

w
fwY

A
AbWM ss        (3.7) 

↓↓⌐ 2.0s ▪ꜟⱵ♬►ⱶ ─ 0.2%  

(3.4)╩ (3.7)≢ ∆↓≤⌐╟╡ ≢♩ⱷfiכ⸗→ ↕╣√ ─ →

⅜♩ⱷfiכ⸗ ≢ ⅎ╠╣╢  
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s

s

ss

      (3.8) 

ⱨꜝfi☺─ fus │▪ꜟⱵ♬►ⱶ ─ 0.2 2.0s ╟╡ ↕™ ⇔√⅜∫

≡ (3.8)─ fuwu ss ─ fus ╩ 2.0s ⌐ ⅝ ⅎ╢↓≤⌐╟∫≡ Yu MM ╩ ╘⌐ ∆╢

≤⇔≡ ╩ ╢  
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M
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      (3.9) 

→╩ ↑╢ ─ ⅜ ≢ ⅎ╠╣≡™╢ 6)  
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î
î
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î
î
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ì
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w

w

t

b

E
R 2.0

2

9.23

)1(121 sm

p

-
=         (3.11) 

↓↓⌐ wus    ╩ ≤⇔√ ─  

0R 2R m   

m   ⱳ▪♁fi = 0.3  

E    ꜘfi◓ = 70 GPa  

0R 2R m ─ ╩ - 3.1 ⌐ ∆ - 3.1 ⌐ ∆ │ ⌐ ∆╢╙─≢№╢

A5083-O─ ─ → │ ─∕╣≤ ∂≢№╢ B ─

1R │ 2.0sswu ⅜ 1⌐⌂╢≤⅝─R─ ≢№╡ (3.10)─ ─ ╟╡ ⅎ╠╣╢ 0R 1R

2R ─ ⌐│ ─ ⅜№╢  

            012 4.04.1 RRR -=         (3.12) 

 

- 3.1  2.0s 0R 1R 2R m─  

▪ꜟⱵ♬►ⱶ  2.0s (MPa) R0 R1 R2 m 

A6061-T6 245 0.34 0.94 1.18 0.69 

A5083-O 125 0.27 0.82 1.04 0.67 

 

(3.12)╩ (3.10)─ ─ ⌐ ⇔≡ ╩ ╢   
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          (3.13) 

(3.11)╩ (3.13)⌐ ⇔≡ ╩ ╢  
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↓↓≢ 0b 1b 2b 3b│ ∕╣∙╣ ≢ ⅎ╠╣╢  
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      1

2.0
21
)1(12

9.23
R

E

sm
pb

-
=         (3.16) 

      012 4.04.1 bbb -=           (3.17) 

       
2.0

23
)1(12

9.23
2

sm
pb

E
=         (3.18) 

0b 1b 2b 3b m─ ╩ - 3.2 ⌐ ∆  

 

- 3.2  2.0s 0b 1b 2b 3b m─  

▪ꜟⱵ♬►ⱶ  2.0s (MPa) ɓ0 ɓ1 ɓ2 ɓ3 m 

A6061-T6 245 26.7 73.8 92.6 157.1 0.69 

A5083-O 125 29.4 89.5 113.5 218.2 0.67 

  

(3.14)≢ ⅎ╠╣╢ →╩ ↑╢ ─ ⅜ ─►▼Ⱪ⌐ ≢⅝

╢≤ ⇔≡ ↓╣╩ (3.9)⌐ ⇔≡ ─ ⅜♩ⱷfiכ⸗→ ≢ ⅎ╠╣╢  
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 ╩ ↑╢ⱨꜝfi☺─  

 

4.1  FEM⌐╟╢  

 

- 4.1 ⌐ ∆╟℮⌐ ≢ ↕╣╢ ⱨꜝfi☺≤►▼Ⱪ⅜ ∆╢ ≢

─ ⅜ ↕╣√ ⅜ fB ≢ ↕⅜ ft ─ⱨꜝfi☺⅜ ╩ ↑≡ ⌐

∆╢ ⌐ ∆╢ ╩ ╘╢  

ⱨꜝfi☺─ ╩ ╦⌂™─≢ ⱨꜝfi☺─ ≤ │ 5.1 ≢ ═╢╟℮⌐

╩ ↑╢ ⅜ 0.2% ╩ ∆╢ ─ ╩ √∆╙─≤∆╢ ↓─

─ │ A6061-T6≤ A5083-O⌐ ⇔≡ ∕╣∙╣ 6.28≤ 5.82≢№╢ - 5. 2

⇔√⅜∫≡ A6061-T6⌐ ⇔≡ fB =200mm ft =15.91mm A5083-O⌐ ⇔≡ fB =200mm

ft =17.19mm╩ ∆╢  

           

 

- 4.1  ╩ ↑╢ⱨꜝfi☺ 

 

▪ꜟⱵ♬►ⱶ ─ └∏╖ │ ⌐ ∆ Ramberg̈́ Osgood
5)⌐╟∫≡

ⅎ╠╣╢  

î
í

î
ì

ë

=

ö
ö
÷

õ
æ
æ
ç

å
+=

2.0

2.0

002.0

ss

s

ss
e

n

E   

( )

( )2.0

2.0

ss

ss

>

¢

     (4.1) 

↓↓⌐ s≤e ∕╣∙╣ ≤└∏╖ 

  E   ꜘfi◓ =70 GPa  

  n   └∏╖ Ɽꜝⱷכ♃ 

▪ꜟⱵ♬►ⱶ ─ 0.2% 2.0s ≤└∏╖ Ɽꜝⱷכ♃ n─ ╩ - 4.1 ⌐ ∆ 5)

0.2% ⌐ ⇔≡ JSCE
4)≢ ↕╣≡™╢ ╩ ™╢ └∏╖ Ɽꜝⱷכ♃n─

│ ─ ⌐ ╩ ∆↓≤⌐╟∫≡ ╠╣√ 5%⌐

∆╢ ≢№╢ 5)    
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- 4.1  0.2 ≤└∏╖ Ɽꜝⱷכ♃─  

▪ꜟⱵ♬►ⱶ  2.0s (MPa) n  

A6061-T6 245 29.1 

A5083-O 125 5.3 

 

 
- 4. 2  

 

- 4.2   

   

x  y  z  y ╡ z ╡ 

AC Ί  Ί Ί Ί 

BE Ί  Ί Ί Ί 

DF  Ί Ί   

B  Ί  Ί Ί 

 

╩ ↑╢ⱨꜝfi☺─ ╩ ⱪ꜡◓ꜝⱶ MARC
7)╩

™≡ ℮ ─ ⅛╠ ⱨꜝfi☺─ ─ ╩ - 4.2 ⌐ ∆╟℮⌐

∆╢   

╩ - 4.2 ⌐ ∆ AC≤ BE─ y ─ ╩ ⇔ DF⌐ ─

╩ ⅎ╢ AC⌐ ╩ ↑ B─ z ─ ╩ ∆╢ ↕╠⌐ B

╩ x ⌐ ↕∑╢↓≤⌐╟∫≡ ⱨꜝfi☺⌐ ╩ ⅎ╢ ≤⇔≡

⌐ ⇔≡ 8 ◦▼ꜟ ( MARC⌐⅔↑╢ 22 ⌐ ⇔≡ 3

MARC ⌐⅔↑╢ 52 ╩ ∆╢ 3 ─ ┘ ≤⌡∂╡

╩♀꜡ → ⌐ ⅝⌂ ╩ ∆╢↓≤⌐╟╡ ╩ ∆╢ ⱨꜝfi☺─ 8

◦▼ꜟ ─ ≤ 3 ─ ╩ ↕∑╢ ↕╠⌐ B ─ ─ ≤

AC ─ ╩♃▬▬fi◓⇔ B─ y ╡─ ≤ AC ─ ─ y ╡─

⅜ ∂⌐⌂╢╟℮⌐∆╢  

- 4. 3 ╩ ⇔≡ ⌐ ⇔≡ ≢ ⅎ╠╣╢◘▬fi ─ √╦╖╩

∆╢  
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ö
÷

õ
æ
ç

å
=

l

xl
w

p
sin

1000
0

            (4.2) 

