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𝑝𝑖  =  𝑝0

𝑝𝑖 𝑝0

𝑟0 𝑝0



𝑝𝑖

𝐸 𝜈

𝑝𝑖

𝑝0

𝑝𝑖 𝑢𝑖



𝑢0

𝑢0

 

𝑟0

𝑝0 𝑝𝑖



𝑟0 𝑝0

𝑝𝑐𝑟

𝑝𝑖 𝑝𝑐𝑟

𝑝𝑖 𝑝𝑐𝑟

𝑟𝑝

𝑢𝑖𝑒 𝑝0 > 𝑝𝑖 > 𝑝𝑐𝑟

𝑢𝑖𝑝 𝑝𝑖 < 𝑝𝑐𝑟 𝑢𝑖

(𝑝𝑖 = 𝑝0)

(𝑝𝑖 = 0)



 

𝐾 𝑝𝑖

𝑝𝑚𝑎𝑥

𝑢𝑖 = 𝑢0 ∙
𝑝𝑖 ∙ 𝑟0

𝐾

𝑢0

𝑢𝑠𝑚 𝑝𝑠𝑚



𝑝𝑒𝑞

𝑝𝑚𝑎𝑥 𝐾

𝑝𝑚𝑎𝑥 =
𝑇𝑏𝑓

𝑠𝑙 ∙ 𝑠𝑐

𝐾 =
𝐸𝑏 ∙ 𝜋 ∙ 𝑑𝑏

2

4 ∙ 𝑙 ∙ 𝑠𝑙 ∙ 𝑠𝑐

• 𝑇𝑏𝑓

• 𝑠𝑙

• 𝑠𝑐

• 𝐸𝑏

• 𝑑𝑏

• 𝑙



𝑝𝑚𝑎𝑥 𝐾

𝑝𝑚𝑎𝑥 =
𝐴𝑠 ∙ 𝜎𝑦𝑠

𝑠𝑙 ∙ 𝑟0

𝐾 =
𝐸𝑠 ∙ 𝐴𝑆

𝑠𝑙 ∙ 𝑟0
2

• 𝐴𝑠

• 𝜎𝑦𝑠

• 𝑠𝑙

• 𝑟0

• 𝐸𝑠

𝑝𝑚𝑎𝑥 𝐾

𝑝𝑚𝑎𝑥 =
𝜎𝑐𝑐

2
∙ [1 −

(𝑟0 − 𝑡𝑐)2

𝑟0
2

]

𝐾 =
𝐸𝑐 ∙ (𝑟0

2 − (𝑟0 − 𝑡𝑐)2)

2 ∙ (1 − 𝜈2) ∙ (𝑟0 − 𝑡𝑐) ∙ 𝑟0
2

• 𝜎𝑐𝑐

• 𝑟0

• 𝑡𝑐

• 𝐸𝑐

• 𝜈



 

𝑝𝑖



𝑝𝑚𝑎𝑥

𝜀𝑚𝑎𝑥

 

𝑆𝐹

𝑝𝑠𝑚

𝑝𝑒𝑞

𝐹𝑆 =
𝑝𝑠𝑚 

𝑝𝑒𝑞



𝑝𝑠𝑚

𝑝′𝑒𝑞

𝑝𝑠𝑚

𝑝′𝑒𝑞

𝐹𝑆 =
𝑝𝑠𝑚 

𝑝′𝑒𝑞



 

 𝜇 𝜎

𝑥

𝑓(𝑥) =
1

𝜎 ∙ √2𝜋
∙ 𝑒

−
(𝑥−𝜇)2

2∙𝜎2 , 𝑥 ∈ 𝑅

𝜇 ∈ 𝑅 𝜎 > 0

±

±

±



𝑃𝐹 =
𝑏𝑟𝑜𝑗 𝑛𝑒𝑧𝑎𝑑𝑜𝑣𝑜𝑙𝑗𝑎𝑣𝑎𝑗𝑢ć𝑖ℎ 𝑎𝑛𝑎𝑙𝑖𝑧𝑎

𝑢𝑘𝑢𝑝𝑎𝑛 𝑏𝑟𝑜𝑗 𝑝𝑟𝑜𝑣𝑒𝑑𝑒𝑛𝑖ℎ 𝑎𝑛𝑎𝑙𝑖𝑧𝑎





 

