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1 TECHNICAL REPORT FOR STATIC ANALYSIS 

1.1 INTRODUCTION 

 
 
The topic of this static assessment is global analysis of new steel structure near the 

experimental cell. Calculation of the internal forces of the main components, check 
connections and assessment anchoring to the foundation concrete slab. Foundation of 
concrete cell is not subject of this static assessment. Static calculation is prepared in 
scope of project for detail design with respect all of allowed norm EN.  

In static calculation are documented only necessarily output for design structures. 
Completed detailed outputs are compiled and will be printed and added on demand. 

 

1.2 DESCRIPTION OF STRUCTURE 

 
This is two floor steel structure = Control hutch. Dimension of steel structure is 9,14 

x 4,44 m and height 6,441 m dimensions are dimensioned on axis of profile. Level of 
first floor is on level -3,000, level of axis beam for second floor is on level +0,411 and 
axis of roof beam is on level +3,361.  

Columns are designed from profile HEB 140. Longitudinal beams on second floor 
and on the roof, are from profile IPE 160. Cross beams will be designed from IPE 140 
and the outer beam will be from UPE 140. 

 

1.3 MATERIALS USE IN BEARING STRUCTURE 

 

• Steel beams   S235 
 

All products on site must have valid certificates. 
 
 
 

1.4 LOAD USE IN CALCULATION 

 
- Self-load bearing structures    coefficient  1,35 

- Dead load      coefficient 1,35 

- Active load       coefficient 1,50 
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1.5 PROCEED CALCULATION AND MODELING 

 
For design and modeling was prepared simple spatial structure of the whole steel 

structure. Spatial model is composed from beams. 
The connections are rigid as well as articulated. The laying of the hall is considered 

articulated.  
Load in each load condition was set in characteristic value, corresponding 

coefficient was used during making of load combination. 
 

1.6 USED NORM, SOFTWARE AND BASES 

 
Norm: 
 

- EN 1990  Basis of structural design 
- EN 1991-1-1  General actions - Densities, self-weight, imposed loads for 

buildings 
- EN 1993-1-1  Design of steel structures - Part 1-1: General rules and rules 

for buildings 
 
Bases: 

- Project documentation of building part 
 
Software: 

- RFEM5 – Calculations of spatial structures using finite element method, 
Dlubal Praha 

- FIN EC – Steel 
- FIN EC – Steel connection 
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2 STATIC ANALYSIS 

2.1 LOAD 

2.1.1 OWN LOAD 

 
- Self-weight of steel structure is calculated in spatial model. 

 

2.1.2 PERMANENT LOAD 

 

 
 

The composition of ceiling +0,600 L2

[kNm-3] m m

12,00 0,003 1

7,50 0,03 1

0,15 0,02 1

24,00 0,03 1

0,0063 1

0,015 1

Calculated by FEM model

Celkem 1,076 1,076

Trapezial sheet V 40 0,064 0,064

IPE 140

lower ceiling 0,028 0,028

bottom plate 0,720 0,720

2x OSB 3N 0,225 0,225

Step izolation 0,003 0,003

Load width Char. Load

[kNm-2]     [kNm-1]

PVC - 0,036 0,036

Structure
Char. Load Thickness Char. Load
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2.1.3 LIVE LOAD 

 
- Active load on level +0,600m      2,5 kNm-2 

 
- Active load on level +3,500m      1,0 kNm-2 

 
  

The composition of ceiling +3,500 L3

[kNm-3] m m

24,00 0,03 0,9-0,93

0,0063 0,9-0,93

0,015 0,9-0,93lower ceiling 0,024 0,024

Celkem 0,808 0,808

Trapezial sheet V 40 0,064 0,064

IPE 140 Calculated by FEM model

bottom plate 0,720 0,720

Structure
Char. Load Thickness Char. Load Load width Char. Load

[kNm-2]     [kNm-1]
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2.2 SPATIAL MODEL OF STEEL STRUCTURE 


Model 
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Model - General Data 

 General Model name : Nuvia - Ocelovka1 

  Type of model : 3D 

  Positive direction of global axis Z : Upward 

  Classification of load cases and : According to Standard: EN 1990 

  combinations   National Annex: ČSN - Česká Republika 

  x  Automatically create combinations : x  Load Combinations 

 

 Options - RF-FORM-FINDING - Find initial equilibrium shapes of membrane and cable structures 

     

  - RF-CUTTING-PATTERN 

     

  - Piping analysis 

     

  - Use CQC Rule 

     

  - Enable CAD/BIM model 

     

  Standard Gravity 

  g : 10.00 m/s2 

 
FE Mesh Settings 

 General Target length of finite elements I FE : 0.5 m 

  Maximum distance between a node and a line  : 0.0 m 

  to integrate it into the line    

  Maximum number of mesh nodes (in thousands)  : 500 

 

 Members Number of divisions of members with cable, : 10 

  elastic foundation, taper, or plastic characteristic   

  x  Activate member divisions for large deformation   

   or post-critical analysis   

  x Use division for members with node lying on them   

 

 

 Surfaces Maximum ratio of FE rectangle diagonals D : 1.800 

  Maximum out-of-plane inclination of two finite  : 0.50 ° 

  elements    

  Shape direction of finite elements  : Triangles and quadrangles 

     x  Same squares where possible 

 
1.3 Materials 

Matl. Modulus Modulus Poisson's Ratio Spec. Weight Coeff. of Th. Exp. Partial Factor Material 

No. E [N/mm2] G [N/mm2]  [-]  [kN/m3]  [1/°C] M [-] Model 

1 Concrete C30/37 | DIN 1045-1:2008-08 

 28300.00 11791.70 0.200 25.00 1.00E-05 1.00 Isotropic Linear Elastic 

2 Steel S 235 | DIN EN 1993-1-1:2010-12 

 210000.00 80769.20 0.300 78.50 1.20E-05 1.00 Isotropic Linear Elastic 

 
1.7 Nodal Supports 

Support   Column Support Conditions 

No. Nodes No. Axis System in Z uX uY uZ X Y Z 

1 1-8 Global X,Y,Z - x x x - - x 

 
1.13 Cross-Sections 

Section Matl. J [cm4] Iy [cm4] Iz [cm4] Principal Axes Rotation Overall Dimensions [mm] 

No. No. A [cm2] Ay [cm2] Az [cm2]  [°] ' [°] Width b Height h 

1 HEB 140 | Ferona - DIN 1025-2:1995 

     2 20.10 1510.00 550.00 0.00 0.00 140.0 140.0 

  43.00 28.04 8.26     

2 IPE 160 | Ferona - DIN 1025-5:1994 
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1.13 Cross-Sections 

Section Matl. J [cm4] Iy [cm4] Iz [cm4] Principal Axes Rotation Overall Dimensions [mm] 

No. No. A [cm2] Ay [cm2] Az [cm2]  [°] ' [°] Width b Height h 

     2 3.62 869.00 68.30 0.00 0.00 82.0 160.0 

  20.10 10.17 7.33     

3 UPE 140 

     2 4.05 599.50 78.70 0.00 0.00 65.0 140.0 

  18.40 6.25 5.87     

4 IPE 140 

     2 2.45 541.20 44.92 0.00 0.00 73.0 140.0 

  16.43 8.45 5.99     

5 2UK U 140 | Ferona - DIN 1026-1 

     2 1455.34 1210.00 862.35 0.00 0.00 120.0 140.0 

  40.80 17.61 16.50     

6 UPE 140 

     2 4.05 599.50 78.70 0.00 0.00 65.0 140.0 

  18.40 6.25 5.87     

7 QRO 40x3.2 (warmgefertigt) 

     2 16.50 10.20 10.20 0.00 0.00 40.0 40.0 

  4.60 2.00 2.00     

8 IPE 100 | Ferona - DIN 1025-5:1994 

     2 1.21 171.00 15.90 0.00 0.00 55.0 100.0 

  10.30 5.27 3.69     

9 RO 139.7x8.0 (warmgefertigt) 

     2 1441.00 720.00 720.00 0.00 0.00 139.7 139.7 

  33.10 16.45 16.45     

10 I 120 

     2 2.71 328.00 21.50 0.00 0.00 58.0 120.0 

  14.20 7.42 5.53     

 
1.14 Member Hinges 

Release Reference Axial/Shear Release or Spring[kN/m] Moment Release or Spring[kNm/rad]  

No. System ux uy uz x y z Comment 

1 Local x,y,z - - - - x x  

 
1.15/1 Member Eccentricities - Absolute 

Ecc. Reference Member Start - Eccentricity [mm] Member End - Eccentricity Member hinge location 

