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Slope stability analysis

Input data (Construction stage 1)

Project
Project :
Part :
Date :
Project ID :

Jesenice - Bohinjska Bistrica
PZ 2-12N
26. 05. 2025
DN2007900

Settings
Slovenia - EN 1997

Stability analysis
Verification methodology :
Earthquake analysis :
Design approach :

according to EN 1997
Standard
3 - reduction of actions (GEO, STR) and soil parameters

Partial factors on actions (A)
Permanent design situation

Permanent actions :
Variable actions :
Water load :

γG =
γQ =
γw =

State STR
Unfavourable

1,00
1,50

[–]
[–]

Favourable
1,00
0,00

[–]
[–]

State GEO
Unfavourable

1,00
1,30
1,00

[–]
[–]
[–]

Favourable
1,00
0,00

[–]
[–]

Partial factors for soil parameters (M)
Permanent design situation

Partial factor on internal friction :
Partial factor on effective cohesion :
Partial factor on undrained shear strength :

γϕ =
γc =

γcu =

1,25
1,25
1,40

[–]
[–]
[–]

Anchors
Verification methodology : Limit states (LSD)

Reduction coefficients
Reduction. coeff of steel strength :
Reduction coefficient of pull out resistance (soil) :
Reduction coefficient of pull out resistance (grouting) :

γs =
γe =
γc =

1,35
1,35
1,35

[–]
[–]
[–]

Soil parameters - effective stress state

No. Name Pattern
φef
[°]

cef
[kPa]

γ
[kN/m3]

1

2

TG

NA

38,00

32,00

1,00

1,00

23,00

20,00
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No. Name Pattern
φef
[°]

cef
[kPa]

γ
[kN/m3]

3 Qalp 38,00 1,00 21,00

Soil parameters - uplift

No. Name Pattern
γsat

[kN/m3]
γs

[kN/m3]
n

[–]

1

2

3

TG

NA

Qalp

23,50

20,50

21,50

Rigid Bodies

No. Name Sample γ
[kN/m3]

1 PK 24,00

Settings of the stage of construction
Design situation : permanent

Results (Construction stage 1)

Analysis 1 (stage 1)
Circular slip surface

Slip surface parameters

Center :

Radius :

x =
z =
R =

13,46
10,64

4,49

[m]
[m]
[m]

Angles :
α1 =
α2 =

-73,60
23,60

[°]
[°]

Analysis of the slip surface without optimization.
Total weight of soil above the slip surface: 176,97 kN/m
Slope stability verification (Janbu)
Utilization : 59,6 %
Slope stability ACCEPTABLE
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Name : Analysis Stage - analysis : 1 - 1
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Input data (Construction stage 2)

Anti-Slide piles

No.
Anti-Slide

pile

new

Point

x [m] z [m]

Length

l [m]
Construction type

Depth of
beam
h [m]

Length
of beam

lb [m]

Pile spacing

bf [m] b/bb [m]
1 Yes 11,00 8,88 9,00 standard wall 1,50

No.

Cross-section

[m]

Pile bearing capacity

Distribution
along the pile

Max. bearing
capacity Vu

[kN]
Gradient K [–] Passive force

direction

1 d = 1,00 constant 5000,00 perpendicular to pile

Surcharge

No.
Surcharge

new change
Type Type of

action

Location

z [m]

Origin

x [m]

Length

l [m]

Width

b [m]

Slope

α [°]

Magnitude
q, q1,
f, F, x

q2, z unit

1 Yes strip variable on
terrain x = 7,00 l = 2,50 0,00 32,00 kN/m2

Surcharges
No. Name
1 Promet

Water
Water type : GWT

No. GWT location Coordinates of GWT points [m]
x z x z x z

1

0,00
6,36

14,33

9,20
7,29
5,99

1,89
9,38

16,11

8,15
6,88
5,78

3,92
11,84
25,00

7,66
6,52
5,78

Earthquake
Horizontal seismic coefficient :
Vertical seismic coefficient :

Kh =
Kv =

0,0225
0,0110

Settings of the stage of construction
Design situation : permanent

Results (Construction stage 2)

Analysis 1 (stage 2)
Circular slip surface
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Slip surface parameters

Center :

Radius :

x =
z =
R =

15,81
12,31

5,91

[m]
[m]
[m]

Angles :
α1 =
α2 =

-54,48
-3,40

[°]
[°]

The slip surface after optimization.
Total weight of soil above the slip surface: 43,92 kN/m
The forces acting on the pile
Anti-Slide Pile No. 1 (11,00; 8,88 [m])
    
    
    
    

Horizontal active force:
Horizontal passive force:
Depth of slip surface:
The length of pile below terrain:

0,00
-5,83199299446329E181

0,00
9,00

kN/m
kN/m
m
m

Slope stability verification (Janbu)
Utilization : 89,6 %
Slope stability ACCEPTABLE
Name : Analysis Stage - analysis : 2 - 1
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Sheeting structure verification

Input data
Project :
Part :
Description :
Date :
Project ID :

Jesenice - Bohinjska Bistrica
PZ 2-12N
km 19+550
20. 05. 2025
DN2007900

Settings

Slovenia - EN 1997

Materials and standards

Concrete structures :
Coefficients EN 1992-1-1 :
Circle pile shear :
Steel structures :
Partial factor on bearing capacity of steel cross section :
Timber structures :
Partial factor for timber property :
Modif. factor of load duration and moisture content :
Coeff. of effective width for shear stress :

EN 1992-1-1 (EC2)
standard
simplified method
EN 1993-1-1 (EC3)
γM0 = 1,00
EN 1995-1-1 (EC5)
γM = 1,30
kmod = 0,50
kcr = 0,67

Pressure analysis

Verification methodology :
Active earth pressure calculation :
Passive earth pressure calculation :
Analysis method :
Earthquake analysis :
Modulus of subsoil reaction :
Consider reduction of the modulus of subsoil reaction for a braced sheeting
Design approach :

according to EN 1997
Coulomb
Caquot-Kerisel
dependent pressures
Mononobe-Okabe
standard

2 - reduction of actions and resistances

Partial factors on actions (A)
Permanent design situation

Permanent actions :

Variable actions :

Water load :

γG =

γQ =

γw =

Unfavourable
1,35

1,50

1,35

[–]

[–]

[–]

Favourable
1,00

0,00

[–]

[–]

Partial factors for resistances (R)
Permanent design situation

Reduction coeff. of internal stability of anchors :

Partial factor on earth resistance :

γRis =

γRe =

1,30

1,40

[–]

[–]

Partial factors for variable actions
Permanent design situation

Factor for combination value :

Factor for frequent value :

Factor for quasi-permanent value :

ψ0 =

ψ1 =

ψ2 =

0,70

0,50

0,30

[–]

[–]

[–]

Anchors

Verification methodology : Limit states (LSD)



Jesenice - Bohinjska Bistrica

PZ 2-12N

2

[GEO5 - Sheeting Check (32 bit) | version 5.2024.115.0 | hardware key 9226 / 1 | GRADBENI INŠTITUT ZRMK d.o.o. | Copyright © 2024 Fine spol. s r.o. All Rights Reserved |
www.finesoftware.eu]

[Geoportal d.o.o. | + 386(0)1 620 33 20| info@geoportal.si| http://www.geoportal.si]

Reduction coefficients
Reduction. coeff of steel strength :

Reduction coefficient of pull out resistance (soil) :

Reduction coefficient of pull out resistance (grouting) :

γs =

γe =

γc =

1,35

1,35

1,35

[–]

[–]

[–]

Geometry of structure

Structure length = 9,00 m

Cross-section name : Pile curtain d = 1,00 m, a = 1,50 m
Material of pile : concrete
Computed coefficient of pressure reduction below the ditch = 1,00
Area of cross-section
Moment of inertia

A
I

=
=

5,24E-01
3,27E-02

m2/m
m4/m

Material of structure

Analysis of concrete structures carried out according to the standard EN 1992-1-1 (EC2).

Concrete: C 30/37
Cylinder compressive strength
Tensile strength
Elasticity modulus
Shear modulus

fck
fctm
Ecm
G

=
=
=
=

30,00
2,90

33000,00
13750,00

MPa
MPa
MPa
MPa

Longitudinal reinforcement: B500B
Yield strength fyk = 500,00 MPa

Transverse reinforcement: B500B
Yield strength fyk = 500,00 MPa

Basic soil parameters

No. Name Pattern
φef
[°]

cef
[kPa]

γ

[kN/m3]

γsu
[kN/m3]

δ

[°]

1

2

NA

Qalp

32,00

38,00

1,00

1,00

20,00

21,00

10,50

11,50

21,00

25,33

Soil parameters to compute pressure at rest

No. Name Pattern
Type

calculation

φef
[°]

ν

[–]

OCR

[–]

Kr
[–]

1

2

NA

Qalp

cohesionless

cohesive

32,00

-

-

0,20

-

-

-

-

Parameters of soils to compute modulus of subsoil reaction (Schmitt)

No. Name Pattern
ν

[–]

Eoed
[MPa]

Edef
[MPa]

1

2

NA

Qalp

0,25

0,20

50,00

80,00

-

-
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Geological profile and assigned soils

No.
Thickness of layer

t [m]
Depth
z [m]

Assigned soil Pattern

1

2

3

3,00

9,00

-

0,00 .. 3,00

3,00 .. 12,00

12,00 .. 

NA

Qalp

Qalp

Name : Profile and assignment Stage - analysis : 1 - 0

+
z

1. NA

+
z

2. Qalp

+
z

 1,90  1,90 

 Beta: -33,00 

 3,00 

+
z

1. NA

+
z

2. Qalp

+
z

  

  

 2,60 
 3,00 

 1,50  3,00 

32,00

 1

 1,90  1,90 

 Beta: -33,00  9,00 

Excavation

Soil in front of wall is excavated to a depth of 1,90 m.
Soil slope in front of structure β = -33,00 °

Water influence

GWT behind the structure lies at a depth of 2,60 m
GWT in front of the structure lies at a depth of 3,00 m
Subgrade at the heel is not permeable.
Input surface surcharges

No.
Surcharge

new change
Action

Mag.1

[kN/m2]

Mag.2

[kN/m2]

Ord.x
x [m]

Length
l [m]

Depth
z [m]

1 Yes variable 32,00 1,50 3,00 on terrain

No. Name
1 Promet

Earthquake

Factor of horizontal acceleration
Factor of vertical acceleration

Kh
Kv

=
=

0,0225
0,0110
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Water below the GWT is restricted.

Analysis results
Maximum values of internal forces acting on the structure

Maximum shear force
Maximum moment
Maximum displacement

=
=
=

38,51
74,92

2,2

kN/m
kNm/m
mm

Maximum internal forces on cross-section

Maximum shear force
Maximum moment

=
=

57,77
112,38

kN
kNm

Terrain settlement behind the structure

Terrain settlement δmax = 2,6 mm

Coordinates
x [m]

Settlement
z [mm]

1
2

0,00
5,70

2,6
0,0

Slope stability analysis

Input data (Construction stage 1)

Settings

Slovenia - EN 1997

Stability analysis

Verification methodology :
Earthquake analysis :
Design approach :

according to EN 1997
Standard
3 - reduction of actions (GEO, STR) and soil parameters

Partial factors on actions (A)
Permanent design situation

Permanent actions :

Variable actions :

Water load :

γG =

γQ =

γw =

State STR
Unfavourable

1,00

1,50

[–]

[–]

Favourable
1,00

0,00

[–]

[–]

State GEO
Unfavourable

1,00

1,30

1,00

[–]

[–]

[–]

Favourable
1,00

0,00

[–]

[–]

Partial factors for soil parameters (M)
Permanent design situation

Partial factor on internal friction :

Partial factor on effective cohesion :

Partial factor on undrained shear strength :

γϕ =

γc =

γcu =

1,25

1,25

1,40

[–]

[–]

[–]

Anchors

Verification methodology : Limit states (LSD)

Reduction coefficients
Reduction. coeff of steel strength :

Reduction coefficient of pull out resistance (soil) :

Reduction coefficient of pull out resistance (grouting) :

γs =

γe =

γc =

1,35

1,35

1,35

[–]

[–]

[–]
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Results (Construction stage 1)

Analysis 1

Circular slip surface

Slip surface parameters

Center :

Radius :

x =

z =

R =

-19,99

16,96

32,74

[m]

[m]

[m]

Angles :
α1 =

α2 =

-3,97

58,80

[°]

[°]

The slip surface after optimization.