𝑟0

𝑝0 𝑝𝑖

𝑟𝑝

𝜎𝑐𝑚 𝑐

𝜑 𝜓

𝐸

𝐺𝑆𝐼

𝑚𝑖 𝐷 𝜎𝑐𝑖



𝜎1 = 𝜎𝑐𝑚 + 𝑘 ∙ 𝜎3

• 𝜎1

• 𝜎3

• 𝜎𝑐𝑚

• 𝑘 𝜑

𝑘 =
1 + sin 𝜑

1 − sin 𝜑

𝜎𝑐𝑚

𝜎𝑐𝑚 =
2 ∙ 𝑐 ∙ cos 𝜑

1 − sin 𝜑

𝜎1 =
2 ∙ 𝑐 ∙ cos 𝜑

1 − sin 𝜑
+

1 + sin 𝜑

1 − sin 𝜑
∙ 𝜎3 

𝑐

𝑐 =
𝜎𝑐𝑚 ∙ tan 𝜑

𝑘 − 1

𝜎𝑡

𝜎𝑡 =
2 ∙ 𝑐 ∙ cos 𝜑

1 + sin 𝜑

𝑝𝑐𝑟 =
2 ∙ 𝑝0 − 𝜎𝑐𝑚

1 + 𝑘



𝑝𝑖 𝑝𝑐𝑟

𝑢𝑖𝑒

𝑢𝑖𝑒 =
𝑟0 ∙ (1 + 𝜈)

𝐸
∙ (𝑝0 − 𝑝𝑖)

𝑝𝑖 𝑝𝑐𝑟

𝑟𝑝

𝑢𝑖𝑝

𝑟𝑝 = 𝑟0 ∙ [
2 ∙ (𝑝0 +

𝜎𝑐𝑚

(𝑘 − 1)
)

(𝑘 + 1) ∙ (𝑝𝑖 +
𝜎𝑐𝑚

(𝑘 − 1)
)

]

1
𝑘−1

𝑢𝑖𝑝 =
𝑟0 ∙ (1 + 𝜈)

𝐸
∙ [2 ∙ (1 − 𝜈) ∙ (𝑝0 − 𝑝𝑐𝑟) ∙ (

𝑟𝑝

𝑟0
)

2

− (1 − 2 ∙ 𝜈) ∙ (𝑝0 − 𝑝𝑖)]

𝑐 𝑢𝑖 𝑟0

𝑐 =
𝑢𝑖

𝑟0
=

(1 + 𝜈)

𝐸
∙ [2 ∙ (1 − 𝜈) ∙ (𝑝0 − 𝑝𝑐𝑟) ∙ (

𝑟𝑝

𝑟0
)

2

− (1 − 2 ∙ 𝜈) ∙ (𝑝0 − 𝑝𝑖)]

𝜎1 = 𝜎3 + 𝜎𝑐𝑖 ∙ (𝑚𝑏 ∙
𝜎3

𝜎𝑐𝑖
+ 𝑠)

𝑎

• 𝜎1

• 𝜎3

• 𝜎𝑐𝑖

• 𝑚𝑏

• 𝑠 𝑎



𝑚𝑏 𝑠 𝑎 𝐺𝑆𝐼

𝐷

𝑚𝑏 = 𝑚𝑖 ∙ 𝑒
𝐺𝑆𝐼−100
28−14𝐷

𝑠 = 𝑒
𝐺𝑆𝐼−100

9−3𝐷

𝑎 =
1

2
+

1

6
(𝑒−

𝐺𝑆𝐼
15 − 𝑒−

20
3 )

