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‭1  DESIGN CRITERIA:‬
‭1.1 DESIGN CODES & REFERENCES‬

‭●‬ ‭2023 Florida building code‬
‭●‬ ‭2021 Edition of the International Building Code‬
‭●‬ ‭2021 Edition of the International Residential Code‬
‭●‬ ‭ASCE 7-16‬
‭●‬ ‭Steel design: AISC 360-16: LRFD Specification for Structural Steel Buildings‬
‭●‬ ‭Seismic AISC 341-16 Seismic Provisions for Structural Steel Buildings‬
‭●‬ ‭Concrete: Reinforced Concrete Design Handbook (ACI)‬
‭●‬ ‭Ultimate Strength Design Handbook (ACI)‬

‭The calculation performed by SCIA Engineer 20.0‬

‭1.2 CODE CRITERIA‬
‭2021 IBC‬
‭Seismic Design Category:‬ ‭A‬
‭Wind Speed:‬ ‭150‬‭MPH‬
‭Wind Exposure:‬ ‭D‬
‭Snow Load (Roof):‬ ‭0‬‭psf‬

‭1.3 MATERIALS‬

‭Cold-Formed Steel Grade‬
‭-‬ ‭ASTM A653 GRADE 33, TYPE H 33-43 mil GALV. STEEL‬
‭-‬ ‭ASTM A 913 GRADE 50, TYPE H 54-97 mil GALV. STEEL‬
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‭1.4 STRUCTURAL LOADS‬

‭Floor Live Load‬ ‭40.00 psf‬

‭Floor Dead Loads‬
‭Finish‬ ‭2 psf‬
‭Sheathing‬ ‭2.2 psf‬
‭Floor Joists‬ ‭2.8 psf‬
‭Insulation‬ ‭1.0 psf‬
‭Add. flooring‬ ‭3 psf‬
‭Misc.‬ ‭4 psf‬
‭____________________________________________‬
‭Total Floor Dead Load‬ ‭15.00 psf‬

‭Roof Live Load‬ ‭20.00‬‭psf‬

‭Roof Dead Loads‬
‭Finish‬ ‭2  psf‬
‭Sheathing‬ ‭2.2 psf‬
‭Framing‬ ‭3.8 psf‬
‭Insulation‬ ‭2 psf‬
‭Solar panels‬ ‭5 psf‬
‭Misc.‬ ‭5 psf‬
‭____________________________________________‬
‭Total roof Dead Load‬ ‭20.00 psf‬

‭Exterior Wall Dead Loads‬
‭3” Gunite concrete‬ ‭33.75 psf‬
‭Framing‬ ‭2 psf‬
‭Insulation‬ ‭2.05 psf‬
‭Drywall‬ ‭2.2 psf‬
‭Misc.‬ ‭5 psf‬
‭____________________________________________‬
‭Total wall Dead Load‬ ‭45 psf‬
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‭Interior Wall Dead Loads‬
‭Drywall‬ ‭2.2 psf‬
‭Framing‬ ‭2 psf‬
‭Insulation‬ ‭2.05 psf‬
‭Drywall‬ ‭2.2 psf‬
‭Misc.‬ ‭5 psf‬
‭____________________________________________‬
‭Total wall Dead Load‬ ‭13.45 psf‬

‭LOAD SUMMARY‬
‭Dead load (DL), psf‬ ‭Live Load (LL), psf‬

‭Roof‬ ‭20‬ ‭20‬
‭Floor‬ ‭15‬ ‭40‬
‭Wall‬ ‭45 / 13.45‬

‭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

‭S =snow load‬

‭R =rain load‬

‭W =wind load‬

‭E =earthquake load‬
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‭WIND LOADS‬
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‭SEISMIC LOADS‬
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‭2. STRUCTURAL ANALYSIS‬

‭2.1 BUILDING DESCRIPTION‬

‭The two-story building is complexly shaped in plan. The building is 69' long and 58' wide. Some of the‬
‭second-floor walls are offset to the interior of the building resting on floor structures. Walls, floor, and roof‬
‭trusses are designed with LGS  structural framing.‬
‭The stability of the building is provided by a vertical x-bracing strap and sprayed concrete shear wall.‬
‭The foundation is slab-on-grade with footings where required for LGS columns.‬

‭The structure's design is based on the requirements of the 2021 Edition of the International Building‬
‭Code and reference codes.‬

