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1
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𝜎𝑚𝑎𝑥 ≤ 𝜎𝑑𝑜𝑝

𝜎𝑑𝑜𝑝 =
𝜎𝐾

𝑘

𝜎𝑚𝑎𝑥

𝜎𝑑𝑜𝑝

𝜎𝐾

𝑘 𝑘 > 1

𝜎𝐾

 

𝜎1  𝜎2  𝜎3 



𝜎𝑒𝑘 = 𝑓(𝜎1,𝜎2, 𝜎3, 𝜆0, 𝜆1…) = 𝜎𝐾

𝜎𝑒𝑘

𝜎1,𝜎2, 𝜎3 𝜎1 ≥ 𝜎2 ≥ 𝜎3

𝜆0, 𝜆1

𝜎𝐾

𝜎𝑒𝑘



𝜎𝑒𝑘 ≥ 𝜎𝐾

𝜎𝑒𝑘 < 𝜎𝐾

𝑘 =
𝜎𝐾

𝜎𝑒𝑘

𝜎𝑒𝑘 ≤ 𝜎𝑑𝑜𝑝

 



𝜎𝑒𝑘 = |𝜎1| ≤ 𝜎𝑒𝑘 = |𝜎3|

𝜎𝑒𝑘 = |𝜎1| ≤ 𝜎𝑑𝑜𝑝 |𝜎1| > |𝜎3|

𝜎𝑒𝑘 = ǀ𝜎3ǀ ≤ 𝜎𝑑𝑜𝑝 |𝜎1| < |𝜎3|

𝜎𝑣 𝑑𝑜𝑝 ≠ 𝜎𝑡 𝑑𝑜𝑝

𝜎𝑒𝑘 =  𝜎1 ≤ 𝜎𝑣 𝑑𝑜𝑝

𝜎𝑒𝑘 = |𝜎3| ≤ 𝜎𝑡 𝑑𝑜𝑝

 

𝜎𝑒𝑘 = |𝜎1−𝑣(𝜎2 + 𝜎3)| |𝜎1| > |𝜎3|

𝜎𝑒𝑘 = |𝜎3−𝑣(𝜎1 + 𝜎2)| |𝜎1| < |𝜎3|

𝜎𝑒𝑘 = |𝜎1−𝑣(𝜎2 + 𝜎3)| = 𝜎𝐾

𝜎𝑒𝑘 = |𝜎3−𝑣(𝜎1 + 𝜎2)| = 𝜎𝐾



𝜎𝑒𝑘 = |𝜎1−𝑣(𝜎2 + 𝜎3)| ≤ 𝜎𝑑𝑜𝑝 |𝜎1| > |𝜎3|

𝜎𝑒𝑘 = |𝜎3−𝑣(𝜎1 + 𝜎2)| ≤ 𝜎𝑑𝑜𝑝 |𝜎1| < |𝜎3|

 𝜎𝑣 𝑑𝑜𝑝 ≠

𝜎𝑡 𝑑𝑜𝑝

|𝜎1−𝑣(𝜎2 + 𝜎3)| ≤ 𝜎𝑣 𝑑𝑜𝑝

|𝜎3−𝑣(𝜎1 + 𝜎2)| ≤ 𝜎𝑡 𝑑𝑜𝑝

 

𝜏𝑚𝑎𝑥

𝜏𝑑𝑜𝑝

𝜎𝑒𝑘 = 𝜎1 − 𝜎3

𝜎𝑒𝑘 = 𝜎1 − 𝜎3 ≤ 𝜎𝑑𝑜𝑝



 

𝜎𝑒𝑘 = √𝜎1
2 + 𝜎2

2 + 𝜎3
2 − 2𝑣(𝜎1𝜎2 + 𝜎2𝜎3 + 𝜎3𝜎1)

𝜎𝑒𝑘 = √𝜎1
2 + 𝜎2

2+𝜎3
2 − 2𝑣(𝜎1𝜎2 + 𝜎2𝜎3 + 𝜎3𝜎1) ≤  𝜎𝑑𝑜𝑝

 

𝜎𝑒𝑘 = √
1

2
[(𝜎1 − 𝜎2)2 + (𝜎2 − 𝜎3)2 + (𝜎3 − 𝜎1)2]

