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𝐾𝐼2/(𝐾𝐼2 + 𝐾II2)  

𝑘𝛽; 𝛾𝑐𝑟

 



 

 

𝐾𝐼2/(𝐾𝐼2 + 𝐾II2)  

𝐹𝑐𝑟𝐸𝐺𝐹ℎ𝑒𝑓32 
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√
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𝐸(𝑇) =  
𝑑𝜎

𝑑𝜀
|

𝜀=0
=  

3

2

𝑓𝑐(𝑇)

𝜀𝑐,1(𝑇)
|

𝜀𝑐,1(𝑇) 𝑇
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 β »

β

tan 𝛽 = 0,2 ℎ𝑒𝑓
0.25 



 

 

𝜎𝑚𝑖𝑛



𝜎𝑚𝑖𝑛 = √
𝐸𝐺𝑐

𝑘𝜋𝑎
 

𝐸

𝐺𝑐

𝑎

𝑘

𝑎 = 0 𝜎𝑚𝑖𝑛

𝑥

Ω ∈ 𝑥 = 0

Γ

𝜙(𝑥) 𝛿(0)

𝜙(𝑥) = {
 1      𝑠𝑖 𝑥 = 0 
0     𝑠𝑖 𝑥 ≠ 0

𝜙(𝑥)

𝜙(𝑥) ≈ 𝑒−
|𝑥|
𝑙   

𝜙(𝑥) = 1  𝜖 Γ

𝑙

𝜙(𝑥)



Γ

𝑑2𝜙(𝑥)

𝑑𝑥²
−

𝜙(𝑥)

𝑙²
= 0

𝜙 = arg { 𝑖𝑛𝑓
𝜙𝜖𝑊

𝐼(𝜙)}

𝜙(𝑥) = 1 𝜖 Γ

𝐼(𝜙) =
1

2
∫ (𝜙2 + 𝑙2 (

𝑑𝜙

𝑑𝑥
)

2

) 𝑑𝑥

Ω



𝐼(𝜙) =
1

2
∫ 𝑒−

2|𝑥|
𝑙 𝑑𝑥 = 𝑙

Ω

Γ dx

𝐼 (𝑒−
|𝑥|
𝑙 ) = 𝑙 Γ 

Γ Γ𝑙(𝜙)

Γ = Γ𝑙(𝜙) =
𝐼 (𝑒−

|𝑥|
𝑙 )

2𝑙
=

1

2𝑙
∫ (𝜙2 + 𝑙2 (

𝑑𝜙

𝑑𝑥
)

2

) 𝑑𝑉

Ω

 

Γ𝑙(𝜙) = ∫
1

2𝑙
(𝜙2 + 𝑙2∇∅ ∙ ∇∅) 𝑑𝑉

Ω

 

𝛾(∅, ∇∅) :



𝛾(∅, ∇∅) =
1

2𝑙
(𝜙2 + 𝑙2∇∅ ∙ ∇∅)

𝑊𝑠(∅) = ∫ 𝐺𝑐  𝛾(∅, ∇∅)

Ω

𝑑𝑉 

𝑊𝑒(𝒖, ∅) = ∫ 𝜓(𝜀(𝒖), ∅)

Ω

𝑑𝑉 

𝒖 𝜀 𝜓

𝜓0

𝜓(𝜀(𝒖), ∅) = 𝑔(𝜙)𝜓0𝜀(𝒖) 

𝑔(𝜙)

𝑔(0) = 1 𝑔(1) = 0 𝑒𝑡 𝑔′(𝜙) ≤ 0

𝑔(𝜙) = (1 − 𝜙)²

𝑊𝑝(𝒖, ∅) = ∫ ((1 − 𝜙2)𝜓0𝜀(𝒖) + 𝐺𝑐  
1

2𝑙
(𝜙2 + 𝑙2∇∅ ∙ ∇∅))