𝜎𝑐 𝜎3 = 0

𝜎𝑐 = 𝜎𝑐𝑖 ∙ 𝑠𝑎

𝜎𝑡 𝜎1 = 𝜎3 = 𝜎𝑡

𝜎𝑡 =
𝑠 ∙ 𝜎𝑐𝑖

𝑚𝑏

𝑐 𝜑 𝑚𝑏 𝑠 𝑎

𝜎3𝑛

𝜎3𝑛 =
𝜎3𝑚𝑎𝑥

𝜎𝑐𝑖

𝑐

𝑐 =
𝜎𝑐𝑖[(1 + 2𝑎)𝑠 + (1 − 𝑎)𝑚𝑏𝜎3𝑛](𝑠 + 𝑚𝑏𝜎3𝑛)𝑎−1

(1 + 𝑎)(2 + 𝑎)√1 + (6𝑎𝑚𝑏(𝑠 + 𝑚𝑏𝜎3𝑛)𝑎−1)/((1 + 𝑎)(2 + 𝑎))

𝜑

𝜑 = sin−1 [
6𝑎𝑚𝑏(𝑠 + 𝑚𝑏𝜎3𝑛)𝑎−1

2(1 + 𝑎)(2 + 𝑎) + 6𝑎𝑚𝑏(𝑠 + 𝑚𝑏𝜎3𝑛)𝑎−1
]



𝐸

𝑀𝑃𝑎 𝐺𝑆𝐼

𝐷

𝐸 = 100000 ∙ (
1 −

𝐷
2

1 + 𝑒
75+25∙𝐷−𝐺𝑆𝐼

11

)

𝑀𝑃𝑎 𝐺𝑆𝐼

𝐷 𝐸𝑖

𝐸 = 𝐸𝑖 ∙ (0,02 ∙
1 −

𝐷
2

1 + 𝑒
60+15∙𝐷−𝐺𝑆𝐼

11

)

𝐺𝑃𝑎 𝐺𝑆𝐼

𝐷 𝜎𝑐𝑖

𝜎𝑐𝑖 ≤ 100 𝑀𝑃𝑎

𝐸 = (1 −
𝐷

2
) ∙ √

𝜎𝑐𝑖

100
∙ 10

𝐺𝑆𝐼−10
40

𝜎𝑐𝑖 > 100 𝑀𝑃𝑎

𝐸 = (1 −
𝐷

2
) ∙ 10

𝐺𝑆𝐼−10
40



 

 

