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௫ߪ     = ߣ) + ௫ߝ(ߤ2 + ௬ߝߣߙ√ + ௭ , ߬௫௬ߝߣ = ௬ߪ     , ௫௬ߛߤߙ√ = ௫ߝߣߙ√ + ߣ)ߙ + ௬ߝ(ߤ2 + ௭ߝߣߙ√  , ߬௫௭ = ௭ߪ     , ௫௭ߛߤ = ௫ߝߣ + ௬ߝߣߙ√ + ߣ) + ௭ , ߬௬௭ߝ(ߤ2 =  Ey / Ex = ߙ : ߤ , ߣ ௬௭  (1)ߛߤߙ√

൛(ߣ + (ߤ2 ௫߲ଶ + ௬ଶ߲ߤߙ√ + ߤ ௭߲ଶൟݑ + ߣ)ߙ√ + (ߤ ௫߲߲௬ߣ)+                                                      ݒ + (ߤ ௫߲ ௭߲ݓ = ߣ)ߙ√ , ܺ− + (ߤ ௫߲߲௬ݑ + ௫ଶ߲ߤߙ√} + ߣ)ߙ + ௬ଶ߲(ߤ2 + ߤߙ√ ௭߲ଶ}ߣ)ߙ√+                                                ݒ + ௬߲(ߤ ௭߲ݓ = ߣ) , ܻ− + (ߤ ௫߲ ௭߲ݑ + ߣ)ߙ√ + ௬߲(ߤ ௭߲ݒ                     +൛߲ߤ௫ଶ + ௬ଶ߲ߤߙ√ + ߣ) + (ߤ2 ௭߲ଶൟݓ = −ܼ    (2) 

��  
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ݓߤ2 = −∑ ∑[Cଵchݖߛ + Cଶshݖߛ   +Cଷ{ݖߛ chݖߛ − 2(1 − ݖߛsh ݖߛ}Cସ+{ݖߛsh(ߥ2 − 2(1 − ∙[{ݖߛch(ߥ2 ଶߛ sin ௠ߙ ݔ sin ௫ߪ , ݕ݊ߚ =    ∑ ∑[Cଵshݖߛ + Cଶchݖߛ +Cଷ{ݖߛ shݖߛ + (1 + 2݉ߙ/ଶߛߥ2 )chݖߛ}+Cସ{ݖߛ chݖߛ + (1 + 2݉ߙ/ଶߛߥ2 )shߙ/݊ߚ ߙ√+{ݖߛ௠ߛ(Cହ chݖߛ+C଺ shݖߛ)]∙ 2݉ߙ ߛ sin ݉ߙ sin ݔ  (6)     ݕ௡ߚ

ݓߤ2 = −∑ ∑[Cଵchݖߛ + Cଶshݖߛ   +Cଷ{ݖߛ chݖߛ − 2(1 − ݖߛsh ݖߛ}Cସ+{ݖߛsh(ߥ2 − 2(1 − ∙[{ݖߛch(ߥ2 ଶߛ sin ௠ߙ ݔ sin ௫ߪ , ݕ݊ߚ = ݖߛCଵsh]∑ ∑ߚ  + Cଶchݖߛ +Cଷ{ݖߛ shݖߛ + ൫1 + ߚඥ/ߥ2 ∙ 2݉ߙ/ଶߛ ൯chݖߛ}+Cସ{ݖߛ chݖߛ + ൫1 + ߚඥ/ߥ2 ∙ 2݉ߙ/ଶߛ ൯shߙ/݊ߚ+{ݖߛ௠ߛ(Cହ chݖߛ+C଺ shݖߛ)]∙ 2݉ߙ ߛ sin ݉ߙ sin ݔ  ’(6)    ݕ௡ߚ

 

 

X, ܻ, ܼ Huber
(2)

Huber z  ଷ݂ߠଷ α β  

Mode-M Ex Ey

Mode-D Ex Ey

X, ܻ x , y( ଵ݂ , (ଵߠ ( ଶ݂ , (ଶߠ α =1 ଷ݂ Galerkin-vector zߠଷ Boussinesq z( ଵ݂ , (ଵߠ ( ଶ݂ , (ଶߠ Galerkin-vector
Boussinesq x y  
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z  ଷ݂ ଷߠ Fourier

 

 

Mode-M ݓ  ௫ߪ  

 

Mode-D ݓ  ௫ߪ  

98kN 200mm 500mm

3)

