
February 13, 2024

Ms. Serena Lim
Rowell Brokaw Architects
1203 Willamette St., #210
Eugene, OR 97401

Re: Oregon State University
Azalea House 2nd Floor Remodel

Dear Serena,

Attached please find calculation sheets 1 through 96, dated February 13, 2024, which verify the 
structural adequacy of the OSU Azalea House Remodel Project as shown on drawings S-001 through 
S-602, dated February 13, 2024. Design is based on the requirements of the 2022 Oregon Structural 
Specialty Code, which is based on the 2021 International Building Code.

If you have any questions or need further information, please call me.

Sincerely,

Michael Arellano, PE

Project No. 10022300346

12/31/25
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2nd FLOOR LOADING

DL = 15 PSF
EXISTING LL = 50 PSF +15 PSF Partitions (per DCI Renovation Dwgs, dated Feb 2, 2015)

OUTDOOR DECK 
DL = 30 PSF
LL = 100 PSF
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LL = 25 PSF
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FOUNDATIONS

Allowable Bearing Pressure = 2500 PSF Existing Foundations Per DCI Remodel Drawings
(Reference Attached)

1500 PSF New Foundations per OSSC 1806.3

Foundation plan
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CEILING FRAMING

1) Typical 2x12 Ceiling Joist

-Span 20'-0"   WDL = 10 psf
                       WLL = 25 psf

2x12 DF No.2 @ 16" o.c. (See attached)

2) Typical 2x8 Ceiling Joist

-Span 13'-6"   WDL = 10 psf
                       WLL = 25 psf

2x8 DF No.2 @ 16" o.c. (See attached)

3) Ceiling Beam grid 8

-Span 17' + 4.5' Cantilever      WDL = 16' x 10 psf = 160 plf
                                                 WLL = 16' x 25 psf = 400 plf

GL5-1/2x13-1/2    24FV8 (see attached)

4) Ceiling Beam grid D

-Span 19.5'      WDL = 7' x 10 psf = 70 plf
                      WLL = 7' x 25 psf = 175 plf

GL3-1/2x12    24FV4 (see attached)

5) Ceiling Beam grid H

-Span 14.5'      WDL = 9' x 10 psf = 90 plf
                        WLL = 9' x 25 psf = 225 plf

GL5-1/2x9    24FV4 (see attached)
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CEILING FRAMING

6) Typical Headers

-Span 4'           WDL = 10' x 10 psf = 100 plf
                        WLL = 10' x 25 psf = 250 plf

(2) 2x6 DF No.2 (See attached)

-Span 6'           WDL = 10' x 10 psf = 100 plf
                        WLL = 10' x 25 psf = 250 plf

4x6 DF No.2  (See attached)

-Span 8'           WDL = 10' x 100 psf = 100 plf
                        WLL = 10' x 250 psf = 250 plf

4x8 DF No.2  (See attached)
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2nd FL FRAMING

7) Typical Deck Joist

-Span 12'-0"   WDL = 30 psf       applied from 0' to 8'
                       WLL = 100 psf     applied from 0' to 8'

3x12 DF No.2 @ 16" o.c. (See attached)

8) Critical Deck Beam Grid C

-Span 12'-75"  +1.5' cantilever       WDL = (8' x 30 psf) x 8'/12' = 160 plf
                                                         WLL = (8' x 100 psf) x 8'/12' = 533 plf

GL5-1/2x12    24FV8 (see attached)

9) Critical Canopy Beam

-Span 11'-0"  +1.5' cantilever       WDL = 12' x 15pf = 180 plf
                                                     WLL = 12' x 25 psf = 300 plf

W6x15 (see attached)

10) 3" T&G Decking

-Span 12'-0"  WTotal = 40 PSF   Allowable WLL = 95 psf   OK//

(see attached)

11) Critical Grid 8 Column

PDL = 2408 lbs
PLL = 5438 lbs

6x6 DF No. 1  (see attached)

