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f Hz

L mm

E MPa

I mmସ

I n = 1~4 ൫ ൫ ൯, ൯

n = 1~2 ൫ ( )൯

mmସ

G t

m t/mm

λ −

T s



 

 



 

 



 

 



 

 

2.3  

I =  I୬

 

୬ୀଵ

n = 1 4

n = 1 2

f =
λଶ

2πLଶ
ඨEI

m
ߣ)                 = (ߨ

T =
1
f



 

 

L

mm

E

MPa

I

mmସ

m

t/mm



 

 

T

[s]

f

[Hz]



 

 















G t

Gୈ t

G t

P kN

K௦ kN

K −
g m/sଶ

t mm

Bଵ mm

Bଶ mm

Bଷ mm

Kୌ −

K −

Pୌ kN

P kN

F kN

Fଡ଼ kN

Lୟ mm

Lୠ mm

τ୦୮ N/mmଶ

Fଡ଼ kN

Aୗ mmଶ

A mmଶ

σୠ N/mmଶ

τୠ N/mmଶ

n୧
Aୗ mmଶ



σ୰ୠ N/mmଶ

Z୰ mmଷ

τ୰ୱ N/mmଶ

A୰ୱ mmଶ

A୰ mmଶ

σ୰ N/mmଶ

Pୌୟ kN

Pୟ kN

nୟ
F −

f୲ N/mmଶ

fୠ N/mmଶ

fୗ N/mmଶ

Tୟ kN/

Tୟଵ kN/

Tୟଶ kN/

Tୟଷ kN/
σ୷ N/mmଶ

a mmଶ

σ N/mmଶ

Aୡ  Aୡୠ  Aୡୟ mmଶ

lୣ mm

l mm

dୟ mm

b mm

Aୟ
ᇱ  Aୠ

ᇱ mmଶ

Tୟୱ kN/

Qୟ kN/

Qୟଵ kN/

Qୟଶ kN/



Qୟଷ kN/

aୡୱ
 mmଶ

Eୡ N/mଶ

Qୟୱ  Qୟୱ
ᇱ kN/

∅ୱ −

Aୡ୪ mmଶ

P୦ kN

T kN/

Q kN/













G

Gୈ

G

P
Kୱ

(G)

G

Gୈ

t

G

t

(Kୱ)

K

Kୱ = G K g



Gୈ + Kୱ

Gୈ + G + Kୱ



mm



N/mmଶ



Kୌ

K



Pୌ

Pୌ = Kୌ ∙ Gୈ ∙ g

P୴

P୴  (1 + K) ∙ Gୈ ∙ g

F

 F =
Pୌ
2

F୶

F ଡ଼  
P Lୠ

Lୟ

τ୦୮

Fଡ଼ ඨFଡ଼ଶ + ൬
F
2
൰
ଶ

τ୦୮ =  
1000Fଡ଼

A୮ୱ





F

f୲ fୠ
f୲ = fୠ = F

fୱ

fୱ  
F
√3

Tୟ = min൫Tୟଵ,Tୟଶ,Tୟଷ൯

Tୟ

Tୟଵ = σ୷a
Tୟଵ
σ୷
a

Tୟଶ = 0.23ඥσ ∙ Aୡ

Aୡ = πlୣ(lୣ + dୟ)

lୣ = l − dୟ
Tୟଶ
σ 

Aୡ 

lୣ  

l    

dୟ  



b

b < l Aୡ Aୡୠ Tୟଶ

Tୟଶ = 0.23ඥσ ∙ Aୡୠ

b < l Aୡ → Aୡୠ

θୠ = 2 cosିଵ ቌ
b

lୣ + dୟ
2

 ቍ         θୠ[ ]

Aୡୠ
 = 0.5(2π −

θୠ
180

π + sinθୠ)(lୣ +
dୟ
2

) ଶ −
1
4
πdୟ

ଶ

Aୠ
ᇱ  

Aୠ
ᇱ  = 0.5(

θୠ
180

π − sinθୠ)(lୣ +
dୟ
2

) ଶ

a  2(lୣ + ୢ
ଶ

 ) ୟ
ଶ

< (lୣ + ୢ
ଶ

)

Aୡ Aୡୟ Tୟଶ

θୟ = 2 cosିଵ ൬
a

2lୣ + dୟ
 ൰ θୟ[ ]

Aୡୟ = 0.5(2π −
θୟ

180
π + sin  θୟ)(lୣ +

dୟ
2

) ଶ −
1
4
πdୟ

ଶ

Aୟ
ᇱ

Aୟ
ᇱ  = 0.5(

θୟ
180

π − sinθୟ)(lୣ +
dୟ
2

) ଶ

Tୟଶ



Tୟଷ = 10ටቀ
σ
21
ቁ πdୟlୣ

Tୟଷ

Tୟୱ =
2
3

Tୟ ൫Tୟ Tୟଶ Tୟଷ ൯

Tୟୱ = Tୟ  ൫Tୟ Tୟଵ ൯

Tୟୱ ൫ ൯



Qୟ = min൫Qୟଵ,Qୟଶ,Qୟଷ൯

Qୟ

Qୟଵ = 0.7σ୷ × aୡୱ
 

Qୟଵ

σ୷
aୡୱ

 

Qୟଶ = 0.4ඥEୡ ∙ σ × aୡୱ
 

Qୟଶ 

Eୡ    

σ   

Qୟଷ = 294 × aୡୱ

Qୟଷ

Qୟୱ = Qୟ/1.5

Qୟୱ

Qୟୱ
ᇱ = ∅ୱඥ10 ∙ σ × Aୡ୪/10

∅ୱ: = 0.6

Aୡ୪: (=
1
2
πaଶ)

Qୟୱ = min (Qୟୱ, Qୟୱ)





Gୈ  t

G t

Kୌ −

K −

Pୌ kN

P kN

F kN

Fଡ଼ kN

Pୌୟ kN

Pୟ kN

P୦ kN

Lୟ mm

Lୠ mm

A mmଶ

Aୗ mmଶ

Fଡ଼ kN

τ୦୮ N/mmଶ

nଶ
Aୗ mmଶ

σୠ N/mmଶ

τୠ N/mmଶ



B ଷ mm

A୰ୱ mmଶ

A ୰ mmଶ

Z୰ mmଷ

σ୰ୠ N/mmଶ

τ୰ୱ N/mmଶ

σ୰ N/mmଶ

nୟ
l mm

dୟ mm

lୣ mm

T kN/

Q kN/



σ୷ N/mmଶ

a mmଶ

σ N/mmଶ

Eେ N/mmଶ

aୡୱ mmଶ

b mm

Aୡ mmଶ

Tୟଵ kN

Tୟଶ kN

Tୟଷ kN

Qୟଵ kN

Qୟଶ kN

Qୟଷ kN

Tୟୱ kN

Qୟୱ kN

Q′ୟୱ kN







τ୦୮ N/mmଶ 

σୠଵ N/mmଶ 

τୠଵ N/mmଶ 

σୠଶ N/mmଶ 

τୠଶ N/mmଶ 

σ୰ୠ N/mmଶ 

τ୰ୱ N/mmଶ 

σ୰ N/mmଶ 

f୲ N/mmଶ 

fୠ N/mmଶ 

fୱ N/mmଶ 

F௭ kN

F୶ kN

F୶ kN

F −

P t

g m/sଶ

P୦ kN

A୮ mmଶ

A୮ୱ mmଶ

A୰ mmଶ

A୰ୱ mmଶ

n୵ୱ
A୵ mmଶ

A୵ୱ mmଶ

τ୵ୱ N/mmଶ 

Pୌୟᇱ kN

Pୟᇱ kN

nୟ
݈ mm



Tୟ kN/

Tୟଵ kN/

Tୟଶ kN/

Tୟଷ kN/
σ୷ N/mmଶ

a mmଶ

σ N/mmଶ

Aୡ  Aୡୠ  Aୡୟ mmଶ

lୣ mm

l mm

dୟ mm

b mm

a mm

Aୟ
ᇱ  Aୠ

ᇱ  mmଶ

Tୟୱ kN/

Qୟ kN/

Qୟଵ kN/

Qୟଶ kN/

aୡୱ
 mmଶ

Eୡ N/mଶ

Qୟୱ  Qୟୱ
ᇱ kN/

∅ୱ −

Aୡ୪ mmଶ

P୦ kN

T kN/

Q kN/











G

Gୈଵ

Gୈଶ

G

P
Kୱ

Kୱ
ᇱ

 = (G + G) ∙ K g

(G)

G

Gୈଵ

t

Gୈଶ

t

G

t

(Kୱ)

K

Kୱ = G K g
Kୱ
ᇱ

 = (G + G) ∙ K g



Gୈଵ + Kୱ

Gୈଵ + Gୈଶ + G + K′ୱ





N/mmଶ



Kୌ

K



Pୌ

Pୌ = Kୌ ∙ (Gୈଵ + Gୈଶ) ∙ g

P୴

P୴  (1 + K) ∙ (Gୈଵ + Gୈଶ) ∙ g

߬௪௦

߬௪௦ =
1000(1 + ܩ(ܭ g

݊௪௦ ௪௦ܣ

௪௦ܣ =
3
4
௪ܣ

T Q

T =
Pୌୟ
nୟ

= Kୌ
(Gୈଵ + Gୈଶ + G)g

nୟ
 

Q =
Pୟ
nୟ

= (1 + K)
(Gୈଵ + Gୈଶ+G)g

nୟ
 



f୲ = fୠ = F

fୱ  
F
√3

Tୟ = min൫Tୟଵ,Tୟଶ,Tୟଷ൯

Tୟ

Tୟଵ = σ୷a
Tୟଵ
σ୷
a

Tୟଶ = 0.23ඥσ ∙ Aୡ

Aୡ = πlୣ(lୣ + dୟ)

lୣ = l − dୟ
Tୟଶ
σ 

Aୡ 

lୣ  

l    

dୟ  



b

b < l Aୡ Aୡୠ Tୟଶ

Tୟଶ = 0.23ඥσ ∙ Aୡୠ

b < l Aୡ → Aୡୠ

θୠ = 2 cosିଵ ቌ
b

lୣ + dୟ
2

 ቍ         θୠ[ ]

Aୡୠ
 = 0.5(2π −

θୠ
180

π + sinθୠ)(lୣ +
dୟ
2

) ଶ −
1
4
πdୟ

ଶ

Aୠ
ᇱ

Aୠ
ᇱ  = 0.5(

θୠ
180

π − sinθୠ)(lୣ +
dୟ
2

) ଶ

a  2(lୣ + ୢ
ଶ

 ) ୟ
ଶ

< (lୣ + ୢ
ଶ

)

Aୡ Aୡୟ Tୟଶ

θୟ = 2 cosିଵ ൬
a

2lୣ + dୟ
 ൰ θୟ[ ]

Aୡୟ = 0.5(2π −
θୟ

180
π + sin  θୟ)(lୣ +

dୟ
2

) ଶ −
1
4
πdୟ

ଶ

Aୟ
ᇱ

Aୟ
ᇱ  = 0.5(

θୟ
180

π − sinθୟ)(lୣ +
dୟ
2

) ଶ

Tୟଶ



Tୟଷ = 10ටቀ
σ
21
ቁ πdୟlୣ

Tୟଷ

Tୟୱ =
2
3

Tୟ ൫Tୟ Tୟଶ Tୟଷ ൯

Tୟୱ = Tୟ  ൫Tୟ Tୟଵ ൯

Tୟୱ ൫ ൯



Qୟ

Qୟ = min൫Qୟଵ,Qୟଶ,Qୟଷ൯

Qୟ

Qୟଵ = 0.7σ୷ × aୡୱ
 

Qୟଵ

σ୷  

aୡୱ
  

Qୟଶ = 0.4ඥEୡ ∙ σ × aୡୱ
 

Qୟଶ

Eୡ  

σ  

Qୟଷ = 294 × aୡୱ

Qୟଷ

Qୟୱ = Qୟ/1.5

Qୟୱ

Qୟୱ
ᇱ = ∅ୱඥ10 ∙ σ × Aୡ୪/10

∅ୱ: = 0.6

Aୡ୪: (=
1
2
πaଶ)





Gୈଵ t

Gୈଶ t

G t

Kୌ −

K −

Pୌ kN

P kN

Pୌୟ kN

Pୟ kN

P୦ kN

nୟ
l mm

dୟ mm

lୣ mm

T kN/

Q kN/

n୵ୱ  

D mm 

Aୱ mmଶ

τ୵ୱ N/mmଶ



σ୷ N/mmଶ

a mmଶ

σ mmଶ

Eେ N/mmଶ

aୡୱ mmଶ

b mm

Aୡ mmଶ

Tୟଵ kN/

Tୟଶ kN

Tୟଷ kN

Qୟଵ kN

Qୟଶ kN

Qୟଷ kN

Tୟୱ kN

Qୟୱ kN





G t

Gୈ t

G t

P kN

K௦ kN

K −
g m/sଶ

t mm

Bଵ mm

Bଶ mm

Bଷ mm

Kୌ −

K −

Pୌ kN

P kN

F kN

Fଡ଼ kN

Lୟ mm

Lୠ mm

τ୦୮ N/mmଶ

Fଡ଼ kN

Aୗ mmଶ

A mmଶ

σୠ N/mmଶ

τୠ N/mmଶ

n୧
Aୗ mmଶ



σ୰ୠ N/mmଶ

Z୰ mmଷ

τ୰ୱ N/mmଶ

A୰ୱ mmଶ

A୰ mmଶ

σ୰ N/mmଶ

Pୌୟ kN

Pୟ kN

nୟ
F −

f୲ N/mmଶ

fୠ N/mmଶ

fୗ N/mmଶ

Tୟ kN/

Tୟଵ kN/

Tୟଶ kN/

Tୟଷ kN/
σ୷ N/mmଶ

a mmଶ

σ N/mmଶ

Aୡ  Aୡୠ  Aୡୟ mmଶ

lୣ mm

l mm

dୟ mm

b mm

Aୟ
ᇱ  Aୠ

ᇱ mmଶ

Tୟୱ kN/

Qୟ kN/

Qୟଵ kN/

Qୟଶ kN/



Qୟଷ kN/

aୡୱ
 mmଶ

Eୡ N/mଶ

Qୟୱ  Qୟୱ
ᇱ kN/

∅ୱ −

Aୡ୪ mmଶ

P୦ kN

T kN/

Q kN/













G

Gୈ

G

P
Kୱ

(G)

G

Gୈ

t

G

t

(Kୱ)

