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𝜎𝑥

𝜏𝑥𝑦 𝜏𝑥𝑧



Proračun čvrtoće 

 

 

 

 

 

 

 

                                  ∑𝐹𝑧 = 0                       𝐹𝐴 − 𝑞𝑥 − 𝑇𝑧 = 0 

                 𝑇𝑧 = 𝐹𝐴 − 𝑞𝑥 = ∑𝐹𝑖(𝑧) 
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                                  ∑𝑀0 = 0                       𝐹𝐴𝑥 − 𝑞
𝑥2

2
− 𝑀𝑦 = 0 

 

                𝑀𝑦 = 𝐹𝐴𝑥 − 𝑞
𝑥2

2
= ∑𝑀𝑖0 

                   

               

 

   𝑇𝑧

 

𝑑𝑇𝑧

𝑑𝑥
= −𝑞                   

𝑑𝑀𝑦

𝑑𝑥
= 𝑇𝑧                       

𝑑2𝑀𝑦

𝑑𝑥2
= −𝑞   

 

                



proračun čvrstoće 
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𝜎𝑚𝑎𝑥 ≤ 𝜎𝑑𝑜𝑝

𝜎𝑚𝑎𝑥/𝑚𝑖𝑛 = ±
𝑀

𝑊𝑦

𝜎𝑣 𝑚𝑎𝑥 =
𝑀

𝑊𝑦
≤ 𝜎𝑣 𝑑𝑜𝑝

𝜎𝑡 𝑚𝑎𝑥 =
𝑀

𝑊𝑦
≤ 𝜎𝑣 𝑑𝑜𝑝

𝜎𝑣 𝑑𝑜𝑝 𝜎𝑡 𝑑𝑜𝑝

𝜎𝑣 𝑑𝑜𝑝 = 𝜎𝑡 𝑑𝑜𝑝 = 𝜎𝑑𝑜𝑝

𝜎𝑚𝑎𝑥 =
𝑀

𝑊𝑦
≤ 𝜎𝑑𝑜𝑝

𝜎𝑣 𝑚𝑎𝑥 = 𝜎𝑥 1 =
𝑀

𝑊𝑦1

𝜎𝑚𝑎𝑥 = 𝜎𝑥 2 =
𝑀

𝑊𝑦2



proračun čvrstoće 
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𝜎𝑣 𝑚𝑎𝑥 = 𝜎𝑥 1 =
𝑀

𝑊𝑦1
≤ 𝜎𝑣 𝑑𝑜𝑝

𝜎𝑚𝑎𝑥 = 𝜎𝑥 2 =
𝑀

𝑊𝑦2
≤ 𝜎𝑡 𝑑𝑜𝑝

𝜎𝑣 𝑑𝑜𝑝 = 𝜎𝑡 𝑑𝑜𝑝 = 𝜎𝑑𝑜𝑝

𝜎𝑚𝑎𝑥 =
𝑀

𝐼𝑦

|𝑍𝑚𝑎𝑥| =
𝑀

𝑊𝑦 𝑚𝑖𝑛
≤ 𝜎𝑣 𝑑𝑜𝑝

𝑍𝑚𝑎𝑥

𝑊𝑦 𝑚𝑖𝑛 =
𝐼𝑦

|𝑍𝑚𝑎𝑥|

 

𝑀

𝑊𝑦
≤ 𝜎𝑑𝑜𝑝

𝑊𝑦 ≥
𝑀

𝜎𝑑𝑜𝑝⬚

𝑀 ≤ 𝑊𝑦𝜎𝑑𝑜𝑝

𝜎𝑣 𝑑𝑜𝑝 = 𝜎𝑡 𝑑𝑜𝑝



proračun čvrstoće 
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𝑊𝑦

𝑊𝑦

ℎ

2

           

 

Slika 3 

𝐼𝑦 𝑖𝑑 = 2
𝐴

2
(

ℎ

2
)

2

=
𝐴ℎ2

4

𝑊𝑦 𝑖𝑑 =
𝐼𝑦 𝑖𝑑

ℎ
2

=
1

2
𝐴ℎ

 



proračun čvrstoće 
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 𝑊𝑦 ≈ (0,31 ÷ 0,35)𝐴ℎ

𝜂 =
𝑊𝑦

𝑊𝑦 𝑖𝑑
=

2𝑊𝑦

𝐴ℎ
< 1

𝜂

𝜂 = 0,25

𝜂 = 0,33

𝜂 = 0,61 ÷ 0,65

𝜂 𝜂

𝜎𝑑𝑜𝑝

𝜎𝑥 =
𝑀

𝐼𝑦
∗ 𝑧𝑚𝑎𝑥 =

𝑀

𝑊𝑦

𝐼𝑦

𝜎𝑚𝑎𝑥 𝜎𝑡



proračun čvrstoće 
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𝑀𝑡 = 𝜎𝑇 ∗ 𝑊𝑦

