
 

 

 

 

 

ⱨꜝfi☺─ ⅜▪ꜟⱵ♬►ⱶ ─ 

╣ ⌐ ╓∆  

 

 

ALST ꜠ⱳ50 ♩כ 

 

 

 

2017 3  

 

 

,  

  



 

 

 

 

│ ⌐╟╢ ⌐╟∫≡ ⱨꜝfi☺─ ⅜▪ꜟ

Ⱶ♬►ⱶ ─ ╣ ⌐ ╓∆ ╩ ╠⅛⌐∆╢  

  



 

 

 

 

 1  ההה                               

2  ╩ ↑╢ ─  3  ההה 

2.1 ╩ ↑╢  3  ההה 

2.2 ─  3  ההה 

2.3 ─ ⅔╟┘ ⌐ ∆╢  4  ההה 

2.4 FEM⌐╟╢ ╩ ↑╢ ─  6  ההה    

2.5 ╩ ↑╢ ⌐ ∆╢ ─ ≤ 

─  9  ההה  

3  →╩ ↑╢ ─ ⱨꜝfi☺─  15 ההה 

 3.1 →╩ ↑╢ ─  15 ההה 

3.2 FEM⌐╟╢ →╩ ↑╢ ─  17 ההה 

3.3 ⱨꜝfi☺⌐ ∆╢ ─ ≤ ─  19 ההה 

3.4 →╩ ↑╢ ─ ╣  24 ההה          

4  25 ההה  

 

 26 ההה 

 

A  ╩ ↑╢ ⌐ ∆╢ ─ ≤ ─  27 ההה 

B  ♦35 ההה ♃כ 

C  ♦42 ההה ♃כ 

 



1 

 

  

 

▪ꜟⱵ♬►ⱶ │ ⌐ ╣ ≢№╢↓≤⅛╠ 2000 ⅛╠▪ꜟⱵ♬►ⱶ

1.1 ⅔╟┘ ▪ꜟⱵ♬►ⱶ 1.2 ⅜ ↕╣╢

╟℮⌐⌂∫√ 1)
2011 ⌐│ ▪ꜟⱵ♬►ⱶ ╩ ™√ 1.3 ⅜

↕╣ 2) ↕╠⌐ 2015 ⌐│ ─ ⌐▪ꜟⱵ♬►ⱶ 1.4

⅜ ↕╣√ 3) ↓─╟℮⌂ ≢ ▪ꜟⱵ♬►ⱶ ─╖⌂╠∏ ╩

∆╢ ╙▪ꜟⱵ♬►ⱶ ≢ ↕╣╢↓≤⅜ ↕╣╢  

 

  1.1 ▪ꜟⱵ♬►ⱶ         1.2  ▪ꜟⱵ♬►ⱶ  

 

 

 

 

 

 

 

 

 

 

          1.3  ▪ꜟⱵ♬►ⱶ ╩ ™√  
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1.4  ▪ꜟⱵ♬►ⱶ ⅜ ↕╣√  

 

▪ꜟⱵ♬►ⱶ ה 4)⅜2015 ⌐ ↕╣√ ⇔⅛⇔ ↓

─ ≢│ →╩ ↑╢ ⌐ ⇔≡∕─ ⅜ ↕╣≡™⌂™ ∕↓≢ →

╩ ↑╢▪ꜟⱵ♬►ⱶ ─ ⌐≈™≡ ⅜ ╦╣√5),6) ⇔⅛⇔ ↓─ ⌐

│ ⱨꜝfi☺─ ⅜ ─ ╣ ⌐ ╓∆ ⅜ ↕╣≡™⌂™  

│ ⱨꜝfi☺─ ⅜▪ꜟⱵ♬►ⱶ ─ ╣ ⌐ ╓∆ ╩

╠⅛⌐∆╢  
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2  ╩ ↑╢ ─  

 

2.1  ╩ ↑╢  

2. 1 ⌐ ∆╟℮⌐ ⅔╟┘ ≢ ↕╣╢ ─ ≢ ─ ⅜

↕╣√ ⅜ ╩ ↑≡ ⌐ ∆╢ ─ ⅜ →╩ ↑╢

─ ╣ ⌐ ™╠╣√ 5),6) ⇔⅛⇔ ↓─ ─ ⌐│ ⅜

⌐ ∆╢ ∆⌂╦∟ ─ ─ ⅜ ↕╣⌂⅛∫√ ∕↓

≢ ─ ⌐ ∂╢ ⅜ ⌐ ∂╢ ⌐ ╓∆

∆⌂╦∟ ╩ ↑╢ ─ ⌐≈™≡ ═╢  

 

2. 1 ╩ ↑╢  

 

2. 2 ─  

─ ≤ ─ ─ ≤⇔≡ ─ ≈⅜ →╠╣╢  

1) ─▪ꜟⱵ♬►ⱶ ⅜ ╘√▪ꜟⱵ♬►ⱶ ─ AA
7)≢

↕╣≡™╢ ─  

( )
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sss

ss
s
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ss

3

2

          (2.1) 