‭The analytical model is presented as a spatial model.‬
‭Structural rigidity in the longitudinal & transverse direction is achieved due to the sprayed concrete shear‬

‭wall and to the x-brace strap.‬
‭Structural analysis is done in SCIA Engineer 20 software. This software automatically determines 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".‬
‭The seismic force resisting system is B2: Steel special concentrically braced frames.‬

‭To determine the design forces from dynamic loads (earthquake), two types of calculations are used:‬
‭Modal Mode, Equivalent Lateral Forces or 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 APPLIED LOADS‬

‭Load cases‬

‭Name‬ ‭Description Spec‬ ‭Action type / Load type‬ ‭Load Group‬ ‭Direction‬ ‭Duration‬

‭DL1‬ ‭Self-weight‬ ‭Permanent / Self-weight‬ ‭DL‬ ‭-Z‬

‭DL2‬ ‭Floor dead load‬ ‭Permanent / Standard‬ ‭DL‬

‭DL3‬ ‭Wall dead load‬ ‭Permanent / Standard‬ ‭DL‬

‭DL4‬ ‭Roof dead load‬ ‭Permanent / Standard‬ ‭DL‬

‭L‬ ‭Live Load Floor‬ ‭Variable / Static‬ ‭L‬ ‭Short‬

‭Lr‬ ‭Roof Live Load Roof‬ ‭Variable / Static‬ ‭Lr‬ ‭Short‬

‭Wx+(+0.18)‬ ‭Wind Load‬ ‭Variable / Static‬ ‭W‬ ‭Short‬

‭Wx+(-0.18)‬ ‭Wind Load‬ ‭Variable / Static‬ ‭W‬ ‭Short‬

‭Wx-(+0.18)‬ ‭Wind Load‬ ‭Variable / Static‬ ‭W‬ ‭Short‬

‭Wx-(-0.18)‬ ‭Wind Load‬ ‭Variable / Static‬ ‭W‬ ‭Short‬

‭Wy+(+0.18)‬ ‭Wind Load‬ ‭Variable / Static‬ ‭W‬ ‭Short‬

‭Wy+(-0.18)‬ ‭Wind Load‬ ‭Variable / Static‬ ‭W‬ ‭Short‬

‭Wy-(+0.18)‬ ‭Wind Load‬ ‭Variable / Static‬ ‭W‬ ‭Short‬

‭Wy-(-0.18)‬ ‭Wind Load‬ ‭Variable / Static‬ ‭W‬ ‭Short‬
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‭2.3 STEEL STRUCTURE CHECK‬
‭2.3.1 ROOF BEAM DESIGN‬

‭General scheme‬

‭Members number‬

‭Members cross-sections‬
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‭Cross-sections properties‬
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‭APPLIED LOADS‬

‭Wind loads are applied perpendicular to the roof beam. Liner load with “-” - uplift.‬

‭MAXIMUM FORCES‬
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‭DISPLACEMENT‬
‭Load case DL + Lr, inch:‬

‭The maximum deflection for a web header is 0.378”.‬
‭According to TABLE 1604.3 the code IBC 2018, maximum member deflection should not exceed - L/240.‬
‭L=17’+10”=214”,   214”/240=0.891”.   0.378"< 0.891”.‬ ‭Deflection is OK!‬

‭STEEL MEMBER RB1 CHECK‬
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‭Unity check‬
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‭2.3.2 FLOOR BEAM DESIGN‬

‭General scheme‬
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‭Members cross-sections‬
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‭Cross-section properties BOX BEAM 22"X8"‬
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‭Cross-section properties BOX BEAM 14"X5.5"‬
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‭Cross-section properties BOX BEAM 12"X5.5"‬
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‭Cross-section properties HDR‬
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‭APPLIED LOADS‬
‭Wind loads are applied perpendicular to the roof beam. Liner load with “-” - uplift.‬
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‭MAXIMUM FORCES‬
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‭DISPLACEMENT‬
‭Load case DL + Lr, inch:‬
‭Maximum displacement per beam B16.1‬

‭The maximum deflection for a web header is 0.518”.‬
‭According to TABLE 1604.3 the code IBC 2018, maximum member deflection should not exceed - L/240.‬
‭L=20’+9”=249”,   249”/240=1.037”.   0.518"< 1.037”.‬ ‭Deflection is OK!‬

‭STEEL MEMBER B15 CHECK‬
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‭STEEL MEMBER B22 CHECK‬
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‭STEEL MEMBER B25 CHECK‬
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‭STEEL MEMBER H1 CHECK‬
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‭Unity check‬

