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 1  DESIGN CRITERIA: 
 1.1 DESIGN CODES & REFERENCES 

 ●  2019 Edition of the International Building Code 
 ●  2019 Edition of the International Residential Code 
 ●  ASCE 7-16 
 ●  Steel design: AISC 360-10/05: ASD 
 ●  Cold-Formed steel: AISI S100-16w 
 ●  Seismic AISC 341-10/05 
 ●  Concrete: Reinforced Concrete Design Handbook (ACI) 
 ●  Ultimate Strength Design Handbook (ACI) 

 Calculation performed by SCIA Engineer 20.0 

 1.2 CODE CRITERIA 
 2019 IBC 
 Seismic Design Category:  D 
 Wind Speed:  110  MPH 
 Wind Exposure:  С 
 Snow Load (Roof):  0  psf 

 1.3 MATERIALS 
 Hot Rolled Steel Grade  A53 Gr.B 
 Cold Formed Steel Grade  A653 SS Gr33 
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 1.4 STRUCTURAL LOADS 

 Ground Snow Load  0.00  psf 

 Roof Live Load  20.00  psf 

 Roof Dead Loads 
 Framing  2.40 psf 
 Sheathing  1.55 psf 
 Insulation  1.05 psf 
 Solar panels  4      psf 
 Misc.  2      psf 
 ____________________________________________ 
 Total roof Dead Load  10    psf 

 Wall Dead Loads 
 Sheathing  2.5   psf 
 Insulation  1.05 psf 
 Drywall  2.5   psf 
 Misc.  4      psf 
 ____________________________________________ 
 Total wall Dead Load  10.05 psf 

 Floor Dead Loads 
 Finish  1.8 psf 
 Plywood  2.4 psf 
 LGS joist  2.9 psf 
 Misc.  4    psf 
 ____________________________________________ 
 Total wall Dead Load  11.5 psf 

 LOAD SUMMARY 
 Dead load 
 (DL), psf 

 Live Load 
 (LL), psf 

 Roof  10  20 
 Wall  10.05 
 Floor  11.5  40 
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 Load Combinations for strength design (per 2.3.1 ASCE 7-16) 

 1.4D 

 1.2D + 1.6L + 0.5(Lr or S or R) 

 1.2D + 1.6(Lr or S or R) + (L or 0.5W) 

 1.2D + 1.0W + L + 0.5(Lr or S or R) 

 0.9D + 1.0W 

 1.2D+1E+0.5LL 

 0.9D+1W 

 0.9D+1E 

 Per 2.2 ASCE 7-16 

 D =dead load: 

 L =live load 

 Lr =roof live load 

 R =rain load 

 W =wind load 

 E =earthquake load 
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 Wind loads 
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 WIND LOAD ON AN ARCHED ROOF 
 The roof of the building has the shape of a half-arch. To determine the wind load on the sections of the 
 half-arch, we use the algorithm for determining the wind load on an arched roof with a long arch equal to 2 
 lengths of the half-arch. 
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 WIND LOAD ON THE BALCONY 
 The calculation for a 13.3 x 5.5 ft structure with a 9 ft roof to determine the wind load on the cantilever part of 
 the 2nd-floor joists 5.5 ft in length (balcony). These wind loads are taken into account when checking the floor 
 joists for strength. 
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 SEISMIC LOADS 
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 2. STRUCTURAL ANALYSIS 

 2.1 BUILDING DESCRIPTION 

 The building is 32’-0" long and 23’-11" feet wide. It consists of LGS walls, and arch metal roof panels. 
 Walls, floor joist consist of LGS structural framing. The stability of the building in the transverse direction is 
 ensured by the support of the arch on the foundations. The stability of the building in the longitudinal direction is 
 ensured by a vertical X-brace strap. Foundations is a ground screw. 

 The design of the structure is based on the requirements of the 2019 California Building Code and 
 reference codes. 

 The analytical model is presented as a spatial model. 
 Structural rigidity of the house in longitudinal and transverse directions is achieved due to walls 

 combination with slab-on-grade, wall sheathing, and arch metal roof panels. 
 Structural analysis is done in SCIA Engineer 20.0 software. This software allows automatic 

 determination of the load combination that causes the highest forces in structural members for further analysis 
 and cross-section selection. Governing load cases are shown in the sections "CHECKING STEEL ELEMENTS". 
 Seismic force resisting system is A18: Light-frame (cold-formed steel) wall systems using flat strap bracing. 

 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. 

 ●  Pseudo static 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 view 
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 ROOF VIEW 
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 FRONT VIEW 
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 BACK VIEW 
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 SIDE VIEW 
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 2.3 APPLIED LOADS 

 1.  DL1 - Dead weight of steel structures (automatically) 

 2.  DL2 - Dead Load Roof 
 Dead loads distribution 
 DL = 10 psf 
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 3.  DL3 - Dead Load Wall 
 Dead loads distribution interior walls 
 DL = 10.0 psf 
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 Dead loads distribution interior walls 
 DL = 10.0 psf 

 27 



 TAYNR, Inc. 
 600 Sunbeam Ave Suite 1, 
 Sacramento, CA 95811 
 Contact: James Roberts 
 Tel:  (916)  891-3003  X705 
 James@TAYNR.com 
 TAYNR.com 
 _______________________________________________________________________________________________________ 

 4.  DL4 - Dead Load Floor 
 Dead loads distribution 
 DL = 8.6 psf 
 DL = 700 lbs - spiral stair dead load 
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 5.  Lr - Live Load Roof 
 Dead loads distribution 
 Lr = 20.0 psf 
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 6.  L - Floor Live Load 
 Dead loads distribution 
 Floor L = 40.0 psf. 
 Balcony L = 60.0 psf. 
 Spiral stair = 832 lbs - see page 81. 
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 7.  Wx+ (0.18) - Wind Load 
 Dead loads distribution 
 On the balcony - 15.30 psf; 
 On the arches - 21.15 psf; 
 On the windward wall - 16.0 psf; 
 On the leeward wall - 16.0 psf; 
 On the side wall - 17.0 psf. 

