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 1  DESIGN CRITERIA: 
 1.1 DESIGN CODES & REFERENCES 

 ●  DS/EN 1991-1-1 DK NA:2013 - Part 1-1: General actions – Densities, self-weight, imposed loads for 
 buildings 

 ●  DS/EN 1991-1-3 DK NA: 2015 Version 2 - General actions - Snow loads 
 ●  DS/EN 1991-1-4 DK NA: 2015 General actions - Wind actions 
 ●  DS/EN 1993-1-3 DK NA:2019 Part 1-3: General rules – Supplementary rules for cold-formed members 

 and sheeting 
 ●  The Danish Building Regulation Standards 

 Calculation performed by SCIA Engineer software 

 1.2 CODE CRITERIA 

 Category of building (EN 1991-1-1):  A 
 Basic wind velocity (Vb):  32  m/s 
 Terrain category for wind:  II 
 Snow Load (according to initial data):  1.6  kPa 
 Partial reliability coefficient for permanent effects  γGj,sup= 1.35 
 Partial reliability coefficient for variable effects  γQ = 1.5 

 1.3 MATERIALS 

 Cold-Formed Steel Grade                              S350GD+z 

 3 



 _______________________________________________________________________________________________________ 

 1.4 STRUCTURAL LOADS 
 DEAD LOADS 
 Wall Dead Loads 
 Load bearing wall  - SND - 01 
 Materials  Thick., mm  Load, kPa 

 1.  FINISH (Wood paneling, profiled tin) EXTERIOR SIDE  25  0.2  Load on the 
 outer side 
 of the 
 column  2.  Ventilated air gap / Grapples  30  0.023 

 3.  Ventilated air gap / Longitudinal battens  50  0.039 

 4."Sandwich" panel with polyisocyanurate (PIR) filler  200  0.2 

 5. LGS framing column (~50/400 mm)/ Sprayable closed cell polyurethane foam 
 (~50 mm) 

 50  0.05 

 6. LGS framing column (~350/400 mm) / Air gap - Technical niche for engineering 
 communications (~350 mm) 

 350  LGS framing 
 self weight 

 7. Gypsum  board 12.5 mm - 2 layers + Finish INTERIOR SIDE  25  0.25  Load on the 
 inner side of 
 the column 

 730  0.762  Sum 

 Load bearing wall  - SND - 01’ 
 Materials  Thick., mm  Load, kPa 

 1.  FINISH (Wood paneling, profiled tin) EXTERIOR SIDE  25  0.2  Load on the 
 outer side 
 of the 
 column 

 2.  Ventilated air gap / Grapples  30  0.023 

 3.  Ventilated air gap / Longitudinal battens  50  0.039 

 4."Sandwich" panel with polyisocyanurate (PIR) filler  200  0.2 

 5. LGS framing column (~400 mm)  400  LGS framing 
 self weight 

 6. Ventilated air gap / Grapples  30  0.023  Load on the 
 inner side of 
 the column  7. FINISH (Wood paneling, profiled tin) EXTERIOR SIDE  25  0.2 

 760  0.686  Sum 
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 Load bearing wall  - SND - 02 
 Materials  Thick., mm  Load, kPa 

 1.  FINISH (Wood paneling, profiled tin) EXTERIOR SIDE  25  0.2  Load on the 
 outer side 
 of the 
 column 

 2.  Ventilated air gap / Grapples  30  0.023 

 3.  Ventilated air gap / Longitudinal battens  30  0.023 

 4."Sandwich" panel with polyisocyanurate (PIR) filler  200  0.2 

 5. LGS framing column (~50/100 mm)/ Sprayable closed cell polyurethane foam 
 (~50 mm) 

 50  0.05 

 6. LGS framing column (~50/100 mm) / Air gap - Technical niche for engineering 
 communications (~50 mm) 

 50  LGS framing 
 self weight 

 7. Gypsum  board 12.5 mm - 2 layers + Finish INTERIOR SIDE  25  0.25  Load on the 
 inner side of 
 the column 

 410  0.7468  Sum 

 Load bearing wall  - SND - 02' 

 Materials  Thick., mm  Load, kPa 

 1.  FINISH (Wood paneling, profiled tin) EXTERIOR SIDE  25  0.2  Load on 
 the outer 
 side of the 
 wall 

 2.  Ventilated air gap / Grapples  30  0.023 

 3.  Ventilated air gap / Longitudinal battens  30  0.023 

 4."Sandwich" panel with polyisocyanurate (PIR) filler  200  0.2 

 5. LGS framing column (~50/100 mm)/ Sprayable closed cell polyurethane foam 
 (~50 mm) 

 50  0.05 

 6. LGS framing column (~50/100 mm) / Air gap - Technical niche for engineering 
 communications (~50 mm) 

 50  LGS framing 
 self weight 

 7. LGS framing column (100 mm) / Air gap - Technical niche for engineering 
 communications (~100 mm) 

 100  LGS framing 
 self weight 

 8. Gypsum  board 12.5 mm - 2 layers + Finish INTERIOR SIDE  25  0.3  Load on the 
 inner side of 
 the wall 

 510  0.7968  Sum 
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 Load non-bearing wall - SND - 03 