No. System ei,X ei,Y ei,Z ej,X ej,Y ej,Z Member Start Member End 

1 Global 0.0 87.6 150.0 0.0 87.6 150.0 at member at member 

2 Global 0.0 -87.6 150.0 0.0 -87.6 150.0 at member at member 

3 Global 0.0 0.0 150.0 0.0 0.0 150.0 at member at member 

4 Global 0.0 0.0 -80.0 0.0 0.0 -80.0 at member at member 

 
1.15/2 Member Eccentricities - Relative 

Ecc. Cross-Section Alignment Transverse offset from cross-section of another obj. Axial offset from adjacent 

No. y-Axis z-Axis Object Type Object No. y-Axis z-Axis Member Sta Member End 

1 Middle Middle None 0 Middle Middle - - 

2 Middle Middle None 0 Middle Middle - - 

3 Middle Middle None 0 Middle Middle - - 

4 Middle Middle None 0 Middle Middle - - 

 
1.17 Members 

Mbr. Line  Rotation Cross-Section Hinge No. Ecc. Div. Length  

No. No. Member Type  [°] Start End Start End No. No. L [m]   

1 1 Beam Angle 0.00 1 1 - - - - 3.420 Z 

2 2 Beam Angle 0.00 1 1 - - - - 3.420 Z 

3 3 Beam Angle 0.00 1 1 - - - - 3.420 Z 

4 4 Beam Angle 0.00 1 1 - - - - 3.420 Z 

5 5 Beam Angle 0.00 1 1 - - - - 3.420 Z 

6 6 Beam Angle 0.00 1 1 - - - - 0.150 Z 
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1.17 Members 

Mbr. Line  Rotation Cross-Section Hinge No. Ecc. Div. Length  

No. No. Member Type  [°] Start End Start End No. No. L [m]   

7 7 Beam Angle 0.00 1 1 - - - - 3.420 Z 

8 8 Beam Angle 0.00 1 1 - - - - 3.420 Z 

9 9 Beam Angle 0.00 2 2 1 - - - 0.870 Y 

10 10 Beam Angle 0.00 1 1 - - - - 2.780 Z 

11 11 Beam Angle 0.00 1 1 - - - - 2.780 Z 

12 12 Beam Angle 0.00 2 2 1 - - - 0.100 Y 

13 13 Beam Angle 0.00 1 1 - - - - 2.780 Z 

14 14 Beam Angle 0.00 2 2 1 - - - 0.500 Y 

15 15 Beam Angle 0.00 1 1 - - - - 2.780 Z 

16 16 Beam Angle 0.00 2 2 1 - - - 1.270 Y 

17 17 Beam Angle 0.00 1 1 - - - - 2.780 Z 

18 18 Beam Angle 0.00 1 1 - - - - 2.780 Z 

19 19 Beam Angle 0.00 2 2 1 - - - 0.500 Y 

20 20 Beam Angle 0.00 1 1 - - - - 0.120 Z 

21 21 Beam Angle 0.00 1 1 - - - - 0.250 X 

22 22 Beam Angle 0.00 1 1 - - - - 0.030 Z 

23 23 Beam Angle 0.00 2 2 1 - - - 0.870 Y 

24 24 Beam Angle 0.00 1 1 - - - - 2.780 Z 

25 25 Beam Angle 0.00 1 1 - - - - 3.260 Z 

26 26 Beam Angle 0.00 1 1 - - - - 0.010 Z 

27 27 Coupling R-R Angle 0.00 0 0 - -   - 0.150 Z 

28 28 Beam Angle 0.00 3 3 - - - - 3.620 X 

29 29 Beam Angle 0.00 3 3 - - - - 4.190 X 

30 30 Beam Angle 0.00 4 4 1 1 - - 4.190 X 

31 31 Beam Angle 0.00 2 2 - - - - 1.000 Y 

32 32 Beam Angle 0.00 2 2 - - - - 1.000 Y 

33 33 Beam Angle 0.00 4 4 1 1 - - 4.190 X 

34 34 Beam Angle 0.00 2 2 - 1 - - 0.900 Y 

35 35 Beam Angle 0.00 2 2 - 1 - - 0.900 Y 

36 48 Beam Angle 0.00 2 2 - - - - 0.910 Y 

37 37 Beam Angle 0.00 2 2 - - - - 1.000 Y 

38 38 Beam Angle 0.00 4 4 1 1 - - 4.440 X 

39 39 Beam Angle 0.00 2 2 - - - - 1.000 Y 

40 40 Beam Angle 0.00 4 4 1 1 - - 4.440 X 

41 41 Beam Angle 0.00 2 2 - - - - 1.000 Y 

42 42 Beam Angle 0.00 4 4 1 1 - - 4.440 X 

43 43 Beam Angle 0.00 2 2 - 1 - - 0.500 Y 

44 44 Beam Angle 0.00 2 2 - 1 - - 0.100 Y 

45 45 Beam Angle 0.00 2 2 - - - - 1.000 Y 

46 46 Beam Angle 0.00 2 2 - - - - 1.000 Y 

47 47 Beam Angle 0.00 2 2 - - - - 1.000 Y 

49 49 Beam Angle 0.00 2 2 - - - - 1.000 Y 

50 50 Beam Angle 0.00 2 2 - 1 - - 0.500 Y 

51 51 Beam Angle 180.00 6 6 1 - - - 3.620 X 

52 52 Beam Angle 0.00 2 2 - - - - 1.000 Y 

53 53 Beam Angle 0.00 2 2 - - - - 0.700 Y 

54 54 Beam Angle 0.00 4 4 1 1 - - 0.820 X 

55 55 Beam Angle 0.00 2 2 - 1 - - 0.570 Y 

56 56 Beam Angle 0.00 6 6 1 - - - 0.570 Y 

57 57 Beam Angle 0.00 3 3 - - - - 0.820 X 

58 58 Beam Angle 180.00 6 6 - 1 - - 0.820 X 

59 59 Beam Angle 0.00 6 6 - 1 - - 0.700 Y 

60 60 Truss  ( N only ) Angle 0.00 7 7 - - - - 4.966 YZ 

61 61 Truss  ( N only ) Angle 0.00 7 7 - - - - 4.966 YZ 

62 62 Truss  ( N only ) Angle 0.00 7 7 - - - - 4.966 YZ 

63 63 Truss  ( N only ) Angle 0.00 7 7 - - - - 4.966 YZ 

64 64 Beam Angle 0.00 2 2 1 - - - 0.930 Y 

66 66 Beam Angle 0.00 2 2 1 - - - 0.930 Y 

67 67 Beam Angle 0.00 2 2 1 - - - 0.900 Y 

68 68 Beam Angle 0.00 1 1 - - - - 0.250 X 
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1.17 Members 

Mbr. Line  Rotation Cross-Section Hinge No. Ecc. Div. Length  

No. No. Member Type  [°] Start End Start End No. No. L [m]   

69 69 Beam Angle 0.00 2 2 1 - - - 0.930 Y 

72 72 Beam Angle 0.00 4 4 1 1 - - 4.190 X 

73 73 Beam Angle 0.00 2 2 - - - - 0.910 Y 

74 74 Beam Angle 0.00 2 2 - - - - 0.910 Y 

75 75 Beam Angle 0.00 4 4 1 1 - - 4.190 X 

76 76 Beam Angle 0.00 2 2 - 1 - - 0.930 Y 

77 77 Beam Angle 0.00 2 2 - 1 - - 0.930 Y 

80 80 Beam Angle 0.00 4 4 1 1 - - 4.440 X 

81 81 Beam Angle 0.00 2 2 - - - - 0.900 Y 

82 82 Beam Angle 0.00 4 4 1 1 - - 4.440 X 

83 83 Beam Angle 0.00 2 2 - - - - 0.900 Y 

84 84 Beam Angle 0.00 4 4 1 1 - - 4.440 X 

85 85 Beam Angle 0.00 2 2 - 1 - - 0.900 Y 

86 86 Beam Angle 0.00 2 2 - 1 - - 0.930 Y 

87 87 Beam Angle 0.00 2 2 - - - - 0.900 Y 

88 88 Beam Angle 0.00 2 2 - - - - 0.900 Y 

89 117 Beam Angle 0.00 4 4 1 1 - - 4.440 X 

90 90 Beam Angle 0.00 2 2 1 - - - 0.930 Y 

92 92 Beam Angle 0.00 2 2 - 1 - - 0.930 Y 

95 95 Beam Angle 0.00 2 2 1 - - - 0.900 Y 

96 96 Beam Angle 0.00 2 2 - - - - 0.910 Y 

97 97 Beam Angle 0.00 2 2 - 1 - - 0.900 Y 

98 99 Beam Angle 0.00 4 4 - - - - 4.440 X 

99 100 Beam Angle 0.00 4 4 1 1 - - 4.440 X 

100 108 Beam Angle 0.00 4 4 - - - - 4.190 X 

101 101 Beam Angle 0.00 1 1 - - - - 2.630 Z 

102 118 Beam Angle 0.00 4 4 1 1 - - 4.440 X 

103 103 Truss  ( N only ) Angle 0.00 7 7 - - - - 4.548 YZ 

104 104 Truss  ( N only ) Angle 0.00 7 7 - - - - 4.548 YZ 

105 105 Truss  ( N only ) Angle 0.00 7 7 - - - - 4.548 YZ 

106 106 Truss  ( N only ) Angle 0.00 7 7 - - - - 4.548 YZ 

107 98 Beam Angle 180.00 3 3 - - - - 4.190 X 

108 102 Beam Angle 0.00 3 3 - - - - 4.440 X 

109 36 Coupling R-R Angle 0.00 0 0 - -   - 0.150 Z 

110 107 Beam Angle 0.00 4 4 1 1 - - 4.440 X 

 
Model - Number of columns 
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Model - Number of beams 
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Model - Number of transverse beams 