 Wind on Arches 
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 Wind on Walls and balcony 
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 8.  Wx+ (-0.18) - Wind Load 
 Dead loads distribution 
 On the balcony - 15.30 psf; 
 On the arches - 13.10 psf; 
 On the windward wall - 20.0 psf; 
 On the leeward wall - 16.0 psf; 
 On the side wall - 16.0 psf. 

 Wind on Arches 
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 Wind on Walls and balcony 
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 9.  Wx- (0.18) - Wind Load 
 Dead loads distribution 
 On the balcony - 15.30 psf; 
 On the arches - 21.15 psf; 
 On the windward wall - 16.0 psf; 
 On the leeward wall - 16.0 psf; 
 On the side wall - 17.0 psf. 

 Wind on Arches 
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 Wind on Walls and balcony 

 36 



 TAYNR, Inc. 
 600 Sunbeam Ave Suite 1, 
 Sacramento, CA 95811 
 Contact: James Roberts 
 Tel:  (916)  891-3003  X705 
 James@TAYNR.com 
 TAYNR.com 
 _______________________________________________________________________________________________________ 

 10.  Wx- (-0.18) - Wind Load 
 Dead loads distribution 
 On the balcony - 15.30 psf; 
 On the arches - 13.10 psf; 
 On the windward wall - 20.0 psf; 
 On the leeward wall - 16.0 psf; 
 On the side wall - 16.0 psf. 

 Wind on Arches 
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 Wind on Walls and balcony 
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 11.  Wy+ (0.18) - Wind Load 
 Dead loads distribution 
 On the balcony - 22.80 psf; 
 On the arches - 13.50, 48.80 psf; 
 On the windward wall - 16.0 psf; 
 On the side walls - 17.35 psf. 

 Wind on Arches 
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 Wind on Walls and balcony 
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 12.  Wy+ (-0.18) - Wind Load 
 Dead loads distribution 
 On the balcony - 21.0 psf; 
 On the arches - 8.0, 16.40 psf; 
 On the windward wall - 19.25 psf; 
 On the side walls - 16.0 psf. 

 Wind on Arches 
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 Wind on Walls and balcony 
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 13.  Wy- (0.18) - Wind Load 
 Dead loads distribution 
 On the balcony - 22.80 psf; 
 On the arches - 16.0, 24.40 psf; 
 On the leeward wall - 16.0 psf; 
 On the side wall - 17.0 psf. 

 Wind on Arches 
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 Wind on Walls and balcony 
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 14.  Wy- (-0.18) - Wind Load 
 Dead loads distribution 
 On the balcony - 21.00 psf; 
 On the arches - -16.0, 16.8 psf; 
 On the leeward wall - 16.0 psf; 
 On the side wall - 16.0 psf. 

 Wind on Arches 
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 Wind on Walls and balcony 
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 Load cases 
 Case #           Case name 

 Name  Description Spec  Action type 
 Load type 

 Load 
 group 

 Direction  Duration  Master 
 load case 

 DL1  Self weight  Permanent  DL  -Z 

 Self weight 

 DL2  Dead Load Roof  Permanent  DL 

 Standard 

 DL3  Dead Load Wall  Permanent  DL 

 Standard 

 DL4  Dead Load Floor  Variable  DL 

 Static 

 Lr  Live Load Roof 
 Standard 

 Variable  Lr  Short  None 

 Static 

 L  Live Load Floor 
 Standard 

 Variable  L  Short  None 

 Static 

 Wx+ (0.18)  Wind Load 
 Standard 

 Variable  W  Short  None 

 Static 

 Wx-  (-0.18)  Wind Load 
 Standard 

 Variable  W  Short  None 

 Static 

 Wx+ (0.18)  Wind Load 
 Standard 

 Variable  W  Short  None 

 Static 

 Wx- (-0.18)  Wind Load 
 Standard 

 Variable  W  Short  None 

 Static 
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 Wy+ (0.18)  Wind Load 
 Standard 

 Variable  W  Short  None 

 Static 

 Wy- (-0.18)  Wind Load 
 Standard 

 Variable  W  Short  None 

 Static 

 Wy+ (0.18)  Wind Load 
 Standard 

 Variable  W  Short  None 

 Static 

 Wy- (-0.18)  Wind Load 
 Standard 

 Variable  W  Short  None 

 Static 

 Se-X  Seismic Load 
 Seismicity 

 Variable  E  None 

 Static equivalent 

 Se-Y  Seismic Load 
 Seismicity 

 Variable  E  None 

 Static equivalent 
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 Load combinations 

 #  Comb. Name  Load cases 

 1  LRFD-Ult (auto) 1  1.4*DL1 + 1.4*DL2 + 1.4*DL3 + 1.4*DL4 

 2  LRFD-Ult (auto) 2  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 

 3  LRFD-Ult (auto) 3  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Lr 

 4  LRFD-Ult (auto) 4  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 1.6*L 

 5  LRFD-Ult (auto) 5  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Lr + 1.6*L 

 6  LRFD-Ult (auto) 6  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*L 

 7  LRFD-Ult (auto) 7  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 1.6*Lr 

 8  LRFD-Ult (auto) 8  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 1.6*Lr + 0.5*L 

 9  LRFD-Ult (auto) 9  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Wx+ (0.18) 

 10  LRFD-Ult (auto) 10  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Wx+ (-0.18) 

 11  LRFD-Ult (auto) 11  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Wx- (0.18) 

 12  LRFD-Ult (auto) 12  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Wx- (-0.18) 

 13  LRFD-Ult (auto) 13  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Wy+ (0.18) 

 14  LRFD-Ult (auto) 14  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Wy+ (-0.18) 

 15  LRFD-Ult (auto) 15  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Wy- (0.18) 

 16  LRFD-Ult (auto) 16  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Wy- (-0.18) 

 17  LRFD-Ult (auto) 17  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 1.6*Lr + 0.5*Wx+ (0.18) 

 18  LRFD-Ult (auto) 18  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 1.6*Lr + 0.5*Wx+ (-0.18) 

 19  LRFD-Ult (auto) 19  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 1.6*Lr + 0.5*Wx- (0.18) 

 20  LRFD-Ult (auto) 20  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 1.6*Lr + 0.5*Wx- (-0.18) 

 21  LRFD-Ult (auto) 21  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 1.6*Lr + 0.5*Wy+ (0.18) 
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 #  Comb. Name  Load cases 