 Materials  Thick., mm  Load, kPa 

 1. Gypsum board 12.5 mm - 2 layers + Finish INTERIOR SIDE  25  0.25 

 2. LGS framing (100 mm) / Mineral (rock) wool "PAROC" eXtra/eXtra plus (100 mm)  100  0.06 

 3. Gypsum board 12.5 mm - 2 layers + Finish INTERIOR SIDE  25  0.25 

 Sum  150  0.56 

 Floor Dead Loads 
 Mezzanine floor  - PrD - 01 

 Materials  Thick., mm  Load, kPa 

 1.  Floor finish (parquet, carpet, etc.)  10  0.12  Load on the 
 top of the 
 floor truss  2.  Intermediate layer  10  - 

 3.  Gypsum fiber board ("GYPROC" Lapikas GL15, 2 layers 15.5 mm) (15.40 
 kg/m2) 

 31  0.31 

 4. Heating system tubes (∅17) / Heat transfer plate / Uponor Calma 17 
 corrugated plate 

 24  - 

 5. Mineral wool panels "ISOVER" FLO (impact sound insulation) (85 kg/m3)  20  0.017 

 6. Oriented strand board (OSB) panel 25 mm  25  0.192 

 7. LGS framing truss (100/250 mm) / Air gap - Technical niche for engineering 
 communications (100 mm) 

 100  LGS framing 
 self weight 

 8. LGS framing truss (150/250 mm) / Mineral (rock) wool "PAROC" eXtra/eXtra 
 plus (40 kg/m3) 

 150  0.06 

 9. Separating layer (dust protection) - polyethylene film  0  - 

 10. Air gap / Omega profile frame for gypsum board  15  0.03  Load on the 
 bottom of 
 the floor 
 truss 

 11. Gypsum  board 12.5 mm - 2 layers + Finish  25  0.3 

 410  1.027  Sum 
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 Roof Dead Loads 
 Roof  - StD - 01 

 Materials  Thick., mm  Load, kPa 

 1.  Roof covering (tiles, profiled tin) EXTERIOR SIDE  20  0.2  Load on the 
 top of the 
 roof truss  2.  Ventilated air gap / Grapples  50  0.039 

 3.  Ventilated air gap / Longitudinal battens  30  0.023 

 4. "Sandwich" panel with polyisocyanurate (PIR) filler  200  0.2 

 5. LGS framing truss (~100/400 mm)/ Sprayable closed cell polyurethane foam 
 (~100 mm) 

 100  0.1 

 6. LGS framing truss (~300/400 mm) / Air gap - Technical niche for engineering 
 communications (~200 mm) 

 300  LGS framing 
 self weight 

 7.  Gypsum  board 12.5 mm - 2 layers  + Finish INTERIOR SIDE  25  0.3  Load on the 
 bottom of 
 the roof 
 truss 

 725  0.8624  Sum 

 Photovoltaic solar collectors  0.2 

 Roof  - StD - 01' 
 1.  Roof covering (tiles, profiled tin) EXTERIOR SIDE  20  0.2  Load on the 

 top of the 
 roof truss  2.  Ventilated air gap / Grapples  50  0.039 

 3.  Ventilated air gap / Longitudinal battens  30  0.023 

 4. "Sandwich" panel with polyisocyanurate (PIR) filler  200  0.2 

 5. LGS framing truss (~400 mm)  400  LGS framing 
 self weight 

 6. Ventilated air gap / Grapples  50  0.039  Load on the 
 bottom of the 
 roof truss  7.   Roof covering (tiles, profiled tin) EXTERIOR SIDE  20  0.2 

 770  0.701  Sum 

 Photovoltaic solar collectors  0.2 
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 1.5 LIVE LOAD 

 Roof Live Load  0.4  kPa 

 Floor live load (imposed load)  1.50 kPa 

 Floor live load (from partial walls)  0.50 kPa 

 Stairs live load  2.5 kN/m2 
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 WIND LOADS 
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 SEISMIC LOADS 

 Earthquake zone - 0.1 m/s2 
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 2. STRUCTURAL ANALYSIS 

 2.1 BUILDING DESCRIPTION 

 The structure of the residential building is 8360 mm wide and 10360 mm long. It consists of truss 
 frames 400 mm wide. Frame spacing is 600 mm. 