(4.2)─ √╦╖ 1000l │ JSCE
4)≢ ↕╣╢ ⌐ ↕╣╢

─ √╦╖≢№╢  

 

 

- 4.3  √╦╖ 

 

≤ ─ ─ ╩ - 4.4 ⌐ ∆ ↓╣│ ▪ꜟⱵ♬►ⱶ

A6061-T6 ⌐ ⇔≡ ∆╢ Ɽꜝⱷכ♃ fl⅜ 1 ─ⱨꜝfi☺╩ ⌐ 4 8 16

⌐ ⇔≡ ╠╣╢ ≢№╢ fus │ FEM ⌐⅔™≡ ⅜ ⇔⌂ↄ⌂∫√≤

⅝ ⅜ ⅎ╠╣≡™╢ DF⌐ ∂╢ x ╩ ≢ ∫≡ ╠╣╢ ≢

№╢ 4 ≢ ⌂ ⅜ ╠╣╢⅜ ≢│ⱨꜝfi☺ ╩ 8 ∆╢ ↕

─ │ ⱨꜝfi☺─ ↕⌐ ⇔≡ 1 ─ z ─ ↕⌐ ∆╢ x

─ ↕⅜ 0.9⅛╠ 1.1─ ⌐⌂╢╟℮⌐∆╢  

 

 

 

- 4. 4 ≤ ─ ─   

0

0.2

0.4

0.6

0.8

1

0 168

ůfu/ů0.2

4

z 
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4.2  ⱨꜝfi☺─  

 

╩ ↑╢ⱨꜝfi☺─ Ɽꜝⱷכ♃│ ≢ ⅎ╠╣╢  

r

l

E
f

2.01 s

p
l =                 (4.3) 

↓↓⌐ fl  ╩ ↑╢ⱨꜝfi☺─ Ɽꜝⱷכ♃ 

l  ⱨꜝfi☺─ ↕ 

r│ⱨꜝfi☺ ─ ╡⌐ ∆╢ ≢№╡ ≢ ⅎ╠╣╢  

32

)12( 3
f

ff

ff B

tB

tB
r ==               (4.4) 

(4.4)╩ (4.3)⌐ ⇔≡ ⱨꜝfi☺─ Ɽꜝⱷכ♃⅜ ≢ ⅎ╠╣╢  

f

f
B

l

E

2.032 s

p
l =            (4.5) 

 ⱨꜝfi☺─ ffu lss -2.0/ ╩ - 4. 5⌐ ∆ ⌐ ⇔≡ 4 ╩ ⇔ 2

╩ ∆╢↓≤⌐╟∫≡ ╩ ╢   

îí

î
ì
ë

++++
=

4
4

3
3

2
2102.0

1

ffff

fu

aaaaa lllls

s
      (4.6) 

↓↓⌐ 1ɚ 0a 1a 2a 3a 4a - 4.3 ⌐ ∆  

FEM ─ ╩♃כ♦ C⌐ ∆  

 

 

( a) A6061- T6 

ůfu/ů0.2

0

0.2

0.4

0.6

0.8

1

1.2

0 0.5 1 1.5 2

Euler

ɚ

)( 1ll ¢f

)2( 1 ¢¢ fll
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( b) A5083- O 

- 4. 5 ffu lss -2.0/  

 

- 4.3  2.0s 1ɚ, 0a , 1a , 2a , 3a , 4a ─  

▪ꜟⱵ♬►ⱶ  2.0s

(MPa) 
1ɚ 0a  1a  2a  3a  4a  

A6061-T6 245 0.13 1.01 -0.03 -0.30 -0.04 0.05 

A5083-O 125 0.09 1.00 0.10 -1.13 0.72 -0.14 

 

  

ůfu/ů0.2

0

0.2

0.4

0.6

0.8

1

1.2

0 0.5 1 1.5 2

Euler

ɚ
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5  →╩ ↑╢ ─  

 

5.1 FEM⌐╟╢   

 

(3.19)⅜ ⅎ╢ ─ ≤ ⌐╟∫≡ ╠╣╢ ─ ≤╩

∆╢↓≤⌐╟╡ ─ ╩ ∆  

 - 5. 1 ╩ ⇔≡ ⱨꜝfi☺─ ⌐ ⇔≡ ≢ ⅎ╠╣╢ √╦╖╩

∆╢  

ö
÷

õ
æ
ç

å
=

l

xl
w

p
sin

1000
0

        (5.1) 

(5.1)─ 1000l │ JSCE
4)≢ ↕╣╢ ⌐ ↕╣╢ √╦╖≢№

╢  

►▼Ⱪ⌐ ⇔≡ ≢ ⅎ╠╣╢ √╦╖╩ ∆╢        

     ö
÷

õ
æ
ç

å
+
ö
ö

÷

õ

æ
æ

ç

å

+
ö
÷

õ
æ
ç

å
=

l

xl

tb

y

a

xb
w

fw

w ppp
sin

1000
sinsin

250
0      (5.2) 

↓↓⌐ nla= n│  

(5.2)─ 250wb │ JSCE 4≢ ↕╣╢ ►▼Ⱪ⌐ ↕╣╢ √╦╖≢№╢

→╩ ↑╢ ─ ⅜ ╙ ↄ⌂╢ ╩ ⇔≡ a │ 0.4bw

⅛╠ 0.6bw─ ⌐⌂╢╟℮⌐ ∆╢ 6 √∞⇔ wbl 4.0< ─ la= ≤∆╢ - 5. 1

╩ ⇔≡ ►▼Ⱪ─ √╦╖ │ ─ ⌐ ⇔≡ ≤ ≤⌂╢ ⅜

∆╢ ►▼Ⱪ─ √╦╖ ⅜ ≤⌂╢ ─ ↕─ ⌐ ─

╩ ↑╢↓≤⌐╟╡ ─ ╩ ∆╢ ►▼Ⱪ─ √╦╖ ⅜ ─

─ ╩ ∆╢  

   

  

(a)  
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(b)  

- 5. 1 ⱨꜝfi☺≤►▼Ⱪ─ √╦╖ 

 

 ⱨꜝfi☺≤►▼Ⱪ⅜MIG ⌐╟╢ ⌐╟∫≡ ↕╣√ A5083-O─ I ─

─ ⱨꜝfi☺≤►▼Ⱪ⌐ ∂╢ │ ╠⅛♩כꜟ─ 25mm╕≢

⅜ ⌂ 25mm⅛╠ ╣√ ⅜ ⌂ ≤⌂╢ ≢ ↕

╣ ─ ⅝↕│ ─ 0.2% ⌐ ™↓≤⅜ ╠⅛⌐↕╣≡™╢ 8) ⇔⅛⇔

FEM ≢│ ◦▼ꜟ ╩ ™≡™╢√╘ ─ ╩ ∆╢↓≤⅜≢⅝⌂™ ⇔

√⅜∫≡ - 5.2 ⌐ ∆╟℮⌐ ─ ≢ ⌐ ⇔≡ ─ ─

╩ ∆╢  

 

 

- 5.2  
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 →╩ ↑╢ I ─ ─ ╩ MARC
7)╩ ™≡ ℮ (4.1)≢ ⅎ