𝑟0 = 6,0 m 𝐻 = 60 𝑚 𝛾 =

0,027 MN/𝑚3 

𝜎𝑐𝑖 = 7 𝑀𝑃𝑎 𝑚𝑖 = 10

𝐺𝑆𝐼 = 15



𝐸 𝜎𝑐𝑖 < 100 𝑀𝑃𝑎

𝐸 = (1 −
𝐷

2
) ∙ √

𝜎𝑐𝑖

100
∙ 10

𝐺𝑆𝐼−10
40

𝐸 = (1 −
0

2
) ∙ √

7

100
∙ 10

15−10
40

𝐸 = 0,3528 𝐺𝑃𝑎

𝐸 = 352,8 𝑀𝑃𝑎

𝑚𝑏 =

0,48 𝑠 = 7,91 ∙ 10−5 𝑎 = 0,561 𝜎𝑡 =

0,001 𝑀𝑃𝑎 𝜎𝑐 = 0,035 𝑀𝑃𝑎

𝜎𝑐𝑚 = 0,469 𝑀𝑃𝑎 𝜎3𝑚𝑎𝑥 = 0,707 𝑀𝑃𝑎

𝜎3𝑚𝑎𝑥 𝜎3𝑛

𝜎3𝑛 =
𝜎3𝑚𝑎𝑥

𝜎𝑐𝑖

𝜎3𝑛 =
0,707

7

𝜎3𝑛 = 0,101 𝑀𝑃𝑎

𝑐 = 0,089 𝑀𝑃𝑎

𝜑 = 25,639°



• 𝑚𝑏

𝑚𝑏 = 𝑚𝑖 ∙ 𝑒
𝐺𝑆𝐼−100
28−14𝐷

𝑚𝑏 = 10 ∙ 𝑒
15−100
28−14∙0

𝑚𝑏 = 0,4804

• 𝑠

𝑠 = 𝑒
𝐺𝑆𝐼−100

9−3𝐷

𝑠 = 𝑒
15−100

9−3∙0

𝑠 = 7,9128 ∙ 10−5



• 𝑎

𝑎 =
1

2
+

1

6
(𝑒−

𝐺𝑆𝐼
15 − 𝑒−

20
3 )

𝑎 =
1

2
+

1

6
(𝑒−

15
15 − 𝑒−

20
3 )

𝑎 = 0,5611

• 𝜎𝑐

𝜎𝑐 = 𝜎𝑐𝑖 ∙ 𝑠𝑎

𝜎𝑐 = 7 ∙ (7,9128 ∙ 10−5)0,5611

𝜎𝑐 = 0,0349 𝑀𝑃𝑎

• 𝜎𝑡

𝜎𝑡 =
𝑠 ∙ 𝜎𝑐𝑖

𝑚𝑏

𝜎𝑡 =
7,9128 ∙ 10−5 ∙ 7

0,4804

𝜎𝑡 = 0,001 𝑀𝑃𝑎

• 𝑐

𝑐 =
𝜎𝑐𝑖[(1 + 2𝑎)𝑠 + (1 − 𝑎)𝑚𝑏𝜎3𝑛](𝑠 + 𝑚𝑏𝜎3𝑛)𝑎−1

(1 + 𝑎)(2 + 𝑎)√1 + (6𝑎𝑚𝑏(𝑠 + 𝑚𝑏𝜎3𝑛)𝑎−1)/((1 + 𝑎)(2 + 𝑎))

=
7[(1 + 2 ∙ 0,5611) ∙ 7,9128 ∙ 10−5 + (1 − 0,5611) ∙ 0,4804 ∙ 0,101](7,9128 ∙ 10−5 + 0,4804 ∙ 0,101)0,5611−1

(1 + 0,5611)(2 + 0,5611)√1 + (6 ∙ 0,5611 ∙ 0,4804 ∙ (7,9128 ∙ 10−5 + 0,4804 ∙ 0,101)0,5611−1)/((1 + 0,5611)(2 + 0,5611))

𝑐 = 0,0892 𝑀𝑃𝑎

• 𝜑

𝜑 = sin−1 [
6𝑎𝑚𝑏(𝑠 + 𝑚𝑏𝜎3𝑛)𝑎−1

2(1 + 𝑎)(2 + 𝑎) + 6𝑎𝑚𝑏(𝑠 + 𝑚𝑏𝜎3𝑛)𝑎−1
]

= sin−1 [
6 ∙ 0,5611 ∙ 0,4804 ∙ (7,9128 ∙ 10−5 + 0,4804 ∙ 0,101)0,5611−1

2(1 + 0,5611)(2 + 0,5611) + 6 ∙ 0,5611 ∙ 0,4804 ∙ (7,9128 ∙ 10−5 + 0,4804 ∙ 0,101)0,5611−1
]

𝜑 = 25,64°



𝑝0

𝑝0 = 𝛾 ∙ 𝐻

𝑝0 = 0,027 ∙ 60

𝑝0 = 1,62 𝑀𝑃𝑎



𝑘 =
1 + sin 𝜑

1 − sin 𝜑

𝑘 =
1 + sin(25,64)

1 − sin(25,64)