K

Kୱ = G K g



Gୈ + Kୱ

Gୈ + G + Kୱ



mm



N/mmଶ



Kୌ

K



Pୌ

Pୌ = Kୌ ∙ Gୈ ∙ g

P୴

P୴  (1 + K) ∙ Gୈ ∙ g

F

 F =
Pୌ
2

F୶

F ଡ଼  
P Lୠ

Lୟ

τ୦୮

Fଡ଼ ඨFଡ଼ଶ + ൬
F
2
൰
ଶ

τ୦୮ =  
1000Fଡ଼

A୮ୱ





F

f୲ fୠ
f୲ = fୠ = F

fୱ

fୱ  
F
√3

Tୟ = min൫Tୟଵ,Tୟଶ,Tୟଷ൯

Tୟ

Tୟଵ = σ୷a
Tୟଵ
σ୷
a

Tୟଶ = 0.23ඥσ ∙ Aୡ

Aୡ = πlୣ(lୣ + dୟ)

lୣ = l − dୟ
Tୟଶ
σ 

Aୡ 

lୣ  

l    

dୟ  



b

b < l Aୡ Aୡୠ Tୟଶ

Tୟଶ = 0.23ඥσ ∙ Aୡୠ

b < l Aୡ → Aୡୠ

θୠ = 2 cosିଵ ቌ
b

lୣ + dୟ
2

 ቍ         θୠ[°]

Aୡୠ = 0.5(2π −
θୠ

180
π + sinθୠ)(lୣ +

dୟ
2

) ଶ −
1
4
πdୟ

ଶ

Aୠ
ᇱ

Aୠ
ᇱ  = 0.5(

θୠ
180

π − sinθୠ)(lୣ +
dୟ
2

) ଶ

a  2(lୣ + ୢ
ଶ

 ) ୟ
ଶ

< lୣ + ୢ
ଶ

Aୡ Aୡୟ Tୟଶ 

θୟ = 2 cosିଵ ൬
a

2lୣ + dୟ
 ൰ θୟ[°]

Aୡୟ = 0.5(2π −
θୟ

180
π + sin  θୟ)(lୣ +

dୟ
2

)ଶ −
1
4
πdୟ

ଶ

Aୟ
ᇱ

Aୟ
ᇱ  = 0.5(

θୟ
180

π − sinθୟ)(lୣ +
dୟ
2

) ଶ

Tୟଶ



Aୡୌଵଵ
ᇱ  = 4 ∙ H11 + 2 ∙ H12

Aୡୌଵଶ
ᇱ  = 4 ∙ H11 + 2 ∙ H12 + H13 + 2 ∙ H14

Aୡୌଵଷ
ᇱ  = 2 ∙ H11 + H12 + 2 ∙ HS11 + HS12

Aୡୗଵ
ᇱ  = 2 ∙ S11 + 4 ∙ S12 + SH11 + SH12

Tୟଷ = 10ටቀ
σ
21
ቁ πdୟlୣ

Tୟଷ

Tୟୱ =
2
3

Tୟ ൫Tୟ Tୟଶ Tୟଷ ൯

Tୟୱ = Tୟ  ൫Tୟ Tୟଵ ൯

Tୟୱ ൫ ൯



Qୟ

Qୟ = min൫Qୟଵ,Qୟଶ,Qୟଷ൯

Qୟ

Qୟଵ = 0.7σ୷ × aୡୱ
 

Qୟଵ

σ୷  

aୡୱ
  

Qୟଶ = 0.4ඥEୡ ∙ σ × aୡୱ
 

Qୟଶ

Eୡ  

σ  

Qୟଷ = 294 × aୡୱ

Qୟଷ

Qୟୱ = Qୟ/1.5

Qୟୱ

Qୟୱ
ᇱ = ∅ୱඥ10 ∙ σ × Aୡ୪/10

∅ୱ: = 0.6

Aୡ୪: (=
1
2
πaଶ)





Gୈ t

G t

Kୌ −

K −

Pୌ kN

P kN

F kN

Fଡ଼ kN

Pୌୟ kN

Pୟ kN

P୦ kN

Lୟ mm

Lୠ mm

A mmଶ

Aୗ mmଶ

Fଡ଼ kN

τ୦୮ N/mmଶ

nଶ
Aୗ mmଶ

σୠ N/mmଶ

τୠ N/mmଶ



B ଷ mm

A୰ୱ mmଶ

A ୰ mmଶ

Z୰ mmଷ

σ୰ୠ N/mmଶ

τ୰ୱ N/mmଶ

σ୰ N/mmଶ

nୟ
l mm

dୟ mm

lୣ mm

T kN/

Q kN/



σ୷ N/mmଶ

a mmଶ

σ N/mmଶ

Eେ N/mmଶ

aୡୱ mmଶ

݈ᇱ mm

Aୡ mmଶ

Tୟଵ kN

Tୟଶ kN

Tୟଷ kN

Qୟଵ kN

Qୟଶ kN

Qୟଷ kN

Tୟୱ kN

Qୟୱ kN

Q′ୟୱ kN



















h mP୦୬ kN/mଶρ t/mଷg m/sଶHଡ଼୬ mKୗ kN/mଶSGୢ tKୌb mH mP’୬ kN/mP୬ kN/mଶB mσ୮ୟ ୬୫ N/mmଶσ୮ N/mmଶt mmβ୬C୬ mma୬ mb୫ mW୬ kN/mM୬ kN mL mQ୬ kN mσ୬ N/mmଶZଡ଼୬ mmଷτ୬ N/mmଶA୬ mmଶ



σୡ୬ N/mmଶσୡ N/mmଶMᇱ୬ kN mPୟ୬ kN/mPୠ୬ kN/mQᇱ୬ kN mσᇱ୬ N/mmଶZᇱଡ଼୬ mmଷτᇱ୬ N/mmଶAᇱ୬ mmଶσᇱୡ୬ N/mmଶσᇱୡ N/mmଶ











h

P୦୬
P୦୬ ρ g Hଡ଼୬



m t/mଷ

Kୗ Sୢ KୗG Kୌ
Kୗ Kୌ G gb H

P’୬
P’୬ = B P୬

P୬ P୦୬ KୗP୦୬ Kୗ



mm

N/mmଶ







Wଵ = (2Pଵ + Pଶ) ∙ aଵ6Wଶ = (2Pଶ + Pଵ) ∙ aଵ6 + (2Pଶ + Pଷ) ∙ aଶ6Wଷ = (2Pଷ + Pଶ) ∙ aଶ6 + (2Pଷ + Pସ) ∙ aଷ6Wସ = (2Pସ + Pଷ) ∙ aଷ6M୬ = W୬ ∙ Lଶ8Q୬ = W୬ ∙ L2σ୬ = 1 × 10M୬Z୶୬τ୬ = 1000Q୬A୵୬σୡ୬ = ඥσ୬ଶ + 3τ୬ଶ
σୡ = MAX(σୡ୬) (n = 1~4)



M୬ᇱ  = a୬ ଶ ∙ ൬ Pୟ୬9√3 + Pୠ୬8 ൰ 
 Q୬ᇱ = a୬ ∙ ൬Pୟ୬3 + Pୠ୬2 ൰   P’୬  B P୬ Pୟ୬  P’୬ାଵ P’୬ Pୠ୬  P’୬   σ୬ᇱ = 1 × 10 ∙  M୬ᇱZଡ଼୬ᇱ  
τ୬ᇱ = 1000 ∙ Q୬ᇱA୬ᇱ  
σୡ୬ᇱ = ටσ୬ᇱ  ଶ + 3τ୬ᇱ  ଶ  σୡᇱ = MAX( σୡ୬ᇱ ) ൫n = 1 3൯ 

Pୠ୬ Pୟ୬



Hଡ଼ଵ mHଡ଼ଶ mHଡ଼ଷ mHଡ଼ସ mt mmβଵβଶCଵ m (m = 1)(m = 2)Cଶ m (m = 1)(m = 2)aଵ maଶ maଷ mbଵ mbଶ mP୦ଵ kN/mଶP୦ଶ kN/mଶP୦ଷ kN/mଶP୦ସ kN/mଶ



Kୗ kN/mଶPଵ kN/mଶPଶ kN/mଶPଷ kN/mଶPସ kN/mଶσ୮ୟ ଵଵ N/mmଶσ୮ୟ ଵଶ N/mmଶσ୮ୟ ଶଵ N/mmଶσ୮ୟ ଶଶ N/mmଶσ୮ୟ ଷଵ N/mmଶσ୮ୟ ଷଶ N/mmଶ



L mWଵ kN/mWଶ kN/mWଷ kN/mWସ kN/mMଵ kN ∙ mMଶ kN ∙ mMଷ kN ∙ mMସ kN ∙ mQଵ kNQଶ kNQଷ kNQସ kNZ୶ଵ mmଷZ୶ଶ mmଷZ୶ଷ mmଷZ୶ସ mmଷAଵ mmଶAଶ mmଶAଷ mmଶAସ mmଶ



σଵ N/mmଶσଶ N/mmଶσଷ N/mmଶσସ N/mmଶτଵ N/mmଶτଶ N/mmଶτଷ N/mmଶτସ N/mmଶσୡଵ N/mmଶσୡଶ N/mmଶσୡଷ N/mmଶσୡସ N/mmଶ



B mP’ଵ kN/m
P’ଶ kN/m
P’ଷ kN/m
P’ସ kN/m
Pୟଵ kN/m
Pୟଶ kN/m
Pୟଷ kN/m
Pୠଵ kN/m
Pୠଶ kN/m
Pୠଷ kN/mM’ଵ kN ∙ mM’ଶ kN ∙ mM’ଷ kN ∙ mQ’ଵ kN ∙ mQ’ଶ kN ∙ mQ’ଷ kN ∙ m



Zᇱ୶ଵ mmଷZᇱ୶ଶ mmଷZᇱ୶ଷ mmଷAᇱଵ mmଶAᇱଶ mmଶAᇱଷ mmଶσଵᇱ N/mmଶσଶᇱ N/mmଶσଷᇱ N/mmଶτଵᇱ N/mmଶτଶᇱ N/mmଶτଷᇱ N/mmଶσୡଵᇱ N/mmଶσୡଶᇱ N/mmଶσୡଷᇱ N/mmଶ



N/mmଶ N/mmଶ



h mP୦ଵ୬ kN/mଶ
P୦ଶ୬ kN/mଶρ t/mଷg m/sଶHଡ଼ଵ୬ mHଡ଼ଶ୬ mKୗଵ kN/mଶKୗଶ kN/mଶSୢGଵ tGଶ tKୌb mHଵ mHଶ mP’ଵ୬ kN/mP’ଶ୬ kN/mPଵ୬ kN/mଶPଶ୬ kN/mଶB mσ୮ୟ ଵ୬୫ N/mmଶσ୮ୟ ଶ୬୫ N/mmଶσ୮ N/mmଶt mmβ୬C୬ m



aଵ୬ maଶ୬ mb୫ mWଵ୬ kN/mWଶ୬ kN/mMଵ୬ kN mMଶ୬ kN mL mQଵ୬ kN mQଶ୬ kN mσଵ୨ N/mmଶσଶ N/mmଶZଡ଼ଵ୬ mmଷZଡ଼ଶ୬ mmଷτଵ୨ N/mmଶτଶ୨ N/mmଶAଵ୬ mmଶAଶ୬ mmଶσୡଵ୬ N/mmଶσୡଶ୬ N/mmଶσୡଵ N/mmଶσୡଶ N/mmଶMᇱ୬ kN mPୟଵ୬ kN/mPୟଶ୬ kN/mPୠଵ୬ kN/mPୠଶ୬ kN/m



Qᇱ୬ kN mσᇱ୬ N/mmଶZᇱଡ଼ଵ୬ mmଷZᇱଡ଼ଶ୬ mmଷτᇱ୬ N/mmଶAᇱଵ୬ mmଶAᇱଶ୬ mmଶσᇱୡ୬ N/mmଶσᇱୡ N/mmଶ











h

P୦୬
P୦୬ ρ g Hଡ଼୬



m t/mଷ

Kୗ Sୢ KୗG Kୌ
Kୗ Kୌ G gb H

P’୬
P’୬ = B P୬

P୬ P୦୬ KୗP୦୬ Kୗ



N/mmଶ





σ୮ୟ ଵଵ୫ = βଵ ∙ 1000Pଵଵ ∙ Cଵଶtଶ + βଶ ∙ 1000൫Pଵଶ Pଵଵ൯ ∙ Cଶଶtଶ
Cଵ = Cଶ = MIN൫aଵଵ b୫൯ ߪ    = σ୮ୟ = MAX൫σ୮ୟ ଵଵ୫൯     (݉ = 1,2)  
σ୮ୟ  ଶ୬୫ = βଵ ∙ 1000Pଶ୬ ∙ Cଵଶtଶ + βଶ ∙ 1000൫Pଶ,୬ାଵ Pଶ୬൯ ∙ Cଶଶtଶ

Cଵ = Cଶ = MIN൫aଶ୬ b୫൯ ߪ    = MAX൫ߪ ଶ൯     ൫݊ = 1 3, ݉ = 1,2൯ 





wଵଵ = (2Pଵଵ + Pଵଶ) ∙ aଵଵ6wଵଶ = (2Pଵଶ + Pଵଵ) ∙ aଵଵ6  
Mଵ୬ = భ∙మ଼ Qଵ୬ = భ∙ଶσଵ୬ = ଵ×ଵలభ౮భ τଵ୬ = ଵ୕భ౭భ
σୡଵ୬ = ටσଵ୬ଶ + 3 ଵ୬ଶ
σୡଵ = MAX(σୡଵ୬) (݊ = 1,2)

wଶଵ = (2Pଶଵ + Pଶଶ) ∙ aଶଵ6wଶଶ = (2Pଶଶ + Pଶଵ) ∙ aଶଵ6 + (2Pଶଶ + Pଶଷ) ∙ aଶଶ6wଶଷ = (2Pଶଷ + Pଶଶ) ∙ aଶଶ6 + (2Pଶଷ + Pଶସ) ∙ aଶଷ6wଶସ = (2Pଶସ + Pଶଷ) ∙ aଶଷ6  
Mଶ = మ∙మ଼ Qଶ = మ∙ଶσଶ = ଵ×ଵలమ౮మ τଶ = ଵ୕మ౭మ





Mଵଵ = aଵଵ ଶ ∙ ൬Pୟଵଵ9√3 + Pୠଵଵ8 ൰
Qଵଵ = aଵଵ ∙ ൬Pୟଵଵ3 + Pୠଵଵ2 ൰P’ଵ୬ = B Pଵ୬Pୟଵଵ  P’ଵଶ P’ଵଵ Pୠଵଵ  P’ଵଵߪଵ = 1 × 10 ∙ ଵଵܼ′௫ଵ߬ଵܯ = 1000ܳଵଵܣ′௪ଵ