 22  LRFD-Ult (auto) 22  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 1.6*Lr + 0.5*Wy+ (-0.18) 

 23  LRFD-Ult (auto) 23  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 1.6*Lr + 0.5*Wy- (0.18) 

 24  LRFD-Ult (auto) 24  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 1.6*Lr + 0.5*Wy- (-0.18) 

 25  LRFD-Ult (auto) 25  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 1*Wx+ (0.18) 

 26  LRFD-Ult (auto) 26  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 1*Wx+ (-0.18) 

 27  LRFD-Ult (auto) 27  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 1*Wx- (0.18) 

 28  LRFD-Ult (auto) 28  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 1*Wx- (-0.18) 

 29  LRFD-Ult (auto) 29  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Lr + 0.5*L 

 30  LRFD-Ult (auto) 30  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 1*Wy+ (0.18) 

 31  LRFD-Ult (auto) 31  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 1*Wy+ (-0.18) 

 32  LRFD-Ult (auto) 32  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 1*Wy- (0.18) 

 33  LRFD-Ult (auto) 33  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 1*Wy- (-0.18) 

 34  LRFD-Ult (auto) 34  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Lr + 1*Wx+ (0.18) 

 35  LRFD-Ult (auto) 35  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*L + 1*Wx+ (0.18) 

 36  LRFD-Ult (auto) 36  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Lr + 1*Wx+ (-0.18) 

 37  LRFD-Ult (auto) 37  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*L + 1*Wx+ (-0.18) 

 38  LRFD-Ult (auto) 38  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Lr + 1*Wx- (0.18) 

 39  LRFD-Ult (auto) 39  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*L + 1*Wx- (0.18) 

 40  LRFD-Ult (auto) 40  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Lr + 1*Wx- (-0.18) 

 41  LRFD-Ult (auto) 41  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*L + 1*Wx- (-0.18) 

 42  LRFD-Ult (auto) 42  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Lr + 1*Wy+ (0.18) 
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 #  Comb. Name  Load cases 

 43  LRFD-Ult (auto) 43  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*L + 1*Wy+ (0.18) 

 44  LRFD-Ult (auto) 44  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Lr + 1*Wy+ (-0.18) 

 45  LRFD-Ult (auto) 45  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*L + 1*Wy+ (-0.18) 

 46  LRFD-Ult (auto) 46  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Lr + 1*Wy- (0.18) 

 47  LRFD-Ult (auto) 47  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*L + 1*Wy- (0.18) 

 48  LRFD-Ult (auto) 48  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Lr + 1*Wy- (-0.18) 

 49  LRFD-Ult (auto) 49  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*L + 1*Wy- (-0.18) 

 50  LRFD-Ult (auto) 50  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Lr + 0.5*L + 1*Wx+ (0.18) 

 51  LRFD-Ult (auto) 51  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Lr + 0.5*L + 1*Wx+ (-0.18) 

 52  LRFD-Ult (auto) 52  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Lr + 0.5*L + 1*Wx- (0.18) 

 53  LRFD-Ult (auto) 53  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Lr + 0.5*L + 1*Wx- (-0.18) 

 54  LRFD-Ult (auto) 54  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Lr + 0.5*L + 1*Wy+ (0.18) 

 55  LRFD-Ult (auto) 55  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Lr + 0.5*L + 1*Wy+ (-0.18) 

 56  LRFD-Ult (auto) 56  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Lr + 0.5*L + 1*Wy- (0.18) 

 57  LRFD-Ult (auto) 57  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Lr + 0.5*L + 1*Wy- (-0.18) 

 58  LRFD-Ult (auto) 58  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 1*Ex 

 59  LRFD-Ult (auto) 59  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + (-1)*Ex 

 60  LRFD-Ult (auto) 60  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 1*Ey 

 61  LRFD-Ult (auto) 61  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + (-1)*Ey 

 62  LRFD-Ult (auto) 62  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*L + 1*Ex 

 63  LRFD-Ult (auto) 63  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*L + (-1)*Ex 
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 #  Comb. Name  Load cases 

 64  LRFD-Ult (auto) 64  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*L + 1*Ey 

 65  LRFD-Ult (auto) 65  1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*L + (-1)*Ey 

 66  LRFD-Ult (auto) 66  0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 

 67  LRFD-Ult (auto) 67  0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 + 1*Wx+ (0.18) 

 68  LRFD-Ult (auto) 68  0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 + 1*Wx+ (-0.18) 

 69  LRFD-Ult (auto) 69  0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 + 1*Wx- (0.18) 

 70  LRFD-Ult (auto) 70  0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 + 1*Wx- (-0.18) 

 71  LRFD-Ult (auto) 71  0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 + 1*Wy+ (0.18) 

 72  LRFD-Ult (auto) 72  0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 + 1*Wy+ (-0.18) 

 73  LRFD-Ult (auto) 73  0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 + 1*Wy- (0.18) 

 74  LRFD-Ult (auto) 74  0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 + 1*Wy- (-0.18) 

 75  LRFD-Ult (auto) 75  0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 + 1*Ex 

 76  LRFD-Ult (auto) 76  0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 + (-1)*Ex 

 77  LRFD-Ult (auto) 77  0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 + 1*Ey 

 78  LRFD-Ult (auto) 78  0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 + (-1)*Ey 

 79  LRFD-Ult (auto) 79  1*DL1 + 1*DL2 + 1*DL3 + 1*DL4 

 80  LRFD-Ult (auto) 80  1*DL1 + 1*DL2 + 1*DL3 + 1*DL4 + 1*Lr + 1*L 
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 2.4 STEEL STRUCTURE CHECK 
 2.4.1 ARCH ROOF CHECK 

 Arches spacing  -  2’-0”; 

 Arches height     - 12’-8 1/2”. 