𝜎𝑒𝑘 = √𝜎1
2 + 𝜎2

2 + 𝜎3
2 − (𝜎1𝜎2 + 𝜎2𝜎3 + 𝜎3𝜎1)

𝜎𝑒𝑘 = √
1

2
[(𝜎1 − 𝜎2)2 + (𝜎2 − 𝜎3)2 + (𝜎3 − 𝜎1)2] ≤ 𝜎𝑑𝑜𝑝
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𝐴



𝑇𝑧 ∙ 𝑒 = 𝑀𝑥 = ∫(𝜏𝑥𝑧 ∙ 𝑦 − 𝜏𝑥𝑦 ∙ 𝑧) ∙ 𝑑𝐴
𝐴
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𝑻
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2
.
0
0
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2
.
0
0
 

 Opt. 1: 

 Utjecaji u gredi: max T2= -12.00 / min T2= -12.00 kN

 Izometrija

 
4
.
1
6
 

 Opt. 1: 

 Utjecaji u gredi: max M1= 4.16 / min M1= 0.00 kNm

 Izometrija



𝑀𝑦

𝑴𝒚

𝑀𝑡 = 4,16 𝑘𝑁𝑚

𝑀𝑦 = 6,0 𝑘𝑁𝑚

𝐴 =
𝑑2𝜋

4

𝐼𝑦 = 𝐼𝑧 =
𝑑4𝜋

64

𝑊𝑦 = 𝑊𝑧 =
𝑑3𝜋

32

 
-
4
.
8
0
 

 
-
6
.
0
0
 

 
2
.
4
0
 

 Opt. 1: 

 Utjecaji u gredi: max M3= 2.40 / min M3= -6.00 kNm

 Izometrija



𝜎𝑒𝑘 = |𝜎1 − 𝜎2| ≤ 𝜎𝑑𝑜𝑝

𝜎𝑒𝑘 =
1

𝑊𝑦
∙ √𝑀𝑡

2 + 𝑀𝑦
2 ≤ 𝜎𝑑𝑜𝑝

1

𝑑3𝜋
32

∙ √(4,16 ∙ 106)2 + (6,0 ∙ 106)2 ≤ 120

𝑑3 ≥
32 ∙ √(4,16 ∙ 106)2 + (6,0 ∙ 106)2

120 ∙ 𝜋

𝑑 ≥ 85,26 𝑚𝑚

 

𝑑 = 90 𝑚𝑚 



 

𝑃 = 2 𝑘𝑁

𝜎𝑇 = 240 𝑀𝑃𝑎

𝑑 = 40 𝑚𝑚
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𝑻

𝑁

𝑵
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2
.
0
0
 

 
-
2
.
0
0
 

 Opt. 1: 

 Utjecaji u gredi: max T2= -0.00 / min T2= -2.00 kN

 Izometrija

 -2.00 

 Opt. 1: 

 Utjecaji u gredi: max N1= 0.00 / min N1= -2.00 kN

 Izometrija



𝑀𝑡

𝑴𝒕

𝑀𝑦

𝑴𝒚

 
-
0
.
8
0
 

 Opt. 1: 

 Utjecaji u gredi: max M1= -0.00 / min M1= -0.80 kNm

 Izometrija

 
-
0
.
8
0
 

 
-
0
.
6
0
 

 0.60 

 Opt. 1: 

 Utjecaji u gredi: max M3= 0.60 / min M3= -0.80 kNm

 Izometrija



𝑀𝑧

𝑴𝒛

𝐴 =
𝑑2𝜋

4
= 1257 𝑚𝑚2

𝐼𝑦 = 𝐼𝑧 =
𝑑4𝜋

64
= 125663,7 𝑚𝑚4

𝑊𝑦 = 𝑊𝑧 =
𝑑3𝜋

32
=

403𝜋

32
= 6283 𝑚𝑚3

𝑊𝑝 =
𝑑3𝜋

16
= 12566 𝑚𝑚3

 0
.8
0 

 Opt. 1: 