Ω

 𝑑𝑉 

𝛿𝑊𝑖𝑛𝑡 = 𝜕𝑊𝑝(𝒖, ∅) = (
𝜕𝑊𝑝

𝜕𝜀
) : 𝛿𝜀 + (

𝜕𝑊𝑝

𝜕𝜙
) : 𝛿𝜙   



𝛿𝑊𝑖𝑛𝑡 = ∫ (𝜎 𝛿𝜖 − 2 (1 − 𝜙) 𝛿𝜙 𝜓0(𝜀) + 𝐺𝑐  ( 
1

𝑙
𝜙 𝛿𝜙 + 𝑙 ∇∅ ∙ ∇𝛿𝜙))

Ω

 𝑑𝑉    

𝜎

𝜎0

𝜎 =
𝜕𝑊𝑝

𝜕𝜀
= 𝑔(∅) 𝜎0  = (1 − ∅ )2 𝜎0 

𝜙

𝒖

𝛿𝑊𝑒𝑥𝑡 = ∫ 𝑓 ∙  𝛿𝒖

Ω

 𝑑𝑉 +  ∫ 𝒕 ∙  𝛿𝒖

∂Ωt

 𝑑𝐴 

𝑓

𝑡

∫ (𝜎 𝛿𝜖 − 2 (1 − 𝜙) 𝛿𝜙 𝜓0(𝜀) + 𝐺𝑐  ( 
1

𝑙
𝜙 𝛿𝜙 + 𝑙 ∇∅ ∙ ∇𝛿𝜙))

Ω

 𝑑𝑉 − ∫ 𝑓 ∙  𝛿𝒖

Ω

 𝑑𝑉

+ ∫ 𝑡 ∙  𝛿𝒖

∂Ωt

 𝑑𝐴 = 0    

𝛿𝒖 𝛿𝜙

𝐷𝑖𝑣 [(1 − 𝜙2)𝜎0]   = 0    

𝐺𝑐  ( 
1

𝑙
𝜙 − 𝑙Δ𝜙) − 2(1 − 𝜙)𝜓0(𝜀(𝒖)) = 0

Δ

𝒖 =  𝒖̅     𝜕Ωu

𝜎. 𝒏 =  𝒕     𝜕Ωu
̅̅̅̅

𝜙 = 1 Γ

∇𝜙. 𝒏 = 0 𝜕Ω



 

𝛼∇2𝑇 = r

𝛼

𝑇

𝑟

∇2∅ =
∅

𝑙²
−

2(1 − ∅)

𝐺𝑐𝑙
𝜓0(𝜀(𝒖))

∅ 𝑇

𝛼

𝜓0
+ 𝜓0

−

𝜓(𝜀(𝒖), 𝑔(𝜙)) =  𝜓+(𝜀(𝒖), 𝑔(𝜙)) + 𝜓0
−(𝜀(𝒖)) =  𝑔(𝜙)𝜓0

+(𝜀(𝒖)) + 𝜓0
−(𝜀(𝒖)) 

𝜓0

+
− =

1

2
𝜆 〈𝑡𝑟(𝜀)〉+

−

2 + 𝜇 𝑡𝑟(𝜀+
−

∙  𝜀+
−

)

𝜆 𝜇

ℋ

ℋ =  max
𝜏 𝜖[0,𝑡] 

𝜓0
+(𝜏 )



𝜏

ℋ

𝜓0
+ −  ℋ ≤ 0 ℋ̇ ≥ 0 ℋ(̇ 𝜓0

+ −  ℋ)  ≥ 0

∇2∅ =
∅

𝑙²
−

2(1 − ∅)

𝐺𝑐𝑙
ℋ

ℋ

 

 





𝜈

𝜈

𝑙

𝜓0 =
1

2
𝐸𝜀2

∇𝜙 = 0

𝜙 =
𝑙 𝐸𝜀²

𝐺𝑐 +  𝑙𝐸𝜀²

𝜎 = (1 − 𝜙)²𝐸𝜀

𝜎 = (
𝐺𝑐

𝐺𝑐 +  𝑙𝐸𝜀2
)

2

𝐸𝜀

(
𝑑𝜎

𝑑𝜀
= 0) 

𝑓𝑡 =
9

16
√

𝐺𝑐𝐸

3𝑙

𝑙



𝑙 =
27 𝐸𝐺𝑐

256 𝑓𝑡²

𝑙 = 27 𝑚𝑚

𝑙

𝑙

 