ୡଵ୫ = ට ଵ୫ଶ + 3 ଵ୫ଶ
σୡଵ = MAXቀ ୡଵ୫ቁ (݉ = 1,2)
Mଶ = aଶ୬ ଶ ∙ ൬Pୟଶ୬9√3 + Pୠଶ୬8 ൰
Qଶ = aଶ୬ ∙ ൬Pୟଶ୬3 + Pୠଶ୬2 ൰P’ଶ୬ = B Pଶ୬Pୟଶ୬  P’ଶ  ୬ାଵ P’ଶ୬ Pୠଶ୬  P’ଶ୬ (݊ = 1~3)

ଶ୬ ୫ = 1 × 10 ∙ Mଶ୬Z ୶୫
ଶ୬  ୫ = 1000 ∙ Qଶ୬A ୵୫
ୡଶ୬  ୫ = ට ଶ୬  ୫ଶ + 3 ଶ୬  ୫ଶ

σୡଶ = MAXቀ ୡଶ୬  ୫ቁ (݉ = 1,2)





Hଡ଼ଵଵ mHଡ଼ଵଶ mP୦ଵଵ kN/mଶ
P୦ଵଶ kN/mଶ
Pଵଵ kN/mଶ
Pଵଶ kN/mଶKୗଵ kN/mଶHଡ଼ଶଵ mHଡ଼ଶଶ mHଡ଼ଶଷ mHଡ଼ଶସ mP୦ଶଵ kN/mଶ

P୦ଶଶ kN/mଶ
P୦ଶଷ kN/mଶ
P୦ଶସ kN/mଶ
Pଶଵ kN/mଶ
Pଶଶ kN/mଶ
Pଶଷ kN/mଶ
Pଶସ kN/mଶKୗଶ kN/mଶ



t mmβଵβଶCଵ m (m = 1)(m = 2)Cଶ m (m = 1)(m = 2)aଵଵଵ~ଵଵଶ mbଵଵ mbଵଶ mσ୮ୟ ଵଵଵ N/mmଶσ୮ୟ ଵଵଶ N/mmଶaଶଵଵ,ଶଵଶ maଶଶଵ,ଶଶଶ maଶଷଵ,ଶଷଶ mbଶଵଵ,ଶଶଵ,ଶଷଵ mbଶଵଶ,ଶଶଶ,ଶଷଶ mσ୮ୟ ଶଵଵ N/mmଶσ୮ୟ ଶଵଶ N/mmଶσ୮ୟ ଶଶଵ N/mmଶσ୮ୟ ଶଶଶ N/mmଶσ୮ୟ ଶଷଵ N/mmଶσ୮ୟ ଶଷଶ N/mmଶ



L mWଵଵ kN/m
Wଵଶ kN/mMଵଵ kN ∙ mMଵଶ kN ∙ mQଵଶ kNQଵଶ kNZ୶ଵଵ mmଷZ୶ଵଶ mmଷAଵଵ mmଶAଵଶ mmଶ



L mWଶଵ kN/m
Wଶଶ kN/m
Wଶଷ kN/m
Wଶସ kN/mMଶଵ kN ∙ mMଶଶ kN ∙ mMଶଷ kN ∙ mMଶସ kN ∙ mQଶଵ kNQଶଶ kNQଶଷ kNQଶସ kNZ୶ଶଵ mmଷZ୶ଶଶ mmଷZ୶ଶଷ mmଷZ୶ଶସ mmଷAଶଵ mmଶAଶଶ mmଶAଶଷ mmଶAଶସ mmଶ



σଵଵ N/mmଶ
σଵଶ N/mmଶ
τଵଵ N/mmଶ
τଵଶ N/mmଶ
σୡଵଵ N/mmଶ
σୡଵଶ N/mmଶσଶଵ N/mmଶσଶଶ N/mmଶσଶଷ N/mmଶσଶସ N/mmଶτଶଵ N/mmଶτଶଶ N/mmଶτଶଷ N/mmଶτଶସ N/mmଶσୡଶଵ N/mmଶσୡଶଶ N/mmଶσୡଶଷ N/mmଶσୡଶସ N/mmଶ



B mP’ଵଵ kN/m
P’ଵଶ kN/m
Pୟଵଵ kN/m
Pୠଵଵ kN/mM’ଵଵ kN ∙ mM’ଵଶ kN ∙ mQ’ଵଵ kN ∙ mQ’ଵଶ kN ∙ mZᇱ୶ଵଵ mmଷZᇱ୶ଵଶ mmଷAᇱଵଵ mmଶAᇱଵଶ mmଶσଵଵᇱ N/mmଶσଵଶᇱ N/mmଶτଵଵᇱ N/mmଶτଵଶᇱ N/mmଶσୡଵଵᇱ N/mmଶσୡଵଶᇱ N/mmଶ



B mP’ଶଵ kN/m
P’ଶଶ kN/m
P’ଶଷ kN/m
P’ଶସ kN/m
Pୟଶଵ kN/m
Pୟଶଶ kN/m
Pୟଶଷ kN/m
Pୠଶଵ kN/m
Pୠଶଶ kN/m
Pୠଶଷ kN/mM’ଵ kN ∙ mM’ଶ kN ∙ mM’ଷ kN ∙ mQ’ଵ kN ∙ mQ’ଶ kN ∙ mQ’ଷ kN ∙ m



Zᇱ୶ଶଵ mmଷZᇱ୶ଶଶ mmଷAᇱଶଵ mmଶAᇱଶଶ mmଶσଶଵᇱ N/mmଶσଶଶᇱ N/mmଶσଶଷᇱ N/mmଶσଶସᇱ N/mmଶσଶହᇱ N/mmଶσଶᇱ N/mmଶτଶଵᇱ N/mmଶτଶଶᇱ N/mmଶτଶଷᇱ N/mmଶτଶସᇱ N/mmଶτଶହᇱ N/mmଶτଶᇱ N/mmଶσୡଶଵᇱ N/mmଶσୡଶଶᇱ N/mmଶσୡଶଷᇱ N/mmଶσୡଶସᇱ N/mmଶσୡଶହᇱ N/mmଶσୡଶᇱ N/mmଶ





h mP୦୬ kN/mଶρ t/mଷg m/sଶHଡ଼୬ mKୗ kN/mଶSGୢ tKୌb mH mP’୬ kN/mP୬ kN/mଶB mσ୮ୟ ୬୫ N/mmଶσ୮ N/mmଶt mmβ୬C୬ mma୬ mb୫ mW୬ kN/mM୬ kN mL mQ୬ kN mσ୬ N/mmଶZଡ଼୬ mmଷτ୬ N/mmଶA୬ mmଶ



σୡ୬ N/mmଶσୡ N/mmଶMᇱ୬ kN mPୟ୬ kN/mPୠ୬ kN/mQᇱ୬ kN mσᇱ୬ N/mmଶZᇱଡ଼୬ mmଷτᇱ୬ N/mmଶAᇱ୬ mmଶσᇱୡ୬ N/mmଶσᇱୡ N/mmଶ











h

P୦୬
P୦୬ ρ g Hଡ଼୬



m t/mଷ

Kୗ Sୢ KୗG Kୌ
Kୗ Kୌ G gb H

P’୬
P’୬ = B P୬

P୬ P୦୬ KୗP୦୬ Kୗ



mm

N/mmଶ







Wଵ = (2Pଵ + Pଶ) ∙ aଵ6Wଶ = (2Pଶ + Pଵ) ∙ aଵ6 + (2Pଶ + Pଷ) ∙ aଶ6Wଷ = (2Pଷ + Pଶ) ∙ aଶ6 + (2Pଷ + Pସ) ∙ aଷ6Wସ = (2Pସ + Pଷ) ∙ aଷ6M୬ = W୬ ∙ Lଶ8Q୬ = W୬ ∙ L2σ୬ = 1 × 10M୬Z୶୬τ୬ = 1000Q୬A୵୬σୡ୬ = ඥσ୬ଶ + 3τ୬ଶ
σୡ = MAX(σୡ୬) (n = 1~4)



M୬ᇱ  = a୬ ଶ ∙ ൬ Pୟ୬9√3 + Pୠ୬8 ൰ 
 Q୬ᇱ = a୬ ∙ ൬Pୟ୬3 + Pୠ୬2 ൰   P’୬  B P୬ Pୟ୬  P’୬ାଵ P’୬ Pୠ୬  P’୬   σ୬ᇱ = 1 × 10 ∙  M୬ᇱZଡ଼୬ᇱ  
τ୬ᇱ = 1000 ∙ Q୬ᇱA୬ᇱ  
σୡ୬ᇱ = ටσ୬ᇱ  ଶ + 3τ୬ᇱ  ଶ  σୡᇱ = MAX( σୡ୬ᇱ ) ൫n = 1 3൯ 

Pୠ୬ Pୟ୬



Hଡ଼ଵ mHଡ଼ଶ mHଡ଼ଷ mHଡ଼ସ mt mmβଵβଶCଵ m (m = 1)(m = 2)Cଶ m (m = 1)(m = 2)aଵ maଶ maଷ mbଵ mbଶ mP୦ଵ kN/mଶP୦ଶ kN/mଶP୦ଷ kN/mଶP୦ସ kN/mଶ



Kୗ kN/mଶPଵ kN/mଶPଶ kN/mଶPଷ kN/mଶPସ kN/mଶσ୮ୟ ଵଵ N/mmଶσ୮ୟ ଵଶ N/mmଶσ୮ୟ ଶଵ N/mmଶσ୮ୟ ଶଶ N/mmଶσ୮ୟ ଷଵ N/mmଶσ୮ୟ ଷଶ N/mmଶ



L mWଵ kN/mWଶ kN/mWଷ kN/mWସ kN/mMଵ kN ∙ mMଶ kN ∙ mMଷ kN ∙ mMସ kN ∙ mQଵ kNQଶ kNQଷ kNQସ kNZ୶ଵ mmଷZ୶ଶ mmଷZ୶ଷ mmଷZ୶ସ mmଷAଵ mmଶAଶ mmଶAଷ mmଶAସ mmଶ



σଵ N/mmଶσଶ N/mmଶσଷ N/mmଶσସ N/mmଶτଵ N/mmଶτଶ N/mmଶτଷ N/mmଶτସ N/mmଶσୡଵ N/mmଶσୡଶ N/mmଶσୡଷ N/mmଶσୡସ N/mmଶ



B mP’ଵ kN/m
P’ଶ kN/m
P’ଷ kN/m
P’ସ kN/m
Pୟଵ kN/m
Pୟଶ kN/m
Pୟଷ kN/m
Pୠଵ kN/m
Pୠଶ kN/m
Pୠଷ kN/mM’ଵ kN ∙ mM’ଶ kN ∙ mM’ଷ kN ∙ mQ’ଵ kN ∙ mQ’ଶ kN ∙ mQ’ଷ kN ∙ m



Zᇱ୶ଵ mmଷZᇱ୶ଶ mmଷZᇱ୶ଷ mmଷAᇱଵ mmଶAᇱଶ mmଶAᇱଷ mmଶσଵᇱ N/mmଶσଶᇱ N/mmଶσଷᇱ N/mmଶτଵᇱ N/mmଶτଶᇱ N/mmଶτଷᇱ N/mmଶσୡଵᇱ N/mmଶσୡଶᇱ N/mmଶσୡଷᇱ N/mmଶ



N/mmଶ N/mmଶ























































 
 
 















 

 
 









 

 





 

 



 

 

2.3  

I =  I୬

 

୬ୀଵ

n = 1 10

n = 1 4

f =
λଶ

2πLଶ
ඨEI

m
ߣ)                 = (ߨ

T =
1
f



 

 

L

mm

E

MPa

I

mmସ

m

t/mm



 

 

T

[s]

f

[Hz]



 

 















G t

Gୈ t

Gୈ୧ t

G t

P kN

Kୱ kN

K −

g m/sଶ

t mm

D1 mm

Bଵ mm

Bଶ mm

Kୌ −

K −

Pୌ kN

Pୌ୧ kN

P kN

P୧ kN

Fz kN

Fzi kN

Fଡ଼ kN

Fଡ଼୧ kN

Lୟ mm

Lୟ୧ mm

Lୠ mm

τ୦୮ N/mmଶ





tଵ mm

tଶ mm

Aୋ mmଶ

τୟ kN/

n

σ୰ୠ N/mmଶ 

σ୰ୠ୧ N/mmଶ 

Z୰ mmଷ

Z୰୧ mmଷ

τ୰ୱ N/mmଶ 

τ୰ୱ୧ N/mmଶ 

A୰ୱ mmଶ

A୰ୱ୧ mmଶ

A୰ mmଶ

A୰୧ mmଶ

σ୰ N/mmଶ 

σ୰୧ N/mmଶ 

Mୗ kN m

Tୗ kN

L୧ mm

Qୗ kN/

Q kN/

T kN

nୟ
F −

f୲ N/mmଶ

fୠ N/mmଶ

fୗ N/mmଶ

Tୟ kN/

Tୟଵ kN/

Tୟଶ kN/



Tୟଷ kN/
σ୷ N/mmଶ

a mmଶ

σ N/mmଶ

Aୡ  Aୡୠ  Aୡୟ mmଶ

lୣ mm

l mm

dୟ mm

b
mm

a mm

Aୟ
ᇱ  Aୠ

ᇱ mmଶ

Aୡୌ୧୨
ᇱ  mmଶ

Aୡୗ୧
ᇱ mmଶ

Tୟୱ kN/

Qୟ kN/

Qୟଵ kN/  

Qୟଶ kN/  

Qୟଷ kN/  

aୡୱ
 mmଶ 

Eୡ N/mଶ 

Qୟୱ  Qୟୱ
ᇱ kN/  

∅ୱ − 

Aୡ୪ mmଶ 

P୦ kN



Hij mmଶ

Sij mmଶ

HSij mmଶ

SHij mmଶ

lୌ mm

dୟୌ mm

lୣୌ mm

lୗ mm

dୟୗ mm

lୣୗ mm

Tୟଵ୧ kN/  

Tୟଶ୧ kN/

Tୟଷ୧ kN/

Tୟୗ୧ kN/

Qୟଵ୧ kN/

Qୟଶ୧ kN/

Qୟଷ୧ kN/

Qୟୗ୧ kN/















G

Gୈ

G

P
Kୱ

(G)

G

Gୈ

t

G

t

(Kୱ)