‭63‬

�te 1‬
1‬
ts‬

e 1,‬
1‬
s‬

X705‬

‬���



‭TAYNR, Inc.‬ ‭Spray Rock, LLC‬
‭600 Sunbeam Ave Suite 1‬ ‭7980 SW Jack James Dr Stuart,‬
‭Sacramento, CA 95811‬ ‭FL 34997‬

‭james@TAYNR.com‬ ‭larry@SPRAYROCK.com‬
‭(916) 524-4997‬ ‭(954) 205-9577‬
‭TAYNR.com‬ ‭SPRAYROCK.com‬
‭_______________________________________________________________________________________________________‬

‭64‬

�te 1‬
1‬
ts‬

e 1,‬
1‬
s‬

X705‬

‬���



‭TAYNR, Inc.‬ ‭Spray Rock, LLC‬
‭600 Sunbeam Ave Suite 1‬ ‭7980 SW Jack James Dr Stuart,‬
‭Sacramento, CA 95811‬ ‭FL 34997‬

‭james@TAYNR.com‬ ‭larry@SPRAYROCK.com‬
‭(916) 524-4997‬ ‭(954) 205-9577‬
‭TAYNR.com‬ ‭SPRAYROCK.com‬
‭_______________________________________________________________________________________________________‬

‭2.3.3 COLUMN DESIGN‬

‭General scheme‬
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‭Members number‬
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‭Members cross-sections‬
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‭Cross-section properties 2X550S150-54‬ ‭Cross-section‬‭properties 3X550S150-54‬
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‭Cross-section properties 4X550S150-54‬ ‭Cross-section‬‭properties 4X350S150-43‬
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‭Cross-section properties 5X350S150-43‬
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‭Cross-section properties 10X550S150-54‬

‭APPLIED LOADS‬

‭Loads on columns are transmitted from floor and roof beams, see sections 2.3.1, 2.3.2.‬
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‭MAXIMUM FORCES‬
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‭STEEL MEMBER C9 CHECK‬
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‭STEEL MEMBER C15 CHECK‬
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‭Unity check‬
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‭2.3.4 GARAGE HEADER GH1 DESIGN‬
‭General scheme‬

‭Members number‬

‭Members cross-sections‬
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‭Cross-sections properties HDR‬ ‭Cross-sections properties‬‭2X550S150-54‬
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‭Cross-sections properties 550S150-54‬
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‭APPLIED LOADS‬

‭Wind loads are applied perpendicular to the roof beam. Liner load with “-” - uplift.‬

‭MAXIMUM FORCES‬
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‭DISPLACEMENT‬
‭Load case DL + Lr, inch:‬

‭The maximum deflection for a web header is 0.034”.‬
‭According to TABLE 1604.3 the code IBC 2018, maximum member deflection should not exceed - L/240.‬
‭L=9’+5”=113”,   113”/240=0.470”.   0.034"< 0.470”.‬ ‭Deflection is OK!‬

‭STEEL MEMBER W28 CHECK‬

‭92‬

�te 1‬
1‬
ts‬

e 1,‬
1‬
s‬

X705‬

‬���



‭TAYNR, Inc.‬ ‭Spray Rock, LLC‬
‭600 Sunbeam Ave Suite 1‬ ‭7980 SW Jack James Dr Stuart,‬
‭Sacramento, CA 95811‬ ‭FL 34997‬

‭james@TAYNR.com‬ ‭larry@SPRAYROCK.com‬
‭(916) 524-4997‬ ‭(954) 205-9577‬
‭TAYNR.com‬ ‭SPRAYROCK.com‬
‭_______________________________________________________________________________________________________‬

‭93‬

�te 1‬
1‬
ts‬

e 1,‬
1‬
s‬

X705‬

‬���



‭TAYNR, Inc.‬ ‭Spray Rock, LLC‬
‭600 Sunbeam Ave Suite 1‬ ‭7980 SW Jack James Dr Stuart,‬
‭Sacramento, CA 95811‬ ‭FL 34997‬

‭james@TAYNR.com‬ ‭larry@SPRAYROCK.com‬
‭(916) 524-4997‬ ‭(954) 205-9577‬
‭TAYNR.com‬ ‭SPRAYROCK.com‬
‭_______________________________________________________________________________________________________‬