 For example, consider the bearing capacity of one arch.п 

 Analytical model 
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 Numbers of members & Cross-sections of member 
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 Wall thickness  of cross-section 20ga or 0.0375 in. 
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 FORCE DIAGRAM 
 Axial force diagram N, 
 LRFD-Ult (auto) 24 (1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 1.6*Lr + 0.5*Wy-(-0.18)), lbf. 
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 Axial force diagram N, 
 LRFD-Ult (auto) 69 (0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 + 0.5*Wy-(0.18)), lbf. 
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 Diagram of bending moments My, 
 LRFD-Ult (auto) 24 (1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 1.6*Lr + 0.5*Wy-(-0.18)), lbfft. 
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 Diagram of bending moments My, 
 LRFD-Ult (auto) 69 (0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 + 0.5*Wy-(0.18)), lbfft. 
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 Displacement 
 LRFD-Ult (auto) 80 (1*DL1+1*DL2+1*DL3+1*DL4+1*Lr+1*L), inch: 

 The maximum deflection of 0.281”. According to TABLE R301.7 the code IRC 2018, maximum 
 arch member deflection should not exceed - L/240. 
 L=13’-7”=163”,   140”/240=0.679”.   0.107"< 0.679”.  D  eflection  is OK! 
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 Arch deflection by Load Wy+ (0.18), inch. 

 The maximum horizontal drift of 0.344” according to table 12.12-1 the code ASCE 7-16. Structure 
 type / Risk category - “All other structures / II - the maximum story drift should not exceed 0.020hsx. 
 hsx is the story height below Level x. 

 0.020*(20’*12”)=4.80”.  0.344"< 4.80”.  Drift is OK! 
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 ARCH MEMBER CHECK 
 MEMBER B780 CHECK 
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 Unity check 
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 2.4.2 FLOOR FRAMING CHECK 
 2.4.2.1 FIRST-STOREY FLOOR FRAMING CHECK 

 Floor joist spacing  -  16”; 

 General view 
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 Floor members number 
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 Floor members cross-sections 
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 Cross-sections properties of W8x13 
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 Cross-sections properties of 800S162-68 

 71 



 TAYNR, Inc. 
 600 Sunbeam Ave Suite 1, 
 Sacramento, CA 95811 
 Contact: James Roberts 
 Tel:  (916)  891-3003  X705 
 James@TAYNR.com 
 TAYNR.com 
 _______________________________________________________________________________________________________ 

 Cross-sections properties of B2B (2)800T200-68 
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 Cross-sections properties of B2B (2)800S162-68 
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 APPLIED LOADS 

 DL3 - Dead Load Wall. 
 Exterior wall load 10 psf 
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 Interior wall load. 
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 DL4 - Dead Load Floor. 
 8.6 psf * 16 in = 11.47 plf. 

 77 



 TAYNR, Inc. 
 600 Sunbeam Ave Suite 1, 
 Sacramento, CA 95811 
 Contact: James Roberts 
 Tel:  (916)  891-3003  X705 
 James@TAYNR.com 
 TAYNR.com 
 _______________________________________________________________________________________________________ 

 Dead load from spiral stairs, accepted 700 lbs. 

 Dead load from spiral stairs is included in load case DL4 - Dead Load Floor. 
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 L - Floor Live Load, plf. 
 40 psf * 16 in = 53.33 plf. 
 50 psf * 16 in = 80 plf. 

 Load combinations see page 47 
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 Live load from spiral stairs. 
 According to the sketch, the staircase has 11 steps. Single step area 1.89 sq ft. 
 Maximum live load 1.89 sq ft x 11 x 40 psf = 832 lb 
 Live load from spiral stairs is included in load case L - Floor Live Load. 
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 Floor member maximum force 

 Shear force diagramVz, 
 LRFD-Ult (auto) 5 (1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Lr + 1.6*L), lbf. 
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 Diagram of bending moments My, 
 LRFD-Ult (auto) 5 (1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Lr + 1.6*L), lbf*ft. 
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 Floor member displacement 
 Load case L, inch: 

 The maximum deflection for beam W8x13 is 0.020”. According to TABLE R301.7 the code IRC 
 2018, maximum member deflection should not exceed - L/360. 
 L=8’=96”,   96”/360=0.267”.   0.020"< 0.267”.  Deflection  is OK! 

 The maximum deflection for joist 800S162-68 is 0.325”. According to TABLE R301.7 the code IRC 
 2018, maximum member deflection should not exceed - L/360. 
 L=11’-11”=143”,   143”/360=0.397”.   0.325"< 0.397”.  Deflection is OK! 

 The maximum deflection for rim joist 800T200-68 is 0.114”. According to TABLE R301.7 the code 
 IRC 2018, maximum member deflection should not exceed - L/360. 
 L=8’=96”,   96”/360=0.267”.   0.114"< 0.267”.  Deflection  is OK! 
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 STEEL MEMBER B2982 CHECK 
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 STEEL MEMBER B2990 CHECK 
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 STEEL MEMBER B3233 CHECK 
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 STEEL MEMBER B3276 CHECK 
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 Unity check 
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 2.4.2.2 SECOND-STOREY FLOOR FRAMING CHECK 

 Floor joist spacing  -  16”; 

 General view 
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 Floor members number 
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 Floor members cross-sections 
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 Cross-sections properties of 1200S162-54 
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 Cross-sections properties of 2x1200S162-97 
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 Cross-sections properties of 1200T200-54 
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 APPLIED LOADS 

 DL3 - Dead Load Wall. 
 Interior wall load. 
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 DL4 - Dead Load Floor. 
 8.6 psf * 16 in = 11.47 plf. 
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 L - Floor Live Load, plf. 
 40 psf * 16 in = 53.33 plf. 
 50 psf * 16 in = 80 plf. 
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 Wx+(0.18), Wx-(0.18) - Wind load, plf. 
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 Wx+(-0.18), Wx-(-0.18) - Wind load, plf. 
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 Wy+(0.18), Wy-(0.18) - Wind load, plf. 
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 Wy+(-0.18), Wy-(-0.18) - Wind load, plf. 