 

𝑀𝑝𝑙 = 𝜎𝑡 ∗ 𝑊𝑝𝑙

𝑀𝑝𝑙

𝑀𝑇
=

𝑊𝑝𝑙

𝑊𝑦



Opći slučaj savijanja 
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3   

𝜎𝑥

𝜏𝑥𝑦 𝜏𝑥𝑧

𝜎𝑥 𝜏𝑥𝑦 𝜏𝑥𝑦

1. ∑𝐹𝑥 = 0;        ∫ 𝜎𝑥  𝑑𝐴 = 0
𝐴

⬚
 

2. ∑𝐹𝑦 = 0;        ∫ 𝜏𝑥𝑦 𝑑𝐴 = 0
𝐴

⬚
 

3. ∑𝐹𝑧 = 0;        ∫ 𝜏𝑥𝑧 𝑑𝐴 = 𝑇𝑧𝐴

⬚
 

4. ∑𝑀𝑥 = 0;        ∫ (𝜏𝑥𝑧𝑦 − 𝜏𝑥𝑦𝑧)𝑑𝐴 = 0
𝐴

⬚
 

5. ∑𝑀𝑦 = 0;        ∫ 𝜎𝑥𝑧 𝑑𝐴 = 𝑀𝑦𝐴

⬚
 

6. ∑𝑀𝑧 = 0;        ∫ 𝜎𝑥𝑦 𝑑𝐴 = 0
𝐴

⬚
 

𝜎𝑥

 𝜏𝑥𝑧

 

Slika 5 prikaz opterećenog nosača i unutarnjih sila 



Opći slučaj savijanja 
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𝜀𝑥𝑥 𝜎𝑥

𝜎𝑥 =
𝑀

𝐼𝑦
𝑧 

 

 

Slika 6 Savijanje silama 

 

𝜏𝑥𝑧 



Opći slučaj savijanja 
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𝜏𝑥𝑧 

 𝑑𝜎𝑥

𝜏𝑥𝑧 

𝜏𝑥𝑧 

𝜏𝑥𝑧 𝜏𝑧𝑥

𝜏𝑥𝑧  

 

 

 

𝜏𝑧𝑥

𝜏𝑧𝑥

 

 

 

Slika 7 

𝜎𝑥 =
𝑀

𝐼𝑦
𝑧

 



Opći slučaj savijanja 
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𝑑𝑀𝑦

𝑑𝑥
= 𝑇𝑧 𝜏𝑥𝑧 = 𝜏𝑧𝑥 ∫ 𝑧 𝑑𝐴2 = 𝑆𝑦𝐴2

⬚

 

𝜏𝑥𝑧 =
𝑇𝑧𝑆𝑦

𝑏 𝐼𝑦
 

𝜏𝑥𝑧

𝜏𝑥𝑧

 

𝑑𝜏𝑥𝑧

𝑑𝑧
=

𝑑

𝑑𝑧
(

𝑇𝑧𝑆𝑦

𝑏𝐼𝑦
) =

𝑇𝑧

𝐼𝑦

𝑑

𝑑𝑧
(

𝑆𝑦

𝑏
) = 0 

 

 



Opći slučaj savijanja 
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Slika 8 Prikaz raspodjele naprezanja po pravokutnom poprečnom presjeku  



Savijanje „I“ nosača 

 

 20 

 

 

   

𝜏𝑥𝑧

𝐴1

 

𝑆𝑦 =
𝑏 𝑡(ℎ − 𝑡)

2
+

𝑑

2
[(

ℎ

2
− 𝑡)

2

− 𝑍2] 

 

𝜏𝑥𝑧 =
𝑇𝑧𝑆𝑦

𝑏 𝐼𝑦
 

 

𝜏𝑥𝑧 =
𝑇𝑧𝑆𝑦

𝑏 𝐼𝑦
=

𝑇𝑧𝑏 𝑡(ℎ − 𝑡)

2𝑑 𝐼𝑦
+

𝑇𝑧 [(
ℎ
2 − 𝑡)

2

− 𝑧2]

2𝐼𝑦
 



Savijanje „I“ nosača 
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𝜏𝑥𝑧

𝐴1

 

𝑆𝑦 = ∫ 𝑧1𝑑𝐴1 = 𝑏 (
ℎ

2
− 𝑧)

