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𝑝 = 𝐾𝑏 ∙ 𝛿                                                                                             
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δ

δ



𝜀 =
𝛿

𝐿
                                                                            (3.2)

𝜎 = 𝐸 ∙ 𝜀                                                                         ( 3.3)

𝜎 =
𝑁

𝐴
                                                                               (3.4) 

 = 𝜀 ∙ 𝐿 =
𝜎∙𝐿

𝐸
=

𝑁∙𝐿

𝐴∙𝐸
                                                              (3.5)

δ = ∫ ε(x)
L

0

 dx = ∫
σ(x)

E(x)

L

0

dx = ∫
N(x)

A(x) ∙ E(x)

L

0

dx                              (3.6)

σz =
q

b + z
                                                                                 (3.7)

σz =
q

1 +
z
b

                                                                                 (3.8)

σz =
Q

(b + z)(l + z)
                                                                (3.9)

σz =
q

(1+z/b)(1+z/l)
                                                                    (3.10)
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d, u =m=18 kN/m3
 

'd, u = ’m=11 kN/m3 
 

ϕf′k = 40˚ 

ϕf′d,u = arctan (
tanϕk

γm∙γn
) = arctan (

tan (40)

1,3∙1.1
) = 30,4 ˚   (5.1) 

ϕf′d,bruksg = arctan (
tanϕk

0,9∙γm∙γn
) = arctan (

tan (40)

0,9∙1,3∙1.1
) = 33,1 ˚  (5.2) 

 

Ek= 33,7 MPa 

𝐸𝑑,𝑢 =
𝐸𝑘

𝛾𝑛∙𝛾𝑚
=

33,7

1,1∙1,5
= 20,4 MPa    (5.3) 

𝐸𝑑,𝑏𝑟𝑢𝑘𝑠𝑔 =
𝐸𝑘

0,9𝛾𝑛𝛾𝑚
=

33,7

0,9∙1,1∙1,5
= 22,7 MPa    

d, u = m=18 kN/m3
 

'd, u = ’m=11 kN/m3 
 

ϕf′k = 35˚ 

ϕf′d,u = arctan (
tanϕk

γm∙γn
) = arctan (

tan (35)

1,3∙1,1
) = 26 ˚   (5.5) 

ϕf′d,bruksg = arctan (
tanϕk

0,9∙γm∙γn
) = arctan (

tan (35)

0,9∙1,3∙1,1
) = 28,5 ˚  (5.6) 

 



Ek= 20 MPa 

𝐸𝑑,𝑢 =
𝐸𝑘

𝛾𝑛𝛾𝑚
=

20

1,1∙1.5
= 12,1 MPa    (5.7) 

𝐸𝑑,𝑏𝑟𝑢𝑘𝑠𝑔 =
𝐸𝑘

0,9𝛾𝑛𝛾𝑚
=

20

0,9∙1,1∙1,5
= 13,5 MPa    (5.8) 

 

id, u = m=18 kN/m3
 

'd, u = ’m=11 kN/m3 
 

ϕf′k = 37˚ 

ϕf′d,u = arctan (
tanϕk

γm∙γn
) = arctan (

tan (37)

1,3∙1,1
) = 27,8 ˚   (5.9) 

ϕf′d,bruksg = arctan (
tanϕk

0,9γmγn
) = arctan (

tan (37)

0,9∙1,3∙1,1
) = 30,3 ˚  (5.10) 

 

Ek= 30,7 MPa 

𝐸𝑑,𝑢 =
𝐸𝑘

𝛾𝑛∙𝛾𝑚
=

30,7

1,1∙1.5
= 18,6 MPa     (5.11) 

𝐸𝑑,𝑏𝑟𝑢𝑘𝑠𝑔 =
𝐸𝑘

0,9𝛾𝑛𝛾𝑚
=

30,7

0,9∙1,1∙1,5
= 20,7 MPa     (5.12) 



𝐸𝑒𝑓𝑓 =
𝐸𝑐

1+𝜑𝑒𝑓𝑓
=

34

1+1
= 17 𝐺𝑃𝑎                                                       (5.13) 

φ φ

𝐼 =
𝑏ℎ3

12
=

1∙0,43

12
= 0,005333 𝑚4  (5.14) 

 
   𝐴 = 𝑏ℎ = 1 ∙ 0,4 = 0,4 𝑚2 (5.15) 

γ

γ



𝐸 ∙ 𝐼 = 17 ∙ 109 ∙ 0,00533 = 9.061 ∙ 107  𝑁𝑚2

𝑚⁄ = 90610 𝑘𝑁𝑚2

𝑚⁄   (5.16) 

𝐸 ∙ 𝐴 = 17 ∙ 109 ∙ 0,4 = 6.8 ∙ 109  𝑁 𝑚⁄ = 6.8 ∙ 106  𝑘𝑁
𝑚⁄                                  (5.17) 

 

 

 

                                                      qegt=b·h·L·1=1·0,4·24·1=10 kPa   (5.18) 
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→ σ

ε1 =
𝜎

𝐸
=

80000

22,7·106 = 0,003524     (5.20) 

ε2 =
𝜎

𝐸
=

80000

13.5·106 = 0,005926     (5.21) 

ε3 =
𝜎

𝐸
=

80000

20,7·106 = 0,003865     (5.22) 

𝑠 = ε1 ∙ 𝑡1 + ε2 ∙ 𝑡2 + ε3 ∙ 𝑡3 = 0,003524 ∙ 3,7 + 0,005926 ∙ 4,0 + 0,003865 ∙ 4,3 = 0,053 