 Load combinations see page 47 
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 Floor member maximum force 

 Shear force diagramVz, 
 LRFD-Ult (auto) 5 (1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Lr + 1.6*L), lbf. 
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 Diagram of bending moments My, 
 LRFD-Ult (auto) 5 (1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Lr + 1.6*L), lbf*ft. 
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 Floor member displacement 
 Load case L, inch: 

 The maximum deflection for floor joist 1200S162-54 is 0.287”. According to TABLE R301.7 the 
 code IRC 2018, maximum member deflection should not exceed - L/360. 
 L=19’-11”=239”,   239”/360=0.663”.   0.287"< 0.663”.  Deflection is OK! 
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 STEEL MEMBER B1565 CHECK 
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 STEEL MEMBER B CHECK 
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 STEEL MEMBER B2779 CHECK 

 120 



 TAYNR, Inc. 
 600 Sunbeam Ave Suite 1, 
 Sacramento, CA 95811 
 Contact: James Roberts 
 Tel:  (916)  891-3003  X705 
 James@TAYNR.com 
 TAYNR.com 
 _______________________________________________________________________________________________________ 

 121 



 TAYNR, Inc. 
 600 Sunbeam Ave Suite 1, 
 Sacramento, CA 95811 
 Contact: James Roberts 
 Tel:  (916)  891-3003  X705 
 James@TAYNR.com 
 TAYNR.com 
 _______________________________________________________________________________________________________ 

 122 



 TAYNR, Inc. 
 600 Sunbeam Ave Suite 1, 
 Sacramento, CA 95811 
 Contact: James Roberts 
 Tel:  (916)  891-3003  X705 
 James@TAYNR.com 
 TAYNR.com 
 _______________________________________________________________________________________________________ 

 123 



 TAYNR, Inc. 
 600 Sunbeam Ave Suite 1, 
 Sacramento, CA 95811 
 Contact: James Roberts 
 Tel:  (916)  891-3003  X705 
 James@TAYNR.com 
 TAYNR.com 
 _______________________________________________________________________________________________________ 

 Unity check 
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 2-ND JOISTS SCREWS CONNECTIONS DESIGN 

 Maximum vertical suuport reactions from combination 
 LRFD-Ult (auto) 5 (1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*Lr + 1.6*L) - 737 lbs. 

 For connected joist to wall stud use Simson Strong-Tie X-Metal screw #14 with reference shear 375 lb for steel 
 20 ga (33mil) 

 Screws required 737 lb /375 lb = 1.96 pcs. 

 Structurally accepts 4 pcs. 
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 2.4.3 FRONT WALL CHECK 

 Wall stud spacing  -  16”; 
 First story wall stud height - 9’-3”; 
 Second story wall stud height - 10’-4”. 
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 Numbers of members 
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 Cross-sections of members 
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 Cross-sections properties of 600S162-54 
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 Cross-sections properties of 2x600S162-54  Cross-sections  properties of 3x600S162-54 
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 Cross-sections properties of 3x600S162-54 C 
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 Axial force diagram N, 
 LRFD-Ult (auto) 8 (1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*L + 1.6*Lr), lbf. 
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 Axial force diagram N, 
 LRFD-Ult (auto) 55 (1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*L + 0.5*Lr + Wy+(-0.18)), lbf. 
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 Shear force diagram Vz, 
 LRFD-Ult (auto) 55 (1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*L + 0.5*Lr + Wy+(-0.18)), lbf. 

 135 



 TAYNR, Inc. 
 600 Sunbeam Ave Suite 1, 
 Sacramento, CA 95811 
 Contact: James Roberts 
 Tel:  (916)  891-3003  X705 
 James@TAYNR.com 
 TAYNR.com 
 _______________________________________________________________________________________________________ 

 Diagram of bending moments My, 
 LRFD-Ult (auto) 55 (1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*L + 0.5*Lr + Wy+(-0.18)), lbf*ft. 
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 Wall stud deflection by Wind Load Wy+ (0.18), inch. 

 The maximum horizontal deflection of 0.85”. According to TABLE R301.7 the code IRC 2018, 
 maximum wall member deflection should not exceed - H/240. H = stud height. 
 19’-7”=235”,   235”/240=0.979”.   0.85"< 0.979”.  Deflection  is OK! 

 137 



 TAYNR, Inc. 
 600 Sunbeam Ave Suite 1, 
 Sacramento, CA 95811 
 Contact: James Roberts 
 Tel:  (916)  891-3003  X705 
 James@TAYNR.com 
 TAYNR.com 
 _______________________________________________________________________________________________________ 

 STEEL MEMBER B22 CHECK 
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 STEEL MEMBER B2787 CHECK 
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 STEEL MEMBER B2813 CHECK 
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 Unity check 
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 X-BRACING STRAP CHECK 

 Numbers of members 

 Cross-sections of members 
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 Cross-sections properties of X-BRACING STRAP  2”x0.033” 
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 Maximum axial force N, 
 LRFD-Ult (auto) 70 (0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 + Wx-(-0.18)), lbf. 

 LRFD-Ult (auto) 68 (0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 + Wx+(-0.18)), lbf. 
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 Wall Wind load deflection 
 Value: Ux - Wx+(-0.18), (inch)  . 