‭94‬

�te 1‬
1‬
ts‬

e 1,‬
1‬
s‬

X705‬

‬���



‭TAYNR, Inc.‬ ‭Spray Rock, LLC‬
‭600 Sunbeam Ave Suite 1‬ ‭7980 SW Jack James Dr Stuart,‬
‭Sacramento, CA 95811‬ ‭FL 34997‬

‭james@TAYNR.com‬ ‭larry@SPRAYROCK.com‬
‭(916) 524-4997‬ ‭(954) 205-9577‬
‭TAYNR.com‬ ‭SPRAYROCK.com‬
‭_______________________________________________________________________________________________________‬

‭95‬

�te 1‬
1‬
ts‬

e 1,‬
1‬
s‬

X705‬

‬���



‭TAYNR, Inc.‬ ‭Spray Rock, LLC‬
‭600 Sunbeam Ave Suite 1‬ ‭7980 SW Jack James Dr Stuart,‬
‭Sacramento, CA 95811‬ ‭FL 34997‬

‭james@TAYNR.com‬ ‭larry@SPRAYROCK.com‬
‭(916) 524-4997‬ ‭(954) 205-9577‬
‭TAYNR.com‬ ‭SPRAYROCK.com‬
‭_______________________________________________________________________________________________________‬

‭Unity check‬
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‭2.3.5 GARAGE HEADER GH1 DESIGN‬
‭General scheme‬

‭Members number‬

‭Members cross-sections‬
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‭Cross-sections properties HDR‬ ‭Cross-sections properties‬‭2X550S150-54‬
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‭Cross-sections properties 550S150-54‬
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‭APPLIED LOADS‬

‭Wind loads are applied perpendicular to the roof beam. Liner load with “-” - uplift.‬

‭MAXIMUM FORCES‬
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‭DISPLACEMENT‬
‭Load case DL + Lr, inch:‬

‭The maximum deflection for a web header is 0.103”.‬
‭According to TABLE 1604.3 the code IBC 2018, maximum member deflection should not exceed - L/240.‬
‭L=18’+5”=221”,   221”/240=0.920”.   0.103"< 0.920”.‬ ‭Deflection is OK!‬

‭STEEL MEMBER W16 CHECK‬
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‭Unity check‬
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‭2.3.6 WALL POST DESIGN TYPICAL‬

‭Stud height - 13 ft.  Stud spacing - 2 ft.‬

‭Cross-sections properties 550S150-54‬
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‭APPLIED LOADS‬

‭Wind loads are applied perpendicular to the roof beam. Liner load with “-” - uplift.‬

‭MAXIMUM FORCES‬
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‭DISPLACEMENT‬
‭Load case W, inch:‬

‭The maximum deflection for a web header is 0.567”.‬
‭According to TABLE 1604.3 the code IBC 2018, maximum member deflection should not exceed - L/240.‬
‭L=13’=221”,   156”/240=0.650”.   0.567"< 0.650”.‬

‭Deflection is OK!‬
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‭STEEL MEMBER С1 CHECK‬
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‭2.4 LATERAL ANALYSIS‬
‭2.4.1 BUILDING SEISMIC WEIGHT‬

‭2.4.2 BASE SHEAR SEISMIC FORCES (ASCE 7-16)‬
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‭2.4.3 WIND BASE SHEAR AND WIND LOAD ON ROOF DIAPHRAGM‬

‭Total wind shear:‬
‭Wx   -‬ ‭66.37 kip‬
‭Wy   -‬ ‭58.55 kip‬

‭Transverse direction wind base shear‬ ‭66.37 kip‬
‭Longitudinal direction base shear‬ ‭58.55 kip‬
‭Seismic base shear‬ ‭2.46  kip‬

‭According to the results of the calculation, wind actions affect the calculation in the transverse and‬
‭longitudinal directions.‬
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‭2.4.4 SPRAYED CONCRETE SHEAR WALL & X-BRACING - LATERAL DESIGN‬

‭SECOND-FLOOR SPRAYED CONCRETE SHEAR WALL LOCATION PLAN‬
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‭FIRST-FLOOR SPRAYED CONCRETE SHEAR WALL & X-BRACING LOCATION PLAN‬

‭119‬

�te 1‬
1‬
ts‬

e 1,‬
1‬
s‬

X705‬

‬���



‭TAYNR, Inc.‬ ‭Spray Rock, LLC‬
‭600 Sunbeam Ave Suite 1‬ ‭7980 SW Jack James Dr Stuart,‬
‭Sacramento, CA 95811‬ ‭FL 34997‬