 
 
Model - Number of bending 
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Model - Number of supports 

 
 
2.1 Load Cases 

Load Load Case EN 1990 | ČSN Self-Weight - Factor in Direction 

Case Description Action Category Active X Y Z 

LC1 Vlastní tíha Permanent x 0.000 0.000 -1.000 

LC2 Ostatní stálé zatížení Permanent/Imposed -    

LC3 Užitné zatížení Imposed - Category A: domestic, residential 
areas 

-    

 
2.5 Load Combinations 

Load Load Combination   

Combin. DS Description No. Factor Load Case 

CO1 STR 1.35*ZS1 1 1.35 LC1 Vlastní tíha 

CO2 STR 1.35*ZS1 + 1.35*ZS2 1 1.35 LC1 Vlastní tíha 

   2 1.35 LC2 Ostatní stálé zatížení 

CO3 STR 1.35*ZS1 + 1.5*ZS3 1 1.35 LC1 Vlastní tíha 

   2 1.50 LC3 Užitné zatížení 

CO4 STR 1.35*ZS1 + 1.35*ZS2 + 1.5*ZS3 1 1.35 LC1 Vlastní tíha 

   2 1.35 LC2 Ostatní stálé zatížení 

   3 1.50 LC3 Užitné zatížení 

CO5 S Ch ZS1 1 1.00 LC1 Vlastní tíha 

CO6 S Ch ZS1 + ZS2 1 1.00 LC1 Vlastní tíha 

   2 1.00 LC2 Ostatní stálé zatížení 

CO7 S Ch ZS1 + ZS3 1 1.00 LC1 Vlastní tíha 

   2 1.00 LC3 Užitné zatížení 

CO8 S Ch ZS1 + ZS2 + ZS3 1 1.00 LC1 Vlastní tíha 

   2 1.00 LC2 Ostatní stálé zatížení 

   3 1.00 LC3 Užitné zatížení 

CO9 S Fr ZS1 1 1.00 LC1 Vlastní tíha 

CO10 S Fr ZS1 + ZS2 1 1.00 LC1 Vlastní tíha 

   2 1.00 LC2 Ostatní stálé zatížení 

CO11 S Fr ZS1 + 0.5*ZS3 1 1.00 LC1 Vlastní tíha 
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2.5 Load Combinations 

Load Load Combination   

Combin. DS Description No. Factor Load Case 

   2 0.50 LC3 Užitné zatížení 

CO12 S Fr ZS1 + ZS2 + 0.5*ZS3 1 1.00 LC1 Vlastní tíha 

   2 1.00 LC2 Ostatní stálé zatížení 

   3 0.50 LC3 Užitné zatížení 

CO13 S Qp ZS1 1 1.00 LC1 Vlastní tíha 

CO14 S Qp ZS1 + ZS2 1 1.00 LC1 Vlastní tíha 

   2 1.00 LC2 Ostatní stálé zatížení 

CO15 S Qp ZS1 + ZS2 + 0.3*ZS3 1 1.00 LC1 Vlastní tíha 

   2 1.00 LC2 Ostatní stálé zatížení 

   3 0.30 LC3 Užitné zatížení 

CO16 S Qp ZS1 + 0.3*ZS3 1 1.00 LC1 Vlastní tíha 

   2 0.30 LC3 Užitné zatížení 

 
2.7 Result Combinations 

Result   

Combin Description Loading 

RC1 MSÚ (STR/GEO) - trvalá/dočasná - 
rovn. 6.10 

CO1/s or CO2/s or CO3/s or CO4/s 

RC2 MSP - charakteristická CO5/s or CO6/s or CO7/s or CO8/s 

RC3 MSP - častá CO9/s or CO10/s or CO11/s or CO12/s 

RC4 MSP - kvazistálá CO13/s or CO14/s or CO15/s or CO16/s 
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LC2 
Ostatní stálé zatížení 
3.2 Member Loads LC2: Ostatní stálé zatížení 

 Reference On Members Load Load Load Reference Load Parameters 

No. to No. Type Distribution Direction Length Symbol Value Unit 

1 Members 54,58 Force Uniform ZL True Length p -1.076 kN/m 

2 Members 29,51,57 Force Uniform ZL True Length p -0.538 kN/m 

3 Members 30,33,38,40,42,8
9,102 

Force Uniform ZL True Length p -1.076 kN/m 

5 Members 56,59 Force Uniform ZL True Length p -2.200 kN/m 

6 Members 56,59 Force Uniform XL True Length p -0.220 kN/m 

7 Members 72,75,80,82,84,9
8-100,110 

Force Uniform ZL True Length p -0.808 kN/m 

8 Members 107,108 Force Uniform ZL True Length p -0.404 kN/m 

 
LC2: Ostatní stálé zatížení 

 
LC3 
Užitné zatížení 
3.2 Member Loads LC3: Užitné zatížení 

 Reference On Members Load Load Load Reference Load Parameters 

No. to No. Type Distribution Direction Length Symbol Value Unit 

1 Members 30,33,38,40,42,5
4,58,89,102 

Force Uniform ZL True Length p -2.500 kN/m 

2 Members 29,51,57 Force Uniform ZL True Length p -1.250 kN/m 

5 Members 56,59 Force Uniform XL True Length p -0.575 kN/m 

6 Members 56,59 Force Uniform ZL True Length p -5.750 kN/m 

7 Members 72,75,80,82,84,9
8-100,110 

Force Uniform ZL True Length p -1.000 kN/m 

8 Members 107,108 Force Uniform ZL True Length p -0.465 kN/m 

 
LC3: Užitné zatížení 
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4.1 Nodes - Support Forces Result Combinations 

Node   Support Forces [kN] Support Moments [kNm]  

No. RC  PX' PY' PZ' MX' MY' MZ'  