 Utjecaji u gredi: max M2= 0.80 / min M2= -0.00 kNm

 Izometrija



𝜎𝑒𝑘 = |𝜎1 − 𝜎2|

𝑀𝑦 = 𝑀𝑠 = 0,8 𝑘𝑁𝑚

𝜎1,2 =
𝑀𝑠 ± 𝑀𝑠

2𝑊𝑦

𝜎1 =
0,8 ∙ 106

6283
= 127,33 𝑀𝑃𝑎

𝜎2 = 0 𝑀𝑃𝑎

𝜎𝑒𝑘 = 127,33 𝑀𝑃𝑎

𝑀𝑦 = 𝑀𝑠 = 0,6 𝑘𝑁𝑚

𝑀𝑡 = 0,8 𝑘𝑁𝑚

𝜎1,2 =
1

2𝑊𝑦
(𝑀𝑠 ± √𝑀𝑠

2 + 𝑀𝑡
2) =

1

2 ∙ 6283
∙ (0,6 ∙ 106 ± √(0,6 ∙ 106)2 + (0,8 ∙ 106)2)

𝜎1 = 127,33 𝑀𝑃𝑎

𝜎2 = −31,83 𝑀𝑃𝑎



𝜎𝑒𝑘 = |𝜎1 − 𝜎2| = |127,33 − (−31,83)| = 159,16 𝑀𝑃𝑎

𝑁 = 2 𝑘𝑁

𝑀𝑦 = 0,6 𝑘𝑁𝑚

𝑀𝑧 = 0,8 𝑘𝑁𝑚

𝑀𝑠 = √𝑀𝑦
2 + 𝑀𝑧

2 = √0,62 + 0,82 = 1 𝑘𝑁𝑚

𝜎𝑒𝑘 = |𝜎1 − 𝜎2| = √𝜎2 + 4𝜏2 = 𝜎

𝜎𝑒𝑘 =
𝑀𝑠

𝑊𝑦
+

𝑁

𝐴
=

1,0 ∙ 106

6283
+

2 ∙ 103

1257
= 160,75 𝑀𝑃𝑎

𝜎𝑒𝑘 = 160,75 𝑀𝑃𝑎

𝜎𝑒𝑘 = √𝜎1
2 + 𝜎2

2 − 𝜎1𝜎2

𝑀𝑦 = 𝑀𝑠 = 0,8 𝑘𝑁𝑚



𝜎𝑒𝑘 =
𝑀𝑠

𝑊𝑦
=

0,8 ∙ 106

6283
= 127,33 𝑀𝑃𝑎

𝑀𝑦 = 𝑀𝑠 = 0,6 𝑘𝑁𝑚

𝑀𝑡 = 0,8 𝑘𝑁𝑚

𝜎1,2 =
𝜎𝑥

2
±

1

2
√𝜎𝑥

2 + 4𝜏2

𝜎𝑥 =
𝑀𝑠

𝑊𝑦
=

0,6 ∙ 106

6283
= 95,5 𝑀𝑃𝑎

𝜏 =
𝑀𝑡

𝑊𝑝
=

0,8 ∙ 106

12566
= 63,66 𝑀𝑃𝑎

𝜎1,2 =
95,5

2
±

1

2
√95,52 + 4 ∙ 63,662

𝜎1 = 127,33 𝑀𝑃𝑎

𝜎2 = −31,83 𝑀𝑃𝑎

𝜎𝑒𝑘 = √127,332 + (−31,83)2 − 127,33 ∙ (−31,83)

𝜎𝑒𝑘 = 145,87 𝑀𝑃𝑎



𝑁 = 2 𝑘𝑁

𝑀𝑦 = 0,6 𝑘𝑁𝑚

𝑀𝑧 = 0,8 𝑘𝑁𝑚

𝑀𝑠 = √𝑀𝑦
2 + 𝑀𝑧

2 = √0,62 + 0,82 = 1 𝑘𝑁𝑚

𝜎𝑒𝑘 = √𝜎2 + 3𝜏2 = 𝜎

𝜎𝑒𝑘 =
𝑀𝑠

𝑊𝑦
+

𝑁

𝐴
=

1,0 ∙ 106

6283
+

2 ∙ 103

1257
= 160,75 𝑀𝑃𝑎

𝜎𝑒𝑘 = 160,75 𝑀𝑃𝑎

𝑘 =
𝜎𝑇

𝜎𝑒𝑘

𝑘 =
240 𝑀𝑃𝑎

127,33 𝑀𝑃𝑎
= 1,88

𝑘 =
240 𝑀𝑃𝑎

159,16 𝑀𝑃𝑎
= 1,51



𝑘 =
240 𝑀𝑃𝑎

160,75 𝑀𝑃𝑎
= 1,49

𝑘 =
240 𝑀𝑃𝑎

127,33 𝑀𝑃𝑎
= 1,88

𝑘 =
240 𝑀𝑃𝑎

145,87 𝑀𝑃𝑎
= 1,65

𝑘 =
240 𝑀𝑃𝑎

160,75 𝑀𝑃𝑎
= 1,49



 