‭james@TAYNR.com‬ ‭larry@SPRAYROCK.com‬
‭(916) 524-4997‬ ‭(954) 205-9577‬
‭TAYNR.com‬ ‭SPRAYROCK.com‬
‭_______________________________________________________________________________________________________‬

‭SHEAR WALL & X-BRACING - LATERAL DESIGN TABLE‬
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‭2.4.4.1 ANCHOR BOLT DESIGN‬

‭ANCHOR BOLT ANCHORING CALCULATIONS FOR HOLLDOWN S/HDU6‬

‭SET-3G w/ 5/8"Ø F1554 Gr. 36 with hef = 5.000 inch meets the selected design criteria.‬
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‭ANCHOR BOLT ANCHORING CALCULATIONS FOR HOLLDOWN S/HDU9‬

‭SET-3G w/ 7/8"Ø F1554 Gr. 55 with hef = 9.000 inch meets the selected design criteria.‬

‭122‬

�te 1‬
1‬
ts‬

e 1,‬
1‬
s‬

X705‬

‬���



‭TAYNR, Inc.‬ ‭Spray Rock, LLC‬
‭600 Sunbeam Ave Suite 1‬ ‭7980 SW Jack James Dr Stuart,‬
‭Sacramento, CA 95811‬ ‭FL 34997‬

‭james@TAYNR.com‬ ‭larry@SPRAYROCK.com‬
‭(916) 524-4997‬ ‭(954) 205-9577‬
‭TAYNR.com‬ ‭SPRAYROCK.com‬
‭_______________________________________________________________________________________________________‬

‭ANCHOR BOLT ANCHORING CALCULATIONS FOR HOLLDOWN S/HDU11‬

‭SET-3G w/ 7/8"Ø F1554 Gr. 55 with hef = 8.000 inch meets the selected design criteria.‬
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‭SUMMARY ANCHORS DESIGN RESULT :‬

‭"SPRAY-ROCK" CONCRETE WALL ANCHORING‬
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‭2.4.5 DIAPHRAGM DESIGN‬
‭2.4.5.1 2-ND STORY ROOF DIAPHRAGM DESIGN‬
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‭2.4.5.1 FLOOR DIAPHRAGM DESIGN‬
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‭2.5 CONNECTION DESIGN‬
‭2.5.1 22"X8" BOX BEAM TO 22"X8" BOX BEAM CONNECTION DESIGN‬
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‭2.5.2 14"X5.5" BOX BEAM TO 22"X8" BOX BEAM CONNECTION DESIGN‬
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‭2.5.3 14"X5.5" TO LGS COLUMN CONNECTION DESIGN‬

‭For connection 14” X 5.5” X 12GA use Simpson hanger HU616. Beam support reaction V= 5050 lbs‬

‭For connecting Simpson hange to lgs column use‬‭X Metal‬‭Screw. Maximum shear capacity for #10 screw &‬
‭54 mil steel - 810 lbs.‬

‭Minimum number of screws 5050 / 810 = 6.23 pcs. =‬ ‭8‬‭pcs one side.‬
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‭2.5.4 LGS COLUMN TO FOUNDATION MOMENT CONNECTION‬
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‭3.0 FOUNDATION ANALYSIS‬

‭FOUNDATION PLAN‬
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‭3.1 FOOTING ANALYSIS & DESIGN‬
‭WF1 - EXTERIOR WALL FOOTING ANALYSIS & DESIGN‬
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‭WF2 - INTERIOR WALL FOOTING ANALYSIS & DESIGN‬
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‭WF3 - INTERIOR WALL FOOTING ANALYSIS & DESIGN‬
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‭3.2 SLAB ON GRADE REINFORCEMENT ANALYSIS‬
‭For Grade 60 reinforcing bars:‬

‭As = F L w / 2 fs where F (friction factor) = 1.5 (commonly used value), L = 30 ft, w = 40 psf and‬

‭fs = 2/3 fy where fy is 65,000 psi.‬

‭As = 0.024 sq.in./ft of slab width, required each way.‬

‭Use W1.5 (ASTM A185) wire at 6-in, spacings in each direction, designated as: 6 x 6 - W1.5 x W1.5‬

‭As = 2 x 0.015 sq.in./ft = 2 x 0.030 sq.in./ft.‬
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