12) Critical Grid D and G Post

PDL = 780 lbs
PLL = 1714 lbs

4x4 DF No. 2  (see attached)
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2nd FL FRAMING

13) Critical Grid H Post

PDL = 18'/2 x 20'/2 x 10 psf =  900 lbs
PLL = 18'/2 x 20'/2 x 25 psf =  2250 lbs

6x6 DF No. 1  (see attached)

14) Typical Entry Canopy Beam

WDL = 12'/2 x 15 psf = 90 plf
WLL = 12'/2 x 25 psf = 150 plf

HSS6x4x1/4  (see attached)
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ALLOWABLE SOIL BEARING PRESSURE FOR EXISTING FOUNDATIONS
PER DCI RENOVATION DRAWINGS DATED 2/9/2015
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COLUMNS AND FOOTINGS

15) Entry Canopy Column

PDL = 12'/2 x 5' x 15 psf =  450 lbs
PLL = 12'/2 x 5' x 25 psf =  750 lbs

Eccentricity = 6"

MDL = 450 x 0.5' = 225 lb-ft
MLL = 750 x 0.5' = 375 lb-ft

Seismic Loading V = 0.703 (R=1 cantilever column) x 450 lbs = 320 lbs

ME = 320 lbs x 10' = 3200 lbs-ft

4" Diameter HSS x0.25" (see attached)

16) Critical Grid C Column

- Deck Loads

PDL = 12' x 160 plf = 1920 lbs
PLL = 12' x 533 plf = 6396 lbs

- Canopy Loads

PDL = 11'/2 x 24'/2 x 15 psf = 990 lbs
PLL = 11'/2 x 24'/2 x 25 psf = 1650 lbs

6x6 DF No. 1  (see attached)

17) Critical Back Canopy Column

PDL = 11'/2 x 24'/2 x 15 psf = 990 lbs
PLL = 11'/2 x 24'/2 x 25 psf = 1650 lbs

4" Diameter HSS x0.25" (see attached)
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COLUMNS AND FOOTINGS

18) Critical Back Canopy Footing

PDL = 11'/2 x 24'/2 x 15 psf = 990 lbs
PLL = 11'/2 x 24'/2 x 25 psf = 1650 lbs

Type A Footing 2'x2'x1' w/(3) #5 bars each way (see attached)

19) Grid H Footing

PDL =  900 lbs
PLL =  2250 lbs

Type B Footing 3'x3'x1' w/(4) #5 bars each way (see attached)

20) Grid C Footing

PDL = 1920 lbs
PLL = 6396 lbs

Type B Footing 3'x3'x1' w/(4) #5 bars each way (see attached)

21) Entry Canopy Footing

PDL = 450 lbs
PLL =  750 lbs

Eccentricity = 6"

MDL = 225 lb-ft
MLL = 375 lb-ft

Seismic Loading ME = 3200 lbs-ft

Type B Footing 3'x3'x1' w/(4) #5 bars each way (see attached)
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Rowell Brokaw
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223346
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COLUMNS AND FOOTINGS

22) Check Existing Column and Footing Grid 8

-Ceiling Loads

PDL = 28'/2 x 32'/2 x 10 psf = 2240 lbs
PLL = 28'/2 x 32'/2 x 25 psf = 5600 lbs

2nd Floor Loads

PDL = 28'/2 x 32'/2 x 15 psf = 3360 lbs
PLL = 28'/2 x 32'/2 x 65 psf = 14560 lbs

Existing Column GL8-3/4x9 L2        OK//  (see attached)

Existing Footing 4'x4'x1' w/(5) #5 bars each way           OK//  (see attached)

23) Check Existing Column and Footing Grid E

-Ceiling Loads

PDL = 28'/2 x 36'/2 x 10 psf = 2520 lbs
PLL = 28'/2 x 36'/2 x 25 psf = 6300 lbs

2nd Floor Loads

PDL = 28'/2 x 36'/2 x 15 psf = 3780 lbs
PLL = 28'/2 x 36'/2 x 65 psf = 16380 lbs

Deck Loads

PDL = 18' x 80 plf = 1440 lbs
PLL = 18' x 267 plf = 4806 lbs

Existing Column GL8-3/4x9 L2        OK//  (see attached)

Existing Footing 4'x4'x1' w/(5) #5 bars each way           OK//  (see attached)
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GL BEAM REINFORCING GRID E

24) Check Pl reinforcing for loads imposed by new deck loading

Use Full Deck DL and LL (conservatively) rather than difference from original low roof framing
and snow load.