╠╣╢ Ί└∏╖ ╩ ∆╢ A5083-O ─ │ ⌐╟∫≡ ⅜ ⇔⌂

™─≢ ≤ ∂ Ί└∏╖ ╩ ∆╢  

√╦╖ ⅜ ≤⌂╢ ∆⌂╦∟Ɫכⱨ⸗♦ꜟ⌐ ∆╢ ≤

╩∕╣∙╣ - 5. 3 - 5. 1(a)⌐ ∆ M ╩ ≤⇔≡ 0=x ─►▼Ⱪ─ BH╩ z

╡⌐ ↕∑╢↓≤⌐╟╡ ⌐ → ╩ ⅎ╢ √∞⇔ M ─ x ─

│ ⇔⌂™ ↓╣╩ ↕∑╢√╘⌐ BH AC GI⌐ ╩ ╡ ↑ ►

▼Ⱪ≤ⱨꜝfi☺─ ─ ≤ ─ ╩ ↕∑╢ ≤⇔≡ ⌐ ⇔≡ 8

◦▼ꜟ MARC ⌐⅔↑╢ 22 ⌐ ⇔≡ 3 MARC

⌐⅔↑╢ 52 ╩ ∆╢ 3 ─ ┘ ≤⌡∂╡ ╩♀꜡

→ ⌐ ⅝⌂ ╩ ∆╢↓≤⌐╟╡ ╩ ∆╢ ↕╠⌐ M ≤ BH ─

─ z ╡─ ╩♃▬▬fi◓⇔ M ≤ BH ─ ─ z ╡─

⅜ ∂⌐⌂╢╟℮⌐∆╢ AC≤ GI│ y ╡⌐ ⌐ ≢⅝╢   

√╦╖⅜ ≤⌂╢ ∆⌂╦∟ⱨꜟ⸗♦ꜟ⌐ ∆╢ ╩ - 5. 1(b)⌐

∆ ⇔√ ╩ ─ ⌐ ╡ ↑ ⅛╠ → ╩ ⅎ╢  

  

 

- 5. 3 Ɫכⱨ⸗♦ꜟ  
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- 5.1  

(a)  Ɫכⱨ⸗♦ꜟ 

   

x  y  z  y ╡ z ╡ 

M Ί Ί Ί Ί  

H Ί   Ί Ί 

C Ί Ί  Ί Ί 

EK 

DF 

JL 

 Ί Ί   

 

(b)  ⱨꜟ⸗♦ꜟ 

   

x  y  z  y ╡ z ╡ 

M Ί Ί Ί Ί  

N Ί Ί Ί Ί  

H 

K 
Ί   Ί Ί 

C 

F 
Ί Ί  Ί Ί 

 

 ⱨꜝfi☺─ │ 4.1 ≢ ═√╟℮⌐ ⱨꜝfi☺─ ╩ 8 ≤⇔ x

─ │ ─ ↕⌐ ⇔≡ 1 ─ z ─ ↕⌐ ∆╢ x ─

↕⅜ 0.9⅛╠ 1.1─ ⌐⌂╢╟℮⌐∆╢ ►▼Ⱪ─ │ ↕ ⌐ 16 ≤

⇔ 1 ─ x ─ ↕⌐ ∆╢ y ─ ↕⅜ 0.9⅛╠ 1.1─ ⌐⌂╢╟℮⌐∆

╢ D ⌐ ⇔≡│ 1 ─ ╩ 25mm≤∆╣┌ ⌂ ⅜ ╠╣╢

↓≤⅜ ╠⅛⌐↕╣≡™╢ 6) ⇔√⅜∫≡ ⱨꜝfi☺─ ─ │50mm≢№╢√╘

2 ≢ ∆╢ ►▼Ⱪ─ ─ ─ │ 25mm≢№╢√╘ 1 ≢ ∆╢  

ⱨꜝfi☺─ ╩ ╦⌂™─≢ ⱨꜝfi☺─ ╩ ─╟℮⌐ ╘╢  

ⱨꜝfi☺─ ╩ ≤╖⌂∆≤ ─▪ꜟⱵ♬►ⱶ ⅜ 2.0ů ╩ ∆

╢ ─ ⅜ ≢ ⅎ╠╣╢  

1

2.0
21
)1(12

425.0
ff R

ů

E

ɛ
ˊɓ

-
=         (5.3) 

↓↓⌐ 1fɓ ─▪ꜟⱵ♬►ⱶ ⅜ 2.0ů ╩ ∆╢ ─  

1fR ─▪ꜟⱵ♬►ⱶ ⅜ 2.0ů ╩ ∆╢ ─ Ɽꜝⱷכ♃ 
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2.0s 1fR 1fɓ ─ ╩ - 5. 2 ⌐ ∆ 1fR ─ │ 9)⌐ ⅎ╠╣≡™╢ ⇔√⅜∫≡

─ⱨꜝfi☺─ 0fɓ ⌐ ⇔≡ A6061-T6≤ A5083-O⌐ ⇔≡∕╣∙╣ 6≤ 5╩

∆╢ 1fɓ ╟╡ ↕⌂ ╩ ⇔√↓≤⌐ ⌂ │⌂™  

 ww tb ─ ─ ╩ √∆ wt ≤ wb ─ ╩ ╘ ►▼Ⱪ─ wA ╩ ╘╢   

ⱨꜝfi☺─ │ ≢ ⅎ╠╣╢  

fwff ttbA )2( +=         (5.4) 

f
b │ ≢ ⅎ╠╣╢  

         fff tɓb 0=         (5.5) 

↓╣╩ (5.4)⌐ ⇔≡ ╩ ╢  

        02 2
0 =-+ ffwff Atttɓ        (5.6) 

fw AA ─ ─ ⌐ ∆╢ fA ─ ╩ (5.6)⌐ ⇔≡ ft ⅜ ⅛╣╢   

 

 

- 5. 2 2.0ů 1fɓ 1fR ─  

▪ꜟⱵ♬►ⱶ  2.0ů (MPa)  1fR  1fɓ  

A6061-T6 245 0.6 6.28 

A5083-O 125 0.4 5.82 
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5.2 A6061-T6 ─ →  

 

 ⱨꜝfi☺⅜ ⌐ ⇔⌂™ 0.12.0 =ssfu ⌐⌂╢─≢ (3.19)│ ⌐⌂╢  

w

Y

u g
M

M
=          (5.7)  

(5.7)≤ ─ ╩ - 5. 4⌐ ∆ │ 1.0=fl ≤⇔≡ 1=fw AA 2

3 4─ ⌐ ⇔≡ ww tb =15 45 72 90 120 150⌐ ∆╢ ≢№╢ ─

≤ ─ ╣∙╣⧵╩♃כ♦ - E.1 F⌐ ∆ ─ uM │ FEM

⌐⅔™≡ ⌐ ╩ ⅎ√ ─ ⅜ ⇔⌂ↄ⌂∫√≤⅝─ ⱷכ⸗→

fi♩─ ≢№╢ ↕╠⌐ ─ uM ╩ ∆╢ ⌐ ↕╣╢ ♩ⱷfiכ⸗ YM

⌐ ╕╣╢ W│ ⌐╟∫≡ ↕╣≡™╢  

2

2

212
2

12

233

fw

fw

ff

ffww

tb

tb
Bt

tBbt

W
+

îý

î
ü

û

îí

î
ì

ë

ö
ö
÷

õ
æ
æ
ç

å +
++

=          (5.8) 

- 5. 4⅛╠╦⅛╢╟℮⌐ │ ─ ™ ╩ ⇔≡™╢ ↓╣│

⅜ (3.9)⌐╟∫≡ ⌐ ↕╣≡™╢↓≤ ⅔╟┘►▼Ⱪ⅜ ⱨꜝfi☺⌐╟∫

≡№╢ ─ ╩ ↑≡™╢↓≤⌐ ⇔≡™╢≤ ⅎ╠╣╢  
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(a) 1=fw AA  

 

 

(b) 2=fw AA  
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(c) 3=fw AA  

 

 

(d) 4=fw AA  

- 5.4 (5.7) ≤ ─   

0
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(3.19)│ ⌐ ≢⅝╢  

2.0s

sfu

Yw

u

Mg

M
=         (5.9) 

ⱨꜝfi☺⌐ ─ ╩ ∆ ⌐ ⇔≡ (5.9)≤ ─ ╩ - 5.5

⌐ ∆ │ - 5.4 ─ ww tb =15 45 72 90 120 150─ ⌐ ⇔≡ fl╩ ↕

∑≡ ↕╣√ uM ╩ wg YM ≢ ↕╣√ ≢№╢ ─ ╩♃כ♦ F⌐

∆  

 1=fw AA ⌐ ⇔≡ │ ╟╡ ⌐ ⇔≡™╢ ⇔⅛⇔ fw AA ⅜ ⅝ↄ

⌂╢⌐ ∫≡ │ ⇔ ⅜ ╩ ╢╟℮⌐⌂╢ ∕↓≢ K

╩ (4.5)⌐ ⇔≡ fl╩ ⌐ ∆╢  

        
f

f
B

l

E
K 2.032 s

p
l =        (5.10) 