 The maximum deflection  is 0.13" according to Table R301.7  the code IRC-2019 - the deflection 
 limits H/360.  L = 19’-7”= 19’*12”+7=235”  235/360 = 0.652” 

 0.13” < 0.652” 

 Deflection is OK! 
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 STEEL MEMBER X2 CHECK 
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 X-bracing Unity check 
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 HOLDOWN DESIGN 

 Maximum support uplift reactions 1100 lb, from Combination 
 LRFD-Ult (auto) 70 (0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 + Wx-(-0.18)). 

 Accept holdown Simpson S/HDU4 series. Maximum tension load 6345 lb for steel 54 mil. 
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 HOLDOWN TO FLOOR BEAM BOLT CONNECTIONS CHECK 
 Tensile resistance check (AISC 360-16: J3-1), 5/8” bolts 

 ϕR  n  = ϕ⋅ F  nt  * A  b  = 10.36 kip 

 Where: 

 A  b  = 0.307 in2 – gross bolt cross-sectional area A307  − 12 Table 3 

 F  nt  = 45.0 ksi – nominal shear stress from AISC 360-16  Table J3.2 

 ϕ = 0.75         – capacity factor 

 Maximum uplift support reactions - 1099lb = 1.1 kip. 

 1.1 kip < 10.36 kip 
 Connection is OK! 
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 2.4.4 LEFT  WALL 

 Wall stud spacing  -  16”; 
 First story wall stud height - 9’-3”; 
 Second story wall stud height - 10’-4”. 
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 Numbers of members 
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 Cross-sections of members 
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 Cross-sections properties of 600S162-54 
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 Cross-sections properties of 2x600S162-54  Cross-sections  properties of 3x600S162-54 C 
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 Axial force diagram N, 
 LRFD-Ult (auto) 8 (1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*L + 1.6*Lr), lbf. 
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 Axial force diagram N, 
 LRFD-Ult (auto) 68 (0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 + Wx+(-0.18)), lbf. 

 173 



 TAYNR, Inc. 
 600 Sunbeam Ave Suite 1, 
 Sacramento, CA 95811 
 Contact: James Roberts 
 Tel:  (916)  891-3003  X705 
 James@TAYNR.com 
 TAYNR.com 
 _______________________________________________________________________________________________________ 

 Shear force diagram Vz, 
 LRFD-Ult (auto) 68 (0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 + Wx+(-0.18)), lbf. 
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 Diagram of bending moments My, 
 LRFD-Ult (auto) 68 (0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 + Wx+(-0.18)), lbf*ft. 
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 Wall stud deflection by Wind Load Wx+ (0.18), inch. 

 The maximum horizontal deflection of 0.81”. According to TABLE R301.7 the code IRC 2018, 
 maximum wall member deflection should not exceed - H/240. H = stud height. 
 19’-7”=235”,   235”/240=0.979”.   0.81"< 0.979”.  Deflection  is OK! 

 176 



 TAYNR, Inc. 
 600 Sunbeam Ave Suite 1, 
 Sacramento, CA 95811 
 Contact: James Roberts 
 Tel:  (916)  891-3003  X705 
 James@TAYNR.com 
 TAYNR.com 
 _______________________________________________________________________________________________________ 

 STEEL MEMBER B203 CHECK 
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 STEEL MEMBER B277 CHECK 
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 Unity check 
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 X-BRACING STRAP CHECK 

 Numbers of members 

 Cross-sections of members 
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 Cross-sections properties of X-BRACING STRAP  2”x0.033” 
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 Maximum axial force N, 
 LRFD-Ult (auto) 71 (0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 + Wy+(0.18)), lbf. 

 LRFD-Ult (auto) 73 (0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 + Wy-(0.18)), lbf. 
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 Wall Wind load deflection 
 Value: Uy - Wy+(-0.18), (inch)  . 

 The maximum deflection  is 0.347" according to Table R301.7  the code IRC-2019 - the deflection 
 limits H/360.  L = 19’-4”= 19’*12”+4=232”  232/360 = 0.644” 

 0.347” < 0.644” 

 Deflection is OK! 
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 STEEL MEMBER X8 CHECK 
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 X-bracing Unity check 
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 HOLDOWN DESIGN 

 Maximum support uplift reactions 1272 lb, from Combination 
 LRFD-Ult (auto) 71 (0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 + Wy+(0.18)). 

 Accept holdown Simpson S/HDU4 series. Maximum tension load 6345 lb for steel 54 mil. 
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 HOLDOWN TO FLOOR BEAM BOLT CONNECTIONS CHECK 
 Tensile resistance check (AISC 360-16: J3-1), 5/8” bolts 

 ϕR  n  = ϕ⋅ F  nt  * A  b  = 10.36 kip 

 Where: 

 A  b  = 0.307 in2 – gross bolt cross-sectional area A307  − 12 Table 3 

 F  nt  = 45.0 ksi – nominal shear stress from AISC 360-16  Table J3.2 

 ϕ = 0.75         – capacity factor 

 Maximum uplift support reactions - 1299lb = 1.3 kip. 

 1.3 kip < 10.36 kip 
 Connection is OK! 
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 2.4.5 RIGHT  WALL 

 Wall stud spacing  -  16”; 
 First story wall stud height - 9’-3”; 
 Second story wall stud height - 10’-4”. 
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 Numbers of members 
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 Cross-sections of members 
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 Cross-sections properties of 600S162-54 
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 Cross-sections properties of 2x600S162-54  Cross-sections  properties of 3x600S162-54 
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 Cross-sections properties of 3x600S162-54 C 
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 Axial force diagram N, 
 LRFD-Ult (auto) 8 (1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 0.5*L + 1.6*Lr), lbf. 
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 Axial force diagram N, 
 LRFD-Ult (auto) 70 (0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 + Wx-(-0.18)), lbf. 
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 Shear force diagram Vz, 
 LRFD-Ult (auto) 70 (0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 + Wx-(-0.18)), lbf. 
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 Diagram of bending moments My, 
 LRFD-Ult (auto) 70 (0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 + Wx-(-0.18)), lbf*ft. 
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 Wall stud deflection by Wind Load Wx- (-0.18), inch. 