-Deck Loads

PDL = 30psf x 8' x (4'/12') = 80 plf
PLL = 100 psf x 8' x (4'/12') = 267 plf

Existing GL Beam span = 18'

Mmax = 347 plf x 18'^2 / 8 = 14,054 lb-ft or 168.6 k-in

Plate Reinforcing 1/4" thick x 15" each side.

Splates = 2x b x d^2 / 6 = 2 x .25 x 15^2 /6 = 18.75 in^3

- Check plate stress Fb = 168.6 / 18.75 = 8.99 ksi

Fallowable = 0.6x 36 = 24 ksi    OK//
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1 - Typical Ceiling Joist.wwb 

Design Check Calculation Sheet 
WoodWorks Sizer 2019 (Update 1) 

Loads:

Load            Type          Distribution Pat-  Location [ft]   Magnitude    Unit
                                           tern   Start   End    Start    End      
DL             Dead           Full Area                         10.00(16.0")  psf   
LL             Snow           Full Area                         25.00(16.0")  psf   
Self-weight    Dead           Full UDL                            4.0         plf   

Maximum Reactions (lbs), Bearing Capacities (lbs) and Bearing Lengths (in) :

20.045'

20'0'

Unfactored: 
  Dead         174                                                                    174 
  Snow         334                                                                    334 
Factored: 
  Total        508                                                                    508 
Bearing: 
 Capacity                                                                                
  Joist        508                                                                    508
  Support      635                                                                    635
 Des ratio                                                                               
  Joist       1.00                                                                   1.00
  Support     0.80                                                                   0.80
  Load comb     #2                                                                     #2
 Length       0.54                                                                   0.54
 Min req'd    0.54                                                                   0.54
 Cb           1.00                                                                   1.00
 Cb min       1.00                                                                   1.00
 Cb support   1.25                                                                   1.25
 Fcp sup       625                                                                    625

1 - Typical Ceiling Joist
 Lumber-soft, D.Fir-L, No.2, 2x12 (1-1/2"x11-1/4") 

Supports: All - Timber-soft Beam, D.Fir-L No.2 
Floor joist spaced at 16.0" c/c; Total length: 20.05'; Clear span: 19.955'; Volume = 2.3 cu.ft.

Lateral support: top = continuous, bottom = at supports; Repetitive factor: applied where permitted (refer to online help); 

This section PASSES the design code check. 

WARNING: Member length exceeds typical stock length of 18.0 [ft] 

Analysis vs. Allowable Stress and Deflection using NDS 2018 : 

 Criterion       Analysis Value   Design  Value    Unit      Analysis/Design  
 Shear             fv =   41       Fv' =  207      psi          fv/Fv' =  0.20
 Bending(+)        fb =  961       Fb' = 1190      psi          fb/Fb' =  0.81
 Live  Defl'n    0.42 =  L/569    0.67 =  L/360    in                     0.63
 Total Defl'n    0.64 =  L/374    1.00 =  L/240    in                     0.64
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WoodWorks® Sizer SOFTWARE FOR WOOD DESIGN