1 RC1 Max Px' > -0.02 0.00 -4.97 0.00 0.00 0.00 CO 1   

  Min Px' > -0.38 0.00 -29.47 0.00 0.00 0.00 CO 4   

  Max Py' -0.02 > 0.00 -4.97 0.00 0.00 0.00 CO 1   

  Min Py' -0.38 > 0.00 -29.47 0.00 0.00 0.00 CO 4   

  Max Pz' -0.02 0.00 > -4.97 0.00 0.00 0.00 CO 1   

  Min Pz' -0.38 0.00 > -29.47 0.00 0.00 0.00 CO 4   

2 RC1 Max Px' > 0.38 0.00 -29.46 0.00 0.00 0.00 CO 4   

  Min Px' > 0.02 0.00 -4.97 0.00 0.00 0.00 CO 1   

  Max Py' 0.02 > 0.00 -4.97 0.00 0.00 0.00 CO 1   

  Min Py' 0.38 > 0.00 -29.46 0.00 0.00 0.00 CO 4   

  Max Pz' 0.02 0.00 > -4.97 0.00 0.00 0.00 CO 1   

  Min Pz' 0.38 0.00 > -29.46 0.00 0.00 0.00 CO 4   

3 RC1 Max Px' > 0.06 -2.17 -64.99 0.00 0.00 0.00 CO 4   

  Min Px' > 0.00 -1.52 -45.84 0.00 0.00 0.00 CO 3   

  Max Py' 0.01 > -0.21 -7.28 0.00 0.00 0.00 CO 1   

  Min Py' 0.06 > -2.17 -64.99 0.00 0.00 0.00 CO 4   

  Max Pz' 0.01 -0.21 > -7.28 0.00 0.00 0.00 CO 1   

  Min Pz' 0.06 -2.17 > -64.99 0.00 0.00 0.00 CO 4   

4 RC1 Max Px' > 0.00 -1.43 -43.84 0.00 0.00 0.00 CO 3   

  Min Px' > -0.06 -2.02 -61.45 0.00 0.00 0.00 CO 4   

  Max Py' -0.01 > -0.21 -7.30 0.00 0.00 0.00 CO 1   

  Min Py' -0.06 > -2.02 -61.45 0.00 0.00 0.00 CO 4   

  Max Pz' -0.01 -0.21 > -7.30 0.00 0.00 0.00 CO 1   

  Min Pz' -0.06 -2.02 > -61.45 0.00 0.00 0.00 CO 4   

5 RC1 Max Px' > 0.00 0.21 -7.27 0.00 0.00 0.00 CO 1   

  Min Px' > -0.10 2.16 -64.99 0.00 0.00 0.00 CO 4   

  Max Py' -0.10 > 2.16 -64.99 0.00 0.00 0.00 CO 4   

  Min Py' 0.00 > 0.21 -7.27 0.00 0.00 0.00 CO 1   

  Max Pz' 0.00 0.21 > -7.27 0.00 0.00 0.00 CO 1   

  Min Pz' -0.10 2.16 > -64.99 0.00 0.00 0.00 CO 4   

6 RC1 Max Px' > 0.00 0.21 -7.21 0.00 0.00 0.00 CO 1   

  Min Px' > -0.24 2.02 -60.28 0.00 0.00 0.00 CO 4   

  Max Py' -0.24 > 2.02 -60.28 0.00 0.00 0.00 CO 4   

  Min Py' 0.00 > 0.21 -7.21 0.00 0.00 0.00 CO 1   

  Max Pz' 0.00 0.21 > -7.21 0.00 0.00 0.00 CO 1   

  Min Pz' -0.24 2.02 > -60.28 0.00 0.00 0.00 CO 4   

7 RC1 Max Px' > -0.03 0.00 -5.23 0.00 0.00 0.00 CO 1   

  Min Px' > -0.88 0.00 -35.17 0.00 0.00 0.00 CO 4   

  Max Py' -0.88 > 0.00 -35.17 0.00 0.00 0.00 CO 4   

  Min Py' -0.03 > 0.00 -5.23 0.00 0.00 0.00 CO 1   

  Max Pz' -0.03 0.00 > -5.23 0.00 0.00 0.00 CO 1   

  Min Pz' -0.88 0.00 > -35.17 0.00 0.00 0.00 CO 4   

8 RC1 Max Px' > 0.03 0.00 -5.02 0.00 0.00 0.00 CO 1   

  Min Px' > -0.26 0.00 -20.55 0.00 0.00 0.00 CO 4   

  Max Py' -0.26 > 0.00 -20.55 0.00 0.00 0.00 CO 4   

  Min Py' 0.03 > 0.00 -5.02 0.00 0.00 0.00 CO 1   

  Max Pz' 0.03 0.00 > -5.02 0.00 0.00 0.00 CO 1   

  Min Pz' -0.26 0.00 > -20.55 0.00 0.00 0.00 CO 4   

Support reaction 
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4.12 Cross-Sections - Internal Forces Result Combinations 

Memb
er 

 Node Location  Forces [kN] Moments [kNm] Correspond
ing 

No. RC No. x [m]  N Vy Vz MT My Mz Load Cases 

     Section No. 1: HEB 140 | Ferona - DIN 1025-2:1995 

21 RC1 27 0.250 MAX N > 0.07 0.00 11.44 0.00 -0.01 0.00 CO 4   

3 RC1 5 0.000 MIN N > -62.82 0.00 -0.26 0.00 0.00 0.00 CO 4   

6 RC1 60 0.150 MAX Vy -9.39 > 0.00 -0.03 0.00 0.00 0.00 CO 4   

22 RC1 30 0.030 MIN Vy -46.37 > 0.00 -0.26 0.00 4.05 0.00 CO 4   

21 RC1 30 0.000 MAX Vz 0.07 0.00 > 11.55 0.00 -2.88 0.00 CO 4   

11 RC1 19 0.000 MIN Vz -24.29 0.00 > -2.37 0.00 -0.87 0.00 CO 4   

20 RC1 20 0.000 MAX MT -46.30 0.00 -0.25 > 0.00 4.09 0.00 CO 4   

25 RC1 4 3.260 MIN MT -59.41 0.00 -0.37 > 0.00 0.00 0.00 CO 4   

20 RC1 20 0.000 MAX My -46.30 0.00 -0.25 0.00 > 4.09 0.00 CO 4   

11 RC1 11 2.780 MIN My -23.03 0.00 -2.28 0.00 > -7.36 0.00 CO 4   

15 RC1 23 0.000 MAX Mz -10.88 0.00 -1.62 0.00 2.35 > 0.00 CO 4   

20 RC1 20 0.000 MIN Mz -46.30 0.00 -0.25 0.00 4.09 > 0.00 CO 4   

     Section No. 2: IPE 160 | Ferona - DIN 1025-5:1994 

12 RC1 19 0.000 MAX N > 3.06 2.16 26.88 0.00 0.00 0.00 CO 4   

49 RC1 45 1.000 MIN N > -0.01 -0.63 5.18 0.02 13.98 0.34 CO 4   

12 RC1 35 0.100 MAX Vy 3.06 > 2.17 26.86 0.01 2.69 -0.22 CO 4   

44 RC1 20 0.100 MIN Vy 2.84 > -2.41 -26.86 0.00 0.00 0.00 CO 4   

12 RC1 19 0.000 MAX Vz 3.06 2.16 > 26.88 0.00 0.00 0.00 CO 4   

44 RC1 20 0.100 MIN Vz 2.84 -2.41 > -26.86 0.00 0.00 0.00 CO 4   

39 RC1 39 1.000 MAX MT 2.70 -0.06 2.60 > 0.06 20.19 0.15 CO 4   

34 RC1 33 0.000 MIN MT 0.03 0.02 -11.25 > -0.07 10.21 0.02 CO 4   

46 RC1 40 0.000 MAX My 2.49 0.04 -2.60 0.05 > 20.19 0.03 CO 4   

34 RC1 19 0.900 MIN My 0.06 0.04 -11.44 -0.01 > 0.00 0.00 CO 4   

53 RC1 45 0.000 MAX Mz 0.01 0.25 -9.87 0.02 13.98 > 0.34 CO 4   

52 RC1 44 1.000 MIN Mz 0.00 0.29 -1.69 0.00 6.84 > -0.47 CO 4   

     Section No. 3: UPE 140 

28 RC1  1.034 MAX N > 1.74 0.00 1.13 0.00 -0.10 0.00 CO 4   

108 RC1  2.467 MIN N > -1.62 0.00 -0.34 0.00 1.33 0.00 CO 4   

108 RC1 15 4.440 MAX Vy -1.62 > 0.00 -3.18 0.00 -2.15 0.00 CO 4   

108 RC1 16 0.000 MIN Vy -1.62 > 0.00 3.20 0.00 -2.20 0.00 CO 4   

29 RC1 17 0.000 MAX Vz 1.23 0.00 > 5.86 0.00 -3.81 0.00 CO 4   

57 RC1 23 0.820 MIN Vz 1.02 0.00 > -10.39 0.00 -5.43 0.00 CO 4   

29 RC1 17 0.000 MAX MT 1.23 0.00 5.86 > 0.00 -3.81 0.00 CO 4   

57 RC1 23 0.820 MIN MT 1.02 0.00 -10.39 > 0.00 -5.43 0.00 CO 4   

29 RC1  2.095 MAX My 1.23 0.00 0.00 0.00 > 2.33 0.00 CO 4   

57 RC1 23 0.820 MIN My 1.02 0.00 -10.39 0.00 > -5.43 0.00 CO 4   

29 RC1 18 4.190 MAX Mz 1.23 0.00 -5.86 0.00 -3.80 > 0.00 CO 4   

29 RC1 17 0.000 MIN Mz 1.23 0.00 5.86 0.00 -3.81 > 0.00 CO 4   

     Section No. 4: IPE 140 

89 RC1 36 0.000 MAX N > 2.76 0.15 11.89 0.00 0.00 0.00 CO 4   

100 RC1 11 4.190 MIN N > -2.26 0.00 -7.67 0.00 -7.36 0.00 CO 4   

89 RC1 36 0.000 MAX Vy 2.76 > 0.15 11.89 0.00 0.00 0.00 CO 4   
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4.12 Cross-Sections - Internal Forces Result Combinations 