⌐⅔™≡ ∆═≡─ ⅜ ╟╡ ⌐ ∆╢ ─ ╩

K⌐ ∆╢ ↓─ ⌐⇔≡ ╘╠╣√ K ─ ╩ - 5. 3 ⌐ ∆ K ≤

fw AA ─ ╩ - 5. 6⌐ ∆ ─ │ ≢ ↕╣╢  

î
î
î

í

î
î
î

ì

ë

+

=

f

w

A

A

K

13.087.0

1

  

ö
ö

÷

õ

æ
æ

ç

å
¢¢

ö
ö

÷

õ

æ
æ

ç

å
¢

41

1

f

w

f

w

A

A

A

A

     (5.11) 

 

- 5. 3 K─  

fw AA  K  

1 1 

2 1.15 

3 1.25 

4 1.38 
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(a) 1=fw AA  

 

 

(b) 2=fw AA  
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(c) 3=fw AA  

 

 

(d) 4=fw AA  

- 5.5 (5.9) ≤ ─   
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- 5. 6 K≤ fw AA ─  

 

(5.9)≤ (5.10)⌐╟∫≡ⱪ꜡♇♩↕╣√ ─ ╩ - 5.7 ⌐ ∆

│ ╟╡ ™ ⌐ ⇔≡™╢ - 5.7 ─ ╩ ≈⌐╕≤╘√ ╩ - K.1 ⌐

∆  

 

 

 
(a) 2=fw AA  
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(b) 3=fw AA  

 

 

(c) 4=fw AA  

- 5. 7 (5.9) ≤ ( 5.10)⌐╟∫≡ⱪ꜡♇♩↕╣√ ─   
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5.3 A5083- O ─ →  

 

5.3.1   

ⱨꜝfi☺⅜ ⌐ ⇔⌂™ ⌐ ⇔≡ (5.7)≤ ─ ╩ - 5. 8

⌐ ∆ │ 08.0=fl ≢ 1=fw AA 2 3 4 ─ ⌐ ⇔≡ ww tb =15 45 90

108 150 180 210 ⌐ ∆╢ ≢№╢ ─ ≤ ─ ╣∙╣⧵╩♃כ♦

- E.2 G⌐ ∆ - 5.8 ⅛╠╦⅛╢╟℮⌐ │ ─ ™ ╩

⇔≡™╢ ↓╣│ A6061-T6 ─ ≤ ⅜ (3.9)⌐╟∫≡ ⌐

↕╣≡™╢↓≤ ⅔╟┘►▼Ⱪ⅜ ⱨꜝfi☺⌐╟∫≡№╢ ─ ╩ ↑≡™╢

↓≤⌐ ⇔≡™╢≤ ⅎ╠╣╢  

ⱨꜝfi☺⌐ ─ ╩ ∆ ⌐ ⇔≡ (5.9)≤ ─ ╩ - 5. 9

⌐ ∆ │ - 5. 8─ ww tb =15 45 90 108 150 180 210─ ⌐ ⇔≡ fl╩

↕∑≡ ↕╣√ uM ╩ wg YM ≢ ↕╣√ ≢№╢ ─ ╩♃כ♦

G⌐ ∆  

 1=fw AA ⌐ ⇔≡ │ ╟╡ ⌐ ⇔≡™╢ ⇔⅛⇔ fw AA ⅜ ⅝ↄ

⌂╢⌐ ∫≡ │ ⇔ ⅜ ╩ ╢╟℮⌐⌂╢  
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(a) 1=fw AA  

 

 

(b) 2=fw AA  
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(c) 3=fw AA  

 

(d) 4=fw AA  

- 5.8 (5.7) ≤ ─  
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(a) 1=fw AA  

 

 

(b) 2=fw AA  
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(c) 3=fw AA  

 

 

(d) 4=fw AA  

- 5.9 (5.9) ≤ ─  

 

 

0

0.2

0.4

0.6

0.8

1

1.2

0 0.5 1 1.5 2

ů/ů0.2

C115

C145

C190

C1108

C1150

C1180

C1210000

ɚf

Mu/(gwMY)

bw/tw=15

bw/tw=45

bw/tw=90

bw/tw=108

bw/tw=150

bw/tw=180

bw/tw=210

ůfu/ů0.2

0

0.2

0.4

0.6

0.8

1

1.2

0 0.5 1 1.5 2

ů/ů0.2

C115

C145

C190

C1108

C1150

C1180

C1210000

ɚf

Mu/(gwMY)

bw/tw=15

bw/tw=45

bw/tw=90

bw/tw=108

bw/tw=150

bw/tw=180

bw/tw=210

ůfu/ů0.2



30 

 

A6061-T6 ─ ≤ ⌐⅔™≡ ∆═≡─ ⅜ ╟╡

⌐ ∆╢ ─ ╩ (5.10)─ K⌐ ∆╢ ↓─ ⌐⇔≡ ╘╠╣√ K─ ╩

- 5. 4 ⌐ ∆ K≤ fw AA ─ ╩ - 5. 10 ⌐ ∆ ─ │ ≢

↕╣╢  

î
î
î

í

î
î
î

ì

ë

+

=

f

w

A

A

K

09.091.0

1

  

ö
ö

÷

õ

æ
æ

ç

å
¢¢

ö
ö

÷

õ

æ
æ

ç

å
¢

41

1
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w
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A
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A

     (5.12) 

 

- 5. 4 K─  

fw AA  K 

1 1 

2 1.08 

3 1.18 

4 1.28 

 

 
- 5. 10 K≤ fw AA ─  

 

 (5.9)≤ (5.10)⌐╟∫≡ⱪ꜡♇♩↕╣√ ─ ╩ - 5.11 ⌐ ∆

│ ╟╡ ™ ⌐ ⇔≡™╢ - 5.11 ─ ╩ ≈⌐╕≤╘√ ╩ - K.2

⌐ ∆  
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(a) 2=fw AA  

 

 

(b) 3=fw AA  
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(c) 4=fw AA  

- 5. 11 (5.9) ≤ ( 5.10)⌐╟∫≡ⱪ꜡♇♩↕╣√ ─   
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5.3.2   

ⱨꜝfi☺⅜ ⌐ ⇔⌂™ ⌐ ⇔≡ (5.7)≤ ─ ╩ - 5. 12

∆ 08.0=fl ⌐ ⇔≡ ⅜ ╦╣≡™╢ fl│ (5.12)⅜ ↕╣√ (5.10)⌐╟∫

≡ ↕╣√ ≢№╢ FEM ≢│ - 5.2 ⌐ ∆ ⅜ ↕╣≡™╢ ─

≤ ─ ╣∙╣⧵╩♃כ♦ - E.3 H⌐ ∆ - 5. 12⅛╠╦⅛╢╟℮⌐

│ ─ ™ ╩ ⇔≡™╢ ⌐│ ─ ⅜

↕╣≡™⌂™─≢ ►▼Ⱪ⌐ ∆╢ │ ─ → ⌐ ⇔⌂™≤ ⅎ╢  

ⱨꜝfi☺⌐ ─ ╩ ∆ ⌐ ⇔≡ (5.9)≤ (5.12)⅜ ↕╣√

(5.10)╟∫≡ⱪ꜡♇♩↕╣√ ─ ╩ - 5.13 ⌐ ∆ - 5.13─ ╩ ≈⌐╕≤

╘√ ╩ - K.3⌐ ∆ ─ ╩♃כ♦ H⌐ ∆ ⅛╠ ⅛╢╟℮⌐

─ ╩ ╢ ⅜ ∆╢ ⇔√⅜∫≡ ⱨꜝfi☺⌐ ∆╢

⅜ ─ ╩ ↕∑╢ ↕╠⌐ ⌐ ∆ ─ │ - 5.5 ⌐ ∆

⅜ ↕╣√ (4.6)⅜ ⅎ╢ⱨꜝfi☺─ ≢№╢  

 

- 5. 5 1ɚ, 0a , 1a , 2a , 3a , 4a ─  

▪ꜟⱵ♬►ⱶ  1ɚ 0a  1a  2a  3a  4a  

A5083-O  0.09 1.00 0.10 -1.33 0.88 -0.17 
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(a) 1=fw AA  