 

𝑙
𝑙

10

𝑙

4

𝑙 = 27 𝑚𝑚
𝑙

27

𝑙

13,5

𝑙

5,4



𝐹𝑚𝑎𝑥

𝑓𝑐𝑐 = 33,1 𝑀𝑃𝑎

𝐹𝑚𝑎𝑥 𝐹𝑀𝐿𝐸𝑅 𝐹𝐶𝐶𝐷

𝐹𝑀𝐿𝐸𝑅 = 2,1 √𝐸𝐺𝐹ℎ𝑒𝑓
1.5

𝐹𝑀𝐿𝐸𝑅 = 107,5

𝐹𝐶𝐶𝐷 = 15,5 √𝑓𝑐𝑐ℎ𝑒𝑓
1.5

𝐹𝐶𝐶𝐷 = 89,2

|𝐹𝑚𝑎𝑥 − 𝐹𝑀𝐿𝐸𝑅|

𝐹𝑀𝐿𝐸𝑅



 

 

 



 



𝐹𝑚𝑎𝑥,0,0001

𝐹𝑚𝑎𝑥

|𝐹𝑚𝑎𝑥 − 𝐹𝑚𝑎𝑥,0,0001|

𝐹𝑚𝑎𝑥,0,0001

 



𝑞𝑐𝑜𝑛𝑣

𝑞𝑟𝑎𝑦

𝜌𝐶𝑝

𝜕𝑇

𝜕𝑡
=

1

𝑟
 

𝜕

𝜕𝑟
(𝜆𝑟

𝜕𝑇

𝜕𝑟
)



−𝜆
𝜕𝑇

𝜕𝑛
=  𝑞𝑐𝑜𝑛𝑣𝑓𝑒𝑢

+ 𝑞𝑟𝑎𝑦𝑓𝑒𝑢
= ℎ𝑓𝑒𝑢 (𝑇𝑠 − 𝑇𝑓𝑒𝑢) + 𝜀 𝜎 (𝑇𝑠

4 − 𝑇𝑓𝑒𝑢
4 )

−𝜆
𝜕𝑇

𝜕𝑛
= 𝑞𝑐𝑜𝑛𝑣𝑎𝑖𝑟

+ 𝑞𝑟𝑎𝑦𝑎𝑖𝑟
= ℎ𝑎𝑖𝑟 (𝑇𝑠 − 𝑇𝑎𝑖𝑟) + 𝜀 𝜎 (𝑇𝑠

4 − 𝑇𝑎𝑖𝑟
4 )

𝑇

𝑡

𝜌

𝐶𝑝

𝜆

ℎ𝑓𝑒𝑢

ℎ𝑎𝑖𝑟

𝑇𝑠

𝑇𝑓𝑒𝑢

𝑇𝑎𝑖𝑟

𝑛 

𝜀

𝜎

𝜌, 𝐶𝑝, 𝜆
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β
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𝑘𝑟𝑒𝑑

𝑘𝑟𝑒𝑑 =
𝐹𝑐ℎ𝑎𝑢𝑑

𝐹𝑓𝑟𝑜𝑖𝑑

𝐹𝑐ℎ𝑎𝑢𝑑

𝐹𝑓𝑟𝑜𝑖𝑑

𝐹1 = 𝑘1√𝑓𝑐
∗ℎ𝑒𝑓

1.5

𝐹2 = 𝑘2√𝑓𝑡
∗

𝐹3 = 𝑘3√𝐸∗𝐺𝐹
∗ℎ𝑒𝑓

1.5

𝑓𝑐
∗ 𝑓𝑡

∗ 𝐸∗ 𝐺𝐹
∗

𝑛

𝑓𝑡
∗ = ∑

𝑓𝑡,𝑖𝐴𝑖

𝐴
𝑛
𝑖 𝑓𝑐

∗ = ∑
𝑓𝑐,𝑖𝐴𝑖

𝐴
𝑛
𝑖 𝐸∗ = ∑

𝐸𝑖𝐴𝑖

𝐴
𝑛
𝑖  𝐺𝐹

∗ = ∑
𝐺𝐹,𝑖𝐴𝑖

𝐴
𝑛
𝑖

𝐴 𝐴𝑖 𝑖



𝑘1, 𝑘2, 𝑘3

𝑘𝑟𝑒𝑑 .