K

Kୱ = G K g



Gୈ + Kୱ

Gୈ + G + Kୱ



mm



N/mmଶ





Pୌ
Pୌଵ = Kୌ ∙ Gୈଵ ∙ g

Pୌଶ = Kୌ ∙ Gୈଶ ∙ g

P୴
P୴ଵ  (1 + K) ∙ Gୈଵ ∙ g

P୴ଶ  (1 + K) ∙ Gୈଶ ∙ g

F

Fଵ =
Pୌଵ

2

Fଶ =
Pୌଶ

2

F୶

F ଡ଼ଵ  
Pଵ Lୠଵ

Lୟଵ

F ଡ଼ଶ  
Pଶ Lୠଶ

Lୟଶ



τ୦୮

F୶ଵ ඨF୶ଵଶ + ൬
Fଵ
2
൰
ଶ

τ୦୮ଵ =  
1000F୶ଵ

A୮ୱଵ

A୮ୱଵ =
3
4

A୮ଵ

F୶ଶ ඨF୶ଶ 
ଶ + ൬

Fଶ
2
൰
ଶ

τ୦୮ଶ =  
1000F୶ଶ

A୮ୱଶ

A୮ୱଶ =
3
4

A୮ଶ

σୠ τୠ

σୠଵ
1000Fଵ
nଵଵ ∙ Aୱ

τୠଵ
1000Fଵ
2nଵଵ ∙ Aୱ



σୠଶ
1000Fଶ
nଵଶ ∙ Aୱ

τୠଶ
1000Fଶ
2nଵଶ ∙ Aୱ

 

Tୌଵଵ
Fଵ

2nୌଵଵ

Qୌଵଵ
F୶ଵ

nୌଵଵ

Tୌଵଶ
Fଵ+Fଶ

2nୌଵଶ

Qୌଵଶ
Max F୶ଵ, F୶ଶ

nୌଵଶ

Tୌଵଷ
Fଶ

2nୌଵଷ

Qୌଵଷ
F୶ଶ

nୌଵଷ









F

f୲ fୠ
f୲ = fୠ = F

fୱ

fୱ  
F
√3

Tୟ
Tୟ = min൫Tୟଵ,Tୟଶ,Tୟଷ൯

Tୟ

Tୟଵ = σ୷a
Tୟଵ
σ୷
a

Tୟଶ = 0.23ඥσ ∙ Aୡ

Aୡ = πlୣ(lୣ + dୟ)

lୣ = l − dୟ
Tୟଶ
σ 

Aୡ 

lୣ  

l    

dୟ 



b

b < l Aୡ Aୡୠ Tୟଶ

Tୟଶ = 0.23ඥσ ∙ Aୡୠ

b < l Aୡ → Aୡୠ

θୠ = 2 cosିଵ ቌ
b

lୣ + dୟ
2

 ቍ         θୠ[°]

Aୡୠ = 0.5(2π −
θୠ

180
π + sinθୠ)(lୣ +

dୟ
2

) ଶ −
1
4
πdୟ

ଶ

Aୠ
ᇱ

Aୠ
ᇱ  = 0.5(

θୠ
180

π − sinθୠ)(lୣ +
dୟ
2

) ଶ

a  2(lୣ + ୢ
ଶ

 ) ୟ
ଶ

< lୣ + ୢ
ଶ

Aୡ Aୡୟ Tୟଶ 

θୟ = 2 cosିଵ ൬
a

2lୣ + dୟ
 ൰ θୟ[°]

Aୡୟ = 0.5(2π −
θୟ

180
π + sin  θୟ)(lୣ +

dୟ
2

)ଶ −
1
4
πdୟ

ଶ

Aୟ
ᇱ

Aୟ
ᇱ  = 0.5(

θୟ
180

π − sinθୟ)(lୣ +
dୟ
2

) ଶ

Tୟଶ



Aୡୌଵଵ
ᇱ  = 4 ∙ H11 + 2 ∙ H12

Aୡୌଵଶ
ᇱ  = 4 ∙ H11 + 2 ∙ H12 + H13 + 2 ∙ H14

Aୡୌଵଷ
ᇱ  = 2 ∙ H11 + H12 + 2 ∙ HS11 + HS12

Aୡୗଵ
ᇱ  = 2 ∙ S11 + 4 ∙ S12 + SH11 + SH12

Tୟଷ = 10ටቀ
σ
21
ቁ πdୟlୣ

Tୟଷ

Tୟୱ =
2
3

Tୟ ൫Tୟ Tୟଶ Tୟଷ ൯

Tୟୱ = Tୟ  ൫Tୟ Tୟଵ ൯

Tୟୱ ൫ ൯



Qୟ

Qୟ = min൫Qୟଵ,Qୟଶ,Qୟଷ൯

Qୟ

Qୟଵ = 0.7σ୷ × aୡୱ
 

Qୟଵ

σ୷  

aୡୱ
  

Qୟଶ = 0.4ඥEୡ ∙ σ × aୡୱ
 

Qୟଶ

Eୡ  

σ  

Qୟଷ = 294 × aୡୱ

Qୟଷ

Qୟୱ = Qୟ/1.5

Qୟୱ

Qୟୱ
ᇱ = ∅ୱඥ10 ∙ σ × Aୡ୪/10

∅ୱ: = 0.6

Aୡ୪: (=
1
2
πaଶ)













Gୈଵ t

Gୈଶ t

G t

Kୌ −

K −

Pୌଵ kN

Pୌଶ kN

Pଵ kN

Pଶ kN

P୦ kN

Fଡ଼ଵ kN

Fଡ଼ଶ kN

Fଵ kN

Fଶ kN

Aଵ mmଶ

Aୗଵ mmଶ

Fଡ଼ଵ kN

τ୦୮ଵ N/mmଶ

Aଶ mmଶ

Aୗଶ mmଷ

Fଡ଼ଶ kN

τ୦୮ଶ N/mmଶ

nଵଵ
Aୗଵଵ mmଶ

σୠଵ N/mmଶ

τୠଵ N/mmଶ



nଵଶ
Aୗଶଵ mmଶ

σୠଶ N/mmଶ

τୠଶ N/mmଶ

nୌଵଵ
Tୌଵଵ kN/

Qୌଵଵ kN/

nୌଵଶ
Tୌଵଶ kN/

Qୌଵଶ kN/

nୌଵଷ
Tୌଵଷ kN/

Qୌଵଷ kN/

n

Zଡ଼ mmଷ

A mmଶ

M kN ∙ m

σୱ N/mmଶ

τ N/mmଶ

σ N/mmଶ

Tୗ kN/

Qୗ kN/



Bଶ mm

A୰ୱଵ mmଶ

Z୰ଵ mmଷ

σ୰ୠଵ N/mmଶ

τ୰ୱଵ N/mmଶ

σ୰ଵ N/mmଶ

Bଶ mm

A୰ୱଶ mmଶ

Z୰ଶ mmଷ

σ୰ୠଶ N/mmଶ

τ୰ୱଶ N/mmଶ

σ୰ଶ N/mmଶ

Lୟଵ mm

Lୟଶ mm

Lୠ mm

nୟ
l mm

dୟ mm

lୣ mm

T kN/

Q kN/

lୌ mm

dୟୌ mm

lୣୌ mm

lୗ mm

dୟୗ mm

lୣୗ mm



σ୷ N/mmଶ

a mmଶ

σ N/mmଶ

Eେ N/mmଶ

aୡୱ
 mmଶ

Aୡ mmଶ

Tୟଵ kN/

Tୟଶ kN/

Tୟଷ kN/

Tୟୱ kN

Qୟଵ kN

Qୟଶ kN/

Qୟଷ kN/

Qୟୱ kN/



Hଵଵ mmଶ

Hଵଶ mmଶ

Hଵଷ mmଶ

Hଵସ mmଶ

Sଵଵ mmଶ

Sଵଶ mmଶ

HSଵଵ mmଶ

HSଵଶ mmଶ

SHଵଵ mmଶ

SHଵଶ mmଶ

Tୟଵୌ kN/

Tୟଷୌ kN/

Tୟଶୌଵଵ kN/

Tୟଶୌଵଶ kN/

Tୟଶୌଵଷ kN/

Tୟଶୌଵସ kN/



Tୟଶୌୗଵଵ kN/

Tୟଶୌୗଵଶ kN/

Tୟଵୗ kN/

Tୟଷୗ kN/

Tୟଶୗଵଵ kN/

Tୟଶୗଵଶ kN/

Tୟଶୗୌଵଵ kN/

Tୟଶୗୌଵଶ kN/

Qୟଵୌ kN

Qୟଶୌ kN/

Qୟଷୌ kN/

Qୟଵୗ kN

Qୟଶୗ kN/

Qୟଷୗ kN/

Tୟୱୌଵଵ kN

Tୟୱୌଵଶ kN

Tୟୱୌଵଷ kN



Tୟୱୌଵସ kN

Tୟୱୗଵଵ kN

Tୟୱୗଵଶ kN

Tୟୱୌୗଵଵ kN

Tୟୱୌୗଵଶ kN

Tୟୱୗୌଵଵ kN

Tୟୱୗୌଵଶ kN

Tୟୱୌଵ kN

Tୟୱୌଶ kN/

Tୟୱୌଷ kN/

Tୟୱୗ kN

Qୟୱୌଵ kN/

Qୟୱୌଶ kN/

Qୟୱୌଷ kN/

Qୟୱୗ kN/



kN kN

N/mmଶ N/mmଶ



kN/ kN/



G t

Gୈ t

G t

P kN

K௦ kN

K −
g m/sଶ

t mm

Bଵ mm

Bଶ mm

Bଷ mm

Kୌ −

K −

Pୌ kN

P kN

F kN

Fଡ଼ kN

Lୟ mm

Lୠ mm

τ୦୮ N/mmଶ

Fଡ଼ kN

Aୗ mmଶ

A mmଶ

σୠ N/mmଶ

τୠ N/mmଶ

n୧
Aୗ mmଶ



σ୰ୠ N/mmଶ

Z୰ mmଷ

τ୰ୱ N/mmଶ

A୰ୱ mmଶ

A୰ mmଶ

σ୰ N/mmଶ

Pୌୟ kN

Pୟ kN

nୟ
F −

f୲ N/mmଶ

fୠ N/mmଶ

fୗ N/mmଶ

Tୟ kN/

Tୟଵ kN/

Tୟଶ kN/

Tୟଷ kN/
σ୷ N/mmଶ

a mmଶ

σ N/mmଶ

Aୡ  Aୡୠ  Aୡୟ mmଶ

lୣ mm

l mm

dୟ mm

b mm

a mm

Aୟ
ᇱ  Aୠ

ᇱ mmଶ

Tୟୱ kN/

Qୟ kN/

Qୟଵ kN/

Qୟଶ kN/



Qୟଷ kN/

aୡୱ
 mmଶ

Eୡ N/mଶ

Qୟୱ Qୟୱ
ᇱ kN/

∅ୱ −

Aୡ୪ mmଶ

P୦ kN

T kN/

Q kN/













G

Gୈ

G

P
Kୱ

(G)

G

Gୈ

t

G

t

(Kୱ)

K

Kୱ = G K g



Gୈ + Kୱ

Gୈ + G + Kୱ



mm



N/mmଶ





Pୌ

Pୌ = Kୌ ∙ Gୈ ∙ g

P୴

P୴  (1 + K) ∙ Gୈ ∙ g

F

 F =
Pୌ
2

F୶

F ଡ଼  
P Lୠ

Lୟ

τ୦୮

Fଡ଼ ඨFଡ଼ଶ + ൬
F
2
൰
ଶ

τ୦୮ =  
1000Fଡ଼

A୮ୱ





F

f୲ fୠ
f୲ = fୠ = F

fୱ

fୱ  
F
√3

Tୟ = min൫Tୟଵ,Tୟଶ,Tୟଷ൯

Tୟ

Tୟଵ = σ୷a
Tୟଵ
σ୷
a

Tୟଶ = 0.23ඥσ ∙ Aୡ

Aୡ = πlୣ(lୣ + dୟ)

lୣ = l − dୟ
Tୟଶ
σ 

Aୡ 

lୣ  

l    

dୟ  



b

b < l Aୡ Aୡୠ Tୟଶ

Tୟଶ = 0.23ඥσ ∙ Aୡୠ

b < l Aୡ → Aୡୠ

θୠ = 2 cosିଵ ቌ
b

lୣ + dୟ
2

 ቍ         θୠ[ ]

Aୡୠ
 = 0.5(2π −

θୠ
180

π + sinθୠ)(lୣ +
dୟ
2

) ଶ −
1
4
πdୟ

ଶ

Aୠ
ᇱ

Aୠ
ᇱ  = 0.5(

θୠ
180

π − sinθୠ)(lୣ +
dୟ
2

) ଶ

a  2(lୣ + ୢ
ଶ

 ) ୟ
ଶ

< (lୣ + ୢ
ଶ

)

Aୡ Aୡୟ Tୟଶ

θୟ = 2 cosିଵ ൬
a

2lୣ + dୟ
 ൰ θୟ[ ]

Aୡୟ = 0.5(2π −
θୟ

180
π + sin  θୟ)(lୣ +

dୟ
2

) ଶ −
1
4
πdୟ

ଶ

Aୟ
ᇱ

Aୟ
ᇱ  = 0.5(

θୟ
180

π − sinθୟ)(lୣ +
dୟ
2

) ଶ

Tୟଶ



Tୟଷ = 10ටቀ
σ
21
ቁ πdୟlୣ

Tୟଷ

Tୟୱ =
2
3

Tୟ ൫Tୟ Tୟଶ Tୟଷ ൯

Tୟୱ = Tୟ  ൫Tୟ Tୟଵ ൯

Tୟୱ ൫ ൯



Qୟ = min൫Qୟଵ,Qୟଶ,Qୟଷ൯

Qୟ

Qୟଵ = 0.7σ୷ × aୡୱ
 

Qୟଵ

σ୷
aୡୱ

 

Qୟଶ = 0.4ඥEୡ ∙ σ × aୡୱ
 

Qୟଶ 

Eୡ    

σ   

Qୟଷ = 294 × aୡୱ

Qୟଷ

Qୟୱ = Qୟ/1.5

Qୟୱ

Qୟୱ
ᇱ = ∅ୱඥ10 ∙ σ × Aୡ୪/10

∅ୱ: = 0.6

Aୡ୪: (=
1
2
πaଶ)

Qୟୱ = min (Qୟୱ, Qୟୱ)