↓↓⌐ us  ─  

gus  ─ ⌐ ∆╢  

lus  ─ ⌐ ∆╢  

2) Qⱨ□◒♃כ ─▪ꜟⱵ♬►ⱶ ─ ≢№╢ Eurocode 9
8)≢ ↕╣

≡™╢ ─   

( )luluu f lss=             (2.2) 

r

l

E

lu
lu

s

p
l

1
=             (2.3) 

↓↓⌐ )( luf l ⌐ ∆╢ ╩ ⅎ╢  
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lul  ▪ꜟⱵ♬►ⱶ ─ 0.2%
2.0s ╩ ─ ⌐ ∆╢

lus ≢ ⅝ ⅎ√ Ɽꜝⱷכ♃ 

E ꜘfi◓  

l  

r ─  

3) 
9)⌐⅔™≡ ╩ ↑╢ ─ ─ ≤⇔≡

™╠╣≡™╢  

2.0s

s
ss lu

guu =              (2.4) 

4) Ⱶ♬ⱴⱶ 9)⌐⅔™≡ →╩ ↑╢ ─ ⱨꜝfi☺─

─ ≤⇔≡ ™╠╣≡™╢  

),min( luguu sss =        (2.5) 

 

2.3  ─ ⅔╟┘ ⌐ ∆╢  

2. 1 ⌐ ∆ ╩ ↑╢ ⅜ ╩ ∫≡ ⌐ ∆╢ ∆⌂╦

∟ ∆╢ ⌐ ∆╢ ⅜ ≢ ⅎ╠╣≡™╢ 5),6)  

îí

î
ì
ë
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=

4

4

3

3
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1
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gu

aaaaa lllls

s
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f

f

ɚɚ

ɚɚ
         (2.6) 

f

f
B

l

E

2.032 s

p
l =        (2.7) 

↓↓⌐
gus   ╩ ↑╢ ⅜ ⌐ ∆╢ ─  

fl  ─ Ɽꜝⱷכ♃ 

2.0s  0.2%  

E ꜘfi◓  

l  ─ ↕ 

fB  ─  

1l≤ 0a 4a  2.1 ⌐ ∆ ─  

(2.6)⅜ ⅎ╢ ╩ 2. 2⌐ ∆  
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2.1  1ɚ 0a 1a 2a 3a 4a ─  

▪ꜟⱵ♬►ⱶ  
2.0s

MPa  
1l 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 

 

 

2. 2 ╩ ↑╢ ─ ⌐ ∆╢  

 

2. 1 ⌐ ∆ ╩ ↑╢ ⅜ ⌐ ∆╢ ∆⌂╦∟ ∆

╢ ⌐ ∆╢ ⅜ ≢ ⅎ╠╣╢ 10)  

î
î
î
î
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í
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î
î
î
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ì

ë

=
2.0

s

s
lu

             (2.8) 

( )
f

f

t

b

E
R 2.0

2

425.0

1121 sm

p

-
=        (2.9) 

↓↓⌐ lus  ╩ ↑╢ ⅜ ⌐ ∆╢ ─  

R ─ Ɽꜝⱷכ♃ 

2

12

135.01 ö
ö
÷

õ
æ
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ç

å
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-
-

RR
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p

R

R
ö
÷

õ
æ
ç

å 265.0

1 ( )1RR¢

( )21 RRR ¢¢

( )22 ¢¢RR
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E ꜘfi◓  

ɀ ⱳ▪♁fi  

bf ─  

tf ─  

R1 R2 p 2.2 ⌐ ∆ ─  

(2.8)⅜ ⅎ╢ ╩ 2. 3⌐ ∆   

 

2.2  R1 R2 m─  

▪ꜟⱵ♬►ⱶ  2.0s MPa  R1 R2 p 

A6061-T6 245 0.6 1.24 0.16 

A5083-O 125 0.4 1.02 0.2 

 

 

2. 3 ╩ ↑╢ ─ ⌐ ∆╢  

 

2. 4 FEM⌐╟╢ ╩ ↑╢ ─  

▪ꜟⱵ♬►ⱶ ─ └∏╖ │ ≢ ⅎ╠╣╢  
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ì

ë

=

ö
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÷

õ

æ
æ

ç

å
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2.0

002.0

ss

s

ss
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E
ɚ

       

( )

( )ss

ss

¢

¢

2.0

2.0

                  (2.10) 

↓↓⌐ ů≤Ů ≤└∏╖ 

2.0s  0.2%  

E ꜘfi◓  

n └∏╖ Ɽꜝⱷכ♃ 

▪ꜟⱵ♬►ⱶ A6061-T6≤ A5083-O⌐ ∆╢ 0.2% 2.0s ⅔╟┘└∏╖ Ɽꜝⱷ
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♃כ n─ ╩ 2.3 ⌐ ∆ └∏╖ Ɽꜝⱷכ♃ n─ │ ─ ⌐

⅜ ↕╣ 5%⌐ ∆╢ ≢№╢ 11)
A6061-T6≤ A5083-O⌐ ∆╢

└∏╖ ╩ 2.4 ⌐ ∆  

 

2. 3 0.2% ≤└∏╖ Ɽꜝⱷכ♃─  

▪ꜟⱵ♬►ⱶ  2.0s MPa  n 

A6061-T6 245 29.1 

A5083-O 125 5.3 

 

 

2.4 └∏╖  

 

