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σã

 

𝑢𝑎
𝑎0
=

{
 
 
 

 
 
 [1 +

𝐸/(1 + ν)

(σ0 − σ𝑎)
]
−1

, σρ1 ≤ σa;⁡

1 − [T01 + (
δ

Ω01
) ∙ fi(1, R1)]

−1
κ+1

, σa ≤ σρ1;

1 − [T02 + (
δ

Ω02
) ∙ fi(1, R2)]

−1
κ+1

, σa ≤ σρ2

σ0̃

φ. ⁡ν

ψ 0°, φ − 20°)





 

• 

• 

• 

• 

• 



 



 





 

𝛔𝟎

𝜈

𝜑 °

𝜓 °

 

𝛒𝟏

𝐮𝛒𝟏

𝛔𝛒𝟏

𝛔𝐃



σa⁡ U

0

5

10

15

20

25

0 10 20 30 40 50 60

P
o

d
gr

ad
n

i  
p

ri
ti

sa
k 

(M
P

a)

Konvergencija tunela (%)



σa⁡

 

m =
1 + sinφ

1 − sinφ
=
1 + sin 23°

1 − sin 23°
= 2.28

𝛔𝐃

σD =
2c cosφ

1 − sinφ
=
2 ∙ 0.25 ∙ cos 23°

1 − sin 23°
= 0.76⁡MPa

𝛔𝛒𝟏

σρ1 =
2σ0 − σD
m+ 1

=
2 ∙ 22.5 − 0.76

2.28 + 1
= 13.48⁡MPa

0

5

10

15

20

25

0 500 1000 1500 2000 2500 3000

P
o

d
gr

ad
n

i p
ri

ti
sa

k 
(M

P
a)

Pomak zida tunela (%)



𝛒𝟏

rρ1 = (a0 − ua) (1 + (m − 1)
σρ1

σD
)

1
m−1

=

= (5000 − 2485.69) (1 + (2.28 − 1)
13.48

0.76
)

1
2.28−1

= 29818.53⁡mm ≈

𝐮𝛒𝟏

uρ1 = (1 + ν) ∙ (σ0̃ − σρ1̃) ∙ ρ1 = (1 + 0.25) ∙ (23.09 − 14.07) ∙ 29.85 = 336.56⁡mm

⁡σ0̃ = σ0 +
σD

m− 1
= 22.5 +

0.76

2.28 − 1
= 23.09⁡MPa

σρ1̃ = σρ1 +
σD

m− 1
= 13.48 +

0.76

2.28 − 1
= 14.07⁡MPa

U =
ua
a0
= 1 − [T01 + (

δ

Ω01
) ∙ fi(1, R1)]

−1
κ+1

= 1 − [189.01 + (
1.65

1.01
) ∙ (−113.05)]

−1
1.11+1

U = 0.5 = 50⁡%

T01 = [1 +
σ0 − σρ1

E
1 + ν

]

κ+1

∙ R1
δ = [1 +

22.5 − 13.48

2000
1 + 0.25

]

1.11+1

∙ 23.81.65 = 189.01

κ =
1 + sin𝜓

1 − sin𝜓
=
1 + sin 3°

1 − sin 3°
= 1.11

R1 =
σρ1̃

σã
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σã
=
14.07

2.5
= 5.6

R2 =
σρ2̃

σã
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https://www.gzconsultants.com/service/tunnel-rehabilitation/#gallery-11/
https://www.minovaglobal.com/media/1280/rock-bolting-solutions.pdf
https://www.canadianminingjournal.com/event/innovation-competition-to-secure-tunnels-in-underground-mining/
https://www.canadianminingjournal.com/event/innovation-competition-to-secure-tunnels-in-underground-mining/


https://static.rocscience.cloud/assets/verification-and%20theory/RocSupport/Introduction_Manual.pdf
https://static.rocscience.cloud/assets/verification-and%20theory/RocSupport/Introduction_Manual.pdf
https://geotechnikschweiz.ch/?page_id=3972&lang=en
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