 

(b) 2=fw AA  
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(c) 3=fw AA  

 

 

(d) 4=fw AA  

- 5.12 (5.7) ≤ ─  
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(a) 1=fw AA  

 

 

(b) 2=fw AA  
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(c) 3=fw AA  

 

 

(d) 4=fw AA  

- 5.13 (5.9) ≤ ( 5.12)⅜ ↕╣√ ( 5.10)⌐╟∫≡ⱪ꜡♇♩↕╣√ 

─  
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5.4 K─  

  

 K ─ ⌐≈™≡ ∆╢ ►▼Ⱪ⅜ ↄ≡ ⅜ ™ ⌐ ∆╢ⱨꜝfi☺─

│ - 5.14 ⌐ ∆ ⱨꜝfi☺≤►▼Ⱪ ─ 1/6⅛╠⌂╢ T ─ ─

≤⇔≡ ⅎ╠╣╢
10)
↓─ - 5.14 ─Ɫ♇♅fi◓⅜ ↕╣√ ─ ╡⌐ ∆

╢ ⅜ ≢ ⅎ╠╣╢  

ö
ö
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õ

æ
æ
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f
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34

           (5.13) 

(5.13)╩ (4.3)⌐ ⇔≡ ╩ ╢  

f

f
B

l

E
K 2.032 s

p
l =           (5.14) 

↓↓⌐        
f

w

A

A
K

6
1+=              (5.15) 

 (5.15)─ K│ - 5.14 ⌐⅔™≡Ɫ♇♅fi◓⅜ ↕╣√►▼Ⱪ─ ⌐ ∆╢

≢№╢ ⇔√⅜∫≡ ≢ ╠╣√ K │ ╩ ↑╢ⱨꜝfi☺─ ╩

∆╢ ⌐ ►▼Ⱪ╩ ⇔⌂⅛∫√↓≤⅜ ≢№╢≤ ⅎ╠╣╢  

 

 

- 5.14 ⱨꜝfi☺─ ⌐ ∆╢ T  

 

fw AAK- ⌐ ⇔≡ ≢ ╠╣√ (5.11)⅔╟┘ (5.12)≤ (5.15)─ ╩

- 5.15 ⌐ ∆ ↓╣╠─ │ ™∏╣╙ fw AA ⅜ ∆╢≤ K ╙ ∆╢ ╩ ∆⅜
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⇔⌂™ ↓╣│ (5.11)⅔╟┘ (5.12)⅜ ⅎ╢ fw AAK- │ ⌐ ∆╢╙─≢

№╡ (5.15)⅜ ⅎ╢ fw AAK- │ ⌐ ∆╢╙─≢№╢⅛╠≤ ⅎ╠╣╢  

 

 

- 5.15 fw AAK- ─  
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5.5 ─  

 

5.5.1  ↕╣√ A6061- T6  

↕╣√►▼Ⱪ╩ ∆╢A6061-T6 ─ → ─ ⌐ (5.9)⅜ ≢

⅝╢⅛ ⅛╩ ∆╢ │ ►▼Ⱪ─ ⅜ ↕╣√ ►

▼Ⱪ─ ⅛ ⅜ ↕╣√ ⅛ ≢№╢ ⅛ ─ │

►▼Ⱪ─ ⅛╠ 5wb ≤∆╢ - 5.16⌐ ∆ ╩►▼Ⱪ⌐ ∆╢  

 ▪ꜟⱵ♬►ⱶ ─ └∏╖ ⌐ ⇔≡ (4.1)╩ ™╢ A6061-T6 ─ ─

0.2% 2.0js ╩ 105MPa └∏╖ Ɽꜝⱷכ♃ jn ╩ 10≤∆╢ 5)  

 

 

( a)             ( b) ⅛  

- 5.16 ►▼Ⱪ⌐ ∆╢  

 

 (5.9)≤ ─ ╩ - 5. 17⌐ ∆ ≤ ─ ∙╣⧵╩♃כ♦

╣ - E.4 I ⌐ ∆ fl│ (5.11)⅜ ↕╣√ (5.10)⌐╟∫≡ ↕╣√ ≢№

╢ ╟╡ │ ─ ™ ╩ ∫≡™╢ ↕╣√►▼Ⱪ

╩ ∆╢ A6061-T6 ─ → ╩ (5.9)≢ ≢⅝╢↓≤⅜ ↕╣√  
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( a)  

 

 

( b) ﬞ  

- 5.17 (5.9) ≤ ─  
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5.5.2  A5083- O ⌐⅔↑╢►▼Ⱪ─ ─  

 5.3.2 ⌐⅔™≡ 08.0=fl ⌐ ⇔≡ ⅜ A5083-O ─ → ⌐ ⇔⌂™↓

≤⅜ ↕╣√ ≢│ fl─ ─ ⌐ ⇔≡╙►▼Ⱪ─ ⅜ ─ → ⌐

⇔⌂™↓≤╩ ∆╢ - 5. 2 ⌐ ∆ ⌐⅔™≡ ►▼Ⱪ─ ⅜№╡─

≤⌂™ ─ ─ ╩ - 5.18⌐ ∆ fl│ (5.12)⅜ ↕╣√ (5.10)⌐╟∫

≡ ↕╣√ ≢№╢ ─ ╩♃כ♦ J ⌐ ∆ ╟╡ ►▼Ⱪ─

⅜№╡─ ≤⌂™ ─ ⅜ ∂≢№╢ fl─ ─ ⌐ ⇔≡╙►▼Ⱪ─

⅜ ─ → ⌐ ⇔⌂™↓≤⅜ ↕╣√  

 

 

( a)  2=fw AA ww tb =47 
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(c)  3=fw AA ww tb =96.5 

 

 

(d)  3=fw AA ww tb =194.9 

- 5. 18 ►▼Ⱪ─ ─ ─  
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≢│ →╩ ↑╢▪ꜟⱵ♬►ⱶ ─ ╩ ⇔ ↓─ ⅜ ⅎ╢

─ ≤ ⌐╟∫≡ ╠╣√ ─ ╩ ⇔ ─ ╩

═√ →╩ ↑╢▪ꜟⱵ♬►ⱶ ─ ≤⇔≡ ╩ √  
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  wA       ►▼Ⱪ─  

  fA       ⱨꜝfi☺─  

  wb       ►▼Ⱪ─  

  wt       ►▼Ⱪ─  

  0b 1b 2b 3b m  6. ⌐ ∆  

  fɚ      Ɽꜝⱷכ♃ 

  1ɚ 0a 1a 2a 3a 4a  6.2 ⌐ ∆  

  l       ─ ↕ 

  fB       ⱨꜝfi☺─  

  E       ꜘfi◓  

  K        

  0k 1k      6.3 ⌐ ∆  

 

6.1 2.0s 0b 1b 2b 3b m─  

▪ꜟⱵ♬►ⱶ  2.0s (MPa) ɓ0 ɓ1 ɓ2 ɓ3 m 

A6061-T6 245 26.7 73.8 92.6 157.1 0.69 

A5083-O 125 29.4 89.5 113.5 218.2 0.67 

 

6.2 2.0s 1ɚ 0a 1a 2a 3a 4a ─  

▪ꜟⱵ♬►ⱶ  
2.0s

(MPa) 
1ɚ 0a  1a  2a  3a  4a  

A6061-T6 
 

 
245 0.13 1.01 -0.03 -0.30 -0.04 0.05 

A5083-O 
 

125 
0.09 1.00 0.10 -1.13 0.72 -0.14 

 0.09 1.00 0.10 -1.33 0.88 -0.17 

 

6.3  0k 1k ─  

 

 

 

 

─ │ ─ I ≢ A6061-T6⌐ ⇔≡│ ⅔╟┘►

▼Ⱪ⅜ ↕╣√ A5083-O ⌐ ⇔≡│ ⅔╟┘►▼Ⱪ≤ⱨꜝfi☺⅜

≢ ↕╣√ ⌐ ≢⅝╢  

▪ꜟⱵ♬►ⱶ  0k  1k  

A6061-T6 0.87 0.13 

A5083-O 0.91 0.09 
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 ↕╣√ A6061- T6 ─ →  