Gୈ  t

G t

Kୌ −

K −

Pୌ kN

P kN

F kN

Fଡ଼ kN

Pୌୟ kN

Pୟ kN

P୦ kN

Lୟ mm

Lୠ mm

A mmଶ

Aୗ mmଶ

Fଡ଼ kN

τ୦୮ N/mmଶ

nଶ
Aୗ mmଶ

σୠ N/mmଶ

τୠ N/mmଶ



B ଷ mm

A୰ୱ mmଶ

A ୰ mmଶ

Z୰ mmଷ

σ୰ୠ N/mmଶ

τ୰ୱ N/mmଶ

σ୰ N/mmଶ

nୟ
l mm

dୟ mm

lୣ mm

T kN/

Q kN/



σ୷ N/mmଶ

a mmଶ

σ N/mmଶ

Eେ N/mmଶ

aୡୱ mmଶ

a mm

b mm

Aୡ mmଶ

Tୟଵ kN

Tୟଶ kN

Tୟଷ kN

Qୟଵ kN

Qୟଶ kN

Qୟଷ kN

Tୟୱ kN

Qୟୱ kN





G t

Gୈ t

G t

P kN

K௦ kN

K −
g m/sଶ

Bଵ mm

Bଶ mm

Bଷ mm

Kୌ −

K −

Pୌ kN

P kN

F kN

Fଡ଼ kN

Lୟ mm

Lୠ mm

τ୦୮ N/mmଶ

Fଡ଼ kN

Aୗ mmଶ

A mmଶ

σୠ N/mmଶ

τୠ N/mmଶ

n୧
Aୗ mmଶ

σ୰ୠ N/mmଶ



Z୰ mmଷ

τ୰ୱ N/mmଶ

A୰ୱ mmଶ

A୰ mmଶ

σ୰ N/mmଶ

Pୌୟ kN

Pୟ kN

nୟ
F −

f୲ N/mmଶ

fୠ N/mmଶ

fୗ N/mmଶ

Tୟ kN/

Tୟଵ kN/

Tୟଶ kN/

Tୟଷ kN/

σ୷ N/mmଶ

a mmଶ

σ N/mmଶ

Aୡ  Aୡୠ  Aୡୟ mmଶ

݈ mm

݈ mm

dୟ mm

b mm

a mm

Aୟ
ᇱ  Aୠ

ᇱ  mmଶ

Tୟୱ kN/

Qୟ kN/

Qୟଵ kN/

Qୟଶ kN/

Qୟଷ kN/



aୡୱ
 mmଶ

Eୡ N/mଶ

Qୟୱ Qୟୱ
ᇱ kN/

∅ୱ −

Aୡ୪ mmଶ

P୦ kN

T kN/

Q kN/













G

Gୈ

G

P

Kୱ

(G)

G

Gୈ

t

G

t

(Kୱ)

K

Kୱ = G K ∙ g



Gୈ + Kୱ

Gୈ + G + Kୱ



mm



N/mmଶ



Kୌ

K



Pୌ

Pୌ = Kୌ ∙ Gୈ ∙ g

P୴

P୴  (1 + K) ∙ Gୈ ∙ g

F

F =
Pୌ
2

F୶

Fଡ଼  
P Lୠ

Lୟ

τ୦୮

Fଡ଼ ඨFଡ଼ଶ + ൬
F
2
൰
ଶ

τ୦୮ =  
1000Fଡ଼

A୮ୱ





F

f୲ fୠ
f୲ = fୠ = F 

fୱ

fୱ  
F
√3

 

Tୟ = min൫Tୟଵ,Tୟଶ,Tୟଷ൯ 

Tୟ  

Tୟଵ = σ୷a 

Tୟଵ  

σ୷  

a  

Tୟଶ = 0.23ඥσ ∙ Aୡ 

 

Aୡ = πlୣ൫lୣ + dୟ ൯ 

lୣ = l − dୟ 

Tୟଶ  

σ  

Aୡ  

lୣ   

l     

dୟ   



b

b < l Aୡ Aୡୠ Tୟଶ

Tୟଶ = 0.23ඥσ ∙ Aୡୠ

b < l Aୡ → Aୡୠ

θୠ = 2 cosିଵ ቌ
b

lୣ + dୟ
2

 ቍ         θୠ[°]

Aୡୠ
 = 0.5(2π −

θୠ
180

π + sinθୠ)(lୣ +
dୟ
2

) ଶ −
1
4
πdୟ

ଶ

Aୠ

Aୠ
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θୠ
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π − sinθୠ)(lୣ +
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2

) ଶ
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ଶ
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ଶ

< (lୣ + ୢ
ଶ

)

Aୡ Aୡୟ Tୟଶ

θୟ = 2 cosିଵ ൬
a
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 ൰ θୟ[°]

Aୡୟ = 0.5(2π −
θୟ
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π + sin  θୟ)(lୣ +

dୟ
2

) ଶ −
1
4
πdୟ

ଶ
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Aୟ
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θୟ
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π − sinθୟ)(lୣ +
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) ଶ



Tୟଶ

Tୟଷ = 10ටቀ
σ
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ቁ πdୟlୣ

Tୟଷ

Tୟୱ =
2
3

Tୟ (Tୟ Tୟଶ Tୟଷ ) 

Tୟୱ = Tୟ  (Tୟ Tୟଵ ) 

Tୟୱ ൫ ൯

Qୟ = min൫Qୟଵ,Qୟଶ,Qୟଷ൯

Qୟ

Qୟଵ = 0.7σ୷ × aୡୱ
 

Qୟଵ

σ୷
aୡୱ

 

Qୟଶ = 0.4ඥEୡ ∙ σ × aୡୱ
 

Qୟଶ 

Eୡ   

σ  

Qୟଷ = 294 × aୡୱ

Qୟଷ

Qୟୱ = Qୟ/1.5

Qୟୱ

Qୟୱ
ᇱ = ∅ୱඥ10 ∙ σ × Aୡ୪/10





Gୈ t

G t

Kୌ −

K −

Pୌ kN

P kN

F kN

Fଡ଼ kN

Pୌୟ kN

Pୟ kN

P୦ kN

Lୟ mm

Lୠ mm

A mmଶ

Aୗ mmଶ

Fଡ଼ kN

τ୦୮ N/mmଶ

nଷ
Aୗ mmଶ

σୠ N/mmଶ

τୠ N/mmଶ



B ଷ mm

A୰ୱ mmଶ

A ୰ mmଶ

Z୰ mmଷ

σ୰ୠ N/mmଶ

τ୰ୱ N/mmଶ

σ୰ N/mmଶ

nୟ
l mm

dୟ mm

lୣ mm

T kN/

Q kN/



σ୷ N/mmଶ

a mmଶ

σ N/mmଶ

Eେ N/mmଶ

aୡୱ mmଶ

a mm

b mm

Aୡ mmଶ

Aୡ୪ mmଶ

Tୟଵ kN

Tୟଶ kN

Tୟଷ kN

Tୟୱ kN

Qୟଵ kN

Qୟଶ kN

Qୟଷ kN

Qୟୱ kN

Qୟୱ
ᇱ kN



kN kN

N/mmଶ N/mmଶ

kN/ kN/



G t

Gୈ t

G t

P kN
Kୱ kN

K −

g m/sଶ

Bଵ mm

Bଶ mm

Bଷ mm

Kୌ −

K −

Pୌ kN

P kN

F kN

Fଡ଼ kN

Lୟ mm

Lୠ mm

τ୦୮ N/mmଶ

Fଡ଼ kN

Aୗ mmଶ

A mmଶ

σୠ N/mmଶ

τୠ N/mmଶ

n୧



Aୗ mmଶ

Tୌ୧୨ kN/

Qୌ୧୨ kN/

nୌ୧୨

σୱ N/mmଶ

M kN m

Z୶ mmଷ

Lc mm

τ N/mmଶ

A mmଶ

σ N/mmଶ

I୶ mmସ

B mm

H mm

tଵ mm

tଶ mm

Aୋ mmଶ

τୟ kN/

n

σ୰ୠ N/mmଶ

Z୰ mmଷ

τ୰ୱ N/mmଶ

A୰ୱ mmଶ

A୰ mmଶ

σ୰ N/mmଶ

Mୗ kN m

Tୗ kN

Qୗ kN/

L୧ mm



T kN

Q kN/

nୟ
F −

f୲ N/mmଶ

fୠ N/mmଶ

fୗ N/mmଶ

Tୟ kN/

Tୟଵ kN/

Tୟଶ kN/

Tୟଷ kN/

σ୷ N/mmଶ

a mmଶ

σ N/mmଶ

Aୡ  Aୡୠ  Aୡୟ mmଶ

lୣ mm

l mm

dୟ mm

b mm

a mm

Aୟ
ᇱ  Aୠ

ᇱ  mmଶ

Aୡୌ୧୨
ᇱ  mmଶ

Aୡୗ୧
ᇱ mmଶ

Hij mmଶ

Sij mmଶ



HSij mmଶ

SHij mmଶ

Tୟୱ kN/

Qୟ kN/

Qୟଵ kN/

Qୟଶ kN/

Qୟଷ kN/

aୡୱ
 mmଶ

Eୡ N/mଶ

Qୟୱ  Qୟୱ
ᇱ kN/

∅ୱ −

Aୡ୪ mmଶ

lୌ mm

dୟୌ mm

lୣୌ mm

lୗ mm

dୟୗ mm

lୣୗ mm

Tୟଵ୧ kN/

Tୟଶ୧ kN/

Tୟଷ୧ kN/

Tୟୗ୧ kN/



Qୟଵ୧ kN/

Qୟଶ୧ kN/

Qୟଷ୧ kN/

Qୟୗ୧ kN/













G

Gୈ

G

P

Kୱ

(G)

G

Gୈ

t

G

t

(Kୱ)

K

Kୱ = G K ∙ g



Gୈ + Kୱ

Gୈ + G + Kୱ





N/mmଶ



Kୌ

K



Pୌ

Pୌ = Kୌ ∙ Gୈ ∙ g

P୴

P୴  (1 + K) ∙ Gୈ ∙ g

F

F =
Pୌ
2

F୶

Fଡ଼  
P Lୠ

Lୟ

τ୦୮

Fଡ଼ ඨFଡ଼ଶ + ൬
F
2
൰
ଶ

τ୦୮ =  
1000Fଡ଼

A୮ୱ



A୮ୱ =
3
4

A୮

σୠ τୠ

σୠ
1000F
nସ ∙ Aୱ

τୠ
1000F
2nସ ∙ Aୱ

Tୌସଵ
F

2nୌସଵ

Qୌସଵ
F୶

nୌସଵ

Tୌସଶ
F

2nୌସଶ

Qୌସଶ
F୶

nୌସଶ







T = Kୌ
(Gୈ + G)g

nୟ

Q = (1 + K)
(Gୈ + G)g

nୟ



F

f୲ fୠ
f୲ = fୠ = F

fୱ

fୱ  
F
√3

Tୟ = min൫Tୟଵ,Tୟଶ,Tୟଷ൯

Tୟ

Tୟଵ = σ୷a
Tୟଵ
σ୷ 

a 

Tୟଶ = 0.23ඥσ ∙ Aୡ

Aୡ = πlୣ(lୣ + dୟ)

lୣ = l − dୟ
Tୟଶ
σ 

Aୡ 

lୣ  

l    
dୟ 



b

b < l Aୡ Aୡୠ Tୟଶ

Tୟଶ = 0.23ඥσ ∙ Aୡୠ

b < l Aୡ → Aୡୠ

θୠ = 2 cosିଵ ቌ
b

lୣ + dୟ
2

 ቍ         θୠ[°]

Aୡୠ
 = 0.5(2π −

θୠ
180

π + sinθୠ)(lୣ +
dୟ
2

) ଶ −
1
4
πdୟ

ଶ

Aୠ
ᇱ

Aୠ
 

= 0.5(
θୠ

180
π − sinθୠ)(lୣ +

dୟ
2

) ଶ

a  2(lୣ + ୢ
ଶ

 ) ୟ
ଶ

< (lୣ + ୢ
ଶ

)

Aୡ Aୡୟ Tୟଶ

θୟ = 2 cosିଵ ൬
a

2lୣ + dୟ
 ൰ θୟ[°]

Aୡୟ = 0.5(2π −
θୟ

180
π + sin  θୟ)(lୣ +

dୟ
2

) ଶ −
1
4
πdୟ

ଶ

Aୟ
ᇱ

Aୟ
 

= 0.5(
θୟ

180
π − sinθୟ)(lୣ +

dୟ
2

) ଶ

Tୟଶ



Aୡୌସଵ
 

= 4 ∙ H41

Aୡୌସଶ
 

= 2 ∙ H41 + 2 ∙ HS41

Aୡୗସ
 

= 2 ∙ S41 + 2 ∙ SH41

Tୟଷ = 10ටቀ
σ
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ቁ πdୟlୣ

Tୟଷ

Tୟୱ =
2
3

Tୟ (Tୟ Tୟଶ Tୟଷ )

 

Tୟୱ = Tୟ  (Tୟ Tୟଵ )

Tୟୱ ൫ ൯



Qୟ = min൫Qୟଵ,Qୟଶ,Qୟଷ൯

Qୟ

Qୟଵ = 0.7σ୷ × aୡୱ
 

Qୟଵ

σ୷  

aୡୱ
  

Qୟଶ = 0.4ඥEୡ ∙ σ × aୡୱ
 

Qୟଶ

Eୡ  

σ  

Qୟଷ = 294 × aୡୱ

Qୟଷ

Qୟୱ = Qୟ/1.5

Qୟୱ

Qୟୱ
ᇱ = ∅ୱඥ10 ∙ σ × Aୡ୪/10

∅ୱଶ: = 0.6

Aୡ୪: (=
1
2
πaଶ)

Qୟୱ = min (Qୟୱ, Qୟୱ
ᇱ )