 All steel members are the cold-formed C section 100 x 50 x 15 x 1.2 mm. Foundation - flat slab foundation. 

 The design of the structure is based on the requirements of the DS/EN 1993-1-3 DK NA:2019 Part 1-3 
 and reference codes. 

 The analytical model is presented as a spatial model. 
 Structural analysis is done in SCIA Engineer 20.0 software. This software allows automatic 

 determination of the load combination that causes highest forces in structural members for further analysis and 
 cross section selection. Governing load cases are shown in the sections "CHECKING STEEL ELEMENTS". 

 To determine the design forces from dynamic loads (earthquake), two types of calculations are used: 
 Modal Mode and Response Spectrum Method 

 Modal Mode: 
 This approach allows the modal analysis of the structure, setting the first n values and eigenvectors of the 
 structure. 
 The available analysis methods: subspace iteration, Lanczos method and the basis reduction method. 
 Iterations will be completed if the following condition is met: where: 

 i = 1,2,...,n vibration modes, k - number of iterations. 
 Upper limit is the period value (pulsation, frequency), which describes that in the range, (0, upper limit) the 
 following values and eigenvectors will be set. Sturm check, which allows finding the skipped pulsations, is 
 possible. 
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 Response Spectrum Method: 
 Seismic analysis is based on the response spectrum method. All data is defined the same way as in modal 
 analysis. Additionally, parameters required by a specific national code to establish the response spectrum 
 shape must be specified. Calculations and results are the same as those for spectral analysis. 
 In addition to results obtained from modal analysis, for each eigenform the seismic analysis provides the 
 following values: 

 ●  Seismic excitation multiplier (value of the accelerating excitation spectrum). 
 ●  Seismic participation factors calculated as those for the modal analysis. However, vector D describing 

 excitation direction is user defined. Coefficients are specified for each dynamic degree of freedom 
 according to the method selected in Job Preferences. (Maximum or Distinct). 

 ●  Seismic mode coefficients as a product of the seismic excitation factor and the respective seismic 
 participation factor for each dynamic degree of freedom. 

 ●  Displacements, internal forces and reactions for each form of vibration or quadratic combination 
 calculated with the SRSS or CQC method. 

 ●  Pseudostatic forces, which are the external loads generated according to the seismic analysis 
 assumptions. 

 For seismic analysis, the same quadratic combination methods as those for spectral analysis are available. 
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 2.2 GENERAL SCHEME 
 General views 
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 First floor level 
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 Mezzanine level  view 
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 Roof plan view 
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 Side wall view 
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 End wall view 
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 2.3. APPLIED LOADS 

 analytical model: 
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 1.  G - Dead weight of steel structures (automatically) 

 2.  G1 - Wall dead loads. 
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 3. G2 - Roof & Floors dead loads. 
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 4. G3 - Solar panels dead load 
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 5. Q1 - Live load floor 
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 6. Q2 - Live load roof 
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 7. Q3 - Snow load 
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 8. Q4 - Wind Х+(0.2) 

 31 



 _______________________________________________________________________________________________________ 

 9. Q5- Wind Х+(-0.3) 
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 10. Q6 - Wind Х-(0.2) 
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 11. Q7 - Wind Х-(-0.3) 
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 12. Q8 - Wind Y+(0.2) 
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 13. Q9 - Wind Y-(0.2) 
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 Load cases table 
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 Load groups table 

 Mass groups table  Combination of mass groups table 

 Seismic spectrums table  for Seismic analysis 
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 Load combinations 
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 Calculation protocol 
 Linear calculation 

 Sum of loads and reactions 

 40 



 _______________________________________________________________________________________________________ 

 The following dynamic load cases are detailed separately (see below):EQX, EQY 
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 Dynamic load case  14 : EQX 

 Dynamic load case  15 : EQY 
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 2.4 STEEL STRUCTURE CHECK 

 2.4.1 TYPE FRAME CHECK 

 Type frame 
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 Node coordinates 
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 Members number 
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 Cross-Section properties 
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 Maximum forces in elements 
 Axial force diagram N, kH. 
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 Shear force diagramVy, kH. 
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 Shear force diagramVz, kH. 
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 Diagram of bending moments My, kNm. 
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 Diagram of bending moments Mz, kNm. 
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 Internal forces 
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 Member 3057 check 
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 All member pf type frame check 
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 Unity check 
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 2.4.2 FLOOR TRUSS CHECK 

 Type floor frame 

 Node coordinates 
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 Members number 
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 Cross-Section properties 
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 Floor truss member hinges 
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 Maximum forces in elements 
 Axial force diagram N, kH. 