𝑘 = 2,5256

• 𝜎𝑐𝑚

𝜎𝑐𝑚 =
2 ∙ 𝑐 ∙ cos 𝜑

1 − sin 𝜑

𝜎𝑐𝑚 =
2 ∙ 0,147873 ∙ cos(25,64)

1 − sin(25,64)

𝜎𝑐𝑚 = 0,47 𝑀𝑃𝑎

• 𝑐

𝑐 =
𝜎𝑐𝑚 ∙ tan 𝜑

𝑘 − 1

𝑐 =
0,47 ∙ tan(25,64)

2,5256 − 1

𝑐 = 0,14787 𝑀𝑃𝑎

• 𝑝𝑐𝑟

𝑝𝑐𝑟 =
2 ∙ 𝑝0 − 𝜎𝑐𝑚

1 + 𝑘

𝑝𝑐𝑟 =
2 ∙ 1,62 − 0,47

1 + 2,5256

𝑝𝑐𝑟 = 0,7857 𝑀𝑃𝑎

6,0 𝑚

13,77 𝑚



𝑀𝑃𝑎

𝑚𝑚

𝑐 = 2,03 %

𝑢𝑖 = 121,56 mm

𝑐 =
𝑢𝑖

𝑟0

𝑐 =
121,56

6000

𝑐 = 0,02026

𝑐 = 2,03 %

𝑝𝑖 = 0 𝑀𝑃𝑎

𝑝𝑐𝑟 = 0,79 𝑀𝑃𝑎

𝑟𝑝 𝑢𝑖𝑝

𝑟𝑝 = 𝑟0 ∙ [
2 ∙ (𝑝0 +

𝜎𝑐𝑚

(𝑘 − 1)
)

(𝑘 + 1) ∙ (𝑝𝑖 +
𝜎𝑐𝑚

(𝑘 − 1)
)

]

1
𝑘−1

𝑟𝑝 = 6 ∙ [
2 ∙ (1,62 +

0,47
(2,53 − 1)

)

(2,53 + 1) ∙ (0 +
0,47

(2,53 − 1)
)

]

1
2,53−1

𝑟𝑝 = 13,77 𝑚



𝑢𝑖𝑝 =
𝑟0 ∙ (1 + 𝜈)

𝐸
∙ [2 ∙ (1 − 𝜈) ∙ (𝑝0 − 𝑝𝑐𝑟) ∙ (

𝑟𝑝

𝑟0
)

2

− (1 − 2 ∙ 𝜈) ∙ (𝑝0 − 𝑝𝑖)]

𝑢𝑖𝑝 =
6000 ∙ (1 + 0,3)

352,8
∙ [2 ∙ (1 − 0,3) ∙ (1,62 − 0,79) ∙ (

13770

6000
)

2

− (1 − 2 ∙ 0,3) ∙ (1,62 − 0)]

𝑢𝑖𝑝 = 121,56 𝑚𝑚



 