Total weight of soil above the slip surface: 3441,97 kN/m
Slope stability verification (Janbu)
Utilization : 91,1 %

Slope stability ACCEPTABLE
Name : Analysis Stage - analysis : 1 - 1

Dimensioning No. 1
Maximum values of internal forces

Maximum displacement
Minimum displacement
Maximum bending moment
Minimum bending moment
Maximum shear force

=
=
=
=
=

-2,2
-0,1

74,92
0,00

38,51

mm
mm
kNm/m
kNm/m
kN/m

Verification of RC cross section (Pile curtain d = 1,00 m, a = 1,50 m)

All construction stages are taken into the analysis.
Partial factor on load = 1,00
Verification of cross section in bending:

Reinforcement - 20 pc bars 20,0 mm; cover 90,0 mm
Type of structure (reinforcement ratio) : beam
Reinforcement ratio ρ = 0,400 % > 0,151 % = ρmin
Load : MEd = 112,38 kNm
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Bearing capacity : MRd = 1053,03 kNm
Designed pile reinforcement is SATISFACTORY
Verification of cross section in shear:

Shear reinf. - profile 10,0 mm; spacing 150,0 mm
Asw = 2 x 523,6 = 1047,2 mm2

bw = 0,88 m; d = 0,80 m
Ultimate shear force: VRd = 819,55 kN > 57,77 kN = VEd
Cross-section is SATISFACTORY.
only minimal shear reinforcement

Overall verification: Cross-section is SATISFACTORY
Name : Dimensioning Stage - analysis : 1 - 1

Max1 = -0,1; Max2 = -2,2mm
Min1 = -0,1; Min2 = -2,2mm

Displacement

 0,00

 1,00

 2,00

 3,00

 4,00

 5,00

 6,00

 7,00

 8,00

 9,00

-2,2

-0,1

 0,00

 1,00

 2,00

 3,00

 4,00

 5,00

 6,00

 7,00

 8,00

 9,00

-2,2

-0,1

-2,5 2,5
[mm]

0

Max1 = 74,92; Max2 = 0,00kNm/m
Min1 = 74,92; Min2 = 0,00kNm/m

Bending moment

 0,00

 1,00

 2,00

 3,00

 4,00

 5,00

 6,00

 7,00

 8,00

 9,00

74,92

 0,00

 1,00

 2,00

 3,00

 4,00

 5,00

 6,00

 7,00

 8,00

 9,00

74,92

-100,00 100,00
[kNm/m]

0

Max1 = 24,00; Max2 = -38,51kN/m
Min1 = 24,00; Min2 = -38,51kN/m

Shear force

 0,00

 1,00

 2,00

 3,00

 4,00

 5,00

 6,00

 7,00

 8,00

 9,00

-38,51

24,00

 0,00

 1,00

 2,00

 3,00

 4,00

 5,00

 6,00

 7,00

 8,00

 9,00

-38,51

24,00

-50,00 50,00
[kN/m]

0
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Jesenice - Bohinjska Bistrica

1. AB venec pilotov

Continuous beam with distributed loads
(EC2 EN1992-1-1:2004, EC0 EN1990:2002, )

 1,500 

g=180,00
q=0,00

h=1,200

 1,500 

g=180,00
q=0,00

h=1,200

 1,500 

g=180,00
q=0,00

h=1,200

 1,500 

g=180,00 kN/m
q=0,00 kN/m

h=1,200

C30/37 - B500B

Concrete-Steel class: C30/37-B500B          (EC2 §3)
Environmental class :  XD3              (EC2 §4.4.1)
Concrete cover      : Cnom=50 mm        (EC2 §4.4.1)
Concrete weight     : 25,0 kN/m³
γc=1,50, γs=1,15                    (EC2 Table 2.1N)
fcd=αcc·fck/γc=0,85x30/1,50=17,00 MPa   (EC2 §3.1.6)
fyd=fyk/γs=500/1,15=435 MPa             (EC2 §3.2.7)

Fcd

Fsd
S1

C2

As2

As1

h

b

d

d

d

nomC

V

N

MEd

Ed

Ed

1.1. Dimensions and loads

Continuous beam (rectangular section), number of spans=4
Partial safety factors for actions : γG=1,35, γQ=1,50 (EC0 Annex A1)
Combination of variable actions    : ψ0=0,70, ψ1=0,60, ψ2=0,30
Effective depth of cross section  d=h-d1, d1=Cnom+Øs+0,5Ø=50+10+0,5x20=70mm

Spans, widths, thickness, load on spans (g=self weight +dead, q=live)
Span-1 L= 1,50m bw=1,400m beff=1,400m h=1,200m g=42,00+180,00=222,00kN/m q=  0,00kN/m
Span-2 L= 1,50m bw=1,400m beff=1,400m h=1,200m g=42,00+180,00=222,00kN/m q=  0,00kN/m
Span-3 L= 1,50m bw=1,400m beff=1,400m h=1,200m g=42,00+180,00=222,00kN/m q=  0,00kN/m
Span-4 L= 1,50m bw=1,400m beff=1,400m h=1,200m g=42,00+180,00=222,00kN/m q=  0,00kN/m

1.2. Ultimate limit state (ULS), design for bending  (EC2 EN1992-1-1:2004, §6.1, §9.3.1)

Load (STR) Span-1 qed=γG·g+γQ·q=1,35g+1,50q=1,35x222,00+1,50x0,00=299,70 kN/m
Load (STR) Span-2 qed=γG·g+γQ·q=1,35g+1,50q=1,35x222,00+1,50x0,00=299,70 kN/m
Load (STR) Span-3 qed=γG·g+γQ·q=1,35g+1,50q=1,35x222,00+1,50x0,00=299,70 kN/m
Load (STR) Span-4 qed=γG·g+γQ·q=1,35g+1,50q=1,35x222,00+1,50x0,00=299,70 kN/m

Cross section values (area A, moment of inertia Iyy, centroid zc)
Span-1 L= 1,500m, A=1,68000m²(1,68E+006mm²), Iyy=0,20160m4(2,02E+011mm4),  zc=0,000m(0mm)
Span-2 L= 1,500m, A=1,68000m²(1,68E+006mm²), Iyy=0,20160m4(2,02E+011mm4),  zc=0,000m(0mm)
Span-3 L= 1,500m, A=1,68000m²(1,68E+006mm²), Iyy=0,20160m4(2,02E+011mm4),  zc=0,000m(0mm)
Span-4 L= 1,500m, A=1,68000m²(1,68E+006mm²), Iyy=0,20160m4(2,02E+011mm4),  zc=0,000m(0mm)

software by RUNET (c) GI-ZRMK D.O.O.
BETONexpress
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1.3. Shearing forces and bending moments

Maximum bending moments at spans for load combinations 1,35g+1,50q
Span-1, Med=  54,83 kNm, xo=0,605 m, x1=0,000m, x2=0,290m
Span-2, Med=  30,93 kNm, xo=0,788 m, x1=0,334m, x2=0,258m
Span-3, Med=  30,93 kNm, xo=0,712 m, x1=0,258m, x2=0,334m
Span-4, Med=  54,83 kNm, xo=0,895 m, x1=0,290m, x2=0,000m

X X

XXX

1 2

0

Maximum bending moments at supports for load combinations 1,35g+1,50q
Support-0, Med=   0,00 kNm, x1=0,000 m, x2=0,000 m
Support-1, Med= -72,25 kNm, x1=0,321 m, x2=0,399 m
Support-2, Med= -48,17 kNm, x1=0,292 m, x2=0,292 m
Support-3, Med= -72,25 kNm, x1=0,399 m, x2=0,321 m
Support-4, Med=   0,00 kNm, x1=0,000 m, x2=0,000 m

X X1 2

Maximum shear forces for load combinations 1,35g+1,50q
Span-1, Ved,A= 181,29 kN, Ved,B=-272,94 kN
Span-2, Ved,A= 240,83 kN, Ved,B=-213,40 kN
Span-3, Ved,A= 213,40 kN, Ved,B=-240,83 kN
Span-4, Ved,A= 272,94 kN, Ved,B=-181,29 kN

Maximum reactions due to dead and live loads (Rg and Rq)
Support-0, Rg(x1,35)= 176,61 kN, Rq(x1,50)=   0,00 kN
Support-1, Rg(x1,35)= 513,77 kN, Rq(x1,50)=   0,00 kN
Support-2, Rg(x1,35)= 417,44 kN, Rq(x1,50)=   0,00 kN
Support-3, Rg(x1,35)= 513,77 kN, Rq(x1,50)=   0,00 kN
Support-4, Rg(x1,35)= 176,61 kN, Rq(x1,50)=   0,00 kN

1.4. Design actions, shearing forces and bending moments

Design action values after moment redistribution by  0%  (EC2 §5.5)
Reduction of support values to values at support faces (bsup=0,20 m)  (EC2 §5.3.2.2.3)
Check for minimum values, (0,65ql²/8, 0,65ql²/12) (EC2 §5.3.2.2.3N)

Maximum span bending moments and shear forces for load combinations 1,35g+1,50q
Span-1, Med=  54,83 kNm, Ved,A= 151,32 kN, Ved,B=-242,97 kN
Span-2, Med=  30,93 kNm, Ved,A= 210,86 kN, Ved,B=-183,43 kN
Span-3, Med=  30,93 kNm, Ved,A= 183,43 kN, Ved,B=-210,86 kN
Span-4, Med=  54,83 kNm, Ved,A= 242,97 kN, Ved,B=-151,32 kN

Maximum bending moments at supports for load combinations 1,35g+1,50q
Support-0, Med=   0,00 kNm, x1=0,000 m, x2=0,000 m
Support-1, Med= -48,17 kNm, x1=0,321 m, x2=0,399 m
Support-2, Med= -27,38 kNm, x1=0,292 m, x2=0,292 m
Support-3, Med= -48,17 kNm, x1=0,399 m, x2=0,321 m
Support-4, Med=   0,00 kNm, x1=0,000 m, x2=0,000 m

Maximum shear forces at distance d from support face 1,35g+1,50q
Span-1, b/2+d=1,230m, 1,35g+1,50q=299,70kN/m, VedA= 187,34kN, VedB=  95,69kN
Span-2, b/2+d=1,230m, 1,35g+1,50q=299,70kN/m, VedA= 127,80kN, VedB= 155,23kN
Span-3, b/2+d=1,230m, 1,35g+1,50q=299,70kN/m, VedA= 155,23kN, VedB= 127,80kN
Span-4, b/2+d=1,230m, 1,35g+1,50q=299,70kN/m, VedA=  95,69kN, VedB= 187,34kN

1.5. Ultimate limit state (ULS), design for bending  (EC2 EN1992-1-1:2004, §6.1, §9.2.1)

Span-1  
Effective depth of cross section  d1=Cnom+Øs+0,5Ø=50+10+0,5x20=70mm, d2=70mm, d=1200-70=1130mm
Reinforcement for bending (only tension reinforcement is needed)
Med= 54,83kNm bw=1400mm d=1130mm Kd=18,06 x/d=0,01 εc2/εs1=-0,3/20,0 ks=2,31, As1= 1,12cm²
Minimum longitudinal tension reinf., As>=0,26bd·fctm/fyk, (As,min=23,86cm²) (EC2 §9.2.1.1.1)
Maximum tension or compression reinf., As<=0,04Ac       , (As,max=672,0cm²) (EC2 §9.2.1.1.3)