 

A.1  

 

↕╣√ A6061-T6 ─ ⅔╟┘∑╪ │ ─∕╣∙╣─

╟╡ ↄ⌂╢↓≤⅜ ↕╣≡™╢ 11),12) ⇔⅛⇔ →╩ ↑╢ ⌐ ⇔≡│ ∞

╠⅛⌐↕╣≡™⌂™ ∕↓≢ ≢│ ↕╣√ A6061-T6 ─ → ╩

╠⅛⌐∆╢  

- A.1⌐ ∆╟℮⌐ A6061-T6⌐ ⇔ ⅛ ╩ ≤

∆╢ ⅛ ─ c│ ↕ b─ ─ ╟╡ c=b/4─ ≤∆╢  

 

         

( a)   ( b) ⅛     

- A.1  

  

A.2 FEM⌐╟╢  

  

▪ꜟⱵ♬►ⱶ ─ └∏╖ ⌐ ⇔≡ (4.1)╩ ™╢ A6061-T6 ─ ─

0.2% 2.0js ╩ 105MPa └∏╖ Ɽꜝⱷכ♃ jn ─ ╩ 10≤∆╢ └∏╖ Ɽꜝⱷכ

♃─ │ ─ ⌐ ≠™≡ 5%⌐ ∆╢ ≢№╢ 5)   

 ≢ ⅎ╠╣╢ √╦╖╩ ∆╢  

ö
÷

õ
æ
ç

å
ö
÷

õ
æ
ç

å
=

b

y

a

xb
w

pp
sinsin

250
0        (A.1) 



48 

 

↓↓⌐  a →─ ─ ─ ↕ 

   b →─ ─ ─ ↕ 

(A.1)─ √╦╖ 250wb │ JSCE 4 ≢ ↕╣╢ ►▼Ⱪ─ ⌐

⇔≡™╢  

- A.2 ⌐ ∆ ╩ ∆╢ 5)  

 

 

( a)              ( b) ⅛  

- A.2  

 

→╩ ↑╢ 4 ↕╣√ ─ ╩

ⱪ꜡◓ꜝⱶ MARC
7)╩ ™≡ ⌂℮ ╩ - A.3 ⌐ ∆ ⅜ ╙ ↕ↄ⌂

╢ ╩ ⇔≡ 6)
a=400 b=800≤∆╢ ─ ╟╡ ─

⅜ ↕╣≡™╢ ─ │ 1 ─ ╩ 25mm≤∆╣┌ ⌂ ⅜

╠╣╢↓≤⅜ ╠⅛⌐↕╣≡™╢─≢ 6) ⅔╟┘ ⅛ ─

│ 2 ≢ ∆╢  

─ y ─ ╩ ∆╢ ─ ─ │ ≢№╢ (0, b/2)

─ ╩ ≤⇔≡ x = 0 ─ ╩ z ╡⌐ ↕∑╢↓≤⌐╟╡ ⌐

→╩ ⅎ╢ ↓╣╩ ↕∑╢√╘⌐ x = 0─ ⌐ ╩ ↑ ─ ─

≤ ─ ╩ ↕∑╢ ≤⇔≡ ⌐ ⇔≡ 8 ◦▼ꜟ MARC ⌐⅔

↑╢ 22 ⌐ ⇔≡ 3 MARC ⌐⅔↑╢ 52 ╩

∆╢ 3 ─ ┘ ≤⌡∂╡ ╩♀꜡ → ⌐ ⅝⌂ ╩ ∆╢↓

≤⌐╟╡ ╩ ∆╢ ↕╠⌐ (0, b/2)─ ≤ x = 0─ ─ ╩♃▬▬fi◓⇔

(0, b/2)─ ─ z ╡─ ≤ x = 0─ ─ ─ z ╡─ ⅜ ∂⌐⌂╢

╟℮⌐∆╢   
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- A. 3  

 

A.3 ≤ ─  

 

⌐ ∆╟℮⌐ FEM ≢ ╠╣╢ ♩ⱷfiכ⸗→ uM ╩ ─

W≢ ⇔≡ ╠╣╢ us ╩ ≤ ∆╢   

W

Mu
u =s        (A.2) 

↓↓⌐  us     

   uM   ♩ⱷfiכ⸗→  

   
6

2tb
W=  ─   

   b   ─   

   t   ─  

─ Ɽꜝⱷכ♃│ ≢ ↕╣╢  

t

b

E
R 2.0

2

9.23

)1(121 sm

p

-
=       (A.3) 

R  Ɽꜝⱷכ♃ 

m ⱳ▪♁fi = 0.3  

E  ꜘfi◓ = 70 GPa  

 →╩ ↑╢ ─ │ (3.13)≢ ⅎ╠╣ ─ ─ │ - 3.1 ⌐

ⅎ╠╣≡™╢  

(3.13)≤ ─ ╩ - A.4 ⌐ ∆ │ ─ ⌐ ∆╢

⇔√⅜∫≡ ↕╣√ A6061-T6 ─ → ╙ ─∕╣╟╡ ↄ⌂╢  
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- A.4 (3.13) ≤ ─   

0

0.2

0.4

0.6

0.8
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B ↕╣√ A5083- O ─ →  

 

B.1  

 

 - B.1⌐ ∆ ↕╣√ A5083-O ─ → │ ∞ ╠⅛⌐↕╣≡™⌂™─

≢ ≢│∕╣╩ ╠⅛⌐∆╢  

 

- B.1  

 

B.2 FEM⌐╟╢  

 

▪ꜟⱵ♬►ⱶ ─ └∏╖ ⌐ ⇔≡ (4.1)╩ ™╢ (A.1)≢ ⅎ╠╣╢

√╦╖≤ - B.2⌐ ∆ ╩ ∆╢ 5) ─ ⅝↕│ a=500mm b=1000mm

≤∆╢  

 

- B.2  
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B.3 ≤ ─  

  

us│ (A.2)≢ ↕╣ ─ Ɽꜝⱷכ♃│ (A.3)≢ ↕╣╢

→╩ ↑╢ ─ │ (3.13)≢ ⅎ╠╣ ─ ─ │ - 3.1 ⌐ ⅎ╠

╣≡™╢  

(3.13)≤ ─ ╩ - B. 3⌐ ∆ │ ─ ⌐№╢ ⇔√⅜

∫≡ ⌐ ∂╢ │ → ⌐ ⇔⌂™  

 

 

- B. 3 (3.1 3)≤ ─  

 

 

 

 

 

 

 

 

 

 

0

0.2

0.4

0.6

0.8
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C FEM ─ ♃כ♦ - 4.5  

 

fl  
2.0ssfu  

A6061-T6 A5083-O 

0.1 1 0.999 

0.2 0.99 0.986 

0.3 0.971 0.96 

0.4 0.948 0.911 

0.5 0.923 0.851 

0.6 0.894 0.787 

0.7 0.863 0.721 

0.8 0.825 0.657 

0.9 0.778 0.598 

1.0 0.718 0.544 

1.1 0.649 0.494 

1.2 0.578 0.449 

1.3 0.511 0.408 

1.4 0.452 0.369 

1.5 0.400 0.335 

1.6 0.357 0.304 

1.7 0.319 0.276 

1.8 0.287 0.252 

1.9 0.259 0.230 

2.0 0.235 0.210 
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D ─  

 

 ─ ≤ ─ ╩ - D.1 ⌐ ∆ ↓╣│ ▪ꜟⱵ♬►ⱶ ⅜

A6061-T6≢ a=400mm b=800mm t=10.18mm─ ─ ╩ ─ ⅜

≢ 2×8 4×16 8×32≢ ⇔≡ ╠╣╢ ≢№╢ ↓↓≢ 2×8─ 2≤ 8│

∕╣∙╣ ↕ ≤ ↕ ─ ≢№╢ ─►▼Ⱪ─ │ 4×16≢

≢№╢≤ ⅎ╢  

 

- D.1  ─ → ≤ ─  

 2.0ůůu  

2×8 0.9376 

4×16 0.9337 

8×32 0.9332 
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E ─  

 