G t

G t

Kୌ −

K −

Pୌ kN

P kN

P୦ kN

F kN

Fଡ଼ kN

A mmଶ

Aୗ mmଷ

Fଡ଼ kN

τ୦୮ N/mmଶ

nସ
nୌସଵ  nୌସଶ

Aୗ mmଶ

σୠ N/mmଶ

τୠ N/mmଶ

Tୌସଵ  Tୌସଶ kN/

Qୌସଵ  Qୌସଶ kN/

n

Zଡ଼ mmଷ

A mmଶ

M kN ∙ m

σୱ N/mmଶ

τ N/mmଶ

σ N/mmଶ

Tୗ kN/

Qୗ kN/



Bଶ mm

A୰ୱ mmଶ

Z୰ mmଷ

σ୰ୠ N/mmଶ

τ୰ୱ N/mmଶ

σ୰ N/mmଶ

Lୟ mm

Lୠ mm

nୟ
l mm

dୟ mm

lୣ mm

T kN/

Q kN/

lୌ mm

dୟୌ mm

lୣୌ mm

lୗ mm

dୟୗ mm

lୣୗ mm



σ୷ N/mmଶ

a mmଶ

σ N/mmଶ

Eେ N/mmଶ

aୡୱ
 mmଶ

Aୡ mmଶ

Tୟଵ kN/

Tୟଶ kN/

Tୟଷ kN/

Tୟୱ kN

Qୟଵ kN

Qୟଶ kN/

Qୟଷ kN/

Qୟୱ kN/



Hସଵ mmଶ

Sସଵ mmଶ

HSସଵ mmଶ

SHସଵ mmଶ

Tୟଵୌ kN/

Tୟଷୌ kN/

Tୟଵୗ kN/

Tୟଷୗ kN/

Tୟଶୌସଵ kN/

Tୟଶୗସଵ kN/

Tୟଶୌୗସଵ kN/

Tୟଶୗୌସଵ kN/

Qୟଵୌ kN

Qୟଶୌ kN/

Qୟଷୌ kN/

Qୟଵୗ kN

Qୟଶୗ kN/

Qୟଷୗ kN/



Tୟୱୌସଵ kN

Tୟୱୗସଵ kN

Tୟୱୌୗସଵ kN

Tୟୱୗୌସଵ kN

Qୟୱୌ kN/

Qୟୱୗ kN/

Tୟୱୌଵ kN

Tୟୱୌଶ kN/

Tୟୱୗ kN

Qୟୱୌଵ kN/

Qୟୱୌଶ kN/

Qୟୱୗ kN/





kN/ kN/



G t

Gୈ t

G t

P kN
Kୱ kN

K −
g m/sଶ

Bଵ mm

Bଶ mm

Bଷ mm

Kୌ −

K −

Pୌ kN

P kN

F kN

Fଡ଼ kN

Lୟ mm

Lୠ mm

τ୦୮ N/mmଶ

Fଡ଼ kN

Aୗ mmଶ

A mmଶ

σୠ N/mmଶ

τୠ N/mmଶ

n୧
Aୗ mmଶ



σ୰ୠ N/mmଶ

Z୰ mmଷ

τ୰ୱ N/mmଶ

A୰ୱ mmଶ

A୰ mmଶ

σ୰ N/mmଶ

Pୌୟ kN

Pୟ kN

nୟ
F −

f୲ N/mmଶ

fୠ N/mmଶ

fୗ N/mmଶ

Tୟ kN/

Tୟଵ kN/

Tୟଶ kN/

Tୟଷ kN/

σ୷ N/mmଶ

a mmଶ

σ N/mmଶ

Aୡ  Aୡୠ  Aୡୟ mmଶ

lୣ mm

l mm

dୟ mm

b mm

a mm

Aୟ
 

Aୠ  mmଶ

Tୟୱ kN/

Qୟ kN/

Qୟଵ kN/

Qୟଶ kN/



Qୟଷ kN/

aୡୱ
  mmଶ

Eୡ N/mଶ

Qୟୱ  Qୟୱ
ᇱ  kN/

∅ୱ −

Aୡ୪ mmଶ

P୦ kN

T kN/

Q kN/













G

Gୈ

G

P
Kୱ

(G)

G

Gୈ

t

G

t

(Kୱ)

K

Kୱ = G K g



Gୈ + Kୱ

Gୈ + G + Kୱ



mm



N/mmଶ



Kୌ

K



Pୌ

Pୌ = Kୌ ∙ Gୈ ∙ g

P୴

P୴  (1 + K) ∙ Gୈ ∙ g

F

F =
Pୌ
2

F୶

Fଡ଼  
P Lୠ

Lୟ

τ୦୮

Fଡ଼ ඨFଡ଼ଶ + ൬
F
2
൰
ଶ

τ୦୮ =  
1000Fଡ଼

A୮ୱ





F

f୲ fୠ
f୲ = fୠ = F

fୱ

fୱ  
F
√3

Tୟ = min൫Tୟଵ,Tୟଶ,Tୟଷ൯

Tୟ

Tୟଵ = σ୷a
Tୟଵ  
σ୷  

a  
 

Tୟଶ = 0.23ඥσ ∙ Aୡ

Aୡ = πlୣ(lୣ + dୟ)

lୣ = l − dୟ
Tୟଶ  

σ  

Aୡ  

lୣ   

l    ( ) 

dୟ  



b

b < l Aୡ Aୡୠ Tୟଶ

Tୟଶ = 0.23ඥσ ∙ Aୡୠ 

b < l Aୡ → Aୡୠ     

θୠ = 2 cosିଵ ቌ
b

lୣ + dୟ
2

 ቍ         θୠ[°]

Aୡୠ
 = 0.5 ൬2π−

θୠ
180

π + sinθୠ൰ ൬lୣ +
dୟ
2
൰  ଶ −

1
4
πdୟ

ଶ

Aୠ
ᇱ

Aୠ

 
= 0.5 ൬

θୠ
180

π − sinθୠ൰ ൬lୣ +
dୟ
2
൰  ଶ 

a  2 ቀlୣ + ୢ
ଶ

 ቁ ୟ
ଶ

< (lୣ + ୢ
ଶ

)

Aୡ Aୡୟ Tୟଶ

θୟ = 2 cosିଵ ൬
a

2lୣ + dୟ
 ൰ θୟ[°] 

 

Aୡୟ = 0.5 ൬2π−
θୟ

180
π + sin  θୟ൰ ൬lୣ +

dୟ
2
൰  ଶ −

1
4
πdୟ

ଶ 

Aୟ

Aୟ

 
= 0.5 ൬

θୟ
180

π − sinθୟ൰ ൬lୣ +
dୟ
2
൰  ଶ 

Tୟଶ



Tୟଷ = 10ටቀ
σ
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ቁ πdୟlୣ 

Tୟଷ  

Tୟୱ =
2
3

Tୟ ൫Tୟ Tୟଶ Tୟଷ ൯ 

Tୟୱ = Tୟ  ൫Tୟ Tୟଵ ൯ 
Tୟୱ ( )  

Qୟ = min൫Qୟଵ,Qୟଶ,Qୟଷ൯

Qୟ

Qୟଵ = 0.7σ୷ × aୡୱ
 

Qୟଵ

σ୷  

aୡୱ
  

Qୟଶ = 0.4ඥEୡ ∙ σ × aୡୱ
 

Qୟଶ

Eୡ  

σ  

Qୟଷ = 294 × aୡୱ

Qୟଷ

Qୟୱ = Qୟ/1.5 

Qୟୱ

Qୟୱ
ᇱ = ∅ୱඥ10 ∙ σ × Aୡ୪/10 





Gୈ  t

G t

Kୌ −

K −

Pୌ kN

P kN

F kN

Fଡ଼ kN

Pୌୟ kN

Pୟ kN

P୦ kN

Lୟ mm

Lୠ mm

A mmଶ

Aୗ mmଶ

Fଡ଼ kN

τ୦୮ N/mmଶ

n
Aୗ mmଶ

σୠ N/mmଶ

τୠ N/mmଶ



B ଷ mm

A୰ୱ mmଶ

A ୰ mmଶ

Z୰ mmଷ

σ୰ୠ N/mmଶ

τ୰ୱ N/mmଶ

σ୰ N/mmଶ

nୟ
l mm

dୟ mm

lୣ mm

T kN/

Q kN/



σ୷ N/mmଶ

a mmଶ

σ N/mmଶ

Eେ N/mmଶ

aୡୱ mmଶ

a mm

b mm

Aୡ mmଶ

Aୡ୪ mmଶ

Tୟଵ kN

Tୟଶ kN

Tୟଷ kN

Qୟଵ kN

Qୟଶ kN

Qୟଷ kN

Qୟୱ kN

Qୟୱ
ᇱ kN





G t

Gୈ t

G t

P kN

K௦ kN

K −
g m/sଶ

Bଵ mm

Bଶ mm

Bଷ mm

Kୌ −

K −

Pୌ kN

P kN

F kN

Fଡ଼ kN

Lୟ mm

Lୠ mm

τ୦୮ N/mmଶ

Fଡ଼ kN

Aୗ mmଶ

A mmଶ

σୠ N/mmଶ

τୠ N/mmଶ

n୧
Aୗ mmଶ



σ୰ୠ N/mmଶ

Z୰ mmଷ

τ୰ୱ N/mmଶ

A୰ୱ mmଶ

A୰ mmଶ

σ୰ N/mmଶ

σୡୠୈ N/mmଶ

σୡୠ N/mmଶ

τୡୠୈ N/mmଶ

τୡୠ N/mmଶ

σୡୈ N/mmଶ

σୡ N/mmଶ

Lଵ mm

Lଶ mm

Z୶ mmଷ

A mmଶ

I୶ mmସ

B mm

H mm

tଵ mm

tଶ mm

Aୋ mmଶ

τ kN/

n

Pୌୟ kN

Pୟ kN

nୟ
T kN

Q kN/

F −

f୲ N/mmଶ

fୠ N/mmଶ



fୱ N/mmଶ

Tୟ kN/

Tୟଵ kN/

Tୟଶ kN/

Tୟଷ kN/

σ୷ N/mmଶ

a mmଶ

σ N/mmଶ

Aୡ  Aୡୠ  Aୡୟ mmଶ

lୣ mm

l mm

dୟ mm

b mm

a mm

Aୟ
ᇱ  Aୠ

ᇱ mmଶ

Tୟୱ kN/

Qୟ kN/

Qୟଵ kN/

Qୟଶ kN/

Qୟଷ kN/

aୡୱ
  mmଶ

Eୡ N/mଶ

Qୟୱ  Qୟୱ
ᇱ kN/

∅ୱ −

Aୡ୪ mmଶ













G

Gୈ

G

P
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G
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t

G
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K
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N/mmଶ
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K
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Pୌ = Kୌ ∙ Gୈ ∙ g

P୴
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F

F =
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2

F୶
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F
2
൰
ଶ

τ୦୮ =  
1000Fଡ଼
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τ =
1000P
n ∙ Aୗ

Pୌୟ Pୟ
Pୌୟ

T =
Pୌୟ
nୟ

= Kୌ
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Pୟ
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Pୟ
nୟ  

= (1 + K) ∙
(Gୈ + G)g

nୟ



F

f୲ fୠ
f୲ = fୠ = F

fୱ

fୱ  
F
√3

Tୟ = min൫Tୟଵ,Tୟଶ,Tୟଷ൯

Tୟ

Tୟଵ = σ୷a
Tୟଵ
σ୷

a

Tୟଶ = 0.23ඥσ ∙ Aୡ

Aୡ = πlୣ(lୣ + dୟ)

lୣ = l − dୟ
Tୟଶ
σ 

Aୡ 

lୣ  

l    

dୟ  



b

b < l Aୡ Aୡୠ Tୟଶ

Tୟଶ = 0.23ඥσ ∙ Aୡୠ

b < l Aୡ → Aୡୠ

θୠ = 2 cosିଵ ቌ
b

lୣ + dୟ
2

 ቍ         θୠ[°]

Aୡୠ
 = 0.5 ൬2π −

θୠ
180

π + sinθୠ൰ ൬lୣ +
dୟ
2
൰  ଶ −

1
4
πdୟ

ଶ

Aୠ

Aୠ

 
= 0.5 ൬

θୠ
180

π − sinθୠ൰ ൬lୣ +
dୟ
2
൰  ଶ

a  2 ቀlୣ + ୢ
ଶ
ቁ ୟ

ଶ
< ቀlୣ + ୢ

ଶ
ቁ

Aୡ Aୡୟ Tୟଶ

θୟ = 2 cosିଵ ൬
a

2lୣ + dୟ
 ൰ θୟ[°]

Aୡୟ = 0.5 ൬2π −
θୟ

180
π + sin  θୟ൰ ൬lୣ +

dୟ
2
൰  ଶ −

1
4
πdୟ

ଶ

Aୟ

Aୟ

 
= 0.5 ൬

θୟ
180

π − sinθୟ൰ ൬lୣ +
dୟ
2
൰  ଶ



Tୟଶ

Tୟଷ = 10ටቀ
σ
21
ቁ πdୟ݈

Tୟଷ

Tୟୱ =
2
3

Tୟ ൫Tୟ Tୟଶ Tୟଷ ൯

Tୟୱ = Tୟ  ൫Tୟ Tୟଵ ൯

Tୟୱ ൫ ൯

Qୟ = min൫Qୟଵ,Qୟଶ,Qୟଷ൯

Qୟ

Qୟଵ = 0.7σ୷ × aୡୱ
 

Qୟଵ

σ୷
aୡୱ

 

Qୟଶ = 0.4ඥEୡ ∙ σ × aୡୱ
 

Qୟଶ

Eୡ
σ

Qୟଷ = 294 × aୡୱ
 

Qୟଷ

Qୟୱ = Qୟ/1.5

Qୟୱ

Qୟୱ
ᇱ = ∅ୱඥ10 ∙ σ × Aୡ୪/10





Gୈ t
G t
Kୌ −
K −
Pୌ kN
P kN
F kN
Fଡ଼ kN
Pୌୟ kN
Pୟ kN

P୦ kN

Lୟ mm
Lୠ mm
A mmଶ

Aୗ mmଶ

Fଡ଼ kN
τ୦୮ N/mmଶ

n
Aୗ mmଶ

σୠ N/mmଶ

τୠ N/mmଶ



Aୋ mmଶ

Iଡ଼ mmସ

Zଡ଼ mmଷ

A mmଶ

σୡୠୈ N/mmଶ

τୡୠୈ N/mmଶ

σୡୈ N/mmଶ

σୡୠ N/mmଶ

τୡୠ N/mmଶ

σୡ N/mmଶ

Bଷ mm
A୰ୱ mmଶ

A୰ mmଶ

Z୰ mmଷ

σ୰ୠ N/mmଶ

τ୰ୱ N/mmଶ

σ୰ N/mmଶ

Lୟ mm
Lୠ mm

nୟ
l mm

dୟ mm
lୣ mm
T kN/
Q kN



σ୷ N/mmଶ

a mmଶ

σ N/mmଶ

Eେ N/mmଶ

aୡୱ
 mmଶ

a mm

b mm

Aୡ mmଶ

Tୟଵ kN/

Tୟଶ kN/

Tୟଷ kN/

Tୟୱ kN/

Qୟଵ kN/

Qୟଶ kN/

Qୟଷ kN/

Qୟୱ kN/





G t

Gୈ t

G t

P kN
Kୱ kN

K −
g m/sଶ

Bଵ mm

Bଶ mm

Bଷ mm

Kୌ −

K −

Pୌ kN

P kN

F kN

Fଡ଼ kN

Lୟ mm

Lୠ mm

τ୦୮ N/mmଶ

Fଡ଼ kN

Aୗ mmଶ

A mmଶ

σୠ N/mmଶ

τୠ N/mmଶ

n୧
Aୗ mmଶ



σ୰ୠ N/mmଶ

Z୰ mmଷ

τ୰ୱ N/mmଶ

A୰ୱ mmଶ

A୰ mmଶ

σ୰ N/mmଶ

σୡୠୈ N/mmଶ

σୡୠ N/mmଶ

τୡୠୈ N/mmଶ

τୡୠ N/mmଶ

σୡୈ N/mmଶ

σୡ N/mmଶ
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Lଶ mm

Z୶ mmଷ

A mmଶ

I୶ mmସ

B mm

H mm

tଵ mm

tଶ mm

Aୋ mmଶ

τ kN/

n

Pୌୟ kN

Pୟ kN

nୟ
T kN

Q kN/

F −

f୲ N/mmଶ

fୠ N/mmଶ



fୱ N/mmଶ

Tୟ kN/
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Tୟଶ kN/

Tୟଷ kN/

σ୷ N/mmଶ

a mmଶ

σ N/mmଶ
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lୣ mm
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ᇱ  Aୠ