 The maximum horizontal deflection of 0.84”. According to TABLE R301.7 the code IRC 2018, 
 maximum wall member deflection should not exceed - H/240. H = stud height. 

 19’-7”=235”,   235”/240=0.979”.   0.84"< 0.979”.  Deflection  is OK! 
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 STEEL MEMBER B128 CHECK 
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 STEEL MEMBER B161 CHECK 
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 STEEL MEMBER B162 CHECK 
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 Unity Check 
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 X-BRACING STRAP CHECK 

 Numbers of members 

 Cross-sections of members 

 233 



 TAYNR, Inc. 
 600 Sunbeam Ave Suite 1, 
 Sacramento, CA 95811 
 Contact: James Roberts 
 Tel:  (916)  891-3003  X705 
 James@TAYNR.com 
 TAYNR.com 
 _______________________________________________________________________________________________________ 

 Cross-sections properties of X-BRACING STRAP  2”x0.033” 
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 Maximum axial force N, 
 LRFD-Ult (auto) 71 (0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 + Wy+(0.18)), lbf. 

 LRFD-Ult (auto) 73 (0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 + Wy-(0.18)), lbf. 
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 Wall Wind load deflection 
 Value: Uy - Wy+(-0.18), (inch)  . 

 The maximum deflection  is 0.267" according to Table R301.7  the code IRC-2019 - the deflection 
 limits H/360.  L = 19’-4”= 19’*12”+4=232”  232/360 = 0.644” 

 0.267” < 0.644” 

 Deflection is OK! 
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 STEEL MEMBER X8 CHECK 
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 X-bracing Unity check 
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 HOLDOWN DESIGN 

 Maximum support uplift reactions 1299 lb, from Combination 
 LRFD-Ult (auto) 71 (0.9*DL1 + 0.9*DL2 + 0.9*DL3 + 0.9*DL4 + Wy+(0.18)). 

 Accept holdown Simpson S/HDU4 series. Maximum tension load 6345 lb for steel 54 mil. 
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 HOLDOWN TO FLOOR BEAM BOLT CONNECTIONS CHECK 
 Tensile resistance check (AISC 360-16: J3-1), 5/8” bolts 

 ϕR  n  = ϕ⋅ F  nt  * A  b  = 10.36 kip 

 Where: 

 A  b  = 0.307 in2 – gross bolt cross-sectional area A307  − 12 Table 3 

 F  nt  = 45.0 ksi – nominal shear stress from AISC 360-16  Table J3.2 

 ϕ = 0.75         – capacity factor 

 Maximum uplift support reactions - 1299lb = 1.3 kip. 

 1.3 kip < 10.36 kip 
 Connection is OK!  . 
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 2.4.6 INTERIOR WALL 

 Wall stud spacing  -  16”; 

 . 
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 Numbers of members 
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 Cross-sections of members 
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 Cross-sections properties of 362S162-33 
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 Cross-sections properties of 2x362S162-33  Cross-sections  properties of 3x362S162-33 T 
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 Axial force diagram N, 
 LRFD-Ult (auto) 4 (1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 1.6*L), lbf. 
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 Shear force diagram Vy, 
 LRFD-Ult (auto) 4 (1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 1.6*L), lbf. 
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 Diagram of bending moments My, 
 LRFD-Ult (auto) 4 (1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 1.6*L), lbf*ft. 
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 STEEL MEMBER B2664 CHECK 
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 STEEL MEMBER B2720 CHECK 
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 STEEL MEMBER B2732 CHECK 
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 Unity Check 
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 2.4.7 BASE SHEAR 

 Transverse direction base shear (Section 1.4 Wind Load)  11.7  kip 
 Longitudinal direction base shear (Section 1.4 Wind Load)  8.1   kip 
 Seismic base shear  6.13 kip 

 According to the calculation results, wind effects affect the calculation in the longitudinal and 
 transverse direction. 
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 2.4.8 CONNECTIONS DESIGN 
 2.4.8.1 ARCH TO EXTERIOR WALL CONNECTION  DESIGN 

 Maximum force transfer from arch roof to exterior wal is 2685 lb. 
 Combination8  LRFD-Ult (auto)8  (1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 1.6*Lr + 0.5*L), lbf. 

 The connection of the arch with the wall provided bolts with a diameter of 3/8. Each element of the arch 
 is attached to the wall by 2 bots. 

 BOLT CONNECTIONS 
 Shear resistance check (AISC 360-16: J3-1) 

 ϕR  n  = ϕ⋅ F  nv  * A  b  = 2.22 kip 

 Where: 

 A  b  = 0.110 in2 – gross bolt cross-sectional area 

 F  nv  = 27.0 ksi – nominal shear stress from AISC 360-16  Table J3.2 

 ϕ = 0.75         – capacity factor 

 2 *2.22 kip = 4.44 kip 

 2.68 kip < 4.44 kip  Connection is OK! 
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 2.4.8.2 ARCH TO I-BEAM CONNECTIONS DESIGN 

 Support reactions of single roof arch 
 Combinations  Rx [lbf\ft]  Ry [lbf/ft]  Rz [lb] 

 LRFD-Ult (auto)51  -1400  -270  500 

 LRFD-Ult (auto)22  -220  -700  2020 

 LRFD-Ult (auto)69  770  10  -600 

 LRFD-Ult (auto)24  -330  -580  2220 

 The connection of the arch with the foundation is provided through a  Standard Industrial Arch 
 Connector. We accept that 2 anchor bolts will be used to fasten one element of the arch to the foundation. Each 
 element is attached to 8 bots with a diameter of 3/8“. 