Memb
er 

 Node Location  Forces [kN] Moments [kNm] Correspond
ing 

No. RC No. x [m]  N Vy Vz MT My Mz Load Cases 

89 RC1 35 4.440 MIN Vy 2.76 > -0.15 -11.89 0.00 0.00 0.00 CO 4   

40 RC1 40 0.000 MAX Vz -0.31 -0.04 > 11.94 0.00 0.00 0.00 CO 4   

40 RC1 39 4.440 MIN Vz -0.31 0.04 > -11.94 0.00 0.00 0.00 CO 4   

54 RC1 48 0.820 MAX MT -0.04 -0.03 -2.20 > 0.02 0.00 0.00 CO 4   

33 RC1 34 0.000 MIN MT 0.20 -0.03 11.26 > 0.00 0.00 0.00 CO 4   

40 RC1  1.973 MAX My -0.51 0.00 1.33 0.00 > 13.10 0.00 CO 4   

100 RC1 11 4.190 MIN My -2.26 0.00 -7.67 0.00 > -7.36 0.00 CO 4   

100 RC1 11 4.190 MAX Mz -2.26 0.00 -7.67 0.00 -7.36 > 0.00 CO 4   

54 RC1 47 0.000 MIN Mz -0.02 0.01 2.20 0.02 0.00 > 0.00 CO 4   

     Section No. 6: UPE 140 

56 RC1 51 0.000 MAX N > 0.12 0.71 8.72 -0.02 0.00 0.00 CO 4   

58 RC1 50 0.000 MIN N > -0.76 -0.01 10.63 0.00 -10.53 -0.01 CO 4   

56 RC1 51 0.000 MAX Vy 0.12 > 0.71 8.72 -0.02 0.00 0.00 CO 4   

59 RC1 50 0.700 MIN Vy -0.10 > -0.63 -8.47 -0.02 0.00 0.00 CO 4   

58 RC1 45 0.820 MAX Vz -0.66 -0.01 > 15.06 0.00 0.00 0.00 CO 4   

59 RC1 50 0.700 MIN Vz -0.10 -0.63 > -8.47 -0.02 0.00 0.00 CO 4   

51 RC1  2.069 MAX MT -0.03 0.00 -0.06 > 0.00 -0.54 0.00 CO 1   

59 RC1 50 0.700 MIN MT -0.10 -0.63 -8.47 > -0.02 0.00 0.00 CO 4   

56 RC1 48 0.570 MAX My 0.02 0.05 2.00 -0.02 > 3.05 -0.20 CO 4   

51 RC1  3.103 MIN My -0.15 0.00 0.71 0.00 > -11.25 -0.01 CO 4   

56 RC1 51 0.000 MAX Mz 0.12 0.71 8.72 -0.02 0.00 > 0.00 CO 4   

59 RC1 48 0.000 MIN Mz 0.00 0.09 -0.21 -0.02 3.04 > -0.20 CO 4   

     Section No. 7: QRO 40x3.2 ( za tepla) 

106 RC1 14 0.000 MAX N > -0.01 0.00 0.00 0.00 0.00 0.00 CO 1   

60 RC1 3 4.966 MIN N > -3.07 0.00 0.00 0.00 0.00 0.00 CO 4   

60 RC1 21 0.000 MAX Vy -0.21 > 0.00 0.00 0.00 0.00 0.00 CO 1   

60 RC1 21 0.000 MIN Vy -0.21 > 0.00 0.00 0.00 0.00 0.00 CO 1   

60 RC1 21 0.000 MAX Vz -0.21 0.00 > 0.00 0.00 0.00 0.00 CO 1   

60 RC1 21 0.000 MIN Vz -0.21 0.00 > 0.00 0.00 0.00 0.00 CO 1   

60 RC1 21 0.000 MAX MT -0.21 0.00 0.00 > 0.00 0.00 0.00 CO 1   

60 RC1 21 0.000 MIN MT -0.21 0.00 0.00 > 0.00 0.00 0.00 CO 1   

60 RC1 21 0.000 MAX My -0.21 0.00 0.00 0.00 > 0.00 0.00 CO 1   

60 RC1 21 0.000 MIN My -0.21 0.00 0.00 0.00 > 0.00 0.00 CO 1   

60 RC1 21 0.000 MAX Mz -0.21 0.00 0.00 0.00 0.00 > 0.00 CO 1   

60 RC1 21 0.000 MIN Mz -0.21 0.00 0.00 0.00 0.00 > 0.00 CO 1   
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Global Deformations uZ 

 
 
 
 

 
 
 
 
  

IPE 160

Ulim2 = L2/250 L2 = 3600 mm

Ulim2 = 14,40 mm > Ufin= 10,40 mm

IPE 140

Ulim2 = L2/250 L2 = 4440 mm

Ulim2 = 17,76 mm > Ufin= 16,70 mm

HEB 140

Ulim2 = L2/250 L2 = 6200 mm

Ulim2 = 24,80 mm > Ufin= 15,30 mm

PASS

PASS

PASS
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2.2.1 ASSESSMENT OF BEAMS 

 

Sloup HEB 140 

 

Standard EN 1993-1-1/Czech Rep.. 
 
Section capacity : M0 = 1,000 

Section resistance when checking stability : M1 = 1,000 

Perforated section capacity : M2 = 1,250 
 
 
Section  HE 140 B 
Cross-sectional area:  A = 4,296E03 mm2 
Centre of gravity position: 
yT = 70,0 mm     zT = 70,0 mm 

Second moments of area: 
Iy = 1,509E07 mm4     Iz = 5,497E06 mm4 

Cross-section moduli: 
Wy,1 = -2,156E05 mm3     Wz,1 = 7,852E04 mm3 

Wy,2 = 2,156E05 mm3     Wz,2 = -7,852E04 mm3 

Torsion constant: 
Ik = 2,006E05 mm4 

Warping constant: 
I = 2,248E10 mm6 

Plastic cross-section moduli: 
Wpl,y = 2,454E05 mm3     Wpl,z = 1,198E05 mm3 

 
Material:  EN 10210-1 : S 235 
Material characteristics: 
Yield strength fy : 235,0 MPa 

Ultimate strength fu : 360,0 MPa 

Elastic modulus E : 210000 MPa 
Shear modulus G : 81000 MPa 
 
  

Internal forces in system of cross-section coordinates 
Load with maximal utilization 
Zat. případ 1 
N = -62,820 kN      
Vz = 11,550 kN  My = 7,360 kNm 

Vy = 0,000 kN  Mz = 0,000 kNm 

Tt = 0,000 kNm      

T = 0,000 kNm  B = 0,000 kNm2 
 

 
  

Buckling parameters 
Length: 6,200 m 
Lz = 3,400 m  kz = 1,000  Lcr,z = 3,400 m   

Ly = 6,200 m  ky = 1,000  Lcr,y = 6,200 m   
 

LTB parameters 
End condition factors:     ky =  -     kz = 0.7R   kw = 1.0     

lz1 =  3,400 m  My: Shape no.3   =  -1,000 

ly1 =  No input  Mz: Shape no.2    
 

Results  -  Decisive load: Zat. případ 1;  Cross-section class: 1 
Check of shear due to shear force Vz: 

11,550 kN < 177,466 kN     Pass 
Internal forces: N = -62,820 kN;  My = 7,360 kNm;  Mz = 0,000 kNm 

Critical combination check: buckling compression and bending moment: 
Buckling Y: Resistances: NR = -531,993 kN; My,R = 57,669 kNm 

| 0,118 + 0,128 + 0,000 | = | 0,246 | < 1     Pass 
Buckling Z: Resistances: NR = -538,046 kN; My,R = 57,669 kNm 

| 0,117 + 0,128 + 0,000 | = | 0,244 | < 1     Pass 
Member slenderness: 104,6 
 
Section ok 
  

24,6 % PASS   

2

3

Y

Z

140,0

1
4
0
,0

7,0

1
2
,0
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Podelné IPE 160 

 

Standard EN 1993-1-1/Czech Rep.. 
 
Section capacity : M0 = 1,000 

Section resistance when checking stability : M1 = 1,000 

Perforated section capacity : M2 = 1,250 
 
 
Section  IPE 160 
Cross-sectional area:  A = 2,009E03 mm2 
Centre of gravity position: 
yT = 41,0 mm     zT = 80,0 mm 

Second moments of area: 
Iy = 8,693E06 mm4     Iz = 6,831E05 mm4 

Cross-section moduli: 
Wy,1 = -1,087E05 mm3     Wz,1 = 1,666E04 mm3 

Wy,2 = 1,087E05 mm3     Wz,2 = -1,666E04 mm3 

Torsion constant: 
Ik = 3,600E04 mm4 

Warping constant: 
I = 3,960E09 mm6 

Plastic cross-section moduli: 
Wpl,y = 1,239E05 mm3     Wpl,z = 2,610E04 mm3 

 
Material:  EN 10210-1 : S 235 
Material characteristics: 
Yield strength fy : 235,0 MPa 

Ultimate strength fu : 360,0 MPa 

Elastic modulus E : 210000 MPa 
Shear modulus G : 81000 MPa 
 
  

Internal forces in system of cross-section coordinates 
Load with maximal utilization 
Zat. případ 1 
N = 3,060 kN      
Vz = 26,880 kN  My = 20,190 kNm 

Vy = 2,410 kN  Mz = -0,470 kNm 

Tt = 0,070 kNm      

T = 0,000 kNm  B = 0,000 kNm2 
 

 
  

Buckling parameters 
Length: 3,600 m 
Lz = 1,000 m  kz = 1,000  Lcr,z = 1,000 m   

Ly = 3,600 m  ky = 0,500  Lcr,y = 1,800 m   
 

LTB parameters 
End condition factors:     ky =  -     kz = 1.0    kw = 1.0     

lz1 =  1,000 m  My: Shape no.4  zP =  0,500 

ly1 =  No input  Mz: Shape no.4  yP =   
 

Results  -  Decisive load: Zat. případ 1;  Cross-section class: 1 
Check of shear due to torsion: 

Stress:   t = 14,389 MPa;  w =  0,000 MPa 

Strength:   Rd =  135,677 MPa 

14,389+0,000 < 135,677     Pass 
Check of shear due to shear force Vz: 

26,880 kN < 127,199 kN     Pass 
Check of shear due to shear force Vy: 

2,410 kN < 135,427 kN     Pass 
Internal forces: N = 3,060 kN;  My = 20,190 kNm;  Mz = -0,470 kNm 

Critical combination check: simple tension and bending moment: 
Resistances: NR = 472,115 kN; My,R = 27,318 kNm; Mz,R = -6,134 kNm 

| 0,006 + 0,739 + 0,077 | = | 0,822 | < 1     Pass 
Member slenderness: 54,7 
 
Section ok 
  

82,2 % PASS   

2

3

Y

Z

82,0

1
6
0
,0

5,0

7
,4
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Rám UPE140 

 

Standard EN 1993-1-1/Czech Rep.. 
 