2. 1 ⌐ ∆ ╩ ↑╢ ─ ⌐ ⱪ꜡◓

ꜝⱶMARC
12)╩ ∆╢ ─ ╩ 2. 4⌐ ∆ ─ ╩ ⇔≡

─ ╩ DF⌐ ↑╢ AC⌐ ╩ ↑ B╩ x ⌐ ↕∑

╢↓≤⌐╟╡ ╩ ⅎ╢ ≤⇔≡ ⌐ ⇔≡ 8 ◦▼ꜟ MARC

⌐⅔↑╢ 22 ⌐ ⇔≡ 3 MARC ⌐⅔↑╢ 52 ╩

∆╢  

─ ╩ 2.4 ─ ⌐ ∆ ⅜ ⌐ ∆╢

(2.7)─
fɚ⅜ 1─ ⌐ ⇔≡ ─ ╩ 4 8 16⌐ ⇔≡ ╠╣╢

│ ∂≢№╢↓≤⅜ ↕╣≡™╢ 5),6) ⅜ ⌐ ∆╢

─ ╩ 8 ∆╣┌ ⌂ ─ ⅜ ╠╣╢↓≤⅜ ↕╣≡™ 

╢ 10) ⇔√⅜∫≡ 2.4 ─ ⌐ ∆╟℮⌐ ─ ╩ 16 ⇔

─ y ⌐ ∆╢ x ─ ↕⅜ 0.9⅛╠ 1.1─ ⌐⌂╢╟℮⌐ ∆╢  
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2.4   

 u   v w — — — 

AC       

BE       

DF       

B       

 

 

 

2.5 ╩ ⇔≡ ⅜ ⌐ ∆╢ ≤ ⌐ ∆╢

⌐ ∆╢ √╦╖≤⇔≡ ╩ ∆╢  

⌐ ⇔≡
l

xl
v

p
sin

1000
0=           (2.11) 

⌐ ⇔≡ ö
÷

õ
æ
ç

å-
=

l

x

b

byb
w

p
sin

100
0

         (2.12) 

↓↓⌐ 0v  ─ ─ √╦╖ 

0w  ─ ─ √╦╖ 

l ─ ↕ 

b ─  

(2.11)─ √╦╖ l/1000 │ ▪ꜟⱵ♬►ⱶ ה  

4)≢ ↕╣╢ ⌐ ↕╣╢ ─ √╦╖≢№╡ (2.12)─

√╦╖ b/100│ ≢ ↕╣╢ ⱨꜝfi☺─ ⌐ ⇔≡ ↕╣╢ ─

√╦╖≢№╢   
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(a)   

 

 

 

 

 

 

 

 

 

(b)   

 

2. 5 ─ √╦╖ 

 

2.5 ╩ ↑╢ ⌐ ∆╢ ─ ≤ ─  

(2.8)╟╡
2.0/sslu
─ ─ ⌐ ⇔≡ R╩ ╘ ╠╣√ R─ ╩ ⌐ ⇔≡

─ ╩ ╘╢  

R

b

E
t

f

f
2.0

425.0

)1(121 2 sm

p

-
=            (2.13) 

↓↓≢ ─ bf╩ 100mm≤⇔ ɛ = 0.3 E= 70 GPa≤∆╢ 2.3 ⌐ ∆ 2.0s ─

╩ (2.13)─ 2.0s ⌐ ™╢  

⌐╟╡
fl─ ─ ⌐ ⇔≡ ─ ↕╩ ╘╢  

ffB
E

l l
s

p

2.032
=        (2.14) 

A6061-T6─
2.0/sslu
=0.86 0.71 0.70 0.69 0.68 0.645 0.64─ ⌐☻כ◔7 ⇔≡

A5083-O─
2.0/sslu
=0.71 0.65 0.64 0.63 0.626 0.61 0.6─ ⌐☻כ◔7 ⇔≡

╩ ↑╢ ⌐ ∆╢ ─ ≤ ─ ╩ A ⌐ ∆ ↕╠

⌐ A─ ─ ╩♃כ♦ B⌐ ∆ ⌂ ╩ A6061-T6≤ A5083-O⌐ ⇔

y 

x 

(l, 2bf) 

0 
l/1000 

y bf/100 

x 

(l, 2bf) 

0 

bf/100 
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≡ ∕╣∙╣ 2.6 2.7 ⌐ ∆ ─ ůu│ FEM ⌐⅔™≡ ⅜ ⇔⌂ↄ