ᇱ mmଶ

Tୟୱ kN/

Qୟ kN/

Qୟଵ kN/

Qୟଶ kN/

Qୟଷ kN/

aୡୱ
  mmଶ

Eୡ N/mଶ

Qୟୱ  Qୟୱ
ᇱ kN/

∅ୱ −

Aୡ୪ mmଶ
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Gୈ  t
G t
Kୌ −
K −
Pୌ kN
P kN
F kN
Fଡ଼ kN
Pୌୟ kN
Pୟ kN

P୦ kN

Lୟ mm
Lୠ mm
A mmଶ

Aୗ mmଶ

Fଡ଼ kN
τ୦୮ N/mmଶ

n
Aୗ mmଶ

σୠ N/mmଶ
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Aୋ mmଶ

Iଡ଼ mmସ
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A mmଶ
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A୰ mmଶ
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σ୰ N/mmଶ
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nୟ
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T kN/
Q kN



σ୷ N/mmଶ

a mmଶ

σ N/mmଶ

Eେ N/mmଶ

aୡୱ
 mmଶ
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Aୡ mmଶ

Tୟଵ kN/
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h mP୦୬ kN/mଶρ t/mଷg m/sଶHଡ଼୬ mKୗ kN/mଶSGୢ tKୌb mH mP’୬ kN/mP୬ kN/mଶB mσ୮ୟ ୬୫ N/mmଶσ୮ N/mmଶt mmβ୬C୬ mma୬ mb୫ mW୬ kN/mM୬ kN mL mQ୬ kN mσ୬ N/mmଶZଡ଼୬ mmଷτ୬ N/mmଶA୬ mmଶ



σୡ୬ N/mmଶσୡ N/mmଶMᇱ୬ kN mPୟ୬ kN/mPୠ୬ kN/mQᇱ୬ kN mσᇱ୬ N/mmଶZᇱଡ଼୬ mmଷτᇱ୬ N/mmଶAᇱ୬ mmଶσᇱୡ୬ N/mmଶσᇱୡ N/mmଶ











h

P୦୬
P୦୬ ρ g Hଡ଼୬



m t/mଷ

Kୗ Sୢ KୗG Kୌ
Kୗ Kୌ G gb H

P’୬
P’୬ = B P୬

P୬ P୦୬ KୗP୦୬ Kୗ



mm

N/mmଶ







Wଵ = (2Pଵ + Pଶ) ∙ aଵ6Wଶ = (2Pଶ + Pଵ) ∙ aଵ6 + (2Pଶ + Pଷ) ∙ aଶ6Wଷ = (2Pଷ + Pଶ) ∙ aଶ6 + (2Pଷ + Pସ) ∙ aଷ6Wସ = (2Pସ + Pଷ) ∙ aଷ6Wହ = (2Pହ + P) ∙ aହ6W = (2P + Pହ) ∙ aହ6 + (2P + P) ∙ a6W = (2P + P) ∙ a6 + (2P + P଼ ) ∙ a6W଼ = (2P଼ + P) ∙ a6 + (2P଼ + Pଽ) ∙ a଼6Wଽ = (2Pଽ + P଼ ) ∙ a଼6 + (2Pଽ + Pଵ) ∙ aଽ6Wଵ = (2Pଵ + Pଽ) ∙ aଽ6M୬ = W୬ ∙ Lଶ8Q୬ = W୬ ∙ L2σ୬ = 1 × 10M୬Z୶୬τ୬ = 1000Q୬A୵୬σୡ୬ = ඥσ୬ଶ + 3τ୬ଶ
σୡ = MAX(σୡ୬) (n = 1~10)





 σ୬ᇱ = 1 × 10 ∙  M୬ᇱZଡ଼୬ᇱ  
τ୬ᇱ = 1000 ∙ Q୬ᇱA୬ᇱ  
σୡ୬ᇱ = ටσ୬ᇱ  ଶ + 3τ୬ᇱ  ଶ  σୡᇱ = MAX( σୡ୬ᇱ ) ൫n = 1 9൯ 





 

HX1 mHX2 mHX3 mHX4 mHX5 mHX6 mHX7 mHX8 mHX9 mHX10 mt mmβଵ  βଶ  Cଵ m 
(n = 1~9  m = 1)(n = 1~9  m = 2)Cଶ m 
(n = 1~9  m = 1)(n = 1~9  m = 2)a1 ma2 ma3 ma5 ma6 ma7 ma8 ma9 m



 

b1 m b2 m Ph1 kN/mଶ Ph2 kN/mଶ Ph3 kN/mଶ Ph4 kN/mଶ Ph5 kN/mଶPh6 kN/mଶPh7 kN/mଶ Ph8 kN/mଶ Ph9 kN/mଶ Ph10 kN/mଶ KS kN/mଶ P1 kN/mଶ P2 kN/mଶ P3 kN/mଶ P4 kN/mଶ P5 kN/mଶ P6 kN/mଶ P7 kN/mଶ P8 kN/mଶ P9 kN/mଶ P10 kN/mଶ σ୮ୟ ଵଵ N/mmଶ σ୮ୟ ଵଶ N/mmଶ σ୮ୟ ଶଵ N/mmଶ σ୮ୟ ଶଶ N/mmଶ σ୮ୟ ଷଵ N/mmଶ 



σ୮ୟ ଷଶ N/mmଶσ୮ୟ ହଵ N/mmଶσ୮ୟ ହଶ N/mmଶσ୮ୟ ଵ N/mmଶσ୮ୟ ଶ N/mmଶσ୮ୟ ଵ N/mmଶσ୮ୟ ଶ N/mmଶσ୮ୟ ଼ଵ N/mmଶσ୮ୟ ଼ଶ N/mmଶσ୮ୟ ଽଵ N/mmଶσ୮ୟ ଽଶ N/mmଶL mW1 kN/m W2 kN/m W3 kN/m W4 kN/m W5 kN/m W6 kN/m W7 kN/m W8 kN/m W9 kN/m W10 kN/m M1 kN ∙ mM2 kN ∙ mM3 kN ∙ mM4 kN ∙ m



M5 kN ∙ mM6 kN ∙ mM7 kN ∙ mM8 kN ∙ mM9 kN ∙ mM10 kN ∙ mQ1 kNQ2 kNQ3 kNQ4 kNQ5 kNQ6 kNQ7 kNQ8 kNQ9 kNQ10 kNZx1 mmଷZx2 mmଷZx3 mmଷZx4 mmଷZx5 mmଷZx6 mmଷZx7 mmଷZx8 mmଷZx9 mmଷZx10 mmଷAW1 mmଶAW2 mmଶ



AW3 mmଶAW4 mmଶAW5 mmଶAW6 mmଶAW7 mmଶAW8 mmଶAW9 mmଶAW10 mmଶσ1 N/mmଶσ2 N/mmଶσ3 N/mmଶσ4 N/mmଶσ5 N/mmଶσ6 N/mmଶσ7 N/mmଶσ8 N/mmଶσ9 N/mmଶσ10 N/mmଶτଵ N/mmଶτଶ N/mmଶτଷ N/mmଶ  τସ N/mmଶ  τହ N/mmଶ  τ N/mmଶτ N/mmଶτ଼ N/mmଶτଽ N/mmଶτଵ N/mmଶ



σc1 N/mmଶσc2 N/mmଶσc3 N/mmଶσc4 N/mmଶσc5 N/mmଶσc6 N/mmଶσc7 N/mmଶσc8 N/mmଶσc9 N/mmଶσc10 N/mmଶB mP’1 kN/m
P’2 kN/m
P’3 kN/m
P’4 kN/m
P’5 kN/m
P’6 kN/m
P’7 kN/m
P’8 kN/m
P’9 kN/m



P’10 kN/m
Pୟଵ kN/m
Pୟଶ kN/m
Pୟଷ kN/m
Pୟହ kN/m
Pୟ kN/m
Pୟ kN/m
Pୟ଼ kN/m
Pୟଽ kN/m
Pୠଵ kN/m
Pୠଶ kN/m
Pୠଷ kN/m
Pୠହ kN/m
Pୠ kN/m



Pୠ kN/m
Pୠ଼ kN/m
Pୠଽ kN/mM’1 kN ∙ mM’2 kN ∙ mM’3 kN ∙ mM’5 kN ∙ mM’6 kN ∙ mM’7 kN ∙ mM’8 kN ∙ mM’9 kN ∙ mQ’1 kNQ’2 kNQ’3 kNQ’5 kNQ’6 kNQ’7 kNQ’8 kNQ’9 kNZ′x1 mmଷZ′x2 mmଷZ′x3 mmଷZ′x5 mmଷZ′x6 mmଷZ′x7 mmଷ



Z′x8 mmଷZ′x9 mmଷA୵ଵᇱ mmଶA୵ଶᇱ mmଶA୵ଷᇱ mmଶA୵ହᇱ mmଶA୵ᇱ mmଶA୵ᇱ mmଶA୵଼ᇱ mmଶA୵ଽᇱ mmଶσଵᇱ N/mmଶσଶᇱ N/mmଶσଷᇱ N/mmଶσହᇱ N/mmଶσᇱ N/mmଶσᇱ N/mmଶσᇱ଼ N/mmଶσଽᇱ N/mmଶτଵᇱ N/mmଶτଶᇱ N/mmଶτଷᇱ N/mmଶτହᇱ N/mmଶτᇱ N/mmଶτᇱ N/mmଶτᇱ଼ N/mmଶτଽᇱ N/mmଶ



σୡଵᇱ N/mmଶσୡଶᇱ N/mmଶσୡଷᇱ N/mmଶσୡହᇱ N/mmଶσୡᇱ N/mmଶσୡᇱ N/mmଶσୡ଼ᇱ N/mmଶσୡଽᇱ N/mmଶ



N/mmଶ N/mmଶ



h mP୦୬ kN/mଶρ t/mଷg m/sଶHଡ଼୬ mKୗ kN/mଶSGୢ tKୌb mH mP’୬ kN/mP୬ kN/mଶB mσ୮ୟ ୬୫ N/mmଶσ୮ N/mmଶt mmβ୬C୬ ma୬ mb୫ mW୬ kN/mM୬ kN mL mQ୬ kN mσ୬ N/mmଶZଡ଼୬ mmଷτ୬ N/mmଶA୬ mmଶ



σୡ୬ N/mmଶσୡ N/mmଶMᇱ୬ kN mPୟ୬ kN/mPୠ୬ kN/mQᇱ୬ kN mσᇱ୬ N/mmଶZᇱଡ଼୬ mmଷτᇱ୬ N/mmଶAᇱ୬ mmଶσᇱୡ୬ N/mmଶσᇱୡ N/mmଶ











h

P୦୬
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m t/mଷ

Kୗ Sୢ KୗG Kୌ
Kୗ Kୌ G gb H

P’୬
P’୬ = B P୬

P୬ P୦୬ KୗP୦୬ Kୗ



mm

N/mmଶ







Wଵ = (2Pଵ + Pଶ) ∙ aଵ6Wଶ = (2Pଶ + Pଵ) ∙ aଵ6 + (2Pଶ + Pଷ) ∙ aଶ6Wଷ = (2Pଷ + Pଶ) ∙ aଶ6 + (2Pଷ + Pସ) ∙ aଷ6Wସ = (2Pସ + Pଷ) ∙ aଷ6M୬ = W୬ ∙ Lଶ8Q୬ = W୬ ∙ L2σ୬ = 1 × 10M୬Z୶୬τ୬ = 1000Q୬A୬σୡ୬ = ඥσ୬ଶ + 3τ୬ଶ
σୡ = MAX(σୡ୬) (n = 1~4)







Hଡ଼ଵ mHଡ଼ଶ mHଡ଼ଷ mHଡ଼ସ mt mmβଵβଶCଵ m (m = 1)(m = 2)Cଶ m (m = 1)(m = 2)aଵ maଶ maଷ mbଵ mbଶ mP୦ଵ kN/mଶP୦ଶ kN/mଶP୦ଷ kN/mଶP୦ସ kN/mଶ



Kୗ kN/mଶPଵ kN/mଶPଶ kN/mଶPଷ kN/mଶPସ kN/mଶσ୮ୟ ଵଵ N/mmଶσ୮ୟ ଵଶ N/mmଶσ୮ୟ ଶଵ N/mmଶσ୮ୟ ଶଶ N/mmଶσ୮ୟ ଷଵ N/mmଶσ୮ୟ ଷଶ N/mmଶ



L mWଵ kN/mWଶ kN/mWଷ kN/mWସ kN/mMଵ kN ∙ mMଶ kN ∙ mMଷ kN ∙ mMସ kN ∙ mQଵ kNQଶ kNQଷ kNQସ kNZ୶ଵ mmଷZ୶ଶ mmଷZ୶ଷ mmଷZ୶ସ mmଷAଵ mmଶAଶ mmଶAଷ mmଶAସ mmଶ



σଵ N/mmଶσଶ N/mmଶσଷ N/mmଶσସ N/mmଶτଵ N/mmଶτଶ N/mmଶτଷ N/mmଶτସ N/mmଶσୡଵ N/mmଶσୡଶ N/mmଶσୡଷ N/mmଶσୡସ N/mmଶ



B mP’ଵ kN/m
P’ଶ kN/m
P’ଷ kN/m
P’ସ kN/m
Pୟଵ kN/m
Pୟଶ kN/m
Pୟଷ kN/m
Pୠଵ kN/m
Pୠଶ kN/m
Pୠଷ kN/mM’ଵ kN ∙ mM’ଶ kN ∙ mM’ଷ kN ∙ mQ’ଵ kN ∙ mQ’ଶ kN ∙ mQ’ଷ kN ∙ m



Zᇱ୶ଵ mmଷZᇱ୶ଶ mmଷZᇱ୶ଷ mmଷAᇱଵ mmଶAᇱଶ mmଶAᇱଷ mmଶσଵᇱ N/mmଶσଶᇱ N/mmଶσଷᇱ N/mmଶτଵᇱ N/mmଶτଶᇱ N/mmଶτଷᇱ N/mmଶσୡଵᇱ N/mmଶσୡଶᇱ N/mmଶσୡଷᇱ N/mmଶ



N/mmଶ N/mmଶ



h mP୦୬ kN/mଶρ t/mଷg m/sଶHଡ଼୬ mKୗ kN/mଶSGୢ tKୌb mH mP’୬ kN/mP୬ kN/mଶB mσ୮ୟ ୬୫ N/mmଶσ୮ N/mmଶt mmβ୬C୬ ma୬ mb୫ mW୬ kN/mM୬ kN mL mQ୬ kN mσ୬ N/mmଶZଡ଼୬ mmଷτ୬ N/mmଶA୬ mmଶ