 

 

 

 



 

 𝜎𝑦𝑦

 𝜏𝑦𝑥

 𝜏𝑦𝑧

√m

𝐾𝑖 = 𝜎√𝜋𝑎 𝑓

𝜎 𝑎 𝑓

𝑖

𝐾𝑖𝐶

 

𝐹



𝑊𝑒

𝑊𝑠

𝑊𝑝

𝑑𝐴

𝑑𝑊𝑝

𝑑𝐴
=

𝑑𝑊𝑒

𝑑𝐴
+  

𝑑𝑊𝑠

𝑑𝐴
= 0

𝐺 =  −
𝑑𝑊𝑒

𝑑𝐴

𝑑𝐴

𝐺𝑅 =  
𝑑𝑊𝑠

𝑑𝐴

 

𝐾𝑖

𝐺 =
𝐾𝐼

2

𝐸′
+

𝐾𝐼𝐼
2

𝐸′
+

𝐾𝐼𝐼𝐼
2  (1 + 𝜈)

𝐸

𝐸′ =  {

𝐸

1 − 𝜈²
   

𝐸  
  

𝜈



𝐸

𝐺 =
1 − 𝜈2

𝐸
 (𝐾𝐼

2 + 𝐾II
2)

 

𝐶 = 𝑢/𝐹 𝑢

𝐹

𝑑𝐴

𝐺 =
𝐹2

2

𝑑𝐶

𝑑𝐴
=

𝐾𝐼
2

𝐸′
 

 

𝐾𝑖 𝐺𝑖

𝐽 = ∫( 𝑊𝑒
Γ

. 𝑛𝑗 − 𝑇𝑖  
𝜕𝑢𝑖

𝜕𝑥𝑗
 ) 𝑑Γ

𝑊 = ∫ 𝜎𝑖𝑗𝑑𝜀𝑖𝑗
𝜀𝑖𝑗

0

Γ

𝑛𝑗

𝑇𝑖 𝜎𝑖𝑗𝑛𝑗

𝑢𝑖



Γ1, Γ2 , …

 

 

 

 

d





𝑎/𝑙

𝑎

𝑙
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°C
]

a/l [-]

30 min 60 min

90 min 120 min

40 mm; avec acier 40 mm; sans acier

200 mm; avec acier 200 mm; sans acier



 

 



 

𝜈



{
𝐾𝐼 =

𝐹

(𝜋𝑎)3/2

𝐾𝐼𝐼 = 𝐾𝐼𝐼𝐼 = 0





 

 



𝐺(𝐹) =
𝐹2

2

𝑑𝐶

𝑑𝐴

𝐺𝑅(𝐹𝑐𝑟) =
𝐹𝑐𝑟

2

2

𝑑𝐶

𝑑𝐴

𝐹𝑐𝑟 = 𝐹 √
𝐺𝑅(𝐹𝑐𝑟)

𝐺(𝐹)



𝐾𝐼 𝐾𝐼𝐼

(𝐾𝐼
2 + 𝐾II

2)

𝐾𝐼
2/(𝐾𝐼

2 + 𝐾II
2)

𝐾𝐼
2/(𝐾𝐼

2 + 𝐾II
2)

Ψ

Ψ = ∫ 𝜎𝑦  𝑑𝜺 =
𝜎𝑦

𝟐

2𝐸
 

𝜎𝑦

𝜎𝑦 =
𝐹𝑐𝑟

𝑘𝜎𝑎² 



𝑎 𝑘𝜎

Ψ =
𝐹𝑐𝑟²

2𝐸 𝑘𝜎
2𝑎4

 

𝑉𝑒

𝑊𝑒 = Ψ 𝑉𝑒 =
𝐹𝑐𝑟²

2𝐸 𝑘𝜎
2𝑎4

 𝑘𝑉 𝑎3 =  
𝐹𝑐𝑟²𝑘𝑉  

2𝐸 𝑘𝜎
2𝑎

 