Section capacity : M0 = 1,000 

Section resistance when checking stability : M1 = 1,000 

Perforated section capacity : M2 = 1,250 
 
 
Section  UPE 140 
Cross-sectional area:  A = 1,840E03 mm2 
Centre of gravity position: 
yT = 21,7 mm     zT = 70,0 mm 

Second moments of area: 
Iy = 6,000E06 mm4     Iz = 7,870E05 mm4 

Cross-section moduli: 
Wy,1 = -8,564E04 mm3     Wz,1 = 1,819E04 mm3 

Wy,2 = 8,564E04 mm3     Wz,2 = -3,622E04 mm3 

Torsion constant: 
Ik = 4,050E04 mm4 

Warping constant: 
I = 2,200E09 mm6 

Plastic cross-section moduli: 
Wpl,y = 9,884E04 mm3     Wpl,z = 3,258E04 mm3 

 
Material:  EN 10210-1 : S 235 
Material characteristics: 
Yield strength fy : 235,0 MPa 

Ultimate strength fu : 360,0 MPa 

Elastic modulus E : 210000 MPa 
Shear modulus G : 81000 MPa 
 
  

Internal forces in system of cross-section coordinates 
Load with maximal utilization 
Zat. případ 1 
N = -1,620 kN      
Vz = 10,390 kN  My = 5,430 kNm 

Vy = 0,000 kN  Mz = 0,000 kNm 

Tt = 0,000 kNm      

T = 0,000 kNm  B = 0,000 kNm2 
 

 
  

Buckling parameters 
Length: 4,440 m 
Lz = 4,440 m  kz = 0,500  Lcr,z = 2,220 m   

Ly = 4,440 m  ky = 0,500  Lcr,y = 2,220 m   
 

LTB parameters 
End condition factors:     ky =  -     kz = 0.5    kw = 0.5     

lz1 =  4,440 m  My: Shape no.6  zP =  0,500 

ly1 =  No input  Mz: Shape no.4  yP =   
 

Results  -  Decisive load: Zat. případ 1;  Cross-section class: 1 
Check of shear due to shear force Vz: 

10,390 kN < 111,662 kN     Pass 
Internal forces: N = -1,620 kN;  My = 5,430 kNm;  Mz = 0,000 kNm 

Critical combination check: buckling compression and bending moment: 
Buckling Y: Resistances: NR = -384,798 kN; My,R = 16,202 kNm 

| 0,004 + 0,335 + 0,000 | = | 0,339 | < 1     Pass 
Buckling Z: Resistances: NR = -199,711 kN; My,R = 16,202 kNm 

| 0,008 + 0,335 + 0,000 | = | 0,343 | < 1     Pass 
Member slenderness: 107,3 
 
Section ok 
  

34,3 % PASS   
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Příčle IPE 140 

 

Standard EN 1993-1-1/Czech Rep.. 
 
Section capacity : M0 = 1,000 

Section resistance when checking stability : M1 = 1,000 

Perforated section capacity : M2 = 1,250 
 
 
Section  IPE 140 
Cross-sectional area:  A = 1,643E03 mm2 
Centre of gravity position: 
yT = 36,5 mm     zT = 70,0 mm 

Second moments of area: 
Iy = 5,412E06 mm4     Iz = 4,492E05 mm4 

Cross-section moduli: 
Wy,1 = -7,732E04 mm3     Wz,1 = 1,231E04 mm3 

Wy,2 = 7,732E04 mm3     Wz,2 = -1,231E04 mm3 

Torsion constant: 
Ik = 2,450E04 mm4 

Warping constant: 
I = 1,980E09 mm6 

Plastic cross-section moduli: 
Wpl,y = 8,834E04 mm3     Wpl,z = 1,925E04 mm3 

 
Material:  EN 10210-1 : S 235 
Material characteristics: 
Yield strength fy : 235,0 MPa 

Ultimate strength fu : 360,0 MPa 

Elastic modulus E : 210000 MPa 
Shear modulus G : 81000 MPa 
 
  

Internal forces in system of cross-section coordinates 
Load with maximal utilization 
Zat. případ 1 
N = -2,260 kN      
Vz = 11,940 kN  My = 13,100 kNm 

Vy = 0,150 kN  Mz = 0,000 kNm 

Tt = 0,020 kNm      

T = 0,000 kNm  B = 0,000 kNm2 
 

 
  

Buckling parameters 
Length: 4,440 m 
Lz = 4,440 m  kz = 1,000  Lcr,z = 4,440 m   

Ly = 4,440 m  ky = 1,000  Lcr,y = 4,440 m   
 

LTB parameters 
Buckling neglected 
  

Results  -  Decisive load: Zat. případ 1;  Cross-section class: 1 
Check of shear due to torsion: 

Stress:   t = 5,633 MPa;  w =  0,000 MPa 

Strength:   Rd =  135,677 MPa 

5,633+0,000 < 135,677     Pass 
Check of shear due to shear force Vz: 

11,940 kN < 102,563 kN     Pass 
Check of shear due to shear force Vy: 

0,150 kN < 117,179 kN     Pass 
Internal forces: N = -2,260 kN;  My = 13,100 kNm;  Mz = 0,000 kNm 

Critical combination check: buckling compression and bending moment: 
Buckling Y: Resistances: NR = -301,876 kN; My,R = 20,760 kNm 

| 0,007 + 0,631 + 0,000 | = | 0,639 | < 1     Pass 
Buckling Z: Resistances: NR = -42,014 kN; My,R = 20,760 kNm 

| 0,054 + 0,631 + 0,000 | = | 0,685 | < 1     Pass 
Member slenderness: 268,5 
 
Section ok 
  

68,5 % PASS   
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Příčle UPE140 

 

Standard EN 1993-1-1/Czech Rep.. 
 
Section capacity : M0 = 1,000 

Section resistance when checking stability : M1 = 1,000 

Perforated section capacity : M2 = 1,250 
 
 
Section  UPE 140 
Cross-sectional area:  A = 1,840E03 mm2 
Centre of gravity position: 
yT = 21,7 mm     zT = 70,0 mm 

Second moments of area: 
Iy = 6,000E06 mm4     Iz = 7,870E05 mm4 

Cross-section moduli: 
Wy,1 = -8,564E04 mm3     Wz,1 = 1,819E04 mm3 

Wy,2 = 8,564E04 mm3     Wz,2 = -3,622E04 mm3 

Torsion constant: 
Ik = 4,050E04 mm4 

Warping constant: 
I = 2,200E09 mm6 

Plastic cross-section moduli: 
Wpl,y = 9,884E04 mm3     Wpl,z = 3,258E04 mm3 

 
Material:  EN 10210-1 : S 235 
Material characteristics: 
Yield strength fy : 235,0 MPa 

Ultimate strength fu : 360,0 MPa 

Elastic modulus E : 210000 MPa 
Shear modulus G : 81000 MPa 
 
  

Internal forces in system of cross-section coordinates 
Load with maximal utilization 
Zat. případ 1 
N = -0,760 kN      
Vz = 15,060 kN  My = 11,250 kNm 

Vy = 0,710 kN  Mz = -0,200 kNm 

Tt = 0,020 kNm      

T = 0,000 kNm  B = 0,000 kNm2 
 

 
  

Buckling parameters 
Length: 4,440 m 
Lz = 4,440 m  kz = 1,000  Lcr,z = 4,440 m   

Ly = 4,440 m  ky = 1,000  Lcr,y = 4,440 m   
 

LTB parameters 
Buckling neglected 
  

Results  -  Decisive load: Zat. případ 1;  Cross-section class: 1 
Check of shear due to torsion: 

Stress:   t = 4,444 MPa;  w =  0,000 MPa 

Strength:   Rd =  135,677 MPa 

4,444+0,000 < 135,677     Pass 
Check of shear due to shear force Vz: 

15,060 kN < 110,847 kN     Pass 
Check of shear due to shear force Vy: 

0,710 kN < 136,164 kN     Pass 
Internal forces: N = -0,760 kN;  My = 11,250 kNm;  Mz = -0,200 kNm 

Critical combination check: buckling compression and bending moment: 
Buckling Y: Resistances: NR = -278,739 kN; My,R = 23,228 kNm; Mz,R = -7,656 kNm 

| 0,003 + 0,484 + 0,026 | = | 0,513 | < 1     Pass 
Buckling Z: Resistances: NR = -67,184 kN; My,R = 23,228 kNm; Mz,R = -7,656 kNm 

| 0,011 + 0,484 + 0,026 | = | 0,522 | < 1     Pass 
Member slenderness: 214,7 
 
Section ok 
  

52,2 % PASS   
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Nosník schodiště 

 

Standard EN 1993-1-1/Czech Rep.. 
 