⌂∫√≤⅝ ⅜ ⅎ╠╣≡™╢ DF⌐ ∂╢ x ╩ ≢ ⇔≡ ╠

╣╢ ≢№╢  

A6061-T6─ │
2.0/sslu
⅜ 0.70 ≢ Ⱶ♬ⱴⱶ ⅜ ⅎ╢ ⌐ ╙

ↄ 2.6(a) A.1
2.0/sslu
⅜ 0.70⅛╠ ∆╢⌐ ∫≡ Qⱨ□◒♃כ ⅜ ⅎ

╢ ⌐ ≠ↄ 2.6( b) A.1 A5083-O─ │
2.0/sslu
⅜

0.63 ≢ Ⱶ♬ⱴⱶ ⅜ ⅎ╢ ⌐ ╙ ↄ 2. 7(a) A.2
2.0/sslu
⅜ 0.63

⅛╠ ∆╢⌐ ∫≡ Qⱨ□◒♃כ ⅜ ⅎ╢ ⌐ ≠ↄ 2. 7( b) A.2  

A6061-T6─
2.0/sslu
=0.70─≤⅝ ɚf = 0.2≤ 1.8⌐ ∆╢ ─ ─

⅔╟┘ A5083-O─
2.0/sslu
=0.63─≤⅝ ɚf = 0.2≤ 1.8⌐ ∆╢ ─ ─

╩ ∕╣∙╣ 2.8 2.9 ⌐ ∆ ⅛╠ ⅛╢╟℮⌐ ɚf = 0.2─≤⅝ │

⌐ ⇔ ɚf = 1.8─≤⅝ │ ⌐ ⇔≡™╢  
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(a)  2.0/sslu = 0.70 

 

 

(b)  2.0/sslu = 0.64 

 

2. 6 ╩ ↑╢ ⌐ ∆╢ ─ ≤ ─ A6061-T6  
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(a) 
2.0/sslu
= 0.63 

 

 

(b) 2.0/sslu = 0.61 

 

2. 7 ╩ ↑╢ ⌐ ∆╢ ─ ≤ ─ A5083-O  
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(a)  ɚf = 0.2 

 

 

(b)  ɚf = 1.8 

 

2. 8 ─ ─ A6061-T6 2.0/sslu =0.70  
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(a) ɚf = 0.2

 

(b) ɚf = 1.8 

 

2. 9 ─ ─ A5083-O 2.0/sslu =0.63  
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3  →╩ ↑╢ ─ ⱨꜝfi☺─  

 

3.1 →╩ ↑╢ ─  

ⱨꜝfi☺⅜ ╩ ↓↕⌂™ ⌐ ∆╢ →╩ ↑╢▪ꜟⱵ♬►ⱶ

─ ⅜ ≢ ⅎ╠╣≡™╢ 5), 6)
 

w

fgu

Y

u g
M

M

2.0s

s
=              (3.1) 

↓↓⌐
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t
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2
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6
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1
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          (3.3) 
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↓↓≢ 3. 1╩ ⇔≡ ↓╣╠─ ─ ─ │ ─ ╡≢№╢  
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uM  ─  ♩ⱷfiכ⸗→

YM  ─  ♩ⱷfiכ⸗→

2.0s  0.2%  

gw →╩ ↑╢►▼Ⱪ─  

fgus  ╩ ↑╢ⱨꜝfi☺⅜ ╩ ↓↕⌂™ ⌐ ∆╢  

wA  ►▼Ⱪ─  

Af ⱨꜝfi☺─  

wb  ►▼Ⱪ─  

wt  ►▼Ⱪ─  

0b 1b 2b 3b p 3.1 ⌐ ∆ ─  

fl  ⱨꜝfi☺⌐ ∆╢ Ɽꜝⱷכ♃ 

1ɚ 0a 1a 2a 3a 4a 3.2 ⌐ ∆ ─  

l  ⱨꜝfi☺─  

Bf ⱨꜝfi☺─  

E ꜘfi◓  

K  

0k 1k  3.3 ⌐ ∆ ─  

 

 

3.1  I ─  

 

3.1  
2.0s 0b 1b 2b 3b p─  

▪ꜟⱵ♬►ⱶ  
2.0s

(MPa) 
ɓ0 ɓ1 ɓ2 ɓ3 p 

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 
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3.2  
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 

 

3.3  0k ≤ 1k ─  

 

 

 

 

3.2 FEM⌐╟╢ →╩ ↑╢ ─  

→╩ ↑╢ I ─ ─ ╩ MARC
12)╩ ™≡ ℮ (2.10)≢

ⅎ╠╣╢ └∏╖ ╩ ∆╢   

╩ 3. 4⌐ ∆ ─ ╩ ⇔≡ M ≤ N╩ ≤⇔≡ ►▼Ⱪ

─ BH⅔╟┘ EK╩ z ╡⌐ ↕∑╢↓≤⌐╟╡ ⌐ → ╩ ⅎ╢ √∞

⇔ M ≤ N─ x ─ │ ⇔⌂™ ↓╣╩ ↕∑╢√╘⌐ BH AC

GI EK DF JL⌐ ╩ ╡ ↑ ►▼Ⱪ≤ⱨꜝfi☺─ ─ ≤ ─

╩ ↕∑╢ ≤⇔≡ ⌐ ⇔≡ 8 ◦▼ꜟ MARC ⌐⅔↑╢

22 ⌐ ⇔≡ 3 MARC ⌐⅔↑╢ 52 ╩ ∆╢ ↕

╠⌐ M ≤ BH ─ ⅔╟┘ N≤ EK ─ ─ z ╡─ ╩♃

▬▬fi◓⇔ M ≤ BH ─ ⅔╟┘ N≤ EK ─ ─ z ╡─

⅜ ∂⌐⌂╢╟℮⌐∆╢  

3. 4─ ⌐ ∆╟℮⌐ ►▼Ⱪ─ │ ↕ ⌐ 16 ⇔ 1 ─

x ─ ↕⌐ ∆╢ y ─ ↕⅜ 0.9⅛╠ 1.1─ ⌐⌂╢╟℮⌐∆╢ ⱨꜝfi☺

─ │ ╩ 16 ∆╢  

 