𝑘𝑉

𝐺 =  −
𝑑𝑊𝑒

𝑑𝐴
= −

𝑑𝑊𝑒

2𝜋 𝑎 cos 𝛽  𝑑𝑎
= −

𝐹𝑐𝑟
2 𝑘𝑉

4 𝐸 𝜋𝑎 cos 𝛽  𝑘𝜎
2  

𝑑

𝑑𝑎
(
1

𝑎
)  

𝐺 =
𝐹𝑐𝑟

2 𝑘𝑉

4𝜋 cos 𝛽  𝑘𝜎
2  𝐸 𝑎3 

  

𝐺𝐹

𝐺𝐹 =
𝐹𝑐𝑟

2 𝑘𝑉

4𝜋 cos 𝛽  𝑘𝜎
2  𝐸 𝑎3 

𝛾  𝛾 =
𝑎

𝑙
=

𝑎 sin 𝛽

ℎ𝑒𝑓

𝐺𝐹 =
𝐹𝑐𝑟

2 𝑘𝑉  (sin 𝛽)3

4𝜋 cos 𝛽  𝑘𝜎
2  𝐸  𝛾3 ℎ𝑒𝑓

3  

𝛾𝑐𝑟

𝐹𝑚𝑎𝑥

𝐹𝑚𝑎𝑥 = √
𝑘𝑉  (sin 𝛽)3

4𝜋 cos 𝛽  𝑘𝜎
2  𝛾𝑐𝑟

3   
 √𝐸𝐺𝐹 ℎ𝑒𝑓

1,5

𝑘𝐿𝐸𝐹𝑀 



𝐹𝑚𝑎𝑥 = 𝑘𝐿𝐸𝐹𝑀 √𝐸𝐺𝐹 ℎ𝑒𝑓
1,5

𝑘𝐿𝐸𝐹𝑀 

𝑘(𝛽; 𝛾𝑐𝑟)

𝑘𝑉 𝑘𝜎
2

𝑘𝐿𝐸𝐹𝑀



 

𝜐



𝐾𝐼
2/(𝐾𝐼

2 + 𝐾II
2)

𝑘𝐿𝐸𝐹𝑀

𝐹𝑐𝑟

√𝐸𝐺𝐹ℎ𝑒𝑓
3 2⁄  



 

 

 

 

 

 



𝐺𝐹



 

 

 

σ

σ σ

σ





 





σ
σ



σ
σ



σ
σ



 

𝐹𝑐𝑟,𝑐ℎ𝑎𝑢𝑑 = 𝐹 √
𝐺𝑅,𝑐ℎ𝑎𝑢𝑑(𝐹𝑐𝑟)

𝐺𝑐ℎ𝑎𝑢𝑑(𝐹)

𝐺𝑅,𝑐ℎ𝑎𝑢𝑑(𝐹𝑐𝑟) = 𝐺𝐹,𝑐ℎ𝑎𝑢𝑑

𝑘𝑟𝑒𝑑 =
𝐹𝑚𝑎𝑥,𝑐ℎ𝑎𝑢𝑑

𝐹𝑚𝑎𝑥,𝑓𝑟𝑜𝑖𝑑
= √

𝐺𝑓𝑟𝑜𝑖𝑑(𝐹)

𝐺𝑐ℎ𝑎𝑢𝑑(𝐹)
 √

𝐺𝐹,𝑐ℎ𝑎𝑢𝑑

𝐺𝐹

𝐺𝑓𝑟𝑜𝑖𝑑(𝐹) 𝐺𝑐ℎ𝑎𝑢𝑑(𝐹)

𝐹

𝑘𝑟𝑒𝑑

𝑘𝑟𝑒𝑑 =  √
(𝐾𝐼

2 + 𝐾II
2)𝑓𝑟𝑜𝑖𝑑

(𝐾𝐼
2 + 𝐾II

2)𝑐ℎ𝑎𝑢𝑑

 √
𝐸𝑐ℎ𝑎𝑢𝑑

𝐸𝑓𝑟𝑜𝑖𝑑
√

𝐺𝐹,𝑐ℎ𝑎𝑢𝑑

𝐺𝐹

𝑘𝑟𝑒𝑑

 √
(𝐾𝐼

2+𝐾II
2 )

