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Ankapura Remodel – Calculations (partial remodel) 
Mercer Island, Exp B 

 

  



Ankapura Remodel Calculations  RM/VEI Staff 

Page | 2 
 

 

LRFS Changes the back wall, verify capacity of new wall with nanowall opening. 

Simplified Procedure for Low-Rise Buildings (ASCE 7-16, Chapter 28, Part 2)  
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18 psf Controls 
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Check roof loads 
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New walls: 

 

Force = 2.2 K per wall 

New shearwall (Nanowall) and existing garage wall share load. 1.1k each wall. 

 

Anchor Bolts 

 

Hold Downs (Not required, see next) 
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Check A35 between gable truss and new wall 

 

A35 in F1 direction = 260 lb/clip OK. 

Mark ‘1’ Shearwalls OK all new exterior walls (nanowall area) 
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GRAVITY ANALYSIS. 

Most gravity systems are staying in place or lightly loaded controlled by deflection criteria. 
Replacement beam in the Basement and support is the only design feature. 

Loads: 

400 plf live (floor) 

100 plf dead (floor) 

Ignore the 2x Sleeper and web fillers. 

Span (L): 19 ft = 19 × 12 = 228 inches 

Loads: 

Total uniform load (w) = 400 plf (live) + 100 plf (dead) = 500 plf 

Depth constraint: W8 nominal depth (actual depths around 8") 

Deflection limit: L/400 = 228 / 400 = 0.57 inches – User Defined Deflection 

Assumptions: Simply supported, Fy = 50 ksi (A992 steel), ASD method, no bracing issues 
(assume laterally supported by sleeper attachment). 

Calculate Reactions and Moments 

Total load = w × L = 500 × 19 = 9,500 lbs 

Reactions = 9,500 / 2 = 4,750 lbs each end 

Maximum moment (M_max) = (w × L²) / 8 

M_max = (500 × 19²) / 8 = (500 × 361) / 8 = 180,500 / 8 = 22,562.5 ft-lbs 

In in-lbs: 22,562.5 × 12 = 270,750 in-lbs 

Bending Stress Check 

Allowable stress (Fb) = 0.66 × Fy = 0.66 × 50 = 33 ksi 

Required section modulus (S_x) = M_max / Fb 

S_x = 270,750 in-lbs / 33,000 psi = 8.2 in³ 

The beam needs S_x ≥ 8.2 in³. 

Deflection Check 

Deflection formula: δ = (5wL⁴) / (384EI) 
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w = 500 plf = 500 / 12 = 41.67 lb/in 

L = 228 in 

E = 29,000 ksi = 29,000,000 psi 

Max δ = 0.57 in 

Rearrange for I: 

0.57 = (5 × 41.67 × 228⁴) / (384 × 29,000,000 × I) 

228⁴ = 2,699,660,544 in⁴ 

Numerator: 5 × 41.67 × 2,699,660,544 ≈ 562,327,500,000 lb-in³ 

Denominator: 384 × 29,000,000 × I ≈ 11,136,000,000 × I 

562,327,500,000 / (11,136,000,000 × I) = 0.57 

I = 562,327,500,000 / (11,136,000,000 × 0.57) ≈ 88.6 in⁴ 

The beam needs I_x ≥ 88.6 in⁴. 

 

Select a W8 Beam – User Defined depth for no show in ceiling. 

From AISC W8 sections: 

 

W8x18 (depth = 8.14"): 

S_x = 13.0 in³ > 8.2 ✓ 

I_x = 53.0 in⁴ < 88.6 ✗ 

Deflection fails (δ ≈ 0.94" > 0.57"). 

W8x24 (depth = 7.93"): 

S_x = 17.4 in³ > 8.2 ✓ 

I_x = 69.7 in⁴ < 88.6 ✗ 

Deflection δ ≈ 0.72" > 0.57", still fails. 

W8x31 (depth = 8.00"): 
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S_x = 22.1 in³ > 8.2 ✓ 

I_x = 110 in⁴ > 88.6 ✓ 

Deflection δ ≈ 0.46" < 0.57" ✓ 

Step 6: Verify W8x31 

Bending: Allowable moment = S_x × Fb / 12 = 22.1 × 33 / 12 = 60.8 ft-kips > 22.56 ft-kips ✓ 

Deflection: δ = (5 × 41.67 × 228⁴) / (384 × 29,000,000 × 110) ≈ 0.46 in < 0.57 in ✓ 

Depth: 8.00" < 9" constraint ✓ 

W8 X 31 min 

 

Find reactions for footings. 