2,03 %

𝑝𝑚𝑎𝑥,𝑠𝑖𝑑𝑟𝑎 =
𝑇𝑏𝑓

𝑠𝑙 ∙ 𝑠𝑐

𝑝𝑚𝑎𝑥,𝑠𝑖𝑑𝑟𝑎 =
0,354

1,0 ∙ 1,0

𝑝𝑚𝑎𝑥,𝑠𝑖𝑑𝑟𝑎 = 0,354 𝑀𝑃𝑎



6,0 𝑚

10,13 𝑚

13,77 𝑚

𝑀𝑃𝑎

𝑚𝑚

𝑐 = 1,01 % 𝑢𝑖 = 60,85 mm



𝑐 =
𝑢𝑖

𝑟0

𝑐 =
60,85

6000

𝑐 = 0,0101

𝑐 = 1,01 %

𝑐 = 0,48 % 𝑢𝑖 = 28,72 mm

𝑐 =
𝑢𝑖

𝑟0

𝑐 =
28,72

6000

𝑐 = 0,00478

𝑐 = 0,48 %

𝑐 = 0,91 % 𝑢𝑖 = 54,61 mm

𝑐 =
𝑢𝑖

𝑟0

𝑐 =
54,61

6000

𝑐 = 0,0091

𝑐 = 0,91 %

𝑝𝑖 = 0,1827 𝑀𝑃𝑎

𝑝𝑐𝑟 = 0,79 𝑀𝑃𝑎

𝑟𝑝 𝑢𝑖𝑝

𝑟𝑝 = 𝑟0 ∙ [
2 ∙ (𝑝0 +

𝜎𝑐𝑚

(𝑘 − 1)
)

(𝑘 + 1) ∙ (𝑝𝑖 +
𝜎𝑐𝑚

(𝑘 − 1)
)

]

1
𝑘−1

𝑟𝑝 = 6 ∙ [
2 ∙ (1,62 +

0,47
(2,53 − 1)

)

(2,53 + 1) ∙ (0,1827 +
0,47

(2,53 − 1)
)

]

1
2,53−1

𝑟𝑝 = 10,13 𝑚



𝑢𝑖𝑝 =
𝑟0 ∙ (1 + 𝜈)

𝐸
∙ [2 ∙ (1 − 𝜈) ∙ (𝑝0 − 𝑝𝑐𝑟) ∙ (

𝑟𝑝

𝑟0
)

2

− (1 − 2 ∙ 𝜈) ∙ (𝑝0 − 𝑝𝑖)]

𝑢𝑖𝑝 =
6000 ∙ (1 + 0,3)

352,8
∙ [2 ∙ (1 − 0,3) ∙ (1,62 − 0,79) ∙ (

10130

6000
)

2

− (1 − 2 ∙ 0,3) ∙ (1,62 − 0,1827)]

𝑢𝑖𝑝 = 60,85 𝑚𝑚

𝐹𝑆 = 1,92

𝑝𝑚𝑎𝑥 𝑝𝑒𝑞

0,1827 𝑀𝑃𝑎

𝐹𝑆 =
𝑝𝑚𝑎𝑥

𝑝𝑒𝑞

𝐹𝑆 =
0,354

0,1827

𝐹𝑆 = 1,92



𝑝𝑚𝑎𝑥,𝑚𝑙𝑎𝑧𝑛𝑖 𝑏𝑒𝑡𝑜𝑛 =
𝜎𝑐𝑐

2
∙ [1 −

(𝑟0 − 𝑡𝑐)2

𝑟0
2

]

𝑝𝑚𝑎𝑥,𝑚𝑙𝑎𝑧𝑛𝑖 𝑏𝑒𝑡𝑜𝑛 =
35

2
∙ [1 −

(6000 − 50)2

60002
]