𝑓𝑟𝑜𝑖𝑑

(𝐾𝐼
2+𝐾II

2)
𝑐ℎ𝑎𝑢𝑑

 √
𝐸𝑐ℎ𝑎𝑢𝑑

𝐸𝑓𝑟𝑜𝑖𝑑
 

𝐸𝑐ℎ𝑎𝑢𝑑



𝐸𝑐ℎ𝑎𝑢𝑑 =
1 − 𝜈2

𝐺𝑐ℎ𝑎𝑢𝑑(𝐹𝑐𝑟,𝑐ℎ𝑎𝑢𝑑)
 (𝐾𝐼

2 + 𝐾II
2)

𝑐ℎ𝑎𝑢𝑑

𝑘𝑟𝑒𝑑 =
𝐹𝑐ℎ𝑎𝑢𝑑

𝐹𝑓𝑟𝑜𝑖𝑑
= √

(𝐾𝐼
2 + 𝐾II

2)𝑓𝑟𝑜𝑖𝑑

(𝐾𝐼
2 + 𝐾II

2)𝑐ℎ𝑎𝑢𝑑

√
𝐸(𝑇(𝛾𝑐𝑟))

𝐸(20°𝐶)
 √

𝐺𝐹(𝑇(𝛾𝑐𝑟))

𝐺𝐹

𝑇(𝛾𝑐𝑟)



√
(𝐾𝐼

2+𝐾II
2 )

𝑓𝑟𝑜𝑖𝑑

(𝐾𝐼
2+𝐾II

2 )
𝑐ℎ𝑎𝑢𝑑

√
(𝐾𝐼

2+𝐾II
2)

𝑓𝑟𝑜𝑖𝑑

(𝐾𝐼
2+𝐾II

2)
𝑐ℎ𝑎𝑢𝑑



√
(𝐾𝐼

2+𝐾II
2 )

𝑓𝑟𝑜𝑖𝑑

(𝐾𝐼
2+𝐾II

2 )
𝑐ℎ𝑎𝑢𝑑

√
𝐸(𝑇(𝛾=30%))

𝐸(20°𝐶)
√

𝐺𝑓𝑟𝑜𝑖𝑑(𝐹)

𝐺𝑐ℎ𝑎𝑢𝑑(𝐹)

√
𝐺𝑓𝑟𝑜𝑖𝑑(𝐹)

𝐺𝑐ℎ𝑎𝑢𝑑(𝐹)

√
𝐺𝑓𝑟𝑜𝑖𝑑(𝐹)

𝐺𝑐ℎ𝑎𝑢𝑑(𝐹)
0,52√

𝐸(𝑇(𝛾 = 0,3))

𝐸(20°𝐶)
√

𝐺𝑓𝑟𝑜𝑖𝑑(𝐹)

𝐺𝑐ℎ𝑎𝑢𝑑(𝐹)
0,52√

𝐸(𝑇(𝛾=0,3))

𝐸(20°𝐶)

𝑘𝑟𝑒𝑑

𝑘𝑟𝑒𝑑 =
𝐹𝑐ℎ𝑎𝑢𝑑

𝐹𝑓𝑟𝑜𝑖𝑑
= 0.52√

𝐸(𝑇(0,7ℎ𝑒𝑓))

𝐸(20°𝐶)
 √

𝐺𝐹(𝑇(0,7ℎ𝑒𝑓))

𝐺𝐹



 

𝑘𝑟𝑒𝑑

𝐸𝑐ℎ𝑎𝑢𝑑



√
(𝐾𝐼

2+𝐾II
2 )

𝑓𝑟𝑜𝑖𝑑

(𝐾𝐼
2+𝐾II

2 )
𝑐ℎ𝑎𝑢𝑑

𝑘𝑟𝑒𝑑

√
(𝐾𝐼

2+𝐾II
2)

𝑓𝑟𝑜𝑖𝑑

(𝐾𝐼
2+𝐾II

2 )
𝑐ℎ𝑎𝑢𝑑





ℎ𝑒𝑓
1.5
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≤ β ≤

 