2m/m2

4m/m2  
2.5m 5m

1 2
Type T 870g/ m2 0.24mm Type S  

X, ܻ, ܼ : x, y, z ,ݑ           ,ݒ x, y, z : ݓ  ߲௫ = ߲/߲௫ , ߲௫ଶ = ߲ଶ/߲௫ଶ ,  

   ( ௫߲ଶ + ௬ଶ߲ߙ√ + ௭߲ଶ)ଶ ଷ݂ = ߣ)2ܼ− + ߣ)/(ߤ +  , (ߤ2
   ൫ ௫߲ଶ + ௬ଶ߲ߙ√ + ௭߲ଶ൯ ߠଷ = ݑߤ2  (3)           0 = −߲௫ ௭߲ ଷ݂ + ݒߤଷ  ,  2ߠ௬߲ߙ√ = −߲௬ ௭߲ ଷ݂ − ߲௫ߠଷ  ,  2ݓߤ = ߣ) + ߣ)/(ߤ2 + ](ߤ ௫߲ଶ + ߣ)/ߤ+ ௬ଶ߲ߙ√ + (ߤ2 ௭߲ଶ] ଷ݂  (4) 

(ඥߚ ௫߲ଶ + ߲௬ଶ + ௭߲ଶ)ଶ ଷ݂ = ߣ)2ܼ− + ߣ)/(ߤ +  , (ߤ2
   ൫ඥߚ ௫߲ଶ + ߲௬ଶ + ௭߲ଶ൯ ߠଷ = ௣ݑߤ2  ’(3)        0 = −߲௫ ௭߲ ଷ݂ + ߲௬ߠଷ  ,  2ݒߤ௣ = −߲௬ ௭߲ ଷ݂ − ඥߚ ߲௫ߠଷ  ,  2ݓߤ௣ = ߣ) + ߣ)/(ߤ2 + ߚඥ](ߤ ௫߲ଶ + ߲௬ଶ +ߣ)/ߤ + (ߤ2 ௭߲ଶ] ଷ݂  (4)’ β = Ex Ey 

1  

  ଷ݂  = ∑ ∑ 〔Cଵ chݖߛ + Cଶ shݖߛ + Cଷ ݖߛ chݖߛ + Cସ ݖߛ shݖߛ 〕 sin ௠ߙ ݔ sin ௡ߚ ଷߠ     ݕ  =  ∑ ∑ 〔 Cହ chݖߛ + C଺ shݖߛ 〕  cos ߙ௠ ݔ cos ௡ߚ  (5)  ݕ

௠ߙ   = , ܽ/ߨ݉ ௡ߚ  = ,m ) , ܾ/ߨ2݊ ݊ = 0,1,2, ଶߛ    , ( = ௠ଶߙ + ଶߛ    ௡ଶ      for  Mode-Mߚߙ√ = ඥߙߚ௠ଶ + ݖߛ௡ଶ  for  Mode-D   chߚ = cosh ݖߛ shݖߛ = sinh   Cଵ ~ C଺   , ݖߛ
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720g/ m2 0.24mm
T

S
Type 

T + 1 Type S
+ 1

1 α =104

௬ߪ ௫߬௫௬ߪ  

=
2 3 m,n 150 100  

 

 
2  

2  x=2500mm y=1250mm  

 2m/m2 4m/m2 

 Type T Type S Type T Type S 

ݓ 2 1 2 1 2 1 2 1  mm  
0.578 0.566 0.583 0.576 0.950 0.915 0.965 0.943 

0.573 0.561 0.578 0.571 0.940 0.905 0.955 0.933 

௫ߪ N/mm2  
-2.060 -2.032 -2.071 -2.053 -1.600 -1.564 -1.612 -1.589 

௬ߪ 2.185 2.257 2.073 2.201 2.510 2.555 2.437 2.520 N/mm2  
-2.630 -2.596 -2.645 -2.621 -2.079 -2.038 -2.099 -2.074 

2.952 2.860 2.988 2.930 2.567 2.425 2.625 2.533 

 

3  x=2500mm y=1500mm  

 2m/m2 4m/m2 

 Type T Type S Type T Type S 

 1 2 1 2 1 2 1 2 

ݓ mm  
0.537 0.525 0.541 0.534 0.881 0.848 0.895 0.874 

0.534 0.523 0.539 0.532 0.875 0.843 0.889 0.869 ߬௬୸ N/mm2  
-0.376 -0.374 -0.377 -0.376 -0.352 -0.349 -0.351 -0.351 

-0.012 -0.022 -0.007 -0.013 -0.020 -0.038 -0.012 -0.022 ߬௬୸  
 

1  

     mm  kN/mm2   

 80 2.0 0.4 

RC   200 
19.11 

0.2 
 9.66 

 1.0 2.0 0.4 

Type T 0.24 Ex = Ey =118.0 0.3 

Type S 
y 0.24 

Ey = 97.66,  
Ex = 0.009766 

0.3 
x 0.24 

Ey = 0.009766, 
   Ex = 97.66 

RC  
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Type T Type S߬௬୸ Type S Type T
Type T Type S

Type S
RC Type T

 
 

 
u

଴௨ݓ/௨ݓ∆  

4
0  

4 5
3  

R 0.7
2m/m2

y T= yS Type S xS

xT=1  

 