 

 

 

 

 

 

 

▪ꜟⱵ♬►ⱶ  0k  
1k  

A6061-T6 0.87 0.13 

A5083-O 0.91 0.09 
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 3. 4  

   

x  y  z  y ╡ z ╡ 

M Ί Ί Ί Ί  

N Ί Ί Ί Ί  

GI    Ί Ί 

JL Ί   Ί Ί 

 

 
 

 3.2 ╩ ⇔≡ ⱨꜝfi☺─ ⌐ ⇔≡ ≢ ⅎ╠╣╢ √╦╖╩

∆╢  

l

xl
w

p
sin

1000
0=              (3.7) 

↕╠⌐ ⱨꜝfi☺─ ⌐ ⇔≡ ≢ ⅎ╠╣╢ √╦╖╩ ∆╢

ö
÷

õ
æ
ç

å-
=

l

x

b

byb
v

f

ff p
sin

100
0

            (3.8) 

(3.7)─ l/1000│ ▪ꜟⱵ♬►ⱶ ה 4)≢ ↕╣╢

⌐ ↕╣╢ ─ √╦╖≢№╡ (3.8)─ bf/100│ ≢ ↕╣╢ⱨꜝfi

☺─ ⌐ ⇔≡ ↕╣╢ ─ √╦╖≢№╢  

►▼Ⱪ⌐ ⇔≡ ≢ ⅎ╠╣╢ √╦╖╩ ∆╢  

N 
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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          (3.9) 

↓↓⌐ mla= m│  

(3.9)─ 250wb │ ▪ꜟⱵ♬►ⱶ ה 4)≢ ↕╣╢

►▼Ⱪ⌐ ↕╣╢ √╦╖≢№╢ →╩ ↑╢ ─ ⅜ ╙

ↄ⌂╢ ╩ ⇔≡ 13)
a│ 0.4bw⅛╠ 0.6bw─ ⌐⌂╢╟℮⌐ ∆╢   

 

 

3. 2 ⱨꜝfi☺≤►▼Ⱪ─ √╦╖ 

 

3. 3 ⱨꜝfi☺⌐ ∆╢ ─ ≤ ─  

ⱨꜝfi☺─ ⌐ ∆╢ ╩ůflu≢ ∆≤ ůflu│ (2.8)─ůlu≢ ⅎ╠╣╢

(2.8)╟╡
2.0/ssflu
─ ─ ⌐ ⇔≡ R╩ ╘ ╠╣√ R─ ╩ ⌐ ⇔≡

─ ⱨꜝfi☺─ ⅜ ≢ ⅎ╠╣╢  

R
E

t

b

f

f

2.0
2)1(12

425.0

sm
p

-
=         (3.10) 

ww tb ─ ─ ╩ √∆ wb ≤ wt ─ ╩ ╘ ⌐╟╡ⱨꜝfi☺─ ↕╩ ╘╢  

fwf tb
E

K
l l

s

p
)2(

32 2.0

+=        (3.11) 

(3.11)│ (3.5)⅛╠ ⅎ╠╣╢  

(3.3)─gw⅔╟┘ (3.6)─K⌐ ╕╣╢►▼Ⱪ≤ⱨꜝfi☺─ fw AA │ ≢

↕╣╢  

fwf

ww

f

w

ttb

tb

A

A

)2( +
=        (3.12) 

─ ─ ╩ 3.5 ⌐ ∆ ≢ ⇔√╟℮⌐ ╩ ↑╢

─ ─ ≤⇔≡Ⱶ♬ⱴⱶ ⅜ ≢⅝╢
2.0/sslu
─ │ A6061-T6 ≤

A5083-O⌐ ⇔≡ ∕╣∙╣ 0.70≤ 0.63≢№∫√ ↓╣╠─ ⌐ ⇔≡ ─ ─ⱨꜝ

fi☺─ ╩ ⇔≡™╢  
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3.5 ─ ─  

▪ꜟⱵ♬

►ⱶ  

2.0s  

(MPa) 
2.0/sslu
 R 

bf 

(mm) 

tf 

(mm) 
ww tb  

bw 

(mm) 

tw 

(mm) 
fw AA  gw 

A6061-T6 245 0.70 0.192 62.5 5 73.8 369 5 2.838 1 

A5083-O 125 0.63 0.192 73.0 4.2 89.5 358 4 2.273 1 

 

 (3.1)│ ⌐ ≢⅝╢  

2.0s

sfu

Yw

u

Mg

M
=             (3.13) 