 Shear force diagram Vy, kH. 

 Shear force diagram Vz, kH. 
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 Diagram of bending moments My, kNm. 

 Diagram of bending moments Mz, kNm. 

 Deformation check 

 SLS comb. - G+G1+Q1+G2+G3 

 The maximum deflection  is 0.9 mm. 
 According to EC-EN 1990 -  due to the esthetics-psychological  deflection limits -  L/300. 

 3100 /300 = 10.33 mm  0.9 mm < 10.33 mm  Deformation is OK! 

 Limits due to  vibration from using and deflections - 

 Fu  = 7.6 mm  0.9 mm < 7.6 mm  Deformation is OK! 
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 Internal forces 

 77 



 _______________________________________________________________________________________________________ 

 78 



 _______________________________________________________________________________________________________ 

 79 



 _______________________________________________________________________________________________________ 

 80 



 _______________________________________________________________________________________________________ 

 Member 124 check 
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 All member pf type frame check 
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 Unity check 
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 2.4.3 SIDE WALL TRUSS CHECK 

 Side wall truss frame 
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 Node coordinates 

 Node coordinate 
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 Members number & cross-sections 
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 Cross-Section properties 
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 Side wall truss member hinges 
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 Maximum forces in elements 
 Axial force diagram N, kH. 

 Shear force diagramVy, kH. 
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 Shear force diagramVz, kH. 

 Diagram of bending moments My, kNm. 
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 Diagram of bending moments Mz, kNm. 

 Deformation check 
 SLS comb. - G + G1 + 0.70*Q1 + Q3 + 0.60*Q7 + G3 + G2 

 The maximum deflection  is 1.6 mm. According to EC-EN 1993 - the deflection limits -  L/360. 

 2330 /360 = 6.47 mm  1.6 mm < 6.47 mm  Deformation is OK! 
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 Internal forces 
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 Member 124 check 
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 All member pf type frame check 
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 Unity check 
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 2.4.4 END WALL CHECK 

 End wall frame 
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 Node coordinates 
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 Node coordinate 
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 Members number & cross-sections 
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 Cross-Section properties 2xc100*50*15*1.2  Cross-Section properties 4xc100*50*15*1.2 
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 End wall member hinges 
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 Maximum forces in elements 
 Axial force diagram N, kH. 
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 Shear force diagram Vy, kH. 
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 Shear force diagramVz, kH. 
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 Diagram of bending moments My, kNm. 
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 Diagram of bending moments Mz, kNm. 
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 Deformation check 
 SLS comb. - G + G1 + 0.70*Q1 + 0.50*Q3 + Q5 + G3 + G2 

 The maximum deflection  is 29.6 mm. According to EC-EN 1993 - the deflection limits -  L/200. 

 6032 / 200 = 30.16 mm  29.6 mm <30.16 mm  Deformation is OK! 
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 Internal forces 
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 Member 3168 check 
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 All member type frame check 
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 Unity check 

 135 



 _______________________________________________________________________________________________________ 

 2.4.5 CONNECTION CHECK 
 2.4.5.1 TRUSS TO COLUMN CONNECTION CHECK 

 Truss to column connection sketch 

 Exterior chord connection bolt check 
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 Interior chord connection bolt check 
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 2.4.5.2 TRUSS TO TRUSS CONNECTION CHECK 

 Truss to truss connection sketch 
 Top chord connection bolt check 
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 Bottom chord connection bolt check 

 144 



 _______________________________________________________________________________________________________ 

 145 



 _______________________________________________________________________________________________________ 

 146 



 _______________________________________________________________________________________________________ 

 2.4.5.3 FLOOR TRUSS TO COLUMN CONNECTION CHECK 

 Truss to Column connection sketch 
 Floor truss to column Interior chord connection design 
 Screw technical data sheet 
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 2.4.5.4 COLUMN TO FOUNDATION CONNECTION DETAIL 

 Column to foundations connection sketch 
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 Screws connections check 
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 2.4.5.5 COLUMN TO SIDE WALL TRUSS CONNECTION DETAIL 

 Column to side wall truss connection sketch 
 Connecting bolt check 
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 2.4.6.COLUMN REACTIONS 

 Main column base name 
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 Main column supports reaction table 

 For Rz reactions values Compression are given with (+), Tension with (-) 
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 For Rz reactions values Compression are given with (+), Tension with (-) 
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 End wall post base name 

 174 



 _______________________________________________________________________________________________________ 

 End wall supports reaction table 
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 Interior wall post base name 
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 Interior wall base reaction table 
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