𝑆𝑖



 

𝜏 =
𝑇𝑧 ∙ 𝑆𝑦

𝐼𝑦 ∙ 𝑡

𝑇𝑧

𝑆𝑦

𝐼𝑦

𝑡



𝐼𝑦 = 4 ∙ [
3

𝑠𝑖𝑛45°
∙

303

12
+ 3 ∙ 42,45 ∙ (45)2] +

3 ∙ 603

12
= 1,123 ∙ 106𝑚𝑚4

𝑆𝑦
1 = 𝑡 ∙ 𝑠1 ∙ (30 +

𝑠1 ∙ 𝑠𝑖𝑛45°

2
) = 𝑡 ∙ 𝑠1(30 + 0,354𝑠1)

𝜏1 =
𝑇𝑧

𝐼𝑦 ∙ 𝑡
∙ 𝑡 ∙ 𝑠1(30 + 0,354𝑠1)

𝑇1 = ∫ 𝜏1𝑡𝑑𝑠1 = ∫
𝑇𝑧

𝐼𝑦

(90 ∙ 𝑠1 + 1,06𝑠1
2)𝑑𝑠1 =

𝑇𝑧

𝐼𝑦
(90

𝑎2

2
+ 1,06

𝑎3

3
)

𝑎

0

𝑎

0

=
𝑇𝑧

1,123 ∙ 106
(90

42,432

2
+ 1,06

42,433

3
) = 0,0943𝑇𝑧

𝑇1 = 𝑇5

𝑆𝑦
1 = 90 ∙ 42,43 + 1,06 ∙ 42,432 = 5727 𝑚𝑚3

𝑆𝑦
2 = 𝑆𝑦

1 + 3 ∙ 𝑠2 ∙ (60 −
𝑠2 ∙ 𝑠𝑖𝑛45°

2
) = 5727 + 180 ∙ 𝑠2 − 1,06𝑠2

2

𝜏2 =
𝑇𝑧

𝐼𝑦 ∙ 𝑡
(5727 + 180 ∙ 𝑠2 − 1,06𝑠2

2)

𝑇2 = ∫ 𝜏2𝑡𝑑𝑆2

𝑎

0

= ∫
𝑇𝑧

𝐼𝑦

(5727 + 180 ∙ 𝑠2 − 1,06𝑠2
2)𝑑𝑠2

𝑎

0

=
𝑇𝑧

𝐼𝑦
(5727 ∙ 𝑎 + 180

𝑎2

2
− 1,06

𝑎3

3
)

=
𝑇𝑧

1,123 ∙ 106
(5727 ∙ 42,43 + 180

42,432

2
− 1,06

42,433

3
) = 0,337𝑇𝑧

𝑇2 = 𝑇4



𝑻𝒊 𝑻𝒛

𝑇𝑧 ∙ 𝑒 = 𝑇2𝐻 ∙ 60 + 𝑇1𝐻 ∙ 60 + 𝑇1𝑉 ∙ 60 ∙ 2

𝑇𝑧 ∙ 𝑒 = 𝑇2 ∙ 𝑐𝑜𝑠45° ∙ 60 + 𝑇1 ∙ 𝑠𝑖𝑛45° ∙ 60 + 𝑇1 ∙ 𝑐𝑜𝑠45° ∙ 60 ∙ 2

𝑇𝑧 ∙ 𝑒 = 0,337𝑇𝑧 ∙ 𝑐𝑜𝑠45° ∙ 60 + 0,0943𝑇𝑧 ∙ 𝑠𝑖𝑛45° ∙ 60 + 0,0943𝑇𝑧 ∙ 𝑐𝑜𝑠45° ∙ 60 ∙ 2    /(𝑇𝑧)

𝑒 = 26,35 𝑚𝑚

𝑒





 



https://www.grad.unizg.hr/_download/repository/Predavanje%205.pdf
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𝑻𝒊 𝑻𝒛  
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