 

4m/m2  

xS = 3.543/2.115 x T + 0.0202/2.115 
=1.675 x T + 0.010 1.685                        (8)  

 
Type S Type T 1
1.69~1.70 Type S

 
a  Type T Type S

 xT=1 xS 1.42
Type T 1.42  

b Type S Type T
xS

1.21( 870/720)  
c Type S Type T 1.69

a b
1.42 1.21 1.72  

4   x =2500mm y =1250mm  

   2m/m2 4m/m2 

Type T T0 T1 T2 T3 T0 T1 T2 T3 ݓ௨ mm ௨ݓ∆ 0.883 0.915 0.950 0.988 0.554 0.566 0.578 0.591  mm ଴௨ݓ/௨ݓ∆ 0.105 0.073 0.038 -- 0.037 0.025 0.013 --  %  -- 2.200 4.230 6.261 -- 3.846 7.389 10.628 

Type S S0 S2 S4 S6 S0 S2 S4 S6 ݓ௨ mm ௨ݓ∆ 0.862 0.903 0.943 0.988 0.548 0.561 0.576 0.591  mm ଴௨ݓ/௨ݓ∆ 0.126 0.085 0.045 -- 0.043 0.030 0.015 --  %  -- 2.538 5.076 7.276 -- 4.555 8.603 12.75 

 

5 Type  

 2m/m2 4m/m2 
Type T yTS=2.081xTS+ 0.051, R = 0.9996 yTS=3.543xTS+ 0.152, R = 0.9985 

Type S ySS=1.218xSS+ 0.068, R = 0.9988 ySS=2.115xSS+ 0.132, R = 0.9993 

R  

3  

xS = 2.081/1.218 xT + 0.051- 0.068 /1.218 
= 1.709 xT - 0.0140 1.695           (7) 

xS = 3.543/2.115 x T + 0.0202/2.115 
=1.675 x T + 0.010 1.685                        (8) 
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Type T 3)

3) 1 2m/m2

6
(9)  

 
 
 
 

1 2
Type T 22 50.2  

Type S
Type T 1

1.69 / Type T

Type S
Type S (10)

 
 
 

4 Type S
 

Type S 13~22
Type T Type T Type 

S Type S
13  

Type 2
Type S

13 Type
3 5 7

Type T Type S 2
(11)  

 
 

:ୗ௔ݓ ,୘௔ݓ  Type T Type S
 

t0: 2  
 

6 5
Type 5  

Type T 5
’ 2

50.2 90%
1.69 Type S ’

2
29.4 80% Type S Type T
50%  

୘ଶ = 0.01779ݓ          t t0  , ୘௔ݓ +
ୗଶ = 1.0 ~1.69ݓ      0.01779 t t0  ୗ௔   (11)ݓ +

6  

 Type T Type S 

 3 5 7 3 5 7 

 Er kN/mm2 ܾݓ  8.35 ~ 11.27 10.26 ~ 12.92 12.86 ~ 14.96 11.14 12.82 14.89  mm ௔ݓ  1.052 ~ 0.8584 0.9164 ~ 0.7783 0.7811 ~ 0.6982 0.8534 0.7733 0.6932  mm  0.6750 0.7503 0.8253 0.6872 ~ 0.7669 0.7644 ~ 0.8966 0.8412 ~ 1.026 

%  2.6 3.0 3.3 1.6 ~ 1.8 1.8 ~ 2.2 2.0 ~ 2.5 

 46.8 44.6 42.3 25.9 ~ 46.1 23.5 ~ 43.8 21.2 ~ 41.4 

 

 

4 Type T Type S  

7  

  
Type T Lr = 50.192  1.125 x , R= 0.9999 

Type S Lr = 29.41  1.175 x , R= 0.9999 Lr = 49.62  1.175 x , R= 0.9999 

 

୘ଵ = 0.04005t + 0.573ݓ             ୘ଵ: t : 1ݓ (9)   
   T Type T  

ୗଵ = 1.0 ~1.69ݓ          0.04005t + 0.578     (10) 
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Type

௕ݓ  ௔ݓ  Type S
Type T Type S

Type T>Type S
Type T  

Type T 3 ,5 7
Type T>Type S 1.0~1.8 ,1.0~1.9

1.0~2.0  
Type x Lr

7  
Type S Lr=29.41-1.175x  Lr=49.62-1.175x

 
Type T

Type S
 

 

 
 

Huber
Huber

=1  

Type T Type S
Type T 1.42

Type T  
RC

yz Type T Type S
Type T Type S

Type S

Type T
Type T  

Type T 1 Type S 1.7
 

Type T Type S
Type T Type S
1.8 2.0

 
 

Type T Type S
Type T RC

RC

Type T Type S
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