𝑝𝑚𝑎𝑥,𝑚𝑙𝑎𝑧𝑛𝑖 𝑏𝑒𝑡𝑜𝑛 = 0,2905 𝑀𝑃𝑎



𝑝𝑚𝑎𝑥

𝑝𝑚𝑎𝑥 = 𝑝𝑚𝑎𝑥,𝑠𝑖𝑑𝑟𝑎 + 𝑝𝑚𝑎𝑥,𝑚𝑙𝑎𝑧𝑛𝑖 𝑏𝑒𝑡𝑜𝑛

𝑝𝑚𝑎𝑥 = 0,354 + 0,2905

𝑝𝑚𝑎𝑥 = 0,6445 𝑀𝑃𝑎

𝜀𝑚𝑎𝑥,𝑚𝑙𝑎𝑧𝑛𝑖 𝑏𝑒𝑡𝑜𝑛 0,111 %

0,2 %

𝜀𝑚𝑎𝑥 = 𝑚𝑎𝑥{𝜀𝑠𝑖𝑑𝑟𝑎; 𝜀𝑚𝑎𝑥,𝑚𝑙𝑎𝑧𝑛𝑖 𝑏𝑒𝑡𝑜𝑛} = {0,2; 0,111} = 0,2 %

6,0 𝑚

9,94 𝑚

13,77 𝑚

𝑀𝑃𝑎

𝑚𝑚

𝑐 = 0,97 % 𝑢𝑖 = 58,3 mm



𝑐 =
𝑢𝑖

𝑟0

𝑐 =
58,3

6000

𝑐 = 0,00971

𝑐 = 0,97 %

𝑐 = 0,48 % 𝑢𝑖 = 28,72 mm

𝑐 =
𝑢𝑖

𝑟0

𝑐 =
28,72

6000

𝑐 = 0,00478

𝑐 = 0,48 %

𝑐 = 0,91 % 𝑢𝑖 = 54,61 mm

𝑐 =
𝑢𝑖

𝑟0

𝑐 =
54,61

6000

𝑐 = 0,0091

𝑐 = 0,91 %

𝑝𝑖 = 0,2 𝑀𝑃𝑎

𝑝𝑐𝑟 = 0,79 𝑀𝑃𝑎

𝑟𝑝 𝑢𝑖𝑝

𝑟𝑝 = 𝑟0 ∙ [
2 ∙ (𝑝0 +

𝜎𝑐𝑚

(𝑘 − 1)
)

(𝑘 + 1) ∙ (𝑝𝑖 +
𝜎𝑐𝑚

(𝑘 − 1)
)

]

1
𝑘−1

𝑟𝑝 = 6 ∙ [
2 ∙ (1,62 +

0,47
(2,53 − 1)

)

(2,53 + 1) ∙ (0,2 +
0,47

(2,53 − 1)
)

]

1
2,53−1

𝑟𝑝 = 9,94 𝑚



𝑢𝑖𝑝 =
𝑟0 ∙ (1 + 𝜈)

𝐸
∙ [2 ∙ (1 − 𝜈) ∙ (𝑝0 − 𝑝𝑐𝑟) ∙ (

𝑟𝑝

𝑟0
)

2

− (1 − 2 ∙ 𝜈) ∙ (𝑝0 − 𝑝𝑖)]

𝑢𝑖𝑝 =
6000 ∙ (1 + 0,3)

352,8
∙ [2 ∙ (1 − 0,3) ∙ (1,62 − 0,79) ∙ (

9940

6000
)

2

− (1 − 2 ∙ 0,3) ∙ (1,62 − 0,2)]

𝑢𝑖𝑝 = 58,3 𝑚𝑚

𝐹𝑆 = 3,25

𝑝𝑚𝑎𝑥 𝑝𝑒𝑞

0,2 𝑀𝑃𝑎

𝐹𝑆 =
𝑝𝑚𝑎𝑥

𝑝𝑒𝑞

𝐹𝑆 =
0,6445

0,2

𝐹𝑆 = 3,25





 





 

 

17, 19, 25 34 𝑚𝑚
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17, 19, 25 34 𝑚𝑚

80.56

65.18

62.49
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0.48

0.87

1.26

1.67
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0.2

0.4

0.6

0.8
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50, 100 150 𝑚𝑚

1334.47
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1.5

2.81
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50, 100 150 𝑚𝑚

59.05
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1.36

2.71
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6,0 𝑚

14,16 𝑚

𝑀𝑃𝑎

𝑚𝑚

𝑐 = 2,27 %

𝑢𝑖 = 136,02 mm

𝑐 =
𝑢𝑖

𝑟0

𝑐 =
136,02

6000

𝑐 = 0,02267

𝑐 = 2,27 %







 