1

2
(

ℎ

2
+ 𝑧) =

𝑏

2
(

ℎ2

4
− 𝑧2)

𝐴1

⬚

 

 

𝜏𝑥𝑧

 

𝜏𝑥𝑧 =
𝑇𝑧𝑆𝑦

𝑏(𝑧) 𝐼𝑦
=

𝑇𝑧

2 𝐼𝑦
(

ℎ2

4
− 𝑧2) 

 

𝜏𝑥𝑧

𝜏𝑥𝑧

 

𝜏𝑥𝑧 𝑚𝑎𝑥 =
𝑇𝑧𝑏 𝑡(ℎ − 𝑡)

2𝑑 𝐼𝑦
+

𝑇𝑧 (
ℎ
2 − 𝑡)

2

2𝐼𝑦
 

 

 

𝜏𝑥𝑧1 =
𝑇𝑧𝑏 𝑡(ℎ − 𝑡)

2𝑑 𝐼𝑦
 

𝜏𝑥𝑧 𝑚𝑎𝑥 𝜏𝑥𝑧1



Savijanje „I“ nosača 
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𝑇𝑧 𝐴𝑟

 

𝜏𝑥𝑧 𝑚𝑎𝑥 ≈
𝑇𝑧

𝐴𝑟
 

 

𝜏𝑥𝑧 

 

Slika 9  Presjek „I“ nosača 

 

𝜎𝑥 𝜎𝑥 + 𝑑𝜎𝑥

𝐴5 𝜏𝑦𝑥

𝜏𝑥𝑦

∑𝐹𝑥 = ∫ (𝜎𝑥 + 𝑑𝜎𝑥)𝑑𝐴3 − ∫ 𝜎𝑥 𝑑𝐴4 − 𝜏𝑦𝑥 𝑡 𝑑𝑥 = 0
𝐴4

⬚

𝐴3

⬚

 

∫
𝑀+𝑑𝑀

𝐼𝑦
𝑧𝑑𝐴3 − ∫

𝑀

𝐼𝑦
 𝑧 𝑑𝐴4 − 𝜏𝑦𝑥𝑡𝑑𝑥 = 0

𝐴4

⬚

𝐴3

⬚

 



Savijanje „I“ nosača 
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𝐴3 = 𝐴4

𝜏𝑦𝑥 =
𝑑𝑀

𝑑𝑥 𝐼𝑦𝑡
 ∫ 𝑧 𝑑𝐴3

⬚

𝐴3

 

 

𝑑𝑀

𝑑𝑥
= ⊤𝑧 , 𝜏𝑦𝑥 = 𝜏𝑥𝑦 ∫ 𝑧 𝑑𝐴3 = 𝑆𝑦

⬚

𝐴3

𝐴3 

 

𝜏𝑦𝑥 = 𝜏𝑥𝑦 =
𝑇𝑧𝑆𝑦

𝐼𝑦𝑡
 

 

𝜏𝑦𝑥 𝑖 𝜏𝑥𝑦

𝜏𝑥𝑦

𝜏𝑥𝑦 

 

 

Slika 10   

𝜏𝑥𝑧 𝑇𝑧 

𝜏𝑥𝑦 



Savijanje „I“ nosača 
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𝜏𝑥𝑧 =
𝑇𝑧

2𝐼𝑧
(

𝑏2

4
− 𝑧2). 

 

 

 

Slika 11 Prikaz raspodjele posmičnih naprezanja  

 



Glavna naprezanja i trajektorije 

 

 

 

 

𝜏𝑥𝑧 =
𝑇𝑧𝑆𝑦

𝑏 𝐼𝑦
𝜎𝑥 =

𝑀

𝐼𝑦
𝑧

𝜏𝑦𝑥 = 𝜏𝑥𝑦

𝜎𝑧 = 0

𝜎𝑧 = 0

 

𝜎1 = 𝜎𝑚𝑎𝑥 =
𝜎𝑥

2
+

1

2
√𝜎𝑥

2 + 4𝜏𝑥𝑧
2  

𝜎2 = 𝜎𝑚𝑖𝑛 =
𝜎𝑥

2
−

1

2
√𝜎𝑥

2 + 4𝜏𝑥𝑧
2  

 

 

𝑡𝑔𝜑1 =
2𝜏𝑥𝑧

𝜎1
 ,                  𝑡𝑔𝜑2 =

2𝜏𝑥𝑧

𝜎2
 

 

 

 



Glavna naprezanja i trajektorije 
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𝜏1,2 = 𝜏𝑚𝑎𝑥/𝑚𝑖𝑛 = ±
𝜎1 − 𝜎2