𝜎𝑧 = 𝑞 + 𝛾𝑚 ∙ 𝑧 = 0 + 18 ∙ 12 = 216 kN/m2   (5.23) 

𝜎𝑧 = 𝑞 + 𝛾𝑚 ∙ 𝑧 = 80 + (18 ∙ 12) = 296  kN/m2           (5.24) 

 

 
 
 



P = 80 ∙ 25 = 2000 kN/m                  (5.25) 

 

∆𝛔𝐢 =
𝐏

𝐁𝐢
∆𝛅𝐢 = 𝐡𝐢 ∙

𝛔𝐢

𝐄𝐣

 

Σ∆δi = 0,04343 m                                                            (5.26) 



∆𝜎12 + 18 ∙ 12 = 54 + 18 ∙ 12 = 270 𝑘𝑃𝑎   (5.27) 

 

𝑘 =
𝑄

𝑑
=

80∙103

0,044
=1818 kN/m3    (5.28) 

𝐸𝑒𝑓𝑓 =
𝐸𝑐

1+𝜑𝑒𝑓
=

34

1+1
= 17 𝐺𝑃𝑎 (5.29) 

φ



 

 

 

 

 



 

 

 

 

 





 



 



 

 

 



 

 
 

 

 

 

 

 

 

 



 

+ 04.80

+ 07.77

+ 10.54

+ 13.31

+ 04.00

+ 16.08

+ 18.85

+ 01.20

5 6 8

5 6 8

4

4

3

3

2

2

1

1

PL 4

PL 3

PL 2

PL 1

PL 0

PL 5

PL 6

 



 

 

ψ

ψ ψ

  qd = 1.0· (0,4·24) + 1.3·(1,5+0,5)= 12,2 kPa  (6.1) 

qd = 1.3·(1,5+0,5)= 2,6 kPa   (6.2) 

qd = 1.0· GEGT + 1.0·(qNL·ψ+gNL·ψ)  (6.3) 
 
  qd = 1.0· (0,4·24) + 1.0·(1,5·1,0+0,5·0,0)= 11,1 kPa (6.4) 

qd = 1.0·(1,5·1,0+0,5·0,0)= 1,5 kPa  (6.5) 

𝑞𝑑,𝑏𝑟𝑢𝑘

𝑞𝑑,𝑏𝑟𝑜𝑡𝑡
=

11,1

12,2
= 0,90                                                                     (6.6) 



 

 
 
 
 
 
 

 
 



 

 

 

 

 

 

 

 

 

 

 

 

Sandzon 1 

Sandzon 2 

Sandzon 3 

Uppsprucket kalkberg 

Kalkberg 

Sandzon 1 

Sandzon 2 

Sandzon 3 
Uppsprucket kalkberg 

Kalkberg 



d, u =m=  

'd, u = ’m=
 

ϕf′k = 40˚ 

ϕf′d,u = arctan (
tanϕk

γm∙γn
) = arctan (

tan (40)

1.3∙1.1
) = 30,4 ˚     (6.7) 

ϕf′d,bruksg = arctan (
tanϕk

0,9∙γm∙γn
) = arctan (

tan (40)

0,9∙1.3∙1.1
) = 33,1 ˚    (6.8) 

 

Ek= 50 MPa 

𝐸𝑑,𝑢 =
𝐸𝑘

𝛾𝑛∙𝛾𝑚
=

50

1,1∙1,5
= 30,3 MPa      (6.9) 

𝐸𝑑,𝑏𝑟𝑢𝑘𝑠𝑔 =
𝐸𝑘

0,9𝛾𝑛𝛾𝑚
=

50

0,9∙1,1∙1,5
= 33,7 MPa    (6.10) 

 
 
Skjuvhållfasthet: 
c’k = 10 kPa 

c′d,u =
𝑐′𝑘

γm∙γn
= (

10

1.5∙1.1
) = 6,1 kPa     (6.11) 

c′d,bruksg =
𝑐′𝑘

0,9∙γm∙γn
=

10

0,9∙1.5∙1.1
= 6,7 kPa           (6.12) 

 
 

d, u = m=22 kN/m3
 

'd, u = ’m=12 kN/m3 
 
Friktionsvinkel: 
ϕf′k = 45˚ 

ϕf′d,u = arctan (
tanϕk

γm∙γn
) = arctan (

tan (45)

1.3∙1.1
) = 35 ˚     (6.7) 

ϕf′d,bruksg = arctan (
tanϕk

0,9∙γm∙γn
) = arctan (

tan (45)

0,9∙1.3∙1.1
) = 37,8 ˚    (6.8) 

 

Ek= 500 MPa 

𝐸𝑑,𝑢 =
𝐸𝑘

𝛾𝑛∙𝛾𝑚
=

500

1,1∙1,5
= 303 MPa       (6.9) 

𝐸𝑑,𝑏𝑟𝑢𝑘𝑠𝑔 =
𝐸𝑘

0,9𝛾𝑛𝛾𝑚
=

500

0,9∙1,1∙1,5
= 337 MPa                  (6.10) 



c’k = 150 kPa 

c′d,u =
𝑐′𝑘

γm∙γn
= (

150

1.5∙1.1
) = 91 kPa                                (6.11) 

c′d,bruksg =
𝑐′𝑘

0,9∙γm∙γn
=

150

0,9∙1.5∙1.1
= 101 kPa                                   (6.12) 
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