Reinforcement for bending:6Ø20+2Ø18(23,92cm²) (bottom)
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Span-2  
Effective depth of cross section  d1=Cnom+Øs+0,5Ø=50+10+0,5x20=70mm, d2=70mm, d=1200-70=1130mm
Reinforcement for bending (only tension reinforcement is needed)
Med= 30,93kNm bw=1400mm d=1130mm Kd=24,04 x/d=0,01 εc2/εs1=-0,2/20,0 ks=2,31, As1= 0,63cm²
Minimum longitudinal tension reinf., As>=0,26bd·fctm/fyk, (As,min=23,86cm²)
Maximum tension or compression reinf., As<=0,04Ac       , (As,max=672,0cm²)
Reinforcement for bending:6Ø20+2Ø18(23,92cm²) (bottom)

Span-3  
Effective depth of cross section  d1=Cnom+Øs+0,5Ø=50+10+0,5x20=70mm, d2=70mm, d=1200-70=1130mm
Reinforcement for bending (only tension reinforcement is needed)
Med= 30,93kNm bw=1400mm d=1130mm Kd=24,04 x/d=0,01 εc2/εs1=-0,2/20,0 ks=2,31, As1= 0,63cm²
Minimum longitudinal tension reinf., As>=0,26bd·fctm/fyk, (As,min=23,86cm²)
Maximum tension or compression reinf., As<=0,04Ac       , (As,max=672,0cm²)
Reinforcement for bending:6Ø20+2Ø18(23,92cm²) (bottom)

Span-4  
Effective depth of cross section  d1=Cnom+Øs+0,5Ø=50+10+0,5x20=70mm, d2=70mm, d=1200-70=1130mm
Reinforcement for bending (only tension reinforcement is needed)
Med= 54,83kNm bw=1400mm d=1130mm Kd=18,06 x/d=0,01 εc2/εs1=-0,3/20,0 ks=2,31, As1= 1,12cm²
Minimum longitudinal tension reinf., As>=0,26bd·fctm/fyk, (As,min=23,86cm²)
Maximum tension or compression reinf., As<=0,04Ac       , (As,max=672,0cm²)
Reinforcement for bending:6Ø20+2Ø18(23,92cm²) (bottom)

Support-1  
Effective depth of cross section  d1=Cnom+Øs+0,5Ø=50+10+0,5x20=70mm, d2=70mm, d=1200-70=1130mm
Reinforcement for bending (only tension reinforcement is needed)
Med=-48,17kNm bw=1400mm d=1130mm Kd=19,27 x/d=0,01 εc2/εs1=-0,3/20,0 ks=2,31, As2= 0,98cm²
Minimum longitudinal tension reinf., As>=0,26bd·fctm/fyk, (As,min=23,86cm²) (EC2 §9.2.1.1.1)
Maximum tension or compression reinf., As<=0,04Ac       , (As,max=672,0cm²) (EC2 §9.2.1.1.3)
Reinforcement for bending:6Ø20+2Ø18(23,92cm²) (top)

Support-2  
Effective depth of cross section  d1=Cnom+Øs+0,5Ø=50+10+0,5x20=70mm, d2=70mm, d=1200-70=1130mm
Reinforcement for bending (only tension reinforcement is needed)
Med=-27,38kNm bw=1400mm d=1130mm Kd=25,55 x/d=0,01 εc2/εs1=-0,2/20,0 ks=2,31, As2= 0,56cm²
Minimum longitudinal tension reinf., As>=0,26bd·fctm/fyk, (As,min=23,86cm²)
Maximum tension or compression reinf., As<=0,04Ac       , (As,max=672,0cm²)
Reinforcement for bending:6Ø20+2Ø18(23,92cm²) (top)

Support-3  
Effective depth of cross section  d1=Cnom+Øs+0,5Ø=50+10+0,5x20=70mm, d2=70mm, d=1200-70=1130mm
Reinforcement for bending (only tension reinforcement is needed)
Med=-48,17kNm bw=1400mm d=1130mm Kd=19,27 x/d=0,01 εc2/εs1=-0,3/20,0 ks=2,31, As2= 0,98cm²
Minimum longitudinal tension reinf., As>=0,26bd·fctm/fyk, (As,min=23,86cm²)
Maximum tension or compression reinf., As<=0,04Ac       , (As,max=672,0cm²)
Reinforcement for bending:6Ø20+2Ø18(23,92cm²) (top)

1.6. Ultimate limit state (ULS), Design for shear  (EC2 EN1992-1-1:2004, §6.2, §9.2.2)

Span-1 left   
Shear capacity without shear reinforcement Vrdc  (EC2 §6.2.2)
Vrdc=[Crdc·k·(100ρ1·fck)0,33+k1·σcp]·bw·d, Vrdc>=(vmin+k1·σcp)·bw·d  (EC2 Eq.6.2.a,b)
Crdc=0,18/γc=0,18/1,50=0,120, fck=30,00MPa ,bw=1400mm, d=1130mm, k=1+(200/d) <=2, k=1,42, k1=0,1
Vrd,c(min)=0,001x(0,32)x1400x1130=506,24kN, vmin=0,035·k1,50·fck = 0,32N/mm²  (EC2 Eq.6.3N)
ρ1=1196/(1400x1130)=0,0008, Vrdc=0,001x[0,120x1,42x(0,08x30,00)0,33]x1400x1130=360,92, Vrdc=Vrd

Ved=187,34 kN <= Vrdc=506,24 kN,  Ved<=Vrdc shear reinforcement is not needed

Concrete strut capacity Vrdmax  (EC2 §6.2.3 Eq.6.9)
Vrdmax=αcw·bw·z·ν1·fcd/(cotθ+tanθ),   Ved/max(Vrdmax)=0,03, θ=21,8° cotθ=2,50 tanθ=0,40
αcw=1,00 z=0,9d, fck=30,0<=60Mpa ν1=0,6[1-fck/250]=0,6[1-30/250]=0,528, fcd=17,00Mpa
Vrdmax=0,001x1,00x1400x0,9x1130x0,528x17,00/2,90=4406,9 kN
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Minimum links for shear reinforcement  (EC2 §9.2.2)
Minimum shear reinforcement ratio ρw,min (EC2 Eq.9.5N)
ρw,min=(0,08x(fck)0,5/fyk, fck=30N/mm², fyk=500N/mm², ρw,min=0,0009
min Asw/s=10x0,0009x1400xsin(90°)=12,60cm²/m
Maximum longitudinal spacing of links slmax=0,75d (<=600mm)=600mm  (EC2 §9.2.2.6, Eq.9.6N)
Maximum transverse spacing of link legs stmax=0,75d (<=600mm)=600mm  (EC2 §9.2.2.8, Eq.9.8N)
Minimum shear reinforcement links 2Ø10/245(Asw/s=12,82cm²/m)

Span-1 left    Shear reinforcement: links 2Ø10/245(Asw/s=12,82cm²/m)

Span-1 right   
Shear capacity without shear reinforcement Vrdc  (EC2 §6.2.2)
Vrdc=[Crdc·k·(100ρ1·fck)0,33+k1·σcp]·bw·d, Vrdc>=(vmin+k1·σcp)·bw·d  (EC2 Eq.6.2.a,b)
Crdc=0,18/γc=0,18/1,50=0,120, fck=30,00MPa ,bw=1400mm, d=1130mm, k=1+(200/d) <=2, k=1,42, k1=0,1
Vrd,c(min)=0,001x(0,32)x1400x1130=506,24kN, vmin=0,035·k1,50·fck = 0,32N/mm²  (EC2 Eq.6.3N)
ρ1=2392/(1400x1130)=0,0015, Vrdc=0,001x[0,120x1,42x(0,15x30,00)0,33]x1400x1130=445,05, Vrdc=Vrd
Ved=95,69 kN <= Vrdc=506,24 kN,  Ved<=Vrdc shear reinforcement is not needed

Concrete strut capacity Vrdmax  (EC2 §6.2.3 Eq.6.9)
Vrdmax=αcw·bw·z·ν1·fcd/(cotθ+tanθ),   Ved/max(Vrdmax)=0,04, θ=21,8° cotθ=2,50 tanθ=0,40
αcw=1,00 z=0,9d, fck=30,0<=60Mpa ν1=0,6[1-fck/250]=0,6[1-30/250]=0,528, fcd=17,00Mpa
Vrdmax=0,001x1,00x1400x0,9x1130x0,528x17,00/2,90=4406,9 kN

Minimum links for shear reinforcement  (EC2 §9.2.2)
Minimum shear reinforcement ratio ρw,min (EC2 Eq.9.5N)
ρw,min=(0,08x(fck)0,5/fyk, fck=30N/mm², fyk=500N/mm², ρw,min=0,0009
min Asw/s=10x0,0009x1400xsin(90°)=12,60cm²/m
Maximum longitudinal spacing of links slmax=0,75d (<=600mm)=600mm  (EC2 §9.2.2.6, Eq.9.6N)
Maximum transverse spacing of link legs stmax=0,75d (<=600mm)=600mm  (EC2 §9.2.2.8, Eq.9.8N)
Minimum shear reinforcement links 2Ø10/245(Asw/s=12,82cm²/m)

Span-1 right    Shear reinforcement: links 2Ø10/245(Asw/s=12,82cm²/m)

Span-2 left   
Shear capacity without shear reinforcement Vrdc  (EC2 §6.2.2)
Vrdc=[Crdc·k·(100ρ1·fck)0,33+k1·σcp]·bw·d, Vrdc>=(vmin+k1·σcp)·bw·d  (EC2 Eq.6.2.a,b)
Crdc=0,18/γc=0,18/1,50=0,120, fck=30,00MPa ,bw=1400mm, d=1130mm, k=1+(200/d) <=2, k=1,42, k1=0,1
Vrd,c(min)=0,001x(0,32)x1400x1130=506,24kN, vmin=0,035·k1,50·fck = 0,32N/mm²  (EC2 Eq.6.3N)
ρ1=2392/(1400x1130)=0,0015, Vrdc=0,001x[0,120x1,42x(0,15x30,00)0,33]x1400x1130=445,05, Vrdc=Vrd
Ved=127,80 kN <= Vrdc=506,24 kN,  Ved<=Vrdc shear reinforcement is not needed

Concrete strut capacity Vrdmax  (EC2 §6.2.3 Eq.6.9)
Vrdmax=αcw·bw·z·ν1·fcd/(cotθ+tanθ),   Ved/max(Vrdmax)=0,03, θ=21,8° cotθ=2,50 tanθ=0,40
αcw=1,00 z=0,9d, fck=30,0<=60Mpa ν1=0,6[1-fck/250]=0,6[1-30/250]=0,528, fcd=17,00Mpa
Vrdmax=0,001x1,00x1400x0,9x1130x0,528x17,00/2,90=4406,9 kN

Minimum links for shear reinforcement  (EC2 §9.2.2)
Minimum shear reinforcement ratio ρw,min (EC2 Eq.9.5N)
ρw,min=(0,08x(fck)0,5/fyk, fck=30N/mm², fyk=500N/mm², ρw,min=0,0009
min Asw/s=10x0,0009x1400xsin(90°)=12,60cm²/m
Maximum longitudinal spacing of links slmax=0,75d (<=600mm)=600mm  (EC2 §9.2.2.6, Eq.9.6N)
Maximum transverse spacing of link legs stmax=0,75d (<=600mm)=600mm  (EC2 §9.2.2.8, Eq.9.8N)
Minimum shear reinforcement links 2Ø10/245(Asw/s=12,82cm²/m)

Span-2 left    Shear reinforcement: links 2Ø10/245(Asw/s=12,82cm²/m)