2
= ±

1

2
√𝜎𝑥

2 + 4𝜏𝑥𝑧
2  

 

 

 

 

Slika 13   

 



Glavna naprezanja i trajektorije 
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𝜏𝑥𝑧 𝜎𝑥

𝜎1 = 𝜎𝑥 𝜎2 = 0

𝜎2 = −𝜎𝑥 𝜎1 = 0

𝑡𝑔2𝜑0 = 0∘, 𝜑01 = 0∘ 𝑖 𝜑02 = 90∘   

 

𝜎𝑥 = 0 𝑡𝑔2𝜑0 = ±∞ 𝜑02 = 45∘

𝜎1 = 𝜏𝑥𝑧 𝑚𝑎𝑥 𝜎2 =

−𝜏𝑥𝑧 𝑚𝑎𝑥

 

𝜏𝑥𝑧

𝜎𝑚𝑎𝑥

𝜎𝑚𝑖𝑛 𝜎2 𝜏𝑥𝑦

𝜎𝑥  

𝜏𝑥𝑦

 



Glavna naprezanja i trajektorije 
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𝜎𝑚𝑎𝑥

𝜎𝑚𝑖𝑛

Slika 14   

 

 

 



zadatak 

 

 29 

 

 

𝑙
3⁄

 

 

Slika 14  dispozicija metalne konstrukcije 

 

 

 

 

 

 



zadatak 
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′

∙ ′

∙ ′

 

∙ ′



zadatak 
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′

′

′

 

∙ ∙ ∙ ∙ 𝑠𝑘 =  4,47 kN/m′

 

∙ ∙ ∙ ∙ ′

 

∙ ∙

 ∙ ′ ∙ ′ ′

 ∙ ′ ∙ ′ ′

 

 

 



zadatak 
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a 

 

a 

a 

a 

b 

 

b 

 

c 

 

c 

 

b 

 

b 

 

c 

 

c 

 



zadatak 
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ν

𝜎𝑑𝑜𝑝 =
𝑓𝑦

𝑘
=

420

1,5
= 280 𝑀𝑃𝑎

𝜏𝑑𝑜𝑝 =
𝑓𝑢

𝑘
=

300

1,5
= 200 𝑀𝑃𝑎

 

Slika 15  

 

 

 

 

𝑀𝑚𝑎𝑥 = 29,66 𝑘𝑁𝑚 

 

𝜎𝑥 =
𝑀

𝐼𝑦
∗ 𝑧 



zadatak 
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𝜎𝑥(1) =
𝑀𝑚𝑎𝑥

𝐼𝑦
∗ 𝑧 =

29,66 ∗ 103

1943 ∗ 10−8
∗ 10 ∗ 10−2 = 152,7 𝑀𝑃𝑎 

 

𝜎𝑥(2) = 𝜎𝑥(3) =
29,66 ∗ 103

1943 ∗ 10−8
∗ 9,15 ∗ 10−2 = 139,7 𝑀𝑃𝑎 

 

𝜎𝑥(4) = 0 𝑀𝑃𝑎 

 

𝜎𝑥(5) = 𝜎𝑥(6) = 𝜎𝑥(2) = −139,7 𝑀𝑃𝑎 

 

𝜎𝑥(7) = 𝜎𝑥(1) = −152,7 𝑀𝑃𝑎 

 

 

𝑇𝑚𝑎𝑥 = 6,35 𝑘𝑁 

𝜏𝑥𝑧 =
𝑇𝑧𝑆𝑦

𝐼𝑦𝑏
 . 

 

𝑆𝑝 = 𝑏𝑡𝑤 (
ℎ0

2
−

𝑡𝑓

2
) = 10 ∗ 0,85 ∗ 9,58 = 81,39 𝑐𝑚3 

 

𝜏𝑥𝑧(1) = 𝜏𝑥𝑧(7) = 0 

 

𝜏𝑥𝑧(2) = 𝜏𝑥𝑧(6) =
6,35∗103∗81,39∗10−6

1943∗10−8∗10∗10−2
= 0,27 𝑀𝑃𝑎 . 



zadatak 

 

 35 

 

 

𝜏𝑥𝑧(3) = 𝜏𝑥𝑧(5) =
6,35∗103∗ 81,39∗10−6

1943∗10−8∗0,56∗10−2
= 4,7 𝑀𝑃𝑎 . 