σୡ୬ N/mmଶσୡ N/mmଶMᇱ୬ kN mPୟ୬ kN/mPୠ୬ kN/mQᇱ୬ kN mσᇱ୬ N/mmଶZᇱଡ଼୬ mmଷτᇱ୬ N/mmଶAᇱ୬ mmଶσᇱୡ୬ N/mmଶσᇱୡ N/mmଶ











h

P୦୬
P୦୬ ρ g Hଡ଼୬



m t/mଷ

Kୗ Sୢ KୗG Kୌ
Kୗ Kୌ G gb H

P’୬ B
P’୬ = B P୬

P୬ P୦୬ KୗP୦୬ Kୗ



mm

N/mmଶ











HX1 mHX2 mHX3 mHX4 mt mmβଵ βଶ Cଵ m (m = 1)(m = 2)Cଶ m (m = 1)(m = 2)aଵ maଶ maଷ mbଵ mbଶ mPh1 kN/mଶPh2 kN/mଶPh3 kN/mଶPh4 kN/mଶ



Kୗ kN/mଶPଵ kN/mଶPଶ kN/mଶPଷ kN/mଶPସ kN/mଶσ୮ୟ ଵଵ N/mmଶσ୮ୟ ଵଶ N/mmଶσ୮ୟ ଶଵ N/mmଶσ୮ୟ ଶଶ N/mmଶσ୮ୟ ଷଵ N/mmଶσ୮ୟ ଷଶ N/mmଶ



L mWଵ kN/mWଶ kN/mWଷ kN/mWସ kN/mMଵ kN ∙ mMଶ kN ∙ mMଷ kN ∙ mMସ kN ∙ mQଵ kNQଶ kNQଷ kNQସ kNZx1 mmଷZx2 mmଷZx3 mmଷZx4 mmଷAW1 mmଶAW2 mmଶAW3 mmଶAW4 mmଶ



σଵ N/mmଶσଶ N/mmଶσଷ N/mmଶ  σସ N/mmଶ  τଵ N/mmଶ  τଶ N/mmଶτଷ N/mmଶτସ N/mmଶσୡଵ N/mmଶσୡଶ N/mmଶσୡଷ N/mmଶσୡସ N/mmଶ



B mP’1 kN/m
P’2 kN/m
P’3 kN/m
P’4 kN/m
Pa1 kN/m
Pa2 kN/m
Pa3 kN/m
Pb1 kN/m
Pb2 kN/m
Pb3 kN/mM’1 kN ∙ mM’2 kN ∙ mM’3 kN ∙ mQ’1 kN ∙ mQ’2 kN ∙ mQ’3 kN ∙ m



Z′x1 mmଷZ′x2 mmଷZ′x3 mmଷA′W1 mmଶA′W2 mmଶA′W3 mmଶσଵᇱ N/mmଶσଶᇱ N/mmଶσଷᇱ N/mmଶτଵᇱ N/mmଶτଶᇱ N/mmଶτଷᇱ N/mmଶσୡଵᇱ N/mmଶσୡଶᇱ N/mmଶσୡଷᇱ N/mmଶ



N/mmଶ N/mmଶ



h mP୦୬ kN/mଶρ t/mଷg m/sଶHଡ଼୬ mKୗ kN/mଶSGୢ tKୌb mH mP’୬ kN/mP୬ kN/mଶB mσ୮ୟ ୬୫ N/mmଶσ୮ N/mmଶt mmβ୬C୬ ma୬ mb୫ mW୬ kN/mM୬ kN mL mQ୬ kN mσ୬ N/mmଶZ୶୬ mmଷτ୬ N/mmଶA୬ mmଶ



σୡ୬ N/mmଶσୡ N/mmଶMᇱ୬ kN mPୟ୬ kN/mPୠ୬ kN/mQᇱ୬ kN mσᇱ୬ N/mmଶZᇱ୶୬ mmଷτᇱ୬ N/mmଶAᇱ୬ mmଶσᇱୡ୬ N/mmଶσᇱୡ N/mmଶ











h

P୦୬
P୦୬ ρ g Hଡ଼୬



m t/mଷ

Kୗ Sୢ KୗG Kୌ
Kୗ Kୌ G gb H

P’୬ B
P’୬ = B P୬

P୬ P୦୬ KୗP୦୬ Kୗ



mm

N/mmଶ











Hଡ଼ଵ mHଡ଼ଶ mHଡ଼ଷ mHଡ଼ସ mt mmβଵβଶ
Cଵ m (m = 1)(m = 2)(m = 3)
Cଶ m (m = 1)(m = 2)(m = 3)aଵ maଶ maଷ mbଵ mbଶ mbଷ m



P୦ଵ kN/mଶP୦ଶ kN/mଶP୦ଷ kN/mଶP୦ସ kN/mଶKୗ kN/mଶPଵ kN/mଶPଶ kN/mଶPଷ kN/mଶPସ kN/mଶ



σ୮ୟ ଵଵ N/mmଶσ୮ୟ ଵଶ N/mmଶσ୮ୟ ଵଷ N/mmଶσ୮ୟ ଶଵ N/mmଶσ୮ୟ ଶଶ N/mmଶσ୮ୟ ଶଷ N/mmଶσ୮ୟ ଷଵ N/mmଶσ୮ୟ ଷଶ N/mmଶσ୮ୟ ଷଷ N/mmଶ



L mWଵ kN/mWଶ kN/mWଷ kN/mWସ kN/mMଵ kN ∙ mMଶ kN ∙ mMଷ kN ∙ mMସ kN ∙ mQଵ kNQଶ kNQଷ kNQସ kNZ୶ଵ mmଷZ୶ଶ mmଷZ୶ଷ mmଷZ୶ସ mmଷAଵ mmଶAଶ mmଶAଷ mmଶAସ mmଶ



σଵ N/mmଶσଶ N/mmଶσଷ N/mmଶσସ N/mmଶτଵ N/mmଶτଶ N/mmଶτଷ N/mmଶτସ N/mmଶσୡଵ N/mmଶσୡଶ N/mmଶσୡଷ N/mmଶσୡସ N/mmଶ



B mP’ଵ kN/mP’ଶ kN/mP’ଷ kN/mP’ସ kN/mPୟଵ kN/mPୟଶ kN/mPୟଷ kN/mPୠଵ kN/mPୠଶ kN/mPୠଷ kN/mM’ଵ kN ∙ mM’ଶ kN ∙ mM’ଷ kN ∙ mQ’ଵ kN ∙ mQ’ଶ kN ∙ mQ’ଷ kN ∙ m



Zᇱ୶ଵ mmଷZᇱ୶ଶ mmଷZᇱ୶ଷ mmଷAᇱଵ mmଶAᇱଶ mmଶAᇱଷ mmଶσଵᇱ N/mmଶσଶᇱ N/mmଶσଷᇱ N/mmଶτଵᇱ N/mmଶτଶᇱ N/mmଶτଷᇱ N/mmଶσୡଵᇱ N/mmଶσୡଶᇱ N/mmଶσୡଷᇱ N/mmଶ



N/mmଶ N/mmଶ



h mP୦୬ kN/mଶρ t/mଷg m/sଶHଡ଼୬ mKୗ kN/mଶSୢ G tKୌb mH mP’୬ kN/mP୬ kN/mଶB mσ୮ୟ ୬୫ N/mmଶσ୮ N/mmଶt mmβ୬C୬ ma୬ mb୫ mW୬ kN/mM୬ kN mL mQ୬ kN mσ୬ N/mmଶZ୶୬ mmଷτ୬ N/mmଶA୬ mmଶ



σୡ୬ N/mmଶσୡ N/mmଶMᇱ୬ kN mPୟ୬ kN/mPୠ୬ kN/mQᇱ୬ kN mσᇱ୬ N/mmଶZᇱ୶୬ mmଷτᇱ୬ N/mmଶAᇱ୬ mmଶσᇱୡ୬ N/mmଶσᇱୡ N/mmଶ











h

P୦୬
P୦୬ ρ g Hଡ଼୬



m t/mଷ

Kୗ Sୢ KୗG Kୌ
Kୗ Kୌ G gb H

P’୬ B
P’୬ = B P୬

P୬ P୦୬ KୗP୦୬ Kୗ



mm

N/mmଶ











Hଡ଼ଵ mHଡ଼ଶ mHଡ଼ଷ mHଡ଼ସ mt mmβଵβଶCଵ m (m = 1)(m = 2)Cଶ m (m = 1)(m = 2)aଵ maଶ maଷ mbଵ mbଶ mP୦ଵ kN/mଶP୦ଶ kN/mଶP୦ଷ kN/mଶP୦ସ kN/mଶ



Kୗ kN/mଶPଵ kN/mଶPଶ kN/mଶPଷ kN/mଶPସ kN/mଶσ୮ୟ ଵଵ N/mmଶσ୮ୟ ଵଶ N/mmଶσ୮ୟ ଶଵ N/mmଶσ୮ୟ ଶଶ N/mmଶσ୮ୟ ଷଵ N/mmଶσ୮ୟ ଷଶ N/mmଶ



L mWଵ kN/mWଶ kN/mWଷ kN/mWସ kN/mMଵ kN ∙ mMଶ kN ∙ mMଷ kN ∙ mMସ kN ∙ mQଵ kNQଶ kNQଷ kNQସ kNZ୶ଵ mmଷZ୶ଶ mmଷZ୶ଷ mmଷZ୶ସ mmଷAଵ mmଶAଶ mmଶAଷ mmଶAସ mmଶ



σଵ N/mmଶσଶ N/mmଶσଷ N/mmଶσସ N/mmଶτଵ N/mmଶτଶ N/mmଶτଷ N/mmଶτସ N/mmଶσୡଵ N/mmଶσୡଶ N/mmଶσୡଷ N/mmଶσୡସ N/mmଶ



B mP’ଵ kN/m
P’ଶ kN/m
P’ଷ kN/m
P’ସ kN/m
Pୟଵ kN/m
Pୟଶ kN/m
Pୟଷ kN/m
Pୠଵ kN/m
Pୠଶ kN/m
Pୠଷ kN/mM’ଵ kN ∙ mM’ଶ kN ∙ mM’ଷ kN ∙ mQ’ଵ kN ∙ mQ’ଶ kN ∙ mQ’ଷ kN ∙ m



Zᇱ୶ଵ mmଷZᇱ୶ଶ mmଷZᇱ୶ଷ mmଷAᇱଵ mmଶAᇱଶ mmଶAᇱଷ mmଶσଵᇱ N/mmଶσଶᇱ N/mmଶσଷᇱ N/mmଶτଵᇱ N/mmଶτଶᇱ N/mmଶτଷᇱ N/mmଶσୡଵᇱ N/mmଶσୡଶᇱ N/mmଶσୡଷᇱ N/mmଶ



N/mmଶ N/mmଶ



h mP୦୬ kN/mଶρ t/mଷg m/sଶHଡ଼୬ mKୗ kN/mଶSୢ G tKୌ b mH mP’୬ kN/mP୬ kN/mଶB mσ୮ୟ ୬୫ N/mmଶσ୮ N/mmଶt mmβ୬ C୬ ma୬ mb୫ mW୬ kN/mM୬ kN mL mQ୬ kN mσ୬ N/mmଶZ୶୬ mmଷτ୬ N/mmଶA୬ mmଶ



σୡ୬ N/mmଶσୡ N/mmଶMᇱ୬ kN mPୟ୬ kN/mPୠ୬ kN/mQᇱ୬ kN mσᇱ୬ N/mmଶZᇱ୶୬ mmଷτᇱ୬ N/mmଶAᇱ୬ mmଶσᇱୡ୬ N/mmଶσᇱୡ N/mmଶ











h

P୦୬
P୦୬ ρ g Hଡ଼୬



m t/mଷ

Kୗ Sୢ KୗG Kୌ
Kୗ Kୌ G gb H

P’୬ B
P’୬ = B P୬

P୬ P୦୬ KୗP୦୬ Kୗ



mm

N/mmଶ











Hଡ଼ଵ mHଡ଼ଶ mHଡ଼ଷ mHଡ଼ସ mt mmβଵβଶCଵ m (m = 1)(m = 2)Cଶ m (m = 1)(m = 2)aଵ maଶ maଷ mbଵ mbଶ mP୦ଵ kN/mଶP୦ଶ kN/mଶP୦ଷ kN/mଶP୦ସ kN/mଶ



Kୗ kN/mଶPଵ kN/mଶPଶ kN/mଶPଷ kN/mଶPସ kN/mଶσ୮ୟ ଵଵ N/mmଶσ୮ୟ ଵଶ N/mmଶσ୮ୟ ଶଵ N/mmଶσ୮ୟ ଶଶ N/mmଶσ୮ୟ ଷଵ N/mmଶσ୮ୟ ଷଶ N/mmଶ



L mWଵ kN/mWଶ kN/mWଷ kN/mWସ kN/mMଵ kN ∙ mMଶ kN ∙ mMଷ kN ∙ mMସ kN ∙ mQଵ kNQଶ kNQଷ kNQସ kNZ୶ଵ mmଷZ୶ଶ mmଷZ୶ଷ mmଷZ୶ସ mmଷAଵ mmଶAଶ mmଶAଷ mmଶAସ mmଶ



σଵ N/mmଶσଶ N/mmଶσଷ N/mmଶσସ N/mmଶτଵ N/mmଶτଶ N/mmଶτଷ N/mmଶτସ N/mmଶσୡଵ N/mmଶσୡଶ N/mmଶσୡଷ N/mmଶσୡସ N/mmଶ



B mP’ଵ kN/mP’ଶ kN/mP’ଷ kN/mP’ସ kN/mPୟଵ kN/m
Pୟଶ kN/m
Pୟଷ kN/m
Pୠଵ kN/m
Pୠଶ kN/m
Pୠଷ kN/mM’ଵ kN ∙ mM’ଶ kN ∙ mM’ଷ kN ∙ mQ’ଵ kN ∙ mQ’ଶ kN ∙ mQ’ଷ kN ∙ m



Zᇱ୶ଵ mmଷZᇱ୶ଶ mmଷZᇱ୶ଷ mmଷAᇱଵ mmଶAᇱଶ mmଶAᇱଷ mmଶσଵᇱ N/mmଶσଶᇱ N/mmଶσଷᇱ N/mmଶτଵᇱ N/mmଶτଶᇱ N/mmଶτଷᇱ N/mmଶσୡଵᇱ N/mmଶσୡଶᇱ N/mmଶσୡଷᇱ N/mmଶ



N/mmଶ N/mmଶ

























 



 

 











 

 

 

 

 

 

 



 

 

 

 





































































 

 



 

 











 

 

 

 

 



 

 

 

 

 

 







































































 

 



 

 













 

 



 

 

 

 

 

 

 

 

 
































