Span-2 right   
Shear capacity without shear reinforcement Vrdc  (EC2 §6.2.2)
Vrdc=[Crdc·k·(100ρ1·fck)0,33+k1·σcp]·bw·d, Vrdc>=(vmin+k1·σcp)·bw·d  (EC2 Eq.6.2.a,b)
Crdc=0,18/γc=0,18/1,50=0,120, fck=30,00MPa ,bw=1400mm, d=1130mm, k=1+(200/d) <=2, k=1,42, k1=0,1
Vrd,c(min)=0,001x(0,32)x1400x1130=506,24kN, vmin=0,035·k1,50·fck = 0,32N/mm²  (EC2 Eq.6.3N)
ρ1=2392/(1400x1130)=0,0015, Vrdc=0,001x[0,120x1,42x(0,15x30,00)0,33]x1400x1130=445,05, Vrdc=Vrd
Ved=155,23 kN <= Vrdc=506,24 kN,  Ved<=Vrdc shear reinforcement is not needed
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Concrete strut capacity Vrdmax  (EC2 §6.2.3 Eq.6.9)
Vrdmax=αcw·bw·z·ν1·fcd/(cotθ+tanθ),   Ved/max(Vrdmax)=0,03, θ=21,8° cotθ=2,50 tanθ=0,40
αcw=1,00 z=0,9d, fck=30,0<=60Mpa ν1=0,6[1-fck/250]=0,6[1-30/250]=0,528, fcd=17,00Mpa
Vrdmax=0,001x1,00x1400x0,9x1130x0,528x17,00/2,90=4406,9 kN

Minimum links for shear reinforcement  (EC2 §9.2.2)
Minimum shear reinforcement ratio ρw,min (EC2 Eq.9.5N)
ρw,min=(0,08x(fck)0,5/fyk, fck=30N/mm², fyk=500N/mm², ρw,min=0,0009
min Asw/s=10x0,0009x1400xsin(90°)=12,60cm²/m
Maximum longitudinal spacing of links slmax=0,75d (<=600mm)=600mm  (EC2 §9.2.2.6, Eq.9.6N)
Maximum transverse spacing of link legs stmax=0,75d (<=600mm)=600mm  (EC2 §9.2.2.8, Eq.9.8N)
Minimum shear reinforcement links 2Ø10/245(Asw/s=12,82cm²/m)

Span-2 right    Shear reinforcement: links 2Ø10/245(Asw/s=12,82cm²/m)

Span-3 left   
Shear capacity without shear reinforcement Vrdc  (EC2 §6.2.2)
Vrdc=[Crdc·k·(100ρ1·fck)0,33+k1·σcp]·bw·d, Vrdc>=(vmin+k1·σcp)·bw·d  (EC2 Eq.6.2.a,b)
Crdc=0,18/γc=0,18/1,50=0,120, fck=30,00MPa ,bw=1400mm, d=1130mm, k=1+(200/d) <=2, k=1,42, k1=0,1
Vrd,c(min)=0,001x(0,32)x1400x1130=506,24kN, vmin=0,035·k1,50·fck = 0,32N/mm²  (EC2 Eq.6.3N)
ρ1=2392/(1400x1130)=0,0015, Vrdc=0,001x[0,120x1,42x(0,15x30,00)0,33]x1400x1130=445,05, Vrdc=Vrd
Ved=155,23 kN <= Vrdc=506,24 kN,  Ved<=Vrdc shear reinforcement is not needed

Concrete strut capacity Vrdmax  (EC2 §6.2.3 Eq.6.9)
Vrdmax=αcw·bw·z·ν1·fcd/(cotθ+tanθ),   Ved/max(Vrdmax)=0,03, θ=21,8° cotθ=2,50 tanθ=0,40
αcw=1,00 z=0,9d, fck=30,0<=60Mpa ν1=0,6[1-fck/250]=0,6[1-30/250]=0,528, fcd=17,00Mpa
Vrdmax=0,001x1,00x1400x0,9x1130x0,528x17,00/2,90=4406,9 kN

Minimum links for shear reinforcement  (EC2 §9.2.2)
Minimum shear reinforcement ratio ρw,min (EC2 Eq.9.5N)
ρw,min=(0,08x(fck)0,5/fyk, fck=30N/mm², fyk=500N/mm², ρw,min=0,0009
min Asw/s=10x0,0009x1400xsin(90°)=12,60cm²/m
Maximum longitudinal spacing of links slmax=0,75d (<=600mm)=600mm  (EC2 §9.2.2.6, Eq.9.6N)
Maximum transverse spacing of link legs stmax=0,75d (<=600mm)=600mm  (EC2 §9.2.2.8, Eq.9.8N)
Minimum shear reinforcement links 2Ø10/245(Asw/s=12,82cm²/m)

Span-3 left    Shear reinforcement: links 2Ø10/245(Asw/s=12,82cm²/m)

Span-3 right   
Shear capacity without shear reinforcement Vrdc  (EC2 §6.2.2)
Vrdc=[Crdc·k·(100ρ1·fck)0,33+k1·σcp]·bw·d, Vrdc>=(vmin+k1·σcp)·bw·d  (EC2 Eq.6.2.a,b)
Crdc=0,18/γc=0,18/1,50=0,120, fck=30,00MPa ,bw=1400mm, d=1130mm, k=1+(200/d) <=2, k=1,42, k1=0,1
Vrd,c(min)=0,001x(0,32)x1400x1130=506,24kN, vmin=0,035·k1,50·fck = 0,32N/mm²  (EC2 Eq.6.3N)
ρ1=2392/(1400x1130)=0,0015, Vrdc=0,001x[0,120x1,42x(0,15x30,00)0,33]x1400x1130=445,05, Vrdc=Vrd
Ved=127,80 kN <= Vrdc=506,24 kN,  Ved<=Vrdc shear reinforcement is not needed

Concrete strut capacity Vrdmax  (EC2 §6.2.3 Eq.6.9)
Vrdmax=αcw·bw·z·ν1·fcd/(cotθ+tanθ),   Ved/max(Vrdmax)=0,03, θ=21,8° cotθ=2,50 tanθ=0,40
αcw=1,00 z=0,9d, fck=30,0<=60Mpa ν1=0,6[1-fck/250]=0,6[1-30/250]=0,528, fcd=17,00Mpa
Vrdmax=0,001x1,00x1400x0,9x1130x0,528x17,00/2,90=4406,9 kN

Minimum links for shear reinforcement  (EC2 §9.2.2)
Minimum shear reinforcement ratio ρw,min (EC2 Eq.9.5N)
ρw,min=(0,08x(fck)0,5/fyk, fck=30N/mm², fyk=500N/mm², ρw,min=0,0009
min Asw/s=10x0,0009x1400xsin(90°)=12,60cm²/m
Maximum longitudinal spacing of links slmax=0,75d (<=600mm)=600mm  (EC2 §9.2.2.6, Eq.9.6N)
Maximum transverse spacing of link legs stmax=0,75d (<=600mm)=600mm  (EC2 §9.2.2.8, Eq.9.8N)
Minimum shear reinforcement links 2Ø10/245(Asw/s=12,82cm²/m)

Span-3 right    Shear reinforcement: links 2Ø10/245(Asw/s=12,82cm²/m)
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Span-4 left   
Shear capacity without shear reinforcement Vrdc  (EC2 §6.2.2)
Vrdc=[Crdc·k·(100ρ1·fck)0,33+k1·σcp]·bw·d, Vrdc>=(vmin+k1·σcp)·bw·d  (EC2 Eq.6.2.a,b)
Crdc=0,18/γc=0,18/1,50=0,120, fck=30,00MPa ,bw=1400mm, d=1130mm, k=1+(200/d) <=2, k=1,42, k1=0,1
Vrd,c(min)=0,001x(0,32)x1400x1130=506,24kN, vmin=0,035·k1,50·fck = 0,32N/mm²  (EC2 Eq.6.3N)
ρ1=2392/(1400x1130)=0,0015, Vrdc=0,001x[0,120x1,42x(0,15x30,00)0,33]x1400x1130=445,05, Vrdc=Vrd
Ved=95,69 kN <= Vrdc=506,24 kN,  Ved<=Vrdc shear reinforcement is not needed

Concrete strut capacity Vrdmax  (EC2 §6.2.3 Eq.6.9)
Vrdmax=αcw·bw·z·ν1·fcd/(cotθ+tanθ),   Ved/max(Vrdmax)=0,04, θ=21,8° cotθ=2,50 tanθ=0,40
αcw=1,00 z=0,9d, fck=30,0<=60Mpa ν1=0,6[1-fck/250]=0,6[1-30/250]=0,528, fcd=17,00Mpa
Vrdmax=0,001x1,00x1400x0,9x1130x0,528x17,00/2,90=4406,9 kN

Minimum links for shear reinforcement  (EC2 §9.2.2)
Minimum shear reinforcement ratio ρw,min (EC2 Eq.9.5N)
ρw,min=(0,08x(fck)0,5/fyk, fck=30N/mm², fyk=500N/mm², ρw,min=0,0009
min Asw/s=10x0,0009x1400xsin(90°)=12,60cm²/m
Maximum longitudinal spacing of links slmax=0,75d (<=600mm)=600mm  (EC2 §9.2.2.6, Eq.9.6N)
Maximum transverse spacing of link legs stmax=0,75d (<=600mm)=600mm  (EC2 §9.2.2.8, Eq.9.8N)
Minimum shear reinforcement links 2Ø10/245(Asw/s=12,82cm²/m)

Span-4 left    Shear reinforcement: links 2Ø10/245(Asw/s=12,82cm²/m)

Span-4 right   
Shear capacity without shear reinforcement Vrdc  (EC2 §6.2.2)
Vrdc=[Crdc·k·(100ρ1·fck)0,33+k1·σcp]·bw·d, Vrdc>=(vmin+k1·σcp)·bw·d  (EC2 Eq.6.2.a,b)
Crdc=0,18/γc=0,18/1,50=0,120, fck=30,00MPa ,bw=1400mm, d=1130mm, k=1+(200/d) <=2, k=1,42, k1=0,1
Vrd,c(min)=0,001x(0,32)x1400x1130=506,24kN, vmin=0,035·k1,50·fck = 0,32N/mm²  (EC2 Eq.6.3N)
ρ1=1196/(1400x1130)=0,0008, Vrdc=0,001x[0,120x1,42x(0,08x30,00)0,33]x1400x1130=360,92, Vrdc=Vrd
Ved=187,34 kN <= Vrdc=506,24 kN,  Ved<=Vrdc shear reinforcement is not needed

Concrete strut capacity Vrdmax  (EC2 §6.2.3 Eq.6.9)
Vrdmax=αcw·bw·z·ν1·fcd/(cotθ+tanθ),   Ved/max(Vrdmax)=0,03, θ=21,8° cotθ=2,50 tanθ=0,40
αcw=1,00 z=0,9d, fck=30,0<=60Mpa ν1=0,6[1-fck/250]=0,6[1-30/250]=0,528, fcd=17,00Mpa
Vrdmax=0,001x1,00x1400x0,9x1130x0,528x17,00/2,90=4406,9 kN

Minimum links for shear reinforcement  (EC2 §9.2.2)
Minimum shear reinforcement ratio ρw,min (EC2 Eq.9.5N)
ρw,min=(0,08x(fck)0,5/fyk, fck=30N/mm², fyk=500N/mm², ρw,min=0,0009
min Asw/s=10x0,0009x1400xsin(90°)=12,60cm²/m
Maximum longitudinal spacing of links slmax=0,75d (<=600mm)=600mm  (EC2 §9.2.2.6, Eq.9.6N)
Maximum transverse spacing of link legs stmax=0,75d (<=600mm)=600mm  (EC2 §9.2.2.8, Eq.9.8N)
Minimum shear reinforcement links 2Ø10/245(Asw/s=12,82cm²/m)