 

𝑆𝑦𝑚𝑎𝑥 = 𝑏𝑡 (
ℎ

2
−

𝑡𝑓

2
) + 𝑑 ∗

ℎ0
2

8
= 104,87 𝑐𝑚3 

 

𝜏𝑥𝑧(4) =
6,35 ∗ 103 ∗ 104,87 ∗ 10−6

1943 ∗ 10−8 ∗ 0,56 ∗ 10−2
= 6.12 𝑀𝑃𝑎 

 

 

 

𝜎𝑚𝑎𝑥 =
𝜎𝑥

2
+

1

2
√𝜎𝑥

2 + 4𝜏𝑥𝑧
2  

 

𝜎𝑚𝑖𝑛 =
𝜎𝑥

2
−

1

2
√𝜎𝑥

2 + 4𝜏𝑥𝑧
2  

 

𝜎1(1) = 𝜎1 =
152,7

2
+

1

2
√152,72 + 4 ∗ 0⬚

2 = 152,7𝑀𝑃𝑎 

 

𝜎2(1) = 0 

 

𝜎1(2) =
139,7

2
+

1

2
√139,72 + 4 ∗ 0,27⬚

2 = 139,701𝑀𝑃𝑎 

 

𝜎2(2) =
139,7

2
−

1

2
√139,72 + 4 ∗ 0,27⬚

2 = 0,001 𝑀𝑃𝑎 

 

𝜎1(3) =
139,7

2
+

1

2
√139,72 + 4 ∗ 4,7⬚

2 = 139,86𝑀𝑃𝑎 

 

𝜎2(3) =
139,7

2
−

1

2
√139,72 + 4 ∗ 4,7⬚

2 = 0,16 𝑀𝑃𝑎 

 



zadatak 
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𝜎1(4) =
0

2
+

1

2
√02 + 4 ∗ 6,12⬚

2 = 6,12 𝑀𝑃𝑎 

 

𝜎2(4) =
0

2
−

1

2
√02 + 4 ∗ 6,12⬚

2 = −6,12 𝑀𝑃𝑎 

 

𝜎1(5) = −
139,7

2
+

1

2
√139,72 + 4 ∗ 4,7⬚

2 = 0,16 𝑀𝑃𝑎 

 

𝜎2(5) = −
139,7

2
−

1

2
√139,72 + 4 ∗ 4,7⬚

2 = −139,86 𝑀𝑃𝑎 

 

𝜎1(6) = −
139,7

2
+

1

2
√139,72 + 4 ∗ 0,27⬚

2 = 0,001 𝑀𝑃𝑎 

 

𝜎2(6) = −
139,7

2
−

1

2
√139,72 + 4 ∗ 0,27⬚

2 = −139,701 𝑀𝑃𝑎 

𝜎1(7) = 0 

 

𝜎2(7) = −𝜎𝑥7 =
152,7

2
+

1

2
√152,72 + 4 ∗ 0⬚

2 = −152,7 𝑀𝑃𝑎 

 

 

𝜏𝑚𝑎𝑥/𝑚𝑖𝑛 = ±
𝜎1 − 𝜎2

2
 

 

𝜏1,2(1) = ±
152,7 − 0

2
= ±76,35 𝑀𝑃𝑎 

 

𝜏1,2(2) = ±
139,701 − 0,001

2
= ±69,85 𝑀𝑃𝑎 

 

𝜏1,2(3) = ±
139,86 − 0,21

2
= ±69,82 𝑀𝑃𝑎 

 

𝜏1,2(4) = ±
6,12 + 6,12

2
= ±6,12 𝑀𝑃𝑎 

 

𝜏1,2(5) = ±
139,86 − 0,16

2
= ±69,85 𝑀𝑃𝑎 
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𝜏1,2(6) = ±
139,701 − 0,01

2
= ±69,85 𝑀𝑃𝑎 

 

𝜏1,2(7) = ±
152,7 − 0

2
= ±76,35 𝑀𝑃𝑎 

                                                                                          

 

Slika 16   

                                      

 

Slika 17   

𝜎𝑥  

 

𝜏𝑥𝑦 

 

𝜏1 

 

𝜏2 

 

𝜎2 

 

𝜎1 

 



zadatak 

 

 38 

 

𝜏𝑥𝑦 𝑚𝑎𝑥 = 𝜏𝑥𝑦 (8) =
𝑇𝑧

2𝐼𝑦
(

𝑏

2
−

𝑑

2
) (ℎ − 𝑡𝑤) = 1,48 𝑀𝑃𝑎

 

𝜎1(8) =
152,7

2
+

1

2
√152,72 + 4 ∗ 1,48⬚

2 = 154,86 𝑀𝑃𝑎 

 

𝜎1(8) =
152,7

2
−

1

2
√152,72 + 4 ∗ 1,48⬚

2 = −0,014 𝑀𝑃𝑎 

 

 