- E.1  A6061- T6 

(a)  1=fw AA  

ww tb  wt (mm) wb (mm) ft (mm) fb (mm) 

15 10 150 10.7 64.6 

45 10 450 19.0 113.7 

72 10 720 24.1 144.5 

90 10 900 27.0 161.8 

120 10 1200 31.2 187.2 

150 10 1500 34.9 209.6 

 

(b)  2=fw AA  

ww tb  wt (mm) wb (mm) ft (mm) fb (mm) 

15 10 150 7.5 45 

45 10 450 13.3 80.0 

72 10 720 16.9 101.5 

90 10 900 19.0 113.7 

120 10 1200 21.9 131.7 

150 10 1500 24.6 147.5 

 

(c)  3=fw AA  

ww tb  wt (mm) wb (mm) ft (mm) fb (mm) 

15 10 150 6.1 36.3 

45 10 450 10.8 64.6 

72 10 720 13.7 82.4 

90 10 900 15.4 92.4 

120 10 1200 17.8 107.1 

150 10 1500 20 120 

 

(d)  4=fw AA  

ww tb  wt (mm) wb (mm) ft (mm) fb (mm) 

15 10 150 5.2 31.1 

45 10 450 9.3 55.6 

72 10 720 11.8 71 

90 10 900 13.3 79.7 

120 10 1200 15.4 92.4 

150 10 1500 17.3 103.6 
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- E.2  A5083- O  

( a)  1=fw AA  

ww tb  wt (mm) wb (mm) ft (mm) fb (mm) 

15 10 150 11.8 58.8 

45 10 450 20.7 103.6 

90 10 900 29.5 147.5 

108 10 1080 32.4 161.8 

150 10 1500 38.2 191.2 

180 10 1800 41.9 209.6 

210 10 2100 45.3 226.6 

 

( b)  2=fw AA  

ww tb  wt (mm) wb (mm) ft (mm) fb (mm) 

15 10 150 8.2 40.9 

45 10 450 14.5 72.5 

90 10 900 20.7 103.6 

108 10 1080 22.7 113.7 

150 10 1500 26.9 134.5 

180 10 1800 29.5 147.5 

210 10 2100 31.9 159.5 

 

( c)  3=fw AA  

ww tb  wt (mm) wb (mm) ft (mm) fb (mm) 

15 10 150 6.6 32.9 

45 10 450 13.7 68.3 

90 10 900 16.8 84.1 

108 10 1080 18.5 92.4 

150 10 1500 21.9 109.3 

180 10 1800 24 120 

210 10 2100 26 129.8 

 

( d)  4=fw AA  

ww tb  wt (mm) wb (mm) ft (mm) fb (mm) 

15 10 150 6.6 32.9 

45 10 450 13.7 68.3 

90 10 900 16.8 84.1 

108 10 1080 18.5 92.4 

150 10 1500 21.9 109.3 

180 10 1800 24 120 

210 10 2100 26 129.8 
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- E.3  A5083- O  

( a)  1=fw AA  

ww tb  wt (mm) wb (mm) ft (mm) fb (mm) 

45.7 10.5 478.1 21.9 109.5 

93.9 10.3 968.9 31.1 155.5 

142.5 10.3 1461.8 38.2 191 

191.2 10.2 1955.8 44.2 221 

 

( b)  2=fw AA  

ww tb  wt (mm) wb (mm) ft (mm) fb (mm) 

47 10.3 484.7 15.3 76.5 

95.7 10.2 978.1 21.9 109.5 

144.7 10.2 1473.1 26.9 134.5 

193.8 10.2 1968.9 31.1 155.5 

  

( c)  3=fw AA  

ww tb  wt (mm) wb (mm) ft (mm) fb (mm) 

47.6 10.3 487.6 12.4 62 

96.5 10.2 982.2 17.8 89 

145.6 10.2 1478.1 21.9 109.5 

194.9 10.1 1974.7 25.3 126.5 

 

( d)  4=fw AA  

ww tb  wt (mm) wb (mm) ft (mm) fb (mm) 

47.9 10.2 489.3 10.7 53.5 

96.9 10.2 984.7 15.3 76.5 

146.2 10.1 1481.1 18.9 94.5 

195.7 10.1 1978.1 21.9 109.5 

 

 

- E.4  A6061- T6  

fw AA  ww tb  wt (mm) wb (mm) ft (mm) fb (mm) 

2 96.1 10.2 980 10 120 

3 146 10.14 1480 20 120 
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F FEM ─ ♃כ♦ - 5.4 ≤ 5.5  

( a)  1=fw AA  

fl  

( )Ywu MgM  

ww tb =15 ww tb =45 ww tb =72 ww tb =90 ww tb =120 ww tb =150 

0.1 1.088 1.057 1.044 1.041 1.026 1.013 

0.3 1.054 1.022 1.024 1.024 1.011 1.001 

0.5 0.997 0.953 0.959 0.968 0.958 0.949 

0.7 0.935 0.872 0.878 0.890 0.885 0.878 

1.0 0.840 0.716 0.71 0.714 0.708 0.704 

1.2 0.768 0.598 0.576 0.574 0.565 0.559 

1.5 0.652 0.450 0.420 0.414 0.403 0.396 

1.7 0.582 0.381 0.344 0.335 0.332 0.324 

 

 

(b) 2=fw AA  

fl  

( )Ywu MgM  

ww tb =15 ww tb =45 ww tb =72 ww tb =90 ww tb =120 ww tb =150 

0.1 1.067 1.042 1.028 1.038 1.027 1.021 

0.3 1.036 1.000 1.001 1.013 1.005 0.995 

0.5 0.948 0.913 0.935 0.953 0.947 0.941 

0.7 0.864 0.81 0.837 0.862 0.863 0.864 

1.0 0.74 0.624 0.633 0.651 0.657 0.664 

1.2 0.65 0.481 0.496 0.509 0.513 0.516 

1.5 0.526 0.359 0.352 0.358 0.359 0.360 

1.7 0.462 0.300 0.289 0.293 0.292 0.293 

2.0 0.389 0.239 0.227 0.228 0.225 0.224 
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(c) 3=fw AA  

fl  

( )Ywu MgM  

ww tb =15 ww tb =45 ww tb =72 ww tb =90 ww tb =120 ww tb =150 

0.1 1.071 1.031 1.02 1.037 1.032 1.027 

0.3 1.02 0.977 0.989 0.999 0.991 0.968 

0.5 0.926 0.878 0.915 0.926 0.925 0.923 

0.7 0.827 0.762 0.793 0.825 0.837 0.828 

1.0 0.692 0.557 0.574 0.599 0.612 0.622 

1.2 0.627 0.435 0.441 0.459 0.470 0.480 

1.5 0.482 0.313 0.310 0.322 0.328 0.333 

1.7 0.423 0.260 0.255 0.263 0.267 0.270 

2.0 0.357 0.207 0.199 0.205 0.206 0.207 

 

(d) 4=fw AA  

fl  

( )Ywu MgM  

ww tb =15 ww tb =45 ww tb =72 ww tb =90 ww tb =120 ww tb =150 

0.1 1.062 1.025 1.018 1.043 1.042 1.037 

0.3 1.005 0.96 0.965 0.993 0.952 0.947 

0.5 0.904 0.849 0.873 0.901 0.906 0.908 

0.7 0.794 0.721 0.757 0.795 0.797 0.8 

1.0 0.654 0.508 0.525 0.552 0.57 0.587 

1.2 0.564 0.393 0.400 0.421 0.437 0.436 

1.5 0.457 0.282 0.281 0.295 0.304 0.31 

1.7 0.399 0.235 0.231 0.242 0.248 0.252 

2.0 0.291 0.188 0.182 0.189 0.192 0.195 
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G FEM ─ ♃כ♦ - 5.8 ≤ 5.9  

 