ůfu │ ─ ╩ ⇔√ ⱨꜝfi☺─ ≢№╢ ⱨꜝfi☺─

⌐ ∆╢ ůfgu│ (3.4)≢ ⅎ╠╣ ⱨꜝfi☺─ ⌐ ∆╢ ůflu

│
flulu ss = ≤⇔≡ (2.8)≢ ⅎ╠╣╢ A5083-O⌐ ∆╢ ůfgu⌐ ⇔≡ 3.2 ─

⌐ ∆╢ ╩ (3.4)⌐ ™╢  

→╩ ↑╢ ─ ⱨꜝfi☺⌐ ∆╢ ─ ≤ ─ ╩ 3. 3

⌐ ∆ ─Mu│ FEM ⌐⅔™≡ ⌐ ╩ ⅎ√ ─ ⅜ ⇔

⌂ↄ⌂∫√≤⅝─ ─♩ⱷfiכ⸗→ ≢№╢ ─ ╩♃כ♦ C⌐ ∆

⅛╠ ⅛╢╟℮⌐ A6061-T6 ≤ A5083-O ─
flufgu ss ² ─≤⅝ │ ůfgu

≤ AA ⌐╟╢ůfu─ ⌐№╢ 2.6(a) ≤ 2.7(a) ⌐ ⇔√╟℮⌐ ╩ ↑╢

≢│
flufgu ss ² ─≤⅝ │ůflu≢№∫√ ⱨꜝfi☺│►▼Ⱪ⌐╟∫≡№╢

─ ╩ ↑╢ ↓─►▼Ⱪ⌐╟╢ ⌐╟∫≡ ⱨꜝfi☺─ůflu⅜ ∆╢

↓≤⅜
flufgu ss ² ─≤⅝ ⅜ůfgu≤ůflu─ ⌐ ∆╢ ≤ ⅎ╠╣╢

flufgu ss <

≢│ │ůfgu≢№╢  

A6061-T6─ ɚf = 0.248≤ 1.487⌐ ∆╢ ─ ─ ⅔╟┘ A5083-O─

ɚf = 0.233≤ 1.167⌐ ∆╢ ─ ─ ╩ ∕╣∙╣ 3. 4 3. 5⌐ ∆ ⅛╠

⅛╢╟℮⌐ A6061-T6─ ɚf = 0.248⅔╟┘ A5083-O─ ɚf = 0.233─≤⅝ ⱨꜝ

fi☺│ ⌐ ⇔ A6061-T6─ ɚf = 1.487⅔╟┘ A5083-O─ ɚf =1.167─≤

⅝ ⱨꜝfi☺│ ⌐ ⇔≡™╢  
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(a)  A6061-T6 

 

 

 

(b)  A5083-O 

 

3. 3 ⱨꜝfi☺⌐ ∆╢ ─ ≤ ─  

ɚf 

ɚf 
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(a)  ɚf=0.248 

 

(b)  ɚf=1.487 

 

3. 4 ─ ─ A6061-T6  
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(a)  ɚf=0.233 

 

 

(b)  ɚf=1.167 

 

3. 5 ─ ─ A5083-O  
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3.4 →╩ ↑╢ ─ ╣  

─ ⅛╠ ⱨꜝfi☺─ ─ ╩ ⇔√ →╩ ↑╢ ─

╣ │ Ⱶ♬ⱴⱶ ⌐╟╢ ─ ≢ ⌐ ∆╢↓≤⅜≢⅝╢

∆⌂╦∟ (3.1)╩ ⌐ ∆╢↓≤⌐╟∫≡ →╩ ↑╢ ─ ╣ ⅜ ⅎ╠╣

╢  

w

fu

Y

u g
M

M

2.0s

s
=             (3.14) 

↓↓⌐ ) ,min( flufgufu sss =           (3.15) 

(3.15)─ │ ─ ╡≢№╢  

A6061-T6⌐ ⇔≡ 70.02.0 ²ssflu
         (3.16) 

A5083-O⌐ ⇔≡  63.02.0 ²ssflu
         (3.17) 

ůfgu│ (3.4)≢ ⅎ╠╣ ůflu│ (2.8)≢ ⅎ╠╣╢  

 (3.16)≤(3.17)≢ ⅜ ∆╢≤⅝─ Ɽꜝⱷכ♃ R─ │ (2.8)╟╡ ≤╙⌐

1.1925≢№╢ R=1.1925╩ (3.10)⌐ ™≡ (3.16)≤(3.17)⌐ ╦╢ ≤⇔≡

╩ ╢  

 A6061-T6⌐ ⇔≡ 5.12¢ff tb          (3.18) 

 A5083-O⌐ ⇔≡  5.17¢ff tb          (3.19) 
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4   

 