𝜏1,2 = 𝜏𝑚𝑎𝑥/𝑚𝑖𝑛 = ±
154,86 + 0,014

2
= ±77,44 𝑀𝑃𝑎 

 

 

Slika 18   

𝜎1 

 𝜎2 

 𝜏𝑥𝑦 
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𝑀𝑚𝑎𝑥 = 33,37 𝑘𝑁𝑚        𝑇𝑧 𝑚𝑎𝑥 = 0 𝑘𝑁 

 

𝜎𝑥 =
𝑀

𝐼𝑦
∗ 𝑧 

 

𝜎𝑥(1) =
𝑀𝑚𝑎𝑥

𝐼𝑦
∗ 𝑧 =

33,37 ∗ 103

1943 ∗ 10−8
∗ 10 ∗ 10−2 = 171,7 𝑀𝑃𝑎 

 

𝜎𝑥(2) = 𝜎𝑥(3) =
33,37 ∗ 103

1943 ∗ 10−8
∗ 9,15 ∗ 10−2 = 157,14 𝑀𝑃𝑎 

 

𝜎𝑥(4) = 0 𝑀𝑃𝑎 

 

𝜎𝑥(5) = 𝜎𝑥(6) = 𝜎𝑥(2) = −157,14 𝑀𝑃𝑎 

 

𝜎𝑥(7) = 𝜎𝑥(1) = −171,7 𝑀𝑃𝑎 
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𝜏𝑥𝑧 =
𝑇𝑧𝑆𝑦

𝐼𝑦𝑏
 . 

 

𝑆𝑝 = 𝑏𝑡𝑤 (
ℎ

2
−

𝑡𝑓

2
) = 10 ∗ 0,85 ∗ 9,58 = 81,39 𝑐𝑚3 

 

 

𝜏𝑥𝑧(1−8) =
0∗103∗ 𝑆𝑦

𝐼𝑦∗𝑏
= 0 𝑀𝑃𝑎 . 

 

𝜎𝑚𝑎𝑥 =
𝜎𝑥

2
+

1

2
√𝜎𝑥

2 + 4𝜏𝑥𝑧
2  

 

𝜎𝑚𝑖𝑛 =
𝜎𝑥

2
−

1

2
√𝜎𝑥

2 + 4𝜏𝑥𝑧
2  

 

𝜎1(1) =
171,7

2
+

1

2
√171,72 + 4 ∗ 0⬚

2 = 171,7 𝑀𝑃𝑎 

 

𝜎2(1) =
297,9

2
−

1

2
√297,92 + 4 ∗ 0⬚

2 = 0 𝑀𝑃𝑎 

 

𝜎1(2) =
157,14

2
+

1

2
√157,142 + 4 ∗ 0⬚

2 = 157,14 𝑀𝑃𝑎 
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𝜎2(2) =
157,14

2
−

1

2
√157,142 + 4 ∗ 0⬚

2 = 0 𝑀𝑃𝑎 

 

𝜎1(3) =
157,14

2
+

1

2
√157,142 + 4 ∗ 0⬚

2 = 157,14 𝑀𝑃𝑎 

 

𝜎2(3) =
157,14

2
−

1

2
√157,142 + 4 ∗ 0⬚

2 = 0 𝑀𝑃𝑎 

 

𝜎1(4) =
0

2
+

1

2
√02 + 4 ∗ 0⬚

2 = 0 𝑀𝑃𝑎 

 

𝜎2(4) =
0

2
−

1

2
√02 + 4 ∗ 0⬚

2 = 0 𝑀𝑃𝑎 

 

𝜎1(5) = −
157,14

2
+

1

2
√157,142 + 4 ∗ 0⬚

2 = 0 𝑀𝑃𝑎 

 

𝜎2(5) = −
157,14

2
−

1

2
√157,142 + 4 ∗ 0⬚

2 = −157,14 𝑀𝑃𝑎 

 

𝜎1(6) = −
157,14

2
+

1

2
√157,142 + 4 ∗ 0⬚

2 = 0 𝑀𝑃𝑎 

 

𝜎2(6) = −
157,14

2
−

1

2
√157,142 + 4 ∗ 0⬚

2 = −157,14 𝑀𝑃𝑎 

 

𝜎1(7) = 0 𝑀𝑃𝑎 

 

𝜎2(7) = −
171,7

2
−

1

2
√171,72 + 4 ∗ 0⬚

2 = −171,7 𝑀𝑃𝑎 

 

𝜏𝑚𝑎𝑥/𝑚𝑖𝑛 = ±
𝜎1 − 𝜎2

2
 

 

𝜏1,2(1) = ±
171,7 − 0

2
= ±85,85 𝑀𝑃𝑎 

 