   

  

  





≤ β ≤

≤ β ≤





 



 

 

  



 

 

𝑘𝑟𝑒𝑑

𝑘𝑟𝑒𝑑

𝑘𝑟𝑒𝑑 =
𝐹𝑐ℎ𝑎𝑢𝑑

𝐹𝑓𝑟𝑜𝑖𝑑
= 0,52√

𝐸(𝑇(0,7ℎ𝑒𝑓))

𝐸(20°𝐶)
 √

𝐺𝐹(𝑇(0,7ℎ𝑒𝑓))

𝐺𝐹

𝑘𝑟𝑒𝑑

𝑘𝑟𝑒𝑑 =
𝐹𝑐ℎ𝑎𝑢𝑑

𝐹𝑓𝑟𝑜𝑖𝑑
= 0,31√

𝐸(𝑇(𝛾𝑐𝑟))

𝐸(20°𝐶)
 √

𝐺𝐹(𝑇(𝛾𝑐𝑟))

𝐺𝐹



𝑘𝑟𝑒𝑑

𝑘𝑟𝑒𝑑 =
𝐹𝑐ℎ𝑎𝑢𝑑

𝐹𝑓𝑟𝑜𝑖𝑑
= 0,31√

𝐸(𝑇(0,8ℎ𝑒𝑓))

𝐸(20°𝐶)
 √

𝐺𝐹 (𝑇(0,8ℎ𝑒𝑓))

𝐺𝐹

𝑘𝑟𝑒𝑑

- 

𝐺𝐹(𝑇)

𝐺𝐹(20°𝐶)
= {

1 + 0,407𝜃 − 0,0727𝜃2 si 0 ≤ θ ≤ 2,8

0,917 + 0,467𝜃 − 0,0833𝜃2 si θ > 2,8

θ =
T−20°

100

- 

- 



𝑘𝑟𝑒𝑑

𝑘𝑟𝑒𝑑  (𝑚𝑒𝑠𝑢𝑟é) =  
𝐹𝑢,𝑐ℎ𝑎𝑢𝑑 

𝐹𝑢,20°𝐶
 

𝐹𝑢,𝑐ℎ𝑎𝑢𝑑 

𝐹𝑢,20°𝐶 

𝐹𝑢,20°𝐶 

ℎ𝑒𝑓
1.5

𝐹𝑢,20°𝐶  

√𝑓𝑐𝑐ℎ𝑒𝑓 
1,5

=  

∑
𝐹𝑢,𝑖,20°𝐶  

√𝑓𝑐𝑐ℎ𝑒𝑓,𝑖 
1,5

𝑛
𝑖=1

𝑛
 

𝐹𝑢,20°𝐶  =  

ℎ𝑒𝑓 
1,5  ∑

𝐹𝑢,𝑖,20°𝐶  

ℎ𝑒𝑓,𝑖 
1,5

𝑛
𝑖=1

𝑛
 

∑
𝐹𝑢,𝑖,20°𝐶  

ℎ
𝑒𝑓,𝑖 
1,5

𝑛
𝑖=1

𝑛



𝐹𝑢,20°𝐶 

𝐹𝑢,20°𝐶  = (
125

75
)

1,5

∑
𝐹𝑢,𝑖,20°𝐶  

5

5

𝑖=1

 

𝑘𝑟𝑒𝑑 𝑘𝑟𝑒𝑑

- 𝐺𝐹

- 

𝐺𝐹

- 

 

- 

- 



𝑘𝑟𝑒𝑑

𝑘𝑟𝑒𝑑

𝐺𝐹

𝐺𝐹

 



 

,c  8,9√   

𝑘𝑟𝑒𝑑

 

= 𝑘𝑟𝑒𝑑  

 12,7√





𝑘𝑟𝑒𝑑

𝑘𝑟𝑒𝑑







 

 







𝑙

𝑙

𝑙

𝑙

𝑙

𝑙

𝑙

𝑙 𝑙 = 27 𝑙 = 5 𝑚𝑚

𝑙 = 2 𝑚𝑚

𝑙

𝑙
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