│ ⌐╟╢ ⌐╟∫≡ ⱨꜝfi☺─ ⅜▪ꜟ

Ⱶ♬►ⱶ ─ ╣ ⌐ ╓∆ ╩ ╠⅛⌐⇔√ ⌐ ⅜ ╩

↑≡ ⌐ ⌐ ∆╢ ⌐ ∆╢ ╩ ⇔

√ ⌐ ↓─ ⅜ →╩ ↑╢ ─ ╣ ─ ⌐ ≢⅝╢⅛ ⅛

╩ ═√ ⌂ │ ─ ╡≢№╢  

(1) A6061-T6─
2.0/sslu
⅜ 0.70 ≢ Ⱶ♬ⱴⱶ ⌐╟╢ ⅜ ≢⅝

2.0/sslu
⅜

0.70⅛╠ ∆╢⌐ ∫≡ Qⱨ□◒♃כ ⌐╟╢ ⅜ ≢⅝╢ A5083-O

─
2.0/sslu
⅜ 0.63 ≢ Ⱶ♬ⱴⱶ ⌐╟╢ ⅜ ≢⅝

2.0/sslu
⅜ 0.63⅛╠

∆╢⌐ ∫≡ Qⱨ□◒♃כ ⌐╟╢ ⅜ ≢⅝╢  

(2) ⱨꜝfi☺─ ─ ╩ ⇔√ →╩ ↑╢ ─ ╣ │ Ⱶ♬ⱴ

ⱶ ⌐╟╢ ─ ≢ ⌐ ∆╢↓≤⅜≢⅝╢ →╩ ↑╢ ─

╣ │ ≢ ⅎ╠╣╢  

w

fu

Y

u g
M

M

2.0s

s
=  

↓↓⌐ ) ,min( flufgufu sss =  

  ůfu─ │ ─ ╡≢№╢  

A6061-T6⌐ ⇔≡ 70.02.0 ²ssflu
 

A5083-O⌐ ⇔≡  63.02.0 ²ssflu
 

  ⌐ ╦╢╙─≤⇔≡  

   A6061-T6⌐ ⇔≡ 5.12¢ff tb  

   A5083-O⌐ ⇔≡  5.17¢ff tb  

  ůfgu│ (3.4)≢ ⅎ╠╣ ůflu│ flulu ss = ≤⇔≡ (2.8)≢ ⅎ╠╣╢  
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A ╩ ↑╢ ⌐ ∆╢ ─  

≤ ─  

 
(a)  2.0/sslu = 0.86 

 

(b)  2.0/sslu = 0.71 
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(c)  2.0/sslu = 0.70 

 

 

(d)  2.0/sslu = 0.69 
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(e)  2.0/sslu = 0.68 

 

 

(f)  2.0/sslu = 0.645 
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(g)  2.0/sslu = 0.64 

 

A.1  A6061-T6 
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(a)  2.0/sslu = 0.71 

 

 

(b)  2.0/sslu = 0.65 
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(c)  2.0/sslu = 0.64 

 

 

(d)  2.0/sslu = 0.63 
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(e)  2.0/sslu = 0.626 

 

 

(f)  2.0/sslu = 0.61 
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(g)  2.0/sslu = 0.6 

 

A. 2 A5083-O 

 

 



35 

 

B  ♦כ♃ 

 

B.1  A6061-T6 

 

(a)  
2.0/sslu
=0.86 

ɚ l 2.0/sslu
 

0.1 306.588  0.864  

0.2 613.176  0.860  

0.3 919.764  0.868  

0.4 1226.352  0.876  

0.5 1532.940  0.880  

0.6 1839.528  0.882  

0.7 2146.116  0.858  

0.8 2452.704  0.822  

0.9 2759.292  0.774  

1 3065.880  0.714  

1.1 3372.469  0.644  

1.2 3679.057  0.574  

1.3 3985.645  0.508  

1.4 4292.233  0.450  

1.5 4598.821  0.400  

1.6 4905.409  0.358  

1.7 5211.997  0.321  

1.8 5518.584  0.290  

1.9 5825.173  0.259  

2 6131.761  0.240  

 

(b)  2.0/sslu =0.71 

ɚ l 2.0/sslu  

0.4 1226.352 0.727  

0.6 1839.528 0.729  

0.8 2452.704 0.725  

0.9 2759.292 0.711  

1 3065.88 0.677  
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1.1 3372.469 0.629  

1.2 3679.057 0.571  

1.4 4292.233 0.448  

1.6 4905.409 0.355  

1.8 5518.584 0.286  

 

(c)  
2.0/sslu
=0.70 

ɚ l 2.0/sslu
 

0.2 613.1761 0.724  

0.4 1226.352 0.720  

0.6 1839.528 0.722  

0.8 2452.704 0.714  

0.9 2759.292 0.703  

1 3065.88 0.670  

1.1 3372.469 0.633  

1.2 3679.057 0.570  

1.4 4292.233 0.448  

1.6 4905.409 0.355  

1.8 5518.584 0.285  

2 6131.761 0.233  

 

(d)  2.0/sslu =0.69 

ɚ l 2.0/sslu  

0.1 306.588 0.750 

0.2 613.1761 0.720 

0.3 919.7641 0.715 

0.4 1226.352 0.716 

0.5 1532.94 0.716 

0.6 1839.528 0.715 

0.7 2146.116 0.716 

0.8 2452.704 0.712 

0.9 2759.292 0.697 

1 3065.88 0.666 

1.1 3372.469 0.621 
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1.2 3679.057 0.566 

1.3 3985.645 0.505 

1.4 4292.233 0.447 

1.5 4598.821 0.397 

1.6 4905.409 0.354 

1.7 5211.997 0.321 

1.8 5518.584 0.285 

1.9 5825.173 0.258 

2 6131.761 0.233 

 

(e)  2.0/sslu =0.68 

ɚ l 2.0/sslu
 

0.2 613.1761 0.713 

0.4 1226.352 0.708 

0.6 1839.528 0.709 

0.8 2452.704 0.703 

0.9 2759.292 0.689 

1 3065.88 0.642 

1.1 3372.469 0.615 

1.2 3679.057 0.570 

1.4 4292.233 0.448 

1.6 4905.409 0.358 

1.8 5518.584 0.284 

2 6131.761 0.233 

 