Span-4 right    Shear reinforcement: links 2Ø10/245(Asw/s=12,82cm²/m)

1.7. Serviceability limit state (SLS), Span-1  (EC2 EN1992-1-1:2004, §7)

L=1,500m, b=1,400m, h=1,200m, d=1,130m
Load (quasi-permanent combination) qed=g+ψ2·q=222,00+0,30x0,00=222,00 kN/m
Leff=1,500m, Med=(222,00/299,70)x54,83=40,62 kNm, Med(SLS)=40,62 kNm
Final creep coefficient φ(,tο)=2,50 (EC2 §3.1.4, Annex B)
Total shrinkage strain εcs=-0,30‰
γc=1,00, γs=1,00  (EC2 §2.4.2.4.2)

Modulus of elasticity of concrete Ecm=32GPa, Ec,eff=32/(1+2,50)=9,14GPa=9140MPa  (EC2 Eq.7.20)
Modulus of elasticity of steel Es=200GPa=200000MPa
Modular ratio Es/Ec=200/32,00=6,25, effective Es/Ec,eff=200/9,14=21,88
Tension reinforcement: 6Ø20+2Ø18, Compression reinforcement: 2Ø16
Reinforcement ratio ρ=Αs1/(b·d)=2392/(1400x1130)=0,002,  ρ'=Αs2/(b·d)=402/(1400x1130)=0,000
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1.7.1. State I (uncracked section) (SLS), Span-1
Bending stiffness of uncracked section, EI=(200/21,88)x(0,001x217,708)=1990022 kNm²
S=As.zs1=(0,001)²x2392x0,517=(0,001)x1,237 m³  (EC2 Eq.7.21)
Curvature due to moment 1/rM=40,617/1990022=(0,001)x0,020 (1/m)
Curvature due to shrinkage 1/rcs=(0,001x0,30)x21,880x(1,237/217,708)=(0,001)x0,037(1/m)
Total curvature 1/r=(0,001)x0,020+(0,001)x0,037=(0,001)x0,058(1/m)
Cracking moment, Mcr=fctm·(I/y2)=2,9x(217,708/0,587)=1074,95 kNm

1.7.2. State II (fully cracked section) (SLS), Span-1
ρ=0,002, ρ'=0,000, ρ'/ρ=0,000, n=αe=21,88, n·ρ=0,044, ξ=0,681, α=0,255, x=α·d=0,288m
Bending stiffness of fully cracked section, EI=ξ·Es·As·d²=0,681x200x2392x1,130²=416203 kNm²
S=As.zs1=(0,001)²x2392x0,842=(0,001)x2,013 m³  (EC2 Eq.7.21)
Curvature due to moment 1/rM=40,617/416203=(0,001)x0,098 (1/m)
Curvature due to shrinkage 1/rcs=(0,001x0,30)x21,880x(2,013/45,536)=(0,001)x0,061(1/m)
Total curvature 1/r=(0,001)x0,098+(0,001)x0,061=(0,001)x0,158(1/m)
Med=40,62 kNm, εc/εs=0,03/0,08, x=288mm, σs=16 N/mm²

1.7.3. Checking deflections without calculation (SLS), Span-1  (EC2 EN1992-1-1:2004, §7.4.2)

l/d=K[11+1,5fck(ρo/ρ)+3,2fck(ρo/ρ-1)3/2]=95,78  (EC2 Eq.7.16a)
fck=30,00N/mm², ρο=0,001x30,00=0,005, ρ=0,002, ρ'=0,000, ρ<=ρo, K=1,3
l/d=(310/σs)x(l/d), σs=16 N/mm², l/d=(310/16)x95,78=1807,86  (EC2 Eq.7.17)
leff/d=1,500/1,130=1,33 <= 1807,86,   Span/depth under limits

1.7.4. Checking deflections by calculation (SLS), Span-1  (EN1992-1-1, §7.4.3)
Med=40,62<0,70xMcr=0,70x1074,95=752,47 kNm, ζ=0,00  (Eq.7.19)
Final curvature (1/r)=0,00x(0,001x0,158)+(1-0,00)x(0,001x0,058)=(0,001)x0,058(1/m)  (Eq.7.18)
β=(Ma+Mb)/Mc=(0,00+48,17)/54,83=0,88, k=0,104(1-0,88/10)=0,0949
f=k·Leff²·(1/r)=0,0949x1,500²x0,058=0,0 mm
f=0,01 <= 1000x1,500/250=6,0 mm,   Deflection under limits

1.7.5. Minimum reinforcement areas (SLS)  (EC2 EN1992-1-1:2004, §7.3.2)

Minimum reinforcement areas As,min=kc·k·fct,eff·Act/σs (EC2 Eq.7.1)
b=1,400m, beff=1,400m, h=1,200m, d=1,130m, x=0,288m, Ø=20mm
Ned=0,00kN, σc=(Ned/bh)=0,0N/mm², σs=16N/mm²
Act=(h-x)·b=(1200-288)x1400=1276121 mm²
max(h,b1)=1mm, fctm=2,90N/mm², Ac,eff=1276121mm², k=0,65, kc=0,40, k1=1,50
Minimum reinforcement, As,min=0,40x0,65x2,90x1276121/16=58583mm²

1.7.6. Control of cracking without direct calculation (SLS), Span-1  (EC2 EN1992-1-1:2004, §7.3.4)

crack width wk=0,3mm( XD3), steel stress σs= 16N/mm², Φ*=25mm, max s=250mm (EC2 T.7.2N T.7.3N)
Øs=Ø*(fctm/2,9)[kc·hcr/(2(h-d))]=43mm  (EC2 Eq.7.6N)
fctm=2,90N/mm², kc=0,40, hcr=0,5x1200=600mm, h=1200mm, d=1130mm
Maximum bar diameter and maximum bar spacing : Ø=43 mm,  s=250 mm
Bar diameter under maximum limit Ø=20<=43 mm, &

1.7.7. Calculation of crack width (SLS), Span-1  (EC2 EN1992-1-1:2004, §7.3.3)

wk=sr,max·(εsm-εcm)  (EC2 Eq.7.8)
εsm-εcm=[σs-kt·(fct,eff/ρeff)(1+αe·ρeff)]/Es >=0,6 σs/Es  (EC2 Eq.7.9)
σs=16N/mm², short term loading:Es/Ec=6,25, kt=0,6, long term loading:Es/Ec=21,88, kt=0,4
Aceff=2,5(h-d)b=2,5x(1200-1130)x1400=245000 mm²  (§7.3.2.3)
ρeff=As/Ac,eff=2392/245000=0,010
εsm-εcm=[16-0,4x(2,9/0,010)(1+21,88x0,010)]/200=-0,64 o/oo>=0,6x16/200=0,05 o/oo

sr,max=k3·(Cnom+Øs)+k1·k2·k4·Ø/ρeff (EC2 Eq.7.11)
Ø=20mm, k1=0,8, k2=(e1+e2)/2e1=0,5, k3=3,4, k4=0,425
sr,max=3,4x60,00+0,8x0,5x0,425x20/0,010=552,24 mm
wk=sr,max·(εsm-εcm)=552,24x0,001x0,05=0,03 mm
wk=0,03 mm <= 0,30 mm =wmax, Environmental class: XD3,   Crack width under limit
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1.8. Serviceability limit state (SLS), Span-2  (EC2 EN1992-1-1:2004, §7)

L=1,500m, b=1,400m, h=1,200m, d=1,130m
Load (quasi-permanent combination) qed=g+ψ2·q=222,00+0,30x0,00=222,00 kN/m
Leff=1,500m, Med=(222,00/299,70)x30,93=22,91 kNm, Med(SLS)=22,91 kNm
Final creep coefficient φ(,tο)=2,50 (EC2 §3.1.4, Annex B)
Total shrinkage strain εcs=-0,30‰
γc=1,00, γs=1,00  (EC2 §2.4.2.4.2)

Modulus of elasticity of concrete Ecm=32GPa, Ec,eff=32/(1+2,50)=9,14GPa=9140MPa  (EC2 Eq.7.20)
Modulus of elasticity of steel Es=200GPa=200000MPa
Modular ratio Es/Ec=200/32,00=6,25, effective Es/Ec,eff=200/9,14=21,88
Tension reinforcement: 6Ø20+2Ø18, Compression reinforcement: 2Ø16
Reinforcement ratio ρ=Αs1/(b·d)=2392/(1400x1130)=0,002,  ρ'=Αs2/(b·d)=402/(1400x1130)=0,000

1.8.1. State I (uncracked section) (SLS), Span-2
Bending stiffness of uncracked section, EI=(200/21,88)x(0,001x217,708)=1990022 kNm²
S=As.zs1=(0,001)²x2392x0,517=(0,001)x1,237 m³  (EC2 Eq.7.21)
Curvature due to moment 1/rM=22,913/1990022=(0,001)x0,012 (1/m)
Curvature due to shrinkage 1/rcs=(0,001x0,30)x21,880x(1,237/217,708)=(0,001)x0,037(1/m)
Total curvature 1/r=(0,001)x0,012+(0,001)x0,037=(0,001)x0,049(1/m)
Cracking moment, Mcr=fctm·(I/y2)=2,9x(217,708/0,587)=1074,95 kNm

1.8.2. State II (fully cracked section) (SLS), Span-2
ρ=0,002, ρ'=0,000, ρ'/ρ=0,000, n=αe=21,88, n·ρ=0,044, ξ=0,681, α=0,255, x=α·d=0,288m
Bending stiffness of fully cracked section, EI=ξ·Es·As·d²=0,681x200x2392x1,130²=416203 kNm²
S=As.zs1=(0,001)²x2392x0,842=(0,001)x2,013 m³  (EC2 Eq.7.21)
Curvature due to moment 1/rM=22,913/416203=(0,001)x0,055 (1/m)
Curvature due to shrinkage 1/rcs=(0,001x0,30)x21,880x(2,013/45,536)=(0,001)x0,061(1/m)
Total curvature 1/r=(0,001)x0,055+(0,001)x0,061=(0,001)x0,116(1/m)
Med=22,91 kNm, εc/εs=0,02/0,05, x=288mm, σs=9 N/mm²

1.8.3. Checking deflections without calculation (SLS), Span-2  (EC2 EN1992-1-1:2004, §7.4.2)

l/d=K[11+1,5fck(ρo/ρ)+3,2fck(ρo/ρ-1)3/2]=110,52  (EC2 Eq.7.16a)
fck=30,00N/mm², ρο=0,001x30,00=0,005, ρ=0,002, ρ'=0,000, ρ<=ρo, K=1,5
l/d=(310/σs)x(l/d), σs=9 N/mm², l/d=(310/9)x110,52=3697,72  (EC2 Eq.7.17)
leff/d=1,500/1,130=1,33 <= 3697,72,   Span/depth under limits

1.8.4. Checking deflections by calculation (SLS), Span-2  (EN1992-1-1, §7.4.3)
Med=22,91<0,70xMcr=0,70x1074,95=752,47 kNm, ζ=0,00  (Eq.7.19)
Final curvature (1/r)=0,00x(0,001x0,116)+(1-0,00)x(0,001x0,049)=(0,001)x0,049(1/m)  (Eq.7.18)
β=(Ma+Mb)/Mc=(48,17+27,38)/30,93=2,44, k=0,104(1-2,44/10)=0,0786
f=k·Leff²·(1/r)=0,0786x1,500²x0,049=0,0 mm
f=0,01 <= 1000x1,500/250=6,0 mm,   Deflection under limits