6,0 𝑚

10,09 𝑚

14,16 𝑚



𝑀𝑃𝑎

𝑚𝑚

𝑐 = 1,04 % 𝑢𝑖 = 62,35 mm

𝑐 =
𝑢𝑖

𝑟0

𝑐 =
62,35

6000

𝑐 = 0,01039

𝑐 = 1,04 %

𝑐 = 0,48 % 𝑢𝑖 = 28,72 mm

𝑐 =
𝑢𝑖

𝑟0

𝑐 =
28,72

6000

𝑐 = 0,00478

𝑐 = 0,48 %



𝑐 = 0,91 % 𝑢𝑖 = 54,61 mm

𝑐 =
𝑢𝑖

𝑟0

𝑐 =
54,61

6000

𝑐 = 0,0091

𝑐 = 0,91 %

𝐹𝑆 3,32

𝑝𝑚𝑎𝑥 𝑝𝑒𝑞

0,2 𝑀𝑃𝑎

𝐹𝑆 =
𝑝𝑚𝑎𝑥

𝑝𝑒𝑞

𝐹𝑆 =
0,6445

0,2

𝐹𝑆 = 3,32

 





1,0

1,0 𝑃𝐹

𝐹𝑆 = 3,32 11,02 %

𝐹𝑆 = 3,32







𝑐 = 1,04 % 14,75 %

𝑐 = 1,04 % 𝑢 =

62,35 𝑚𝑚



 

𝑝𝑚𝑎𝑥,𝑠𝑖𝑑𝑟𝑎 =
𝑇𝑏𝑓

𝑠𝑙 ∙ 𝑠𝑐

𝑝𝑚𝑎𝑥,𝑠𝑖𝑑𝑟𝑎 =
0,184

1,0 ∙ 1,0

𝑝𝑚𝑎𝑥,𝑠𝑖𝑑𝑟𝑎 = 0,184 𝑀𝑃𝑎

6,0 𝑚

10,61 𝑚

14,16 𝑚



𝑀𝑃𝑎

𝑚𝑚

𝑐 = 1,16 % 𝑢𝑖 = 69,65 mm

𝑐 =
𝑢𝑖

𝑟0

𝑐 =
69,65

6000

𝑐 = 0,0116

𝑐 = 1,16 %

𝐹𝑆 1,16

𝑝𝑚𝑎𝑥 𝑝𝑒𝑞

0,16 𝑀𝑃𝑎

𝐹𝑆 =
𝑝𝑚𝑎𝑥

𝑝𝑒𝑞

𝐹𝑆 =
0,184

0,16

𝐹𝑆 = 1,16





1,0

1,0 10 000

1510

𝑃𝐹 =
𝑏𝑟𝑜𝑗 𝑛𝑒𝑧𝑎𝑑𝑜𝑣𝑜𝑙𝑗𝑎𝑣𝑎𝑗𝑢ć𝑖ℎ 𝑎𝑛𝑎𝑙𝑖𝑧𝑎

𝑢𝑘𝑢𝑝𝑎𝑛 𝑏𝑟𝑜𝑗 𝑝𝑟𝑜𝑣𝑒𝑑𝑒𝑛𝑖ℎ 𝑎𝑛𝑎𝑙𝑖𝑧𝑎

𝑃𝐹 =
1510

10 000
∙ 100 [%]

𝑃𝐹 = 15,1 %





 



https://www.bluey.ie/solutions/tunnels-underground/geotechnical
https://www.bbt-se.com/en/tunnel/tunnelling-methods/
https://www.mapei.com/hr/hr/projekti/project-detail/marinabaystationt226singapore
https://www.mapei.com/hr/hr/projekti/project-detail/marinabaystationt226singapore
https://www.cityraillink.co.nz/newsletter-july-2022/final-journey-for-the-tbm-awaits
https://www.cityraillink.co.nz/newsletter-july-2022/final-journey-for-the-tbm-awaits


https://static.rocscience.cloud/assets/verification-and-theory/RocSupport/Introduction_Manual.pdf
https://static.rocscience.cloud/assets/verification-and-theory/RocSupport/Introduction_Manual.pdf
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