(a) 1=fw AA  

fl  

( )Ywu MgM  

ww tb =15 ww tb =45 ww tb =90 ww tb =108 ww tb =150 ww tb =180 ww tb =210 

0.08 1.101 1.063 1.043 1.04 1.025 1.017 1.011 

0.3 1.064 1.012 0.996 0.996 0.988 0.981 0.982 

0.5 0.997 0.893 0.882 0.883 0.876 0.87 0.888 

0.7 0.911 0.775 0.748 0.749 0.741 0.736 0.768 

1.0 0.794 0.616 0.574 0.57 0.561 0.555 0.589 

1.2 0.727 0.535 0.488 0.479 0.467 0.462 0.493 

1.5 0.643 0.443 0.385 0.377 0.36 0.358 0.381 

1.7 0.597 0.395 0.335 0.326 0.312 0.306 0.324 

2.0 0.54 0.339 0.279 0.269 0.25 0.247 0.259 

 

(b) 2=fw AA  

fl  

( )Ywu MgM  

ww tb =15 ww tb =45 ww tb =90 ww tb =108 ww tb =150 ww tb =180 ww tb =210 

0.08 1.086 1.054 1.032 1.046 1.028 1.022 1.016 

0.3 1.034 0.989 0.98 0.982 0.977 0.971 0.967 

0.5 0.944 0.845 0.856 0.864 0.863 0.86 0.856 

0.7 0.838 0.705 0.71 0.719 0.726 0.721 0.719 

1.0 0.705 0.532 0.517 0.525 0.531 0.53 0.529 

1.2 0.633 0.444 0.425 0.429 0.432 0.431 0.431 

1.5 0.547 0.352 0.324 0.324 0.324 0.321 0.32 

1.7 0.502 0.307 0.277 0.273 0.271 0.27 0.267 

2.0 0.445 0.256 0.224 0.219 0.214 0.214 0.208 
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(c) 3=fw AA  

fl  

( )Ywu MgM  

ww tb =15 ww tb =45 ww tb =90 ww tb =108 ww tb =150 ww tb =180 ww tb =210 

0.08 1.078 1.048 1.029 1.041 1.038 1.03 1.025 

0.3 1.018 0.972 0.958 0.971 0.971 0.945 0.964 

0.5 0.914 0.813 0.828 0.845 0.847 0.844 0.843 

0.7 0.805 0.66 0.673 0.695 0.705 0.705 0.705 

1.0 0.669 0.479 0.477 0.492 0.503 0.506 0.508 

1.2 0.597 0.397 0.384 0.394 0.404 0.406 0.409 

1.5 0.51 0.309 0.286 0.292 0.298 0.297 0.3 

1.7 0.466 0.267 0.241 0.245 0.247 0.247 0.248 

2.0 0.414 0.221 0.193 0.194 0.195 0.193 0.195 

 

(d) 4=fw AA  

fl  

( )Ywu MgM  

ww tb =15 ww tb =45 ww tb =90 ww tb =108 ww tb =150 ww tb =180 ww tb =210 

0.08 1.066 1.037 1.031 1.046 1.049 1.041 1.035 

0.3 1.003 0.949 0.94 0.932 0.925 0.92 0.958 

0.5 0.896 0.779 0.797 0.815 0.827 0.827 0.827 

0.7 0.78 0.62 0.642 0.661 0.681 0.677 0.677 

1.0 0.641 0.44 0.438 0.459 0.479 0.484 0.488 

1.2 0.573 0.361 0.354 0.364 0.379 0.384 0.388 

1.5 0.494 0.281 0.261 0.267 0.276 0.279 0.281 

1.7 0.448 0.243 0.218 0.223 0.23 0.23 0.232 

2.0 0.395 0.199 0.174 0.177 0.18 0.179 0.181 
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H FEM ─ ♃כ♦ - 5.12 ≤ 5.13  
 

( a)  1=fw AA  

fl  
( )Ywu MgM  

ww tb =45.7 ww tb =93.9 ww tb =142.5 ww tb =191.2 

0.08 1.066 1.035 1.024 1.011 

0.5 0.864 0.843 0.852 0.845 

1.0 0.555 0.516 0.513 0.511 

1.5 0.395 0.346 0.335 0.326 

2.0 0.307 0.251 0.231 0.231 

 

(b) 2=fw AA  

fl  
( )Ywu MgM  

ww tb =47 ww tb =95.7 ww tb =144.7 ww tb =193.8 

0.08 1.056 1.027 1.026 1.015 

0.5 0.837 0.844 0.853 0.848 

1.0 0.489 0.493 0.506 0.512 

1.5 0.323 0.309 0.316 0.321 

2.0 0.242 0.219 0.219 0.218 

 

(c) 3=fw AA  

fl  
( )Ywu MgM  

ww tb =47.6 ww tb =96.5 ww tb =145.6 ww tb =194.9 

0.08 1.04 1.026 1.034 1.021 

0.5 0.834 0.838 0.855 0.852 

1.0 0.473 0.482 0.515 0.521 

1.5 0.305 0.297 0.316 0.324 

2.0 0.225 0.207 0.215 0.222 

 

(d) 4=fw AA  

fl  
( )Ywu MgM  

ww tb =47.9 ww tb =96.9 ww tb =146.2 ww tb =195.7 

0.08 1.035 1.025 1.044 1.035 

0.5 0.848 0.826 0.855 0.858 

1.0 0.487 0.476 0.514 0.524 

1.5 0.313 0.294 0.317 0.332 

2.0 0.229 0.205 0.216 0.237 

 

fl│ (5.12)⅜ ↕╣√ (5.10)⌐╟∫≡ ↕╣√ ≢№╢  
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I  FEM ─ ♃כ♦ - 5. 17  

 

( a)  

fl  

( )Ywu MgM  

2=fw AA  

ww tb =96.1 

3=fw AA  

ww tb =146 

0.1 1.042 1.021 

0.5 0.984 0.963 

1.0 0.747 0.790 

1.5 0.437 0.484 

2.0 0.276 0.303 

 

(b) ⅛  

fl  

( )Ywu MgM  

2=fw AA  

ww tb =96.1 

3=fw AA  

ww tb =146 

0.1 1.064 1.038 

0.5 1.007 0.992 

1.0 0.763 0.809 

1.5 0.445 0.490 

2.0 0.282 0.306 

 

 fl│ (5.11)⅜ ↕╣√ (5.10)⌐╟∫≡ ↕╣√ ≢№╢  
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J FEM ─ ♃כ♦ - 5. 18  

( a)  2=fw AA ww tb =47 

fl  
( )Ywu MgM  

►▼Ⱪהⱨꜝfi☺ ⱨꜝfi☺─╖ 

0.08 1.056 1.055 

0.5 0.837 0.828 

1.0 0.489 0.480 

1.5 0.323 0.313 

2.0 0.242 0.233 

 

(b)  2=fw AA ww tb =144.7 

fl  
( )Ywu MgM  

►▼Ⱪהⱨꜝfi☺ ⱨꜝfi☺─╖ 

0.08 1.026 1.025 

0.5 0.853 0.852 

1.0 0.506 0.507 

1.5 0.316 0.314 

2.0 0.219 0.215 

 

(c)  3=fw AA ww tb =96.5 

fl  
( )Ywu MgM  

►▼Ⱪהⱨꜝfi☺ ⱨꜝfi☺─╖ 

0.08 1.026 1.025 

0.5 0.837 0.835 

1.0 0.482 0.480 

1.5 0.297 0.291 

2.0 0.207 0.200 

 

(d)  3=fw AA ww tb =194.9 

fl  
( )Ywu MgM  

►▼Ⱪהⱨꜝfi☺ ⱨꜝfi☺─╖ 

0.08 1.021 1.020 

0.5 0.852 0.850 

1.0 0.521 0.523 

1.5 0.324 0.323 

2.0 0.222 0.220 

 fl│ (5.12)⅜ ↕╣√ (5.10)⌐╟∫≡ ↕╣√ ≢№╢  
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K ≤ ─  

 

 

- K.1  (5.9) ≤ ( 5.10)⌐╟∫≡ⱪ꜡♇♩↕╣√ ─ - 5.7  

 

 

- K. 2 (5.9) ≤ ( 5.10)⌐╟∫≡ⱪ꜡♇♩↕╣√ ─ - 5.11  
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- K. 3 (5.9) ≤ ( 5.10)⌐╟∫≡ⱪ꜡♇♩↕╣√ ─ - 5.13  
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