1.8.5. Minimum reinforcement areas (SLS)  (EC2 EN1992-1-1:2004, §7.3.2)

Minimum reinforcement areas As,min=kc·k·fct,eff·Act/σs (EC2 Eq.7.1)
b=1,400m, beff=1,400m, h=1,200m, d=1,130m, x=0,288m, Ø=20mm
Ned=0,00kN, σc=(Ned/bh)=0,0N/mm², σs=9N/mm²
Act=(h-x)·b=(1200-288)x1400=1276121 mm²
max(h,b1)=1mm, fctm=2,90N/mm², Ac,eff=1276121mm², k=0,65, kc=0,40, k1=1,50
Minimum reinforcement, As,min=0,40x0,65x2,90x1276121/9=103846mm²

1.8.6. Control of cracking without direct calculation (SLS), Span-2  (EC2 EN1992-1-1:2004, §7.3.4)

crack width wk=0,3mm( XD3), steel stress σs=  9N/mm², Φ*=25mm, max s=250mm (EC2 T.7.2N T.7.3N)
Øs=Ø*(fctm/2,9)[kc·hcr/(2(h-d))]=43mm  (EC2 Eq.7.6N)
fctm=2,90N/mm², kc=0,40, hcr=0,5x1200=600mm, h=1200mm, d=1130mm
Maximum bar diameter and maximum bar spacing : Ø=43 mm,  s=250 mm
Bar diameter under maximum limit Ø=20<=43 mm, &
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1.8.7. Calculation of crack width (SLS), Span-2  (EC2 EN1992-1-1:2004, §7.3.3)

wk=sr,max·(εsm-εcm)  (EC2 Eq.7.8)
εsm-εcm=[σs-kt·(fct,eff/ρeff)(1+αe·ρeff)]/Es >=0,6 σs/Es  (EC2 Eq.7.9)
σs=9N/mm², short term loading:Es/Ec=6,25, kt=0,6, long term loading:Es/Ec=21,88, kt=0,4
Aceff=2,5(h-d)b=2,5x(1200-1130)x1400=245000 mm²  (§7.3.2.3)
ρeff=As/Ac,eff=2392/245000=0,010
εsm-εcm=[9-0,4x(2,9/0,010)(1+21,88x0,010)]/200=-0,67 o/oo>=0,6x9/200=0,03 o/oo

sr,max=k3·(Cnom+Øs)+k1·k2·k4·Ø/ρeff (EC2 Eq.7.11)
Ø=20mm, k1=0,8, k2=(e1+e2)/2e1=0,5, k3=3,4, k4=0,425
sr,max=3,4x60,00+0,8x0,5x0,425x20/0,010=552,24 mm
wk=sr,max·(εsm-εcm)=552,24x0,001x0,03=0,02 mm
wk=0,02 mm <= 0,30 mm =wmax, Environmental class: XD3,   Crack width under limit
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AB PILOTNA STENA, L = ~90 m
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OPOMBA:
- PRED PRIČETKOM DEL JE POTREBNO PREVERITI LEGO

KOMUNALNIH VODOV IN JIH PO POTREBI PRESTAVITI

LEGENDA
UVRTANI BENOTTO PILOT, Ø100cm/1,50m,

I-1
GEODETSKA TOČKA - REPERR1
INKLINOMETRSKA CEV V PILOTU

L=11,0m

MATERIALI
Beton (SIST EN 206-1, SIST 1026):
konstrukcijski element zahteve
podložni beton
AB piloti
AB greda

C 12/15
črpni beton C 30/37, XC2
C 30/37, XD3, XF4, PV-II

Armatura (SIST EN 10080)
rebrasto armaturno jeklo B 500 B

Zaščitne plasti betonov
AB piloti Ø 100 cm  9,0 cm

Zasip delovnega platoja
zasip kvalitetno vgrajen kamniti

gramozni material, utrjen po plasteh
debeline 30 - 50 cm, posamezni kosi < 10cm

AB greda  5,0 cm

AB krona C 30/37, XD3, XF4, PV-II

AB krona in robni element  5,0 cm, 3,0 cm

torkret beton C 20/25
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varovanje vkopne brežine s
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BOHINJSKA BISTRICABLED

TLORIS IN ZAKOLIČBA 
DELOVNEGA PLATOJA

OPOMBA:
  LEGO KOMUNALNIH VODOV IN JIH PO POTREBI PRESTAVITI

LEGENDA
1 ZAKOLIČBENE TOČKE

ZAKOLIČBENE TOČKE DELOVNEGA PLATOJA:

- VAROVANJE VKOPNE BREŽINE S SIDRANIM TORKRET 
  BETONOM SE PO DOKONČANJU PILOTNE DTENE ODSTRANI.

- PRED PRIČETKOM DEL JE POTREBNO PREVERITI LEGO 

  V KOLIKOR BO PRI TEM OBSTOJEČI ZID POTREBNO
  SPODKOPATI, SE IZVEDE PODBETONIRANJE PO KAMPADAH
  DOLŽINE DO 2 m.

od km 19+470 do km 19+560 - novi del

MATERIALI
Beton (SIST EN 206-1, SIST 1026):
konstrukcijski element zahteve
podložni beton
AB piloti
AB greda

C 12/15
črpni beton C 30/37, XC2
C 30/37, XD3, XF4, PV-II

Armatura (SIST EN 10080)
rebrasto armaturno jeklo B 500 B

Zaščitne plasti betonov
AB piloti Ø 100 cm  9,0 cm

Zasip delovnega platoja
zasip kvalitetno vgrajen kamniti

gramozni material, utrjen po plasteh
debeline 30 - 50 cm, posamezni kosi < 10cm

AB greda  5,0 cm

AB krona C 30/37, XD3, XF4, PV-II

AB krona in robni element  5,0 cm, 3,0 cm

torkret beton C 20/25
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AB PILOTNA STENA, L = ~90 m
uvrtani benotto piloti Ø100/150cm
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0,45 x 0,94 mm,
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robni element 0,3 x 0,43m

delovni plato
7.47
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varovanje delovnega platoja se na
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potrebno zagotoviti, da ne pride do
spodkopavanja konstrukcije
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Qalp

NA
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PREČNI PROFILI

PZ 2-12N 

OPOMBA:
  LEGO KOMUNALNIH VODOV IN JIH PO POTREBI PRESTAVITI
- PRED PRIČETKOM DEL JE POTREBNO PREVERITI LEGO

od km 19+470 do km 19+560 - novi del

MATERIALI
Beton (SIST EN 206-1, SIST 1026):
konstrukcijski element zahteve
podložni beton
AB piloti
AB greda

C 12/15
črpni beton C 30/37, XC2
C 30/37, XD3, XF4, PV-II

Armatura (SIST EN 10080)
rebrasto armaturno jeklo B 500 B

Zaščitne plasti betonov
AB piloti Ø 100 cm  9,0 cm

Zasip delovnega platoja
zasip kvalitetno vgrajen kamniti

gramozni material, utrjen po plasteh
debeline 30 - 50 cm, posamezni kosi < 10cm

AB greda  5,0 cm

AB krona C 30/37, XD3, XF4, PV-II

AB krona in robni element  5,0 cm, 3,0 cm

torkret beton C 20/25
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beton C30/37XC2, XF2, PV-II, armirano
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črpni beton C30/37, XC2, XF2, PV-II

armirano z B500 B

dno AB grede

vrh AB grede

vrh AB krone

AB greda 1,2 x 1,4m
beton C30/37, XC2, XF2, PV-II

armirano z B500 B

varovalna ograja, h = 1,2 m

(vrh pilotov)
robni element 0,3 x 0,43m

beton C30/37, XC2, XF2, PV-II
armirano z B500 B

pokrov kinete 0,45 x 0,50 m

odvodnjavanje proge - ni predmet tega načrta

2.30
(min. 2.20)

3.32

os
 p

ilo
tn

e 
st

en
e

2.90

no
va

 o
s 

tir
a

(v območju pilota)
KARAKTERISTIČNI PREREZ

2 : 3

začasno pasivno sidro 14°

4 : 1 kota delovnega platoja za izvedbo pilotov

MERILO 1:50 

KARAKTERISTIČNI PREREZ

PZ 2-12N 

OPOMBA:
- PRED PRIČETKOM DEL JE POTREBNO
  PREVERITI LEGO KOMUNALNIH VODOV
  IN JIH PO POTREBI PRESTAVITI

od km 19+470 do km 19+560 - novi del

MATERIALI
Beton (SIST EN 206-1, SIST 1026):
konstrukcijski element zahteve
podložni beton
AB piloti
AB greda

C 12/15
črpni beton C 30/37, XC2
C 30/37, XD3, XF4, PV-II

Armatura (SIST EN 10080)
rebrasto armaturno jeklo B 500 B

Zaščitne plasti betonov
AB piloti Ø 100 cm  9,0 cm

Zasip delovnega platoja
zasip kvalitetno vgrajen kamniti

gramozni material, utrjen po plasteh
debeline 30 - 50 cm, posamezni kosi < 10cm

AB greda  5,0 cm

AB krona C 30/37, XD3, XF4, PV-II

AB krona in robni element  5,0 cm, 3,0 cm

torkret beton C 20/25

G.240.2007.2162ZR7000
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(delovni plato)
KARAKTERISTIČNI PREREZ

2 : 3

7.00

delovni plato 8.00

1.00

začasno pasivno sidro

L=4.00m, RA Ø 32, a = 2m14° 4 : 1

delovni plato za izvedbo pilotov

 .6
0

(m
in

. 0
.3

0)

vrh delovnega platoja min. 30 cm
nad vrhom pilota vrh pilotov

NASIP s kvalitetno vgrajenim kamnitim
gramoznim materialom, utrjen po plasteh debeline
30 - 50 cm (posamezni kosi < 10 cm)

torkret beton C 20 / 25 debeline 10
- 15 cm, armiran z armaturno
mrežo Q335

MERILO 1:50 

KARAKTERISTIČNI PREREZ

PZ 2-12N 

DELOVNI PLATO

od km 19+470 do km 19+560 - novi del

MATERIALI
Beton (SIST EN 206-1, SIST 1026):
konstrukcijski element zahteve
podložni beton
AB piloti
AB greda

C 12/15
črpni beton C 30/37, XC2
C 30/37, XD3, XF4, PV-II

Armatura (SIST EN 10080)
rebrasto armaturno jeklo B 500 B

Zaščitne plasti betonov
AB piloti Ø 100 cm  9,0 cm

Zasip delovnega platoja
zasip kvalitetno vgrajen kamniti

gramozni material, utrjen po plasteh
debeline 30 - 50 cm, posamezni kosi < 10cm

AB greda  5,0 cm

AB krona C 30/37, XD3, XF4, PV-II

AB krona in robni element  5,0 cm, 3,0 cm

torkret beton C 20/25

G.240.3007.2162ZR7000

RISBAR

2/37 Nov podporni zid od km 19+470 doAČRTN
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AČRT ŠT.NDirekcija RS za infrastrukturo
RS Ministrstvo za infrastrukturo

Hajdrihova ulica 2a, 1000 Ljubljana

Nadgradnja železniške proge na odseku
Jesenice - Bohinjska Bistrica;

ROJEKTANT NAČRTAP

maj 2025
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0210.00

odsek BOHINJSKA BELA - NOMENJ

Dimičeva ulica 12, SI - 1000 Ljubljana
tel.: 01 280 83 11, info@gi-zrmk.si

Gradbeni inštitut ZRMK d.o.o.

G-4095A. ŠABEC, univ.dipl.inž.grad. 

I. VAŠCER, inž.grad.

7900-PZ2-12N

km 19+560 n.s. - novi del

KARAKTERISTIČNI PREREZ DELOVNEGA PLATOJA 

OPOMBA:
  LEGO KOMUNALNIH VODOV IN JIH PO POTREBI PRESTAVITI
- VAROVANJE VKOPNE BREŽINE S SIDRANIM TORKRET
  BETONOM SE PO DOKONČANJU PILOTNE DTENE ODSTRANI.

- PRED PRIČETKOM DEL JE POTREBNO PREVERITI LEGO

  V KOLIKOR BO PRI TEM OBSTOJEČI ZID POTREBNO
  SPODKOPATI, SE IZVEDE PODBETONIRANJE PO KAMPADAH
  DOLŽINE DO 2 m.