𝜏1,2(2) = ±
157,14 − 0

2
= ±78,57 𝑀𝑃𝑎 
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𝜏1,2(3) = ±
157,14 − 0

2
= ±78,57 𝑀𝑃𝑎 

 

𝜏1,2(4) = ±
0 − 0

2
= ±0 𝑀𝑃𝑎 

 

𝜏1,2(5) = ±
0 − (−157,14)

2
= ±78,57 𝑀𝑃𝑎 

 

𝜏1,2(6) = ±
0 − (−157,14)

2
= ±78,57 𝑀𝑃𝑎 

 

𝜏1,2(7) = ±
0 − (−171,7)

2
= ±85,85 𝑀𝑃𝑎 

 

      

 

   

 

𝜏𝑥𝑦 𝑚𝑎𝑥 = 𝜏𝑥𝑦 (8) =
𝑇𝑧

2𝐼𝑦
(

𝑏

2
−

𝑑

2
) (ℎ − 𝑡𝑓) = 0 𝑀𝑃𝑎

 

𝜎1(8) =
171,7

2
+

1

2
√171,72 + 4 ∗ 0⬚

2 = 171,7 𝑀𝑃𝑎 

 

𝜎1(8) =
171,7

2
−

1

2
√171,72 + 4 ∗ 0⬚

2 = −0 𝑀𝑃𝑎 

𝜎𝑥  

 

𝜎1 

 

𝜎2 

 

𝜏1 

 

𝜏2 
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𝜏1,2 = 𝜏𝑚𝑎𝑥/𝑚𝑖𝑛 = ±
171,7 + 0

2
= ±85,85 𝑀𝑃𝑎 

 

 

 

   

 

 

 

𝑀𝑚𝑎𝑥 = 0 𝑘𝑁𝑚        𝑇𝑧 𝑚𝑎𝑥 = 19,4 𝑘𝑁 

𝜎𝑥 =
𝑀

𝐼𝑦
∗ 𝑧 

𝜎1 
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𝜎𝑥(1−7) =
𝑀𝑚𝑎𝑥

𝐼𝑦
∗ 𝑧 =

0 ∗ 103

𝐼𝑦
∗ 𝑧 = 0 𝑀𝑃𝑎 

 

𝜏𝑥𝑧 =
𝑇𝑧𝑆𝑦

𝐼𝑦𝑏
 . 

𝑆𝑝 = 𝑏𝑡𝑤 (
ℎ0

2
−

𝑡𝑓

2
) = 10 ∗ 0,85 ∗ 9,58 = 81,39 𝑐𝑚3 

 

 

𝜏𝑥𝑧(1) = 𝜏𝑥𝑧(7) = 0 

 

𝜏𝑥𝑧(2) = 𝜏𝑥𝑧(6) =
19,4∗103∗81,39∗10−6

1943∗10−8∗10∗10−2 = 0,81 𝑀𝑃𝑎 . 

 

 

𝜏𝑥𝑧(3) = 𝜏𝑥𝑧(5) =
19,4∗103∗ 81,39∗10−6

1943∗10−8∗0,56∗10−2
= 14,5 𝑀𝑃𝑎 . 

 

𝑆𝑦𝑚𝑎𝑥 = 𝑏𝑡 (
ℎ

2
−

𝑡𝑓

2
) + 𝑑 ∗

ℎ0
2

8
= 104,87 𝑐𝑚3 

 

𝜏𝑥𝑧𝑚𝑎𝑥 = 𝜏𝑥𝑧(4) =
19,04 ∗ 103 ∗ 104,87 ∗ 10−6

1420 ∗ 10−8 ∗ 0,56 ∗ 10−2
= 18,69 𝑀𝑃𝑎 
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𝜎𝑚𝑎𝑥 =
𝜎𝑥

2
+

1

2
√𝜎𝑥

2 + 4𝜏𝑥𝑧
2  

 

𝜎𝑚𝑖𝑛 =
𝜎𝑥

2
−

1

2
√𝜎𝑥

2 + 4𝜏𝑥𝑧
2  

 

𝜎1(1) =
0

2
+

1

2
√02 + 4 ∗ 0⬚

2 = 0 𝑀𝑃𝑎 

 

𝜎2(1) =
0

2
−

1

2
√02 + 4 ∗ 0⬚

2 = 0 𝑀𝑃𝑎 

 

 

𝜎1(2) =
0

2
+

1

2
√02 + 4 ∗ 0,81⬚

2 = 0,81 𝑀𝑃𝑎 

 