Section capacity : M0 = 1,000 

Section resistance when checking stability : M1 = 1,000 

Perforated section capacity : M2 = 1,250 
 
 
Section  UPE 140 
Cross-sectional area:  A = 1,840E03 mm2 
Centre of gravity position: 
yT = 21,7 mm     zT = 70,0 mm 

Second moments of area: 
Iy = 6,000E06 mm4     Iz = 7,870E05 mm4 

Cross-section moduli: 
Wy,1 = -8,564E04 mm3     Wz,1 = 1,819E04 mm3 

Wy,2 = 8,564E04 mm3     Wz,2 = -3,622E04 mm3 

Torsion constant: 
Ik = 4,050E04 mm4 

Warping constant: 
I = 2,200E09 mm6 

Plastic cross-section moduli: 
Wpl,y = 9,884E04 mm3     Wpl,z = 3,258E04 mm3 

 
Material:  EN 10210-1 : S 235 
Material characteristics: 
Yield strength fy : 235,0 MPa 

Ultimate strength fu : 360,0 MPa 

Elastic modulus E : 210000 MPa 
Shear modulus G : 81000 MPa 
 
  

Internal forces in system of cross-section coordinates 
Load with maximal utilization 
Zat. případ 1 
N = -0,080 kN      
Vz = 8,800 kN  My = 3,090 kNm 

Vy = 0,790 kN  Mz = -0,270 kNm 

Tt = 0,010 kNm      

T = 0,000 kNm  B = 0,000 kNm2 
 

 
  

Buckling parameters 
Length: 1,270 m 
Lz = 1,270 m  kz = 1,000  Lcr,z = 1,270 m   

Ly = 1,270 m  ky = 1,000  Lcr,y = 1,270 m   
 

LTB parameters 
End condition factors:     ky =  -     kz = 1.0    kw = 1.0     

lz1 =  1,270 m  My: Shape no.4  zP =  1,000 

ly1 =  No input  Mz: Shape no.4  yP =   
 

Results  -  Decisive load: Zat. případ 1;  Cross-section class: 1 
Check of shear due to torsion: 

Stress:   t = 2,222 MPa;  w =  0,000 MPa 

Strength:   Rd =  135,677 MPa 

2,222+0,000 < 135,677     Pass 
Check of shear due to shear force Vz: 

8,800 kN < 111,255 kN     Pass 
Check of shear due to shear force Vy: 

0,790 kN < 137,077 kN     Pass 
Internal forces: N = -0,080 kN;  My = 3,090 kNm;  Mz = -0,270 kNm 

Critical combination check: buckling compression and bending moment: 
Buckling Y: Resistances: NR = -424,300 kN; My,R = 16,087 kNm; Mz,R = -7,656 kNm 

| 0,000 + 0,192 + 0,035 | = | 0,228 | < 1     Pass 
Buckling Z: Resistances: My,R = 16,087 kNm; Mz,R = -7,656 kNm 

| 0,000 + 0,192 + 0,035 | = | 0,228 | < 1     Pass 
Member slenderness: 61,4 
 
Section ok 
  

22,8 % PASS   
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Zavětrování 40x40x3,2 

 

Standard EN 1993-1-1/Czech Rep.. 
 
Section capacity : M0 = 1,000 

Section resistance when checking stability : M1 = 1,000 

Perforated section capacity : M2 = 1,250 
 
 
Section  MSH 40 x 40 x 3.2 
Cross-sectional area:  A = 4,600E02 mm2 
Centre of gravity position: 
yT = 20,0 mm     zT = 20,0 mm 

Second moments of area: 
Iy = 1,020E05 mm4     Iz = 1,020E05 mm4 

Cross-section moduli: 
Wy,1 = -5,031E03 mm3     Wz,1 = 5,031E03 mm3 

Wy,2 = 5,031E03 mm3     Wz,2 = -5,031E03 mm3 

Torsion constant: 
Ik = 1,595E05 mm4 

Plastic cross-section moduli: 
Wpl,y = 6,179E03 mm3     Wpl,z = 6,179E03 mm3 

 
Material:  EN 10210-1 : S 235 
Material characteristics: 
Yield strength fy : 235,0 MPa 

Ultimate strength fu : 360,0 MPa 

Elastic modulus E : 210000 MPa 
Shear modulus G : 81000 MPa 
 
  

Internal forces in system of cross-section coordinates 
Load with maximal utilization 
Zat. případ 1 
N = -3,070 kN      
Vz = 0,000 kN  My = 0,000 kNm 

Vy = 0,000 kN  Mz = 0,000 kNm 

Tt = 0,000 kNm      

T = 0,000 kNm  B = 0,000 kNm2 
 

 
  

Buckling parameters 
Length: 5,000 m 
Lz = 5,000 m  kz = 1,000  Lcr,z = 5,000 m   

Ly = 5,000 m  ky = 1,000  Lcr,y = 5,000 m   
 

 

Results  -  Decisive load: Zat. případ 1;  Cross-section class: 1 
Internal forces: N = -3,070 kN;  My = 0,000 kNm;  Mz = 0,000 kNm 

Critical combination check: buckling compression and bending moment: 
Buckling Y: Resistances: NR = -7,979 kN 

| 0,385 + 0,000 + 0,000 | = | 0,385 | < 1     Pass 
Buckling Z: Resistances: NR = -7,979 kN 

| 0,385 + 0,000 + 0,000 | = | 0,385 | < 1     Pass 
Member slenderness: 335,8 
 
Section ok 
  

38,5 % PASS 
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2.2.2 ASSESSMENT OF CONECTION 

 

1 HEB 140 + U140 + IPE 160 - column-beam 

1.1 Connection scheme 
 

 

 

Weldedcolumn-beam

HE 140 B - EN 10210-1 : S 235

IPE 140 - EN 10210-1 : S 235

3,0 121,2

5,0 73,0IPE 140 - EN 10210-1 : S 235

3,0 121,2

5,0 73,0

Bolts in fin platecolumn-beam

HE 140 B - EN 10210-1 : S 235

P10,0 151,0x120,0 - EN 10210-1 : S 235

 3
0

,0
 

 6
0

,0
 

 30,0 

 2
0

,0
 

I-průřez 82x160 - EN 10210-1 : S 235

4,0120,0

2 M16 - Bolt 8.8

P10,0 151,0x120,0 - EN 10210-1 : S 235

 3
0

,0
 

 6
0

,0
 

 30,0 

 2
0

,0
 

I-průřez 82x160 - EN 10210-1 : S 235

4,0120,0

2 M16 - Bolt 8.8
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1.2 Data recapitulation 

1.2.1 Column 

Profile 

Section: HE 140 B 
cross-section height : h = 140,0 mm web thickness : tw = 7,0 mm 

section width : b = 140,0 mm flange thickness : tf = 12,0 mm 

Material: EN 10210-1 : S 235 
Yield strength : fy = 235,0 MPa Ultimate tensile strength : fu = 360,0 MPa 

Geometry 
 
column length : L = 10000,0 mm reference plane : Lsr = 200,0 mm 

1.2.2 Connection to right joint side - Welded 

Joint position 
 
vertical rotation :  = 0,00 ° horizontal rotation :  = 0,00 ° 
spacing from reference 
plane 

: Lz = 0,0 mm 

Profile 

Section: IPE 140 
cross-section height : h = 140,0 mm web thickness : tw = 4,7 mm 

section width : b = 73,0 mm flange thickness : tf = 6,9 mm 

Material: EN 10210-1 : S 235 
Yield strength : fy = 235,0 MPa Ultimate tensile strength : fu = 360,0 MPa 

Beam welding - fillet weld around 
 
height of weld on web : aw,w = 3,0 mm height of weld on flange : aw,f = 5,0 mm 

1.2.3 Connection to right web side - Bolts in fin plate 

Joint position 
 
vertical rotation :  = 0,00 ° horizontal rotation :  = 0,00 ° 
spacing from reference 
plane 