 BOLT CONNECTIONS 
 Shear resistance check (AISC 360-16: J3-1) 

 ϕR  n  = ϕ⋅ F  nv  * A  b  = 2.22 kip 

 Where: 

 A  b  = 0.110 in2 – gross bolt cross-sectional area 

 F  nv  = 27.0 ksi – nominal shear stress from AISC 360-16  Table J3.2 

 ϕ = 0.75         – capacity factor 

 8 *2.22 kip = 17.76 kip 

 2220 + 700 + 1400 = 3320 lb = 3.32 kip  17.76 kip > 3.32 kip  Connection is OK! 
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 STANDARD CONNECTOR BOLT TO FLOOR BEAM CONNECTIONS 
 Tensile resistance check (AISC 360-16: J3-1), 1/2” bolts 

 ϕR  n  = ϕ⋅ F  nt  * A  b  = 4.789 kip 

 Where: 

 A  b  = 0.1419 in2 – gross bolt cross-sectional area  A307 − 12 Table 3 

 F  nt  = 45.0 ksi – nominal shear stress from AISC 360-16  Table J3.2 

 ϕ = 0.75         – capacity factor 

 2 *4.789 kip = 9.58 kip 

 Maximum uplift support reactions - 600lb = 0.211 kip. 

 9.58 kip > 0.600 kip  Connection is OK! 
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 2.4.8.3 I-BEAM TO I-BEAM CONNECTION 
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 2.4.8.4 I-BEAM TO GROUND SCREW CONNECTION DESIGN 

 I-BEAM TO GROUND SCREW CONNECTION SKETCH 
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 2.4.8.5 HEADERS WEB CONNECTIONS DESIGN 

 Maxmum axial force from combinations 
 LRFD-Ult (auto) 4 1 (1.2*DL1 + 1.2*DL2 + 1.2*DL3 + 1.2*DL4 + 1.6*L), lds. 

 Maxmum axial force for combinatio design 3211 lbs. 
 For connected web to bottom chord use Simson Strong-Tie X-Metal screw #14 with reference shear 950 lb for 
 steel 16 ga (54mil) 

 Screws required 3211lb / 950 lb = 3.38 pcs. =  4  pcs. 
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 2.4.8.6 DOUBLE RIM TRACK TO I-BEAM CONNECTION DESIGN 

 Connections detail view 
 For connected rim treks to floor beam use Simson Strong-Tie X-Metal screw #10 with reference shear 810 lb for 
 steel 14 ga (68mil) 

 Maximum rim track vertical force from calculations is 3050 lbf 

 Screws required 3050lb / 810 lb = 3.76 pcs. =  4  pcs. 
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 Weld check 
 Maximum vertical load 3.05 kip 
 Maximum moment 3.05 kip x 3in = 9.15 kip*in. 
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 2.4.9 ROOF DIAPHRAGM 

 Roof Diaphragm  Calculation 
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 3. FOUNDATIONS DESIGN 
 3.1 SUPPORT REACTIONS 

 FOUNDATION PLAN 
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 SUPPORT REACTIONS 
 Base  Load combinations  Rx, lbf  Ry, lbf  Rz, lbf 

 B1  1.20*DL1 + 1.20*DL2 + 1.20*DL3 + 1.20*DL4 + 0.50*Lr + 0.50*L 
 + Wx+(-0.18) 

 1383.8  339.8  4162.9 

 1.20*DL1 + 1.20*DL2 + 1.20*DL3 + 1.20*DL4 + 0.50*Lr + 
 Wx-(0.18) 

 932.7  -1790  2761 

 0.90*DL1 + 0.90*DL2 + 0.90*DL3 + 0.90*DL4 + Wy-(-0.18)  -382.8  1467.6  -1213.3 

 1.20*DL1 + 1.20*DL2 + 1.20*DL3 + 1.20*DL4 + 0.50*Lr + 1.60*L  19.6  -308.4  7584 

 B2  1.20*DL1 + 1.20*DL2 + 1.20*DL3 + 1.20*DL4 + 0.50*Lr + 0.50*L 
 + Wx-(-0.18) 

 -1467.8  684.6  3052.6 

 0.90*DL1 + 0.90*DL2 + 0.90*DL3 + 0.90*DL4 + Wy-(-0.18)  57.6  1751.1  2257.5 

 0.90*DL1 + 0.90*DL2 + 0.90*DL3 + 0.90*DL4 + Wx+(0.18)  -956.8  -76  -  1007.3 

 1.20*DL1 + 1.20*DL2 + 1.20*DL3 + 1.20*DL4 + 0.50*Lr + 1.60*L  -90.8  145.3  6908.4 

 B3  1.20*DL1 + 1.20*DL2 + 1.20*DL3 + 1.20*DL4 + 0.50*Lr + 0.50*L 
 + Wx+(-0.18) 

 -1130.3  -117.2  1647 

 1.20*DL1 + 1.20*DL2 + 1.20*DL3 + 1.20*DL4 + 1.60*L  248.2  461.4  1824 

 0.90*DL1 + 0.90*DL2 + 0.90*DL3 + 0.90*DL4 + Wx+(0.18)  -607.6  -9.1  -1045.2 

 1.20*DL1 + 1.20*DL2 + 1.20*DL3 + 1.20*DL4 + 1.60*Lr + 0.50*L  -768.6  -105.9  4806.5 

 PROPOSED SCREW SPILES 
 SCREW PILE MODEL: AMERICAN GROUND SCREW  4.5" DIA. 
 ON-SITE LOAD TEST TO PROVE SPECIFIED MAX LOADS ARE MET. 
 PILE HEIGHT  4.5" DIA. - 2000MM MAX. 

 SCREW PILE ALLOWABLE CAPACITY 
 MAX SHEAR:  4.39   kip 
 MAX COMPRESSION:  12.8  kip 
 MAX UPLIFT:  9.6   kip 
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 3.2 SCREW PILE STEEL SECTIONS CHECK 
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 APPENDIX A 
 Cross-Section Characteristics. The following table provides an overview of all Cross-section Characteristics calculated by 
 SCIAEngineer 

 : 
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 In addition to these properties in each fibre of the cross-section the following unit stress values are calculated: 
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