𝜎2(2) =
0

2
−

1

2
√02 + 4 ∗ 0,81⬚

2 = −0,81 𝑀𝑃𝑎 

 

𝜎1(3) =
0

2
+

1

2
√02 + 4 ∗ 14,5⬚

2 = 14,5 𝑀𝑃𝑎 

 

𝜎2(3) =
0

2
−

1

2
√02 + 4 ∗ 14,5⬚

2 = −14,5 𝑀𝑃𝑎 

 

𝜎1(4) =
0

2
+

1

2
√02 + 4 ∗ 18,69⬚

2 = 18,69 𝑀𝑃𝑎 

 

𝜎2(4) =
0

2
−

1

2
√02 + 4 ∗ 18,69⬚

2 = −18,69 𝑀𝑃𝑎 

 

𝜎1(5) = −
0

2
+

1

2
√02 + 4 ∗ 14,5⬚

2 = 14,5 𝑀𝑃𝑎 

 

𝜎2(5) = −
0

2
−

1

2
√02 + 4 ∗ 14,5⬚

2 = 14,5 𝑀𝑃𝑎 

𝜎1(6) = −
0

2
+

1

2
√02 + 4 ∗ 0,81⬚

2 = 0,81 𝑀𝑃𝑎 

 

𝜎2(6) = −
0

2
−

1

2
√02 + 4 ∗ 0,81⬚

2 = −0,81 𝑀𝑃𝑎 

𝜎1(7) = 0 𝑀𝑃𝑎 
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𝜎2(7) = −
0

2
−

1

2
√02 + 4 ∗ 0⬚

2 = 0 𝑀𝑃𝑎 

 

 

𝜏𝑚𝑎𝑥/𝑚𝑖𝑛 = ±
𝜎1 − 𝜎2

2
 

 

𝜏1,2(1) = ±
0 − (−0)

2
= ±0 𝑀𝑃𝑎 

 

𝜏1,2(2) = ±
0,81 − (−0,81)

2
= ±0,81 𝑀𝑃𝑎 

 

𝜏1,2(3) = ±
14,5 − (−14,5)

2
= ±14,5  𝑀𝑃𝑎 

 

𝜏1,2(4) = ±
18,69 − (−18,69)

2
= ±18,69 𝑀𝑃𝑎 

 

𝜏1,2(5) = ±
14,5 − (−14,5)

2
= ±14,5 𝑀𝑃𝑎 

 

𝜏1,2(6) = ±
0,81 − (−0,81)

2
= ±0,81 𝑀𝑃𝑎 

 

𝜏1,2(7) = ±
0 − (−0)

2
= ±0 𝑀𝑃 

 

 

 

     

   

𝜎1 

 

𝜎2 

 

𝜏1 

 

𝜏2 

 

𝜏1 
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𝜏𝑥𝑦 𝑚𝑎𝑥 = 𝜏𝑥𝑦 (8) =
𝑇𝑧

2𝐼𝑦
(

𝑏

2
−

𝑑

2
) (ℎ − 𝑡) = 4,5 𝑀𝑃𝑎

 

𝜎1(8) =
0

2
+

1

2
√02 + 4 ∗ 4,5⬚

2 = 4,5 𝑀𝑃𝑎 

 

𝜎1(8) =
0

2
−

1

2
√02 + 4 ∗ 6,05⬚

2 = −4,5 𝑀𝑃𝑎 

 

 

𝜏1,2 = 𝜏𝑚𝑎𝑥/𝑚𝑖𝑛 = ±
6,05 + (−6,05)

2
= ±0 𝑀𝑃𝑎 

  

𝜏𝑥𝑦 
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𝜎𝑚𝑎𝑥 =
𝑀𝑚𝑎𝑥

𝐼𝑦
∗ 𝑧𝑚𝑎𝑥 =

33,37 ∗ 103

1943 ∗ 10−8
∗ 10 ∗ 10−2 = 171,7 𝑀𝑃𝑎 ≤ 𝜎𝑑𝑜𝑝 = 280 𝑀𝑃𝑎

171,7 𝑀𝑃𝑎 ≤  280 𝑀𝑃𝑎

𝜏𝑥𝑧𝑚𝑎𝑥 =  
𝑇𝑧𝑆𝑦

𝐼𝑦𝑏
 =

19,04 ∗ 103 ∗ 104,87 ∗ 10−6

1420 ∗ 10−8 ∗ 0,56 ∗ 10−2
= 18,69 𝑀𝑃𝑎 ≤ 𝜏𝑑𝑜𝑝 = 200 𝑀𝑃𝑎 

 

18,69 𝑀𝑃𝑎 ≤  200 𝑀𝑃𝑎 



zaključak 
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