: Lz = 0,0 mm 

Profile 

Section: I-průřez 82x160 
cross-section height : h = 160,0 mm stem thickness : tw = 10,0 mm 

top flange width : bft = 82,0 mm top flange thickness : tft = 7,4 mm 

bottom flange width : bfb = 82,0 mm bottom flange thickness : tfb = 7,4 mm 

Material: EN 10210-1 : S 235 
Yield strength : fy = 235,0 MPa Ultimate tensile strength : fu = 360,0 MPa 

Cantilever welding 
 
weld height : aw,%d = 4,0 mm weld length : Lw,%d = 120,0 mm 

Fin plate 

Dimensions 
 
height : bp = 151,0 mm  
width : hp = 120,0 mm  
thickness : tp = 10,0 mm  
beam offset : a1 = 76,0 mm 

Material: EN 10210-1 : S 235 
 
elastic modulus : E = 210000,0 MPa  
yield strength : fy = 235,0 MPa  
ultimate strength : fu = 360,0 MPa 
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Bolts 

Type: Hrubé šrouby ( M16 ) 
shank length : L = 75,0 mm thread length : Lb = 38,0 mm 

Material: Bolt 8.8 
Yield strength : fyb = 640,0 MPa Ultimate tensile strength : fub = 800,0 MPa 

Distribution of bolts 
e1 = [30,0], e2 = [30,0, 60,0] 

Bolt head on beam side 

1.3 Results 

1.3.1 Connection to right joint side - Welded 

Bending capacity 
Decisive component : Beam flange in compression 
Analysis : My,Rd = 20,76 kNm > My,Ed = 7,36 kNm VYHOVUJE 

Shear capacity 
Decisive component : Column wall in shear  
Analysis : Vz,Rd = 159,72 kN > Vz,Ed = 52,57 kN VYHOVUJE  

Welds capacity 
Critical point : Top flange  
Max utilization : (29,83%)  
Bend stiffness 
Initial stiffness : Sj,ini = 6966,49 kNm/rad  

Secant stiffness : Sj,Ed = 6966,49 kNm/rad  

Secant stiffness : Sj,Rd = 2331,13 kNm/rad  

Classification : fixed  

1.3.2 Connection to right web side - Bolts in fin plate 

Axial capacity 
Decisive component : Shear resistance of bolts  
Analysis : Nx,Rd = 120,32 kN > Nx,Ed = 3,06 kN VYHOVUJE  

Shear capacity 
Decisive component : Shear resistance of bolts  
Analysis : Vz,Rd = 28,20 kN > Vz,Ed = 26,88 kN VYHOVUJE  

Welds capacity 
Critical point : Plate welding  
Max utilization : (13,53%)  

1.3.3 Warning 
 

 

styčník: v zatěžovacím stavu "Zatěžovací případ 1" nejsou splněny podmínky rovnováhy:  My = -7,36 kNm;  

Fx = -38,82 kN;  Fy = -3,06 kN;  Fz = 2,26 kN 
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2 Ipe 160 + IPE 140 - primary beam-beam 

2.1 Connection scheme 
 

 

2.2 Data recapitulation 

Primary beam 
Profile 

Section: IPE 160 
cross-section height : h = 160,0 mm web thickness : tw = 5,0 mm 

section width : b = 82,0 mm flange thickness : tf = 7,4 mm 

Material: EN 10210-1 : S 235 
Yield strength : fy = 235,0 MPa Ultimate tensile strength : fu = 360,0 MPa 

2.2.1 Connection at right flange - Bolts in fin plate 

Joint position 
 
vertical rotation :  = 0,00 ° horizontal rotation :  = 0,00 ° 
spacing from reference 
plane 

: Lz = 0,0 mm 

Profile 

Section: IPE 140 
cross-section height : h = 140,0 mm web thickness : tw = 4,7 mm 

section width : b = 73,0 mm flange thickness : tf = 6,9 mm 

Material: EN 10210-1 : S 235 
Yield strength : fy = 235,0 MPa Ultimate tensile strength : fu = 360,0 MPa 

Beam end 
 
top cut width : b1 = 20,0 mm  
top cut height : h1 = 25,0 mm 

Cantilever welding 
 
weld height : aw,%d = 4,0 mm weld length : Lw,%d = 105,0 mm 

Fin plate 

Dimensions 
 
height : bp = 100,0 mm  
width : hp = 105,0 mm  
thickness : tp = 10,0 mm  
beam offset : a1 = 20,0 mm 

Bolts in fin plateprimary beam-beam

IPE 160 - EN 10210-1 : S 235

P10,0 100,0x105,0 - EN 10210-1 : S 235

 3
0

,0
 

 4
5

,0
 

 30,0 
 1

7
,0

 
IPE 140 - EN 10210-1 : S 235

4,0105,0

2 M12 - Bolt 8.8

P10,0 100,0x105,0 - EN 10210-1 : S 235

 3
0

,0
 

 4
5

,0
 

 30,0 
 1

7
,0

 
IPE 140 - EN 10210-1 : S 235

4,0105,0

2 M12 - Bolt 8.8
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Material: EN 10210-1 : S 235 
 
elastic modulus : E = 210000,0 MPa  
yield strength : fy = 235,0 MPa  
ultimate strength : fu = 360,0 MPa 

Bolts 

Type: Hrubé šrouby ( M12 ) 
shank length : L = 50,0 mm thread length : Lb = 30,0 mm 

Material: Bolt 8.8 
Yield strength : fyb = 640,0 MPa Ultimate tensile strength : fub = 800,0 MPa 

Distribution of bolts 
e1 = [30,0], e2 = [30,0, 45,0] 

Bolt head on beam side 

2.3 Results 

2.3.1 Connection at right flange - Bolts in fin plate 

Axial capacity 
Decisive component : Shear resistance of bolts  
Analysis : Nx,Rd = 64,72 kN > Nx,Ed = 2,76 kN VYHOVUJE  

Shear capacity 
Decisive component : Shear resistance of bolts  
Analysis : Vz,Rd = 18,55 kN > Vz,Ed = 11,94 kN VYHOVUJE  

Welds capacity 
Critical point : Plate welding  
Max utilization : (6,96%)  

3 HEB 140 + HEA 140 - column-beam 

3.1 Connection scheme 

 
 

 

Weldedcolumn-beam

HE 140 B - EN 10210-1 : S 235

HE 140 B - EN 10210-1 : S 235

3,0 111,0

5,0 140,0HE 140 B - EN 10210-1 : S 235

3,0 111,0

5,0 140,0
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3.2 Data recapitulation 

3.2.1 Column 

Profile 

Section: HE 140 B 
cross-section height : h = 140,0 mm web thickness : tw = 7,0 mm 

section width : b = 140,0 mm flange thickness : tf = 12,0 mm 

Material: EN 10210-1 : S 235 
Yield strength : fy = 235,0 MPa Ultimate tensile strength : fu = 360,0 MPa 

Geometry 
 
column length : L = 10000,0 mm reference plane : Lsr = 4000,0 mm 

3.2.2 Connection to right joint side - Welded 

Joint position 
 
vertical rotation :  = 0,00 ° horizontal rotation :  = 0,00 ° 
spacing from reference 
plane 

: Lz = 0,0 mm 

Profile 

Section: HE 140 B 
cross-section height : h = 140,0 mm web thickness : tw = 7,0 mm 

section width : b = 140,0 mm flange thickness : tf = 12,0 mm 

Material: EN 10210-1 : S 235 
Yield strength : fy = 235,0 MPa Ultimate tensile strength : fu = 360,0 MPa 

Beam welding - fillet weld around 
 
height of weld on web : aw,w = 3,0 mm height of weld on flange : aw,f = 5,0 mm 

3.3 Results 

3.3.1 Connection to right joint side - Welded 

Bending capacity 
Decisive component : Column wall in shear 
Analysis : My,Rd = 20,44 kNm > My,Ed = 2,88 kNm VYHOVUJE 

Shear capacity 
Decisive component : Column wall in shear  
Analysis : Vz,Rd = 159,72 kN > Vz,Ed = 20,53 kN VYHOVUJE  

Welds capacity 
Critical point : Web  
Max utilization : (9,98%)  
Bend stiffness 
Initial stiffness : Sj,ini = 6687,70 kNm/rad  

Secant stiffness : Sj,Ed = 6687,70 kNm/rad  

Secant stiffness : Sj,Rd = 2237,85 kNm/rad  

Classification : semirigid  

3.3.2 Warning 
 

 

styčník: v zatěžovacím stavu "Zatěžovací případ 1" nejsou splněny podmínky rovnováhy:  My = -5,80 kNm;  

Fx = -121,66 kN;  Fz = 2,90 kN 
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2.2.3 ASSESSMENT OF ANCHORING 
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3 CONCLUSION 

 
The steel structure is designed with respect all of allowed EN norm. From the 
calculation. From the calculation above, it is clear that the hall is designed safely and 
suitably. 
 