470.0

471.0

472.0

473.0

474.0

475.0

476.0

478.0

479.0

480.0

481.0

482.0

483.0

484.0

485.0

km
 1

9+
47

0

km
 1

9+
56

0,
25

19+500

P510

km
 1

9+
48

0

P511

km
 1

9+
52

0

P512

km
 1

9+
56

0

km
 1

9+
49

0

km
 1

9+
50

0

km
 1

9+
51

0

km
 1

9+
53

0

km
 1

9+
54

0

km
 1

9+
55

0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
1.50 1.50 1.50 1.501.50 1.50 1.50 1.50

UVRTANI BENOTTO PILOTI Ø100 / 150 cm,
Lpilotov = 9,0 m

89.50

AB greda TIP 1A, L = 12.00m AB greda TIP 1, L = 12.00m AB greda TIP 1, L = 12.00m AB greda TIP 1, L = 12.00m AB greda TIP 1, L = 12.00m AB greda TIP 1, L = 12.00m AB greda TIP 1, L = 12.00m AB greda TIP 2, L = 6.00m

R12 I-1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11 R12 R13 R14 R15 R16I-2 I-3 I-4

varovalna ograja L=90.00m
90.00

470,72 dno pilotov

481,57 vrh AB krone s kineto

479,72 vrh pilotov (dno AB grede)

481,12 vrh AB grede

GRT

480,31 delovni plato

471,08 dno pilotov

481,93 vrh AB krone s kineto

480,08 vrh pilotov (dno AB grede)

481,48 vrh AB grede480,67 delovni plato

477.0

obstoječi teren v osi pilotne stene

obstoječi teren v osi pilotne stene

NA

Qalp

NA

Qalp

AB greda

AB krona s kineto
dilatacijadilatacijadilatacijadilatacijadilatacijadilatacijadilatacija

MERILO 1:100 

VZDOLŽNI POGLED

PZ 2-12N 

OPOMBA:
LEGO KOMUNALNIH VODOV IN JIH PO POTREBI PRESTAVITI

- PRED PRIČETKOM DEL JE POTREBNO PREVERITI LEGO

MATERIALI
Beton (SIST EN 206-1, SIST 1026):
konstrukcijski element zahteve
podložni beton
AB piloti
AB greda

C 12/15
črpni beton C 30/37, XC2
C 30/37, XD3, XF4, PV-II

Armatura (SIST EN 10080)
rebrasto armaturno jeklo B 500 B

Zaščitne plasti betonov
AB piloti Ø 100 cm  9,0 cm

Zasip delovnega platoja
zasip kvalitetno vgrajen kamniti

gramozni material, utrjen po plasteh
debeline 30 - 50 cm, posamezni kosi < 10cm

AB greda  5,0 cm

AB krona C 30/37, XD3, XF4, PV-II

AB krona in robni element  5,0 cm, 3,0 cm

torkret beton C 20/25

od km 19+470 do km 19+560 - novi del

G.250007.2162ZR7000
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OPOMBA:

RA 20Ø201

ARMATURNI NAČRT PILOTOV
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6

GA Ø86

BDETAJL
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MERILO 1:10, 1:25, 1:50 

ARMATURNI NAČRT
BENOTTO PILOTA Ø 100 cm

PZ 2-12N 

MATERIALI
Beton (SIST EN 206-1, SIST 1026):
konstrukcijski element zahteve
podložni beton
AB piloti
AB greda

C 12/15
črpni beton C 30/37, XC2
C 30/37, XD3, XF4, PV-II

Armatura (SIST EN 10080)
rebrasto armaturno jeklo B 500 B

Zaščitne plasti betonov
AB piloti Ø 100 cm  9,0 cm

Zasip delovnega platoja
zasip kvalitetno vgrajen kamniti

gramozni material, utrjen po plasteh
debeline 30 - 50 cm, posamezni kosi < 10cm

AB greda  5,0 cm

AB krona C 30/37, XD3, XF4, PV-II

AB krona in robni element  5,0 cm, 3,0 cm

torkret beton C 20/25

od km 19+470 do km 19+560 - novi del
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M = 1:20

AB GREDE TIP 1 (L=12,0m)
ARMATURNI NAČRT

OPOMBA:

- PREKLOP ARMATURNIH PALIC Ø 20 JE Lp = 1,15m

- V ENEM PREREZU SE LAHKO IZVEDE PREKLOP
NAJVEČ 50% VSEH ARMATURNIH PALIC

- V PRIMERU STIKOVANJA PALIC JE UPOŠTEVATI USTREZNO
  PREKLOPNO DOLŽINO:

- PREKLOP ARMATURNIH PALIC Ø 12 JE Lp = 0,70m

MERILO 1:10, 1:20 

PZ 2-12N 
od km 19+470 do km 19+560 - novi del

G.271.2007.2162ZR7000

RISBAR

2/37 Nov podporni zid od km 19+470 doAČRTN

BJEKTO

ERILOM

ATUMD

OOBLAŠČENI INŽENIR

BDELALO

P

ISBA ŠT.

11OTNICAM

NVESTITORI

TEL  01/562 35 55
RZIN1236 T

ODJETJE ZA ŽELEZNIŠKI
INŽENIRING, D.O.O.
P

IZVEDBENI NAČRT
AZAF

PIS SPREMEMBEOATUMD ODPISP

10

ROJEKTANTP

8787
ROJEKT ŠT.P

D. ŠT.I

AČRT ŠT.NDirekcija RS za infrastrukturo
RS Ministrstvo za infrastrukturo

Hajdrihova ulica 2a, 1000 Ljubljana

Nadgradnja železniške proge na odseku
Jesenice - Bohinjska Bistrica;

ROJEKTANT NAČRTAP

maj 2025

0210.00

odsek BOHINJSKA BELA - NOMENJ

Dimičeva ulica 12, SI - 1000 Ljubljana
tel.: 01 280 83 11, info@gi-zrmk.si

Gradbeni inštitut ZRMK d.o.o.

G-4095A. ŠABEC, univ.dipl.inž.grad. 

I. VAŠCER, inž.grad.

7900-PZ2-12N

km 19+560 n.s. - novi del

ARMATURNI NAČRT AB GREDE TIP 1 (L=12,0m) 1:10, 1:20

MATERIALI
Beton (SIST EN 206-1, SIST 1026):
konstrukcijski element zahteve
podložni beton
AB piloti
AB greda

C 12/15
črpni beton C 30/37, XC2
C 30/37, XD3, XF4, PV-II

Armatura (SIST EN 10080)
rebrasto armaturno jeklo B 500 B

Zaščitne plasti betonov
AB piloti Ø 100 cm  9,0 cm

Zasip delovnega platoja
zasip kvalitetno vgrajen kamniti

gramozni material, utrjen po plasteh
debeline 30 - 50 cm, posamezni kosi < 10cm

AB greda  5,0 cm

AB krona C 30/37, XD3, XF4, PV-II

AB krona in robni element  5,0 cm, 3,0 cm

torkret beton C 20/25
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S4 Ø10/25cm, L=4,13m 
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TLORIS
M = 1:20

AB GREDA TIP 1A - levi zaključek, L = 11,99 m (12,0 m)
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POGLED
M = 1:20
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UVRTANI BENOTTO PILOT
Ø 100 cm

1.
00

1a

ARMATURA UVRTANEGA
BENOTTO PILOTA

1a

PREREZ  A-A
M = 1:10

1a
S2S1

S3

1.
40

1a

.17 .21 .25 .25 .18

S4

AB GREDE TIP 1A (L=12,0m)
ARMATURNI NAČRT

OPOMBA:

- PREKLOP ARMATURNIH PALIC Ø 20 JE Lp = 1,15m

- V ENEM PREREZU SE LAHKO IZVEDE PREKLOP
  NAJVEČ 50% VSEH ARMATURNIH PALIC

- V PRIMERU STIKOVANJA PALIC JE UPOŠTEVATI USTREZNO PREKLOPNO
  DOLŽINO:

- PREKLOP ARMATURNIH PALIC Ø 12 JE Lp = 0,70m

MATERIALI
Beton (SIST EN 206-1, SIST 1026):
konstrukcijski element zahteve
podložni beton
AB piloti
AB greda

C 12/15
črpni beton C 30/37, XC2
C 30/37, XD3, XF4, PV-II

Armatura (SIST EN 10080)
rebrasto armaturno jeklo B 500 B

Zaščitne plasti betonov
AB piloti Ø 100 cm  9,0 cm

Varovanje delovnega platoja
''berlinska stena'' tirnica 49 E1 ali HEM 120 / 50 cm

Zasip delovnega platoja
zasip naklon 2 : 3, kvalitetno vgrajen kamniti

gramozni material, utrjen po plasteh
debeline 30 - 50 cm, posamezni kosi < 10cm

AB greda  5,0 cm

AB krona C 30/37, XD3, XF4, PV-II

AB krona in robni element  5,0 cm, 3,0 cm

MERILO 1:10, 1:20 

PZ 2-12N 
od km 19+470 do km 19+560 - novi del

G.271.3007.2162ZR7000

RISBAR

2/37 Nov podporni zid od km 19+470 doAČRTN

BJEKTO

ERILOM

ATUMD

OOBLAŠČENI INŽENIR

BDELALO
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ISBA ŠT.

11OTNICAM

NVESTITORI

TEL  01/562 35 55
RZIN1236 T

ODJETJE ZA ŽELEZNIŠKI
INŽENIRING, D.O.O.
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ROJEKTANTP

8787
ROJEKT ŠT.P

D. ŠT.I

AČRT ŠT.NDirekcija RS za infrastrukturo
RS Ministrstvo za infrastrukturo

Hajdrihova ulica 2a, 1000 Ljubljana

Nadgradnja železniške proge na odseku
Jesenice - Bohinjska Bistrica;

ROJEKTANT NAČRTAP

maj 2025

0210.00

odsek BOHINJSKA BELA - NOMENJ

Dimičeva ulica 12, SI - 1000 Ljubljana
tel.: 01 280 83 11, info@gi-zrmk.si

Gradbeni inštitut ZRMK d.o.o.

G-4095A. ŠABEC, univ.dipl.inž.grad. 

I. VAŠCER, inž.grad.

7900-PZ2-12N

km 19+560 n.s. - novi del

ARMATURNI NAČRT AB GREDE TIP 1A (L=12,0m) 1:10, 1:20

MATERIALI
Beton (SIST EN 206-1, SIST 1026):
konstrukcijski element zahteve
podložni beton
AB piloti
AB greda

C 12/15
črpni beton C 30/37, XC2
C 30/37, XD3, XF4, PV-II

Armatura (SIST EN 10080)
rebrasto armaturno jeklo B 500 B

Zaščitne plasti betonov
AB piloti Ø 100 cm  9,0 cm

Zasip delovnega platoja
zasip kvalitetno vgrajen kamniti

gramozni material, utrjen po plasteh
debeline 30 - 50 cm, posamezni kosi < 10cm

AB greda  5,0 cm

AB krona C 30/37, XD3, XF4, PV-II

AB krona in robni element  5,0 cm, 3,0 cm

torkret beton C 20/25
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TLORIS
M = 1:20

AB GREDA TIP 2 - končna, L = 5,99 m (6,0 m)
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UVRTANI BENOTTO PILOT
Ø 100 cm

1.
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1b

ARMATURA UVRTANEGA
BENOTTO PILOTA

1b

PREREZ  A-A
M = 1:10

1b
S2S1

S3
1.
40

1b

.17 .21 .25 .25 .18

S4

AB GREDE TIP 2 (L=6,0m)
ARMATURNI NAČRT

OPOMBA:

- PREKLOP ARMATURNIH PALIC Ø 20 JE Lp = 1,15m

- V ENEM PREREZU SE LAHKO IZVEDE PREKLOP
  NAJVEČ 50% VSEH ARMATURNIH PALIC

- V PRIMERU STIKOVANJA PALIC JE UPOŠTEVATI USTREZNO PREKLOPNO
  DOLŽINO:

- PREKLOP ARMATURNIH PALIC Ø 12 JE Lp = 0,70m

MERILO 1:10, 1:20 

PZ 2-12N 
od km 19+470 do km 19+560 - novi del

G.271.4007.2162ZR7000

RISBAR

2/37 Nov podporni zid od km 19+470 doAČRTN

BJEKTO

ERILOM

ATUMD

OOBLAŠČENI INŽENIR

BDELALO

P

ISBA ŠT.