 
Step 1: Total Load 
 

• Span (L): 19 ft 
 

• Uniform load (w): 500 plf 
 

• Total load: w × L = 500 plf × 19 ft = 9,500 lbs 
 
Step 2: Reactions 
For a simply supported beam with a uniform load, the load is evenly split between the two 
supports: 
 

• Reaction at each end (R): Total load / 2 = 9,500 lbs / 2 = 4,750 lbs 
 
The reaction at each end is 4,750 lbs. This assumes a perfectly uniform load and simple 
supports. Let me know if you need further details! 
 
Check Footing 
Per Geotech 
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Figure 1- Sage Geotech Memo 
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Pick Hangers for existing 2X10 

Option 1: JB210A (Light-to-Medium Duty) 
 

• Description: Galvanized Top-Flange Joist Hanger 
• Fit: 2x10 (W = 1-9/16", H = 9-1/4") 
• Gauge: 18-ga 
• Fasteners:  

o Header: 6-10d nails (min) or 10-10d (max) 
o Joist: 2-10d x 1-1/2" (min) or 4-10d x 1-1/2" (max) 
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• Allowable Loads (ASD, Douglas Fir/Southern Pine):  
o Down: 1,220 lbs (min nailing), 2,030 lbs (max nailing) 

 
o Uplift: 290 lbs (min), 580 lbs (max) 

 

 
<End Calculations>  Original 

<Start Rev 1 Calculations> 

Deck Connection review, worst case new deck. 

 
Use a conservative Cs of .5 

 
 
3” Ledgerlok in tension   

 
Assuming ½ of the deck is in tension – 3 pairs of LedgerLOK resist 1620 # 
which is more than the entire deck lateral pull away. No tension ties 
required. 
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IEBC LRFS 

New loads to upper wall and roof diaphragm: ( overframing) 

Seismic review of building front, rear of building has new walls per above: 

Existing roof area = 2610 

Existing roof system weight = 26,100 # 

Overframing area= 350 sf 

Remove roofing (2.5 psf) under overframe areas = 875# 

Existing porch = 150 sf = 1500# 

New Porch =- 42 sf = 420 # 

Overframing weight = 350sf * 5 psf = 1750# 

Change in dead load = 26100#-875#-1500#+420#+1750# = 25,895 

Dead load at front of house is basically equal, IEBC Section 503.3 ok for seismic 

Wind See above for wind loads. The gable vs hip roof has same profile but different wind 
results. (Zone 2 vs Zone 5 using GCpf) 

18 psf (Gable) vs 18 psf X .7 = 12.6 psf 

Area – 71.25 SF Load difference is: 906 # vs 1305# - 200 lb additional load per side. Existing 
walls ok by inspection. (worst case load scenario) 

<End Calculations>  l 
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References Used 

1. International Building Code (IBC) 2021 - International Code Council (ICC), 
effective March 15, 2024, in Washington State with local amendments.  

2. International Residential Code (IRC) 2021 - ICC, adopted by Mercer Island for 
residential design, effective March 15, 2024.  

3. ASCE/SEI 7-16: Minimum Design Loads and Associated Criteria for Buildings 
and Other Structures - American Society of Civil Engineers, 2016 (referenced by 
IBC 2021).  

4. ACI 318-19: Building Code Requirements for Structural Concrete and 
Commentary - American Concrete Institute, 2019 (referenced by IBC 2021 for 
concrete design).  

5. NDS 2018: National Design Specification for Wood Construction - American 
Wood Council, 2018 (referenced by IBC 2021 for wood design).  

6. APA Engineered Wood Construction Guide, Form E30 - APA – The Engineered 
Wood Association, 2019 (current for wood shear wall capacities).  

7. Simpson Strong-Tie Wood Construction Connectors Catalog, C-C-2021 - 
Simpson Strong-Tie, 2021 (latest available for connector capacities as of 2025).  

8. Washington State Building Code (WSBC) - Washington State Legislature, 2021 
amendments to IBC/IRC, effective March 15, 2024.  

9. Mercer Island Building Code Amendments - City of Mercer Island, adopting 2021 
IBC/IRC with local modifications, accessed via mercerisland.gov, current as of 
2025.  

10. USGS National Earthquake Hazards Reduction Program (NEHRP) Seismic 
Design Maps - U.S. Geological Survey, 2023 update (for seismic parameters in 
Puget Sound region).  

11. AWC SDPWS 2021: Special Design Provisions for Wind and Seismic - American 
Wood Council, 2021 (supplement to NDS for wind and seismic design of wood 
structures).  

12. SEAOC Wind Design Manual 2020 - Structural Engineers Association of California, 
2020 (practical guide for ASCE 7 wind load applications).  

13. AISC Steel Construction Manual, 15th Edition - American Institute of Steel 
Construction, 2017 (latest edition as of 2025 for steel design, referenced by IBC). 

 