(f)  2.0/sslu =0.645 

ɚ l 2.0/sslu  

0.1 306.588 0.707 

0.2 613.1761 0.673 

0.3 919.7641 0.664 

0.4 1226.352 0.662 

0.5 1532.94 0.661 

0.6 1839.528 0.660 

0.7 2146.116 0.655 
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0.8 2452.704 0.633 

0.9 2759.292 0.613 

1 3065.88 0.599 

1.1 3372.469 0.563 

1.2 3679.057 0.533 

1.3 3985.645 0.490 

1.4 4292.233 0.441 

1.5 4598.821 0.390 

1.6 4905.409 0.351 

1.7 5211.997 0.312 

1.8 5518.584 0.291 

1.9 5825.173 0.253 

2 6131.761 0.230 

 

(g)  2.0/sslu =0.64 

ɚ l 2.0/sslu  

0.2 613.1761 0.648 

0.4 1226.352 0.631 

0.6 1839.528 0.627 

0.8 2452.704 0.607 

1 3065.88 0.530 

1.2 3679.057 0.471 

1.4 4292.233 0.417 

1.6 4905.409 0.342 

1.8 5518.584 0.278 

2 6131.761 0.226 
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B. 2 A5083-O 

 

(a)  
2.0/sslu
=0.71 

ɚ l 2.0/sslu
 

0.2 858.4465 0.760 

0.4 1716.893 0.792 

0.5 2146.116 0.799 

0.6 2575.34 0.788 

0.7 3004.563 0.726 

0.8 3433.786 0.661 

0.9 3863.009 0.601 

1 4292.233 0.547 

1.1 4721.456 0.497 

1.2 5150.679 0.451 

1.4 6009.126 0.371 

1.6 6867.572 0.305 

1.8 7726.019 0.253 

2 8584.465 0.212 

 

(b)  
2.0/sslu
=0.65 

ɚ l 2.0/sslu  

0.2 858.4465 0.715 

0.4 1716.893 0.740 

0.6 2575.34 0.751 

0.8 3433.786 0.660 

1 4292.233 0.547 

1.2 5150.679 0.451 

1.4 6009.126 0.371 

1.6 6867.572 0.305 

1.8 7726.019 0.253 

2 8584.465 0.212 
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(c)  
2.0/sslu
=0.64 

ɚ l 2.0/sslu
 

0.2 858.4465 0.668 

0.4 1716.893 0.676 

0.6 2575.34 0.685 

0.8 3433.786 0.652 

1 4292.233 0.546 

1.2 5150.679 0.451 

1.4 6009.126 0.371 

1.6 6867.572 0.305 

1.8 7726.019 0.253 

2 8584.465 0.212 

 

(d)  2.0/sslu =0.63 

ɚ l 2.0/sslu  

0.2 858.4465 0.647 

0.4 1716.893 0.638 

0.6 2575.34 0.616 

0.8 3433.786 0.611 

1 4292.233 0.543 

1.1 4721.456 0.496 

1.2 5150.679 0.451 

1.4 6009.126 0.371 

1.6 6867.572 0.305 

1.8 7726.019 0.253 

2 8584.465 0.212 

 

(e)  2.0/sslu =0.626 

ɚ l 2.0/sslu  

0.2 858.4465 0.642 

0.4 1716.893 0.633 

0.5 2146.116 0.622 

0.6 2575.34 0.600 

0.7 3004.563 0.593 
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0.8 3433.786 0.589 

0.9 3863.009 0.573 

1 4292.233 0.538 

1.2 5150.679 0.450 

1.4 6009.126 0.370 

1.6 6867.572 0.305 

1.8 7726.019 0.253 

2 8584.465 0.212 

 

(f)  
2.0/sslu
=0.61 

ɚ l 2.0/sslu
 

0.2 858.4465 0.627 

0.4 1716.893 0.610 

0.6 2575.34 0.548 

0.8 3433.786 0.504 

1 4292.233 0.475 

1.2 5150.679 0.429 

1.4 6009.126 0.364 

1.6 6867.572 0.302 

1.8 7726.019 0.251 

2 8584.465 0.210 

 

(g)  2.0/sslu =0.6 

ɚ l 2.0/sslu  

0.2 858.4465 0.617876 

0.4 1716.893 0.586022 

0.6 2575.34 0.512327 

0.8 3433.786 0.456685 

1 4292.233 0.415997 

1.2 5150.679 0.381099 

1.4 6009.126 0.341041 

1.8 7726.019 0.24474 

1.6 6867.572 0.291797 

2 8584.465 0.205487 
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C ♦כ♃ 

 

(a)  A6061-T6 

ɚ l ( )Ywu MgM  

0.248 398.342 0.855 

0.372 597.512 0.853 

0.496 796.683 0.849 

0.620 995.854 0.838 

0.744 1195.025 0.817 

0.867 1394.196 0.776 

0.991 1593.366 0.721 

1.115 1792.537 0.652 

1.239 1991.708 0.576 

1.487 2390.050 0.443 

 

(b)  A5083-O 

ɚ l ( )Ywu MgM  

0.233  643.872  0.814  

0.350  965.807  0.793  

0.467  1287.743  0.777  

0.584  1609.679  0.745  

0.700  1931.615  0.715  

0.817  2253.550  0.666  

0.934  2575.486  0.609  

1.167  3219.358  0.492  

 

 