11OTNICAM

NVESTITORI

TEL  01/562 35 55
RZIN1236 T

ODJETJE ZA ŽELEZNIŠKI
INŽENIRING, D.O.O.
P

IZVEDBENI NAČRT
AZAF

PIS SPREMEMBEOATUMD ODPISP
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ROJEKTANTP

8787
ROJEKT ŠT.P

D. ŠT.I

AČRT ŠT.NDirekcija RS za infrastrukturo
RS Ministrstvo za infrastrukturo

Hajdrihova ulica 2a, 1000 Ljubljana

Nadgradnja železniške proge na odseku
Jesenice - Bohinjska Bistrica;

ROJEKTANT NAČRTAP

maj 2025

0210.00

odsek BOHINJSKA BELA - NOMENJ

Dimičeva ulica 12, SI - 1000 Ljubljana
tel.: 01 280 83 11, info@gi-zrmk.si

Gradbeni inštitut ZRMK d.o.o.

G-4095A. ŠABEC, univ.dipl.inž.grad. 

I. VAŠCER, inž.grad.

7900-PZ2-12N

km 19+560 n.s. - novi del

ARMATURNI NAČRT AB GREDE TIP 2 (L=6,0m) 1:10, 1:20

MATERIALI
Beton (SIST EN 206-1, SIST 1026):
konstrukcijski element zahteve
podložni beton
AB piloti
AB greda

C 12/15
črpni beton C 30/37, XC2
C 30/37, XD3, XF4, PV-II

Armatura (SIST EN 10080)
rebrasto armaturno jeklo B 500 B

Zaščitne plasti betonov
AB piloti Ø 100 cm  9,0 cm

Zasip delovnega platoja
zasip kvalitetno vgrajen kamniti

gramozni material, utrjen po plasteh
debeline 30 - 50 cm, posamezni kosi < 10cm

AB greda  5,0 cm

AB krona C 30/37, XD3, XF4, PV-II

AB krona in robni element  5,0 cm, 3,0 cm

torkret beton C 20/25
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589 (AB krona L=6m)

UVRTANI BENOTTO PILOT
Ø 100 cm

AB GREDA

.4
5

.94
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PREREZ  na območju dilatacije
M = 1:10

Opomba: dilatacija naj se izvede nad dilatacijo spodnje AB grede
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50

34

50

d7 Ø12, L=1,33m 
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AB KRONE
ARMATURNI NAČRT

OPOMBA:

- PREKLOP ARMATURNIH PALIC Ø 20 JE Lp = 1,15m

- V ENEM PREREZU SE LAHKO IZVEDE PREKLOP
NAJVEČ 50% VSEH ARMATURNIH PALIC

- V PRIMERU STIKOVANJA PALIC JE UPOŠTEVATI USTREZNO PREKLOPNO
DOLŽINO:

- PREKLOP ARMATURNIH PALIC Ø 12 JE Lp = 0,70m

MERILO 1:10, 1:20 

PZ 2-12N 
od km 19+470 do km 19+560 - novi del

G.271.5007.2162ZR7000

RISBAR

2/37 Nov podporni zid od km 19+470 doAČRTN

BJEKTO

ERILOM

ATUMD

OOBLAŠČENI INŽENIR

BDELALO

P

ISBA ŠT.

11OTNICAM

NVESTITORI

TEL  01/562 35 55
RZIN1236 T

ODJETJE ZA ŽELEZNIŠKI
INŽENIRING, D.O.O.
P

IZVEDBENI NAČRT
AZAF

PIS SPREMEMBEOATUMD ODPISP
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ROJEKTANTP

8787
ROJEKT ŠT.P

D. ŠT.I

AČRT ŠT.NDirekcija RS za infrastrukturo
RS Ministrstvo za infrastrukturo

Hajdrihova ulica 2a, 1000 Ljubljana

Nadgradnja železniške proge na odseku
Jesenice - Bohinjska Bistrica;

ROJEKTANT NAČRTAP

maj 2025

0210.00

odsek BOHINJSKA BELA - NOMENJ

Dimičeva ulica 12, SI - 1000 Ljubljana
tel.: 01 280 83 11, info@gi-zrmk.si

Gradbeni inštitut ZRMK d.o.o.

G-4095A. ŠABEC, univ.dipl.inž.grad. 

I. VAŠCER, inž.grad.

7900-PZ2-12N

km 19+560 n.s. - novi del

1:10, 1:20

MATERIALI
Beton (SIST EN 206-1, SIST 1026):
konstrukcijski element zahteve
podložni beton
AB piloti
AB greda

C 12/15
črpni beton C 30/37, XC2
C 30/37, XD3, XF4, PV-II

Armatura (SIST EN 10080)
rebrasto armaturno jeklo B 500 B

Zaščitne plasti betonov
AB piloti Ø 100 cm  9,0 cm

Zasip delovnega platoja
zasip kvalitetno vgrajen kamniti

gramozni material, utrjen po plasteh
debeline 30 - 50 cm, posamezni kosi < 10cm

AB greda  5,0 cm

AB krona C 30/37, XD3, XF4, PV-II

AB krona in robni element  5,0 cm, 3,0 cm

torkret beton C 20/25

ARMATURNI NAČRT AB KRONE 
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PREREZ  na območju dilatacije
M = 1:10

d9

d9 Ø12, L=1,19m 
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ROBNEGA ELEMENTA
ARMATURNI NAČRT

OPOMBA:

- PREKLOP ARMATURNIH PALIC Ø 20 JE Lp = 1,15m

- V ENEM PREREZU SE LAHKO IZVEDE PREKLOP
NAJVEČ 50% VSEH ARMATURNIH PALIC

- V PRIMERU STIKOVANJA PALIC JE UPOŠTEVATI USTREZNO PREKLOPNO
DOLŽINO:

- PREKLOP ARMATURNIH PALIC Ø 12 JE Lp = 0,70m

MERILO 1:10, 1:20 

PZ 2-12N 
od km 19+470 do km 19+560 - novi del

G.271.6007.2162ZR7000

RISBAR

2/37 Nov podporni zid od km 19+470 doAČRTN

BJEKTO

ERILOM

ATUMD

OOBLAŠČENI INŽENIR

BDELALO

P

ISBA ŠT.

11OTNICAM

NVESTITORI

TEL  01/562 35 55
RZIN1236 T

ODJETJE ZA ŽELEZNIŠKI
INŽENIRING, D.O.O.
P

IZVEDBENI NAČRT
AZAF

PIS SPREMEMBEOATUMD ODPISP
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ROJEKTANTP

8787
ROJEKT ŠT.P

D. ŠT.I

AČRT ŠT.NDirekcija RS za infrastrukturo
RS Ministrstvo za infrastrukturo

Hajdrihova ulica 2a, 1000 Ljubljana

Nadgradnja železniške proge na odseku
Jesenice - Bohinjska Bistrica;

ROJEKTANT NAČRTAP

maj 2025

0210.00

odsek BOHINJSKA BELA - NOMENJ

Dimičeva ulica 12, SI - 1000 Ljubljana
tel.: 01 280 83 11, info@gi-zrmk.si

Gradbeni inštitut ZRMK d.o.o.

G-4095A. ŠABEC, univ.dipl.inž.grad. 

I. VAŠCER, inž.grad.

7900-PZ2-12N

km 19+560 n.s. - novi del

1:10, 1:20

MATERIALI
Beton (SIST EN 206-1, SIST 1026):
konstrukcijski element zahteve
podložni beton
AB piloti
AB greda

C 12/15
črpni beton C 30/37, XC2
C 30/37, XD3, XF4, PV-II

Armatura (SIST EN 10080)
rebrasto armaturno jeklo B 500 B

Zaščitne plasti betonov
AB piloti Ø 100 cm  9,0 cm

Zasip delovnega platoja
zasip kvalitetno vgrajen kamniti

gramozni material, utrjen po plasteh
debeline 30 - 50 cm, posamezni kosi < 10cm

AB greda  5,0 cm

AB krona C 30/37, XD3, XF4, PV-II

AB krona in robni element  5,0 cm, 3,0 cm

torkret beton C 20/25

ARMATURNI NAČRT ROBNEGA ELEMENTA
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OPAŽNI NAČRT
MERILO 1:10

PZ 2-12N 
od km 19+470 do km 19+560 - novi del

G.261007.2162ZR7000

RISBAR

2/37 Nov podporni zid od km 19+470 doAČRTN

BJEKTO

ERILOM

ATUMD

OOBLAŠČENI INŽENIR

BDELALO

P

ISBA ŠT.

11OTNICAM

NVESTITORI

TEL  01/562 35 55
RZIN1236 T

ODJETJE ZA ŽELEZNIŠKI
INŽENIRING, D.O.O.
P

IZVEDBENI NAČRT
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ROJEKTANTP

8787
ROJEKT ŠT.P

D. ŠT.I

AČRT ŠT.NDirekcija RS za infrastrukturo
RS Ministrstvo za infrastrukturo

Hajdrihova ulica 2a, 1000 Ljubljana

Nadgradnja železniške proge na odseku
Jesenice - Bohinjska Bistrica;

ROJEKTANT NAČRTAP

maj 2025

0210.00

odsek BOHINJSKA BELA - NOMENJ

Dimičeva ulica 12, SI - 1000 Ljubljana
tel.: 01 280 83 11, info@gi-zrmk.si

Gradbeni inštitut ZRMK d.o.o.

G-4095A. ŠABEC, univ.dipl.inž.grad. 

I. VAŠCER, inž.grad.

7900-PZ2-12N

km 19+560 n.s. - novi del

1:10OPAŽNI NAČRT



DETAJL  DILATACIJE  

DETAJL  DILATACIJE
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DETAJL DILATACIJ
MERILO 1:10

PZ 2-12N 
od km 19+470 do km 19+560 - novi del

G.251007.2162ZR7000

RISBAR

2/37 Nov podporni zid od km 19+470 doAČRTN

BJEKTO

ERILOM

ATUMD

OOBLAŠČENI INŽENIR

BDELALO

P

ISBA ŠT.

11OTNICAM

NVESTITORI

TEL  01/562 35 55
RZIN1236 T

ODJETJE ZA ŽELEZNIŠKI
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P
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AZAF

PIS SPREMEMBEOATUMD ODPISP
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ROJEKTANTP

8787
ROJEKT ŠT.P

D. ŠT.I

AČRT ŠT.NDirekcija RS za infrastrukturo
RS Ministrstvo za infrastrukturo

Hajdrihova ulica 2a, 1000 Ljubljana

Nadgradnja železniške proge na odseku
Jesenice - Bohinjska Bistrica;

ROJEKTANT NAČRTAP

maj 2025

0210.00

odsek BOHINJSKA BELA - NOMENJ

Dimičeva ulica 12, SI - 1000 Ljubljana
tel.: 01 280 83 11, info@gi-zrmk.si

Gradbeni inštitut ZRMK d.o.o.

G-4095A. ŠABEC, univ.dipl.inž.grad. 

I. VAŠCER, inž.grad.

7900-PZ2-12N

km 19+560 n.s. - novi del

1:10DETAJL DILATACIJ
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