WoodWorks® Sizer 2019 (Update 1)1 - Typical Ceiling Joist.wwb Page 2

Additional Data:
FACTORS:  F/E(psi) CD    CM    Ct    CL     CF    Cfu    Cr   Cfrt   Ci    Cn   LC#
 Fv'       180    1.15  1.00  1.00    -      -     -     -    1.00  1.00  1.00   2
 Fb'+      900    1.15  1.00  1.00  1.000  1.000   -    1.15  1.00  1.00   -     2
 Fcp'      625     -    1.00  1.00    -      -     -     -    1.00  1.00   -     -
 E'        1.6 million  1.00  1.00    -      -     -     -    1.00  1.00   -     2
 Emin'    0.58 million  1.00  1.00    -      -     -     -    1.00  1.00   -     2

CRITICAL LOAD COMBINATIONS:
 Shear     : LC #2  = D+S
 Bending(+): LC #2  = D+S
 Deflection: LC #2  = D+S  (live)
             LC #2  = D+S  (total)
 Bearing   : Support 1 – LC #2 = D+S 
             Support 2 – LC #2 = D+S 
 D=dead L=live S=snow W=wind I=impact Lr=roof live Lc=concentrated E=earthquake
 All LC's are listed in the Analysis output
 Load combinations: ASD Basic from ASCE 7-16 2.4 / IBC 2018 1605.3.2

CALCULATIONS:
 V max = 507, V design = 458 lbs; M(+) = 2534 lbs-ft
 EI = 284.76e06 lb-in^2  
 "Live" deflection is due to all non-dead loads (live, wind, snow…)
 Total deflection = 1.0 dead + "live"

Design Notes:
1. WoodWorks analysis and design are in accordance with the ICC International Building Code (IBC 2018), the National 
Design Specification (NDS 2018), and NDS Design Supplement. 
2. Please verify that the default deflection limits are appropriate for your application. 
3. Sawn lumber bending members shall be laterally supported according to the provisions of NDS Clause 4.4.1. 
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WoodWorks® Sizer SOFTWARE FOR WOOD DESIGN

WoodWorks® Sizer 2019 (Update 1)2 - Typical Ceiling Joist.wwb Feb. 13, 2024  10:16:51

Full

Lb = unknown

Lumber Beam, 

D.Fir-L No.2

Clear

unknown

Lb = unknown

Lumber Beam, 

D.Fir-L No.2

unknown

13.5'0'Design
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KPFF Consulting Engineers 

Feb. 12, 2024 10:36 

PROJECT
 
 
 
 
3 - Ceiling Beam Grid 
8.wwb 

Design Check Calculation Sheet 
WoodWorks Sizer 2019 (Update 1) 

Loads:

Load            Type          Distribution Pat-  Location [ft]   Magnitude    Unit
                                           tern   Start   End    Start    End      
DL             Dead           Full UDL      No                  160.0         plf   
LL             Snow           Full UDL      No                  400.0         plf   
Self-weight    Dead           Full UDL      No                   17.1         plf   

Maximum Reactions (lbs), Bearing Capacities (lbs) and Bearing Lengths (in) :

21.554'

17' 21.5'0'

Unfactored: 
  Dead        1408                                                    2408                
  Snow        3183                                                    5438                
Factored: 
  Total       4592                                                    7846                
Bearing: 
 Capacity                                                                                
  Beam        4592                                                    8980               
  Support     4716                                                    7846               
 Des ratio                                                                               
  Beam        1.00                                                    0.87               
  Support     0.97                                                    1.00               
  Load comb     #2                                                      #2               
 Length       1.28                                                    2.14               
 Min req'd    1.28                                                  2.14**               
 Cb           1.00                                                    1.18               
 Cb min       1.00                                                    1.18               
 Cb support   1.07                                                    1.07               
 Fcp sup       625                                                     625               

**Minimum bearing length governed by the required width of the supporting member. 

3 - Ceiling GL Beam Grid 8
 Glulam-Balanced, West Species, 24F-V8 DF, 5-1/2"x13-1/2" 

Supports: All - Timber-soft Beam, D.Fir-L No.2 
Total length: 21.55'; Clear span: 16.857', 4.411'; Volume = 11.1 cu.ft.; 9 laminations, 5-1/2" maximum width,

Lateral support: top = continuous, bottom = at supports; 

This section PASSES the design code check. 

16



WoodWorks® Sizer SOFTWARE FOR WOOD DESIGN

WoodWorks® Sizer 2019 (Update 1)3 - Ceiling Beam Grid 8.wwb Page 2

Analysis vs. Allowable Stress and Deflection using NDS 2018 : 

 Criterion       Analysis Value   Design  Value    Unit      Analysis/Design  
 Shear             fv =   92       Fv' =  305      psi          fv/Fv' =  0.30
 Bending(+)        fb = 1295       Fb' = 2760      psi          fb/Fb' =  0.47
 Bending(-)        fb =  420       Fb' = 2674      psi          fb/Fb' =  0.16
Deflection:
 Interior Live   0.31 =  L/662    0.57 =  L/360    in                     0.54
         Total   0.44 =  L/459    0.85 =  L/240    in                     0.52
 Cantil.  Live  -0.21 =  L/259    0.30 =  L/180    in                     0.69
         Total  -0.30 =  L/179    0.45 =  L/120    in                     0.67

Additional Data:
FACTORS:  F/E(psi) CD    CM    Ct    CL     CV    Cfu    Cr   Cfrt Notes Cn*Cvr LC#
 Fv'       265    1.15  1.00  1.00    -      -     -     -    1.00  1.00  1.00   2
 Fb'+     2400    1.15  1.00  1.00  1.000  1.000   -     -    1.00  1.00   -     2
 Fb'-     2400    1.15  1.00  1.00  0.969  1.000   -     -    1.00  1.00   -     2
 Fcp'      650     -    1.00  1.00    -      -     -     -    1.00   -     -     -
 E'        1.8 million  1.00  1.00    -      -     -     -    1.00   -     -     2
 Eminy'   0.85 million  1.00  1.00    -      -     -     -    1.00   -     -     2

CRITICAL LOAD COMBINATIONS:
 Shear     : LC #2  = D+S
 Bending(+): LC #2  = D+S
 Bending(-): LC #2  = D+S
 Deflection: LC #2  = D+S  (live)
             LC #2  = D+S  (total)
 Bearing   : Support 1 – LC #2 = D+S 
             Support 2 – LC #2 = D+S 
 D=dead L=live S=snow W=wind I=impact Lr=roof live Lc=concentrated E=earthquake
 All LC's are listed in the Analysis output
 Load combinations: ASD Basic from ASCE 7-16 2.4 / IBC 2018 1605.3.2

CALCULATIONS:
 V max = 5249, V design = 4550 lbs; M(+) = 18028 lbs-ft; M(-) = 5843 lbs-ft
 EI = 2029.78e06 lb-in^2  
 "Live" deflection is due to all non-dead loads (live, wind, snow…)
 Total deflection = 1.0 dead + "live"
 Lateral stability(-):  Lu = 17.00'  Le = 27.88'  RB = 12.2; Lu based on full span

Design Notes:
1. WoodWorks analysis and design are in accordance with the ICC International Building Code (IBC 2018), the National 
Design Specification (NDS 2018), and NDS Design Supplement. 
2. Please verify that the default deflection limits are appropriate for your application. 
3. Glulam design values are for materials conforming to ANSI 117-2015 and manufactured in accordance with ANSI 
A190.1-2012 
4. Grades with equal bending capacity in the top and bottom edges of the beam cross-section are recommended for 
continuous beams. 
5. GLULAM: bxd = actual breadth x actual depth. 
6. Glulam Beams shall be laterally supported according to the provisions of NDS Clause 3.3.3. 
7. GLULAM: bearing length based on smaller of Fcp(tension), Fcp(comp'n). 
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4 - Ceiling Beam Grid 
D.wwb 

Design Check Calculation Sheet 
WoodWorks Sizer 2019 (Update 1) 

Loads:

Load            Type          Distribution Pat-  Location [ft]   Magnitude    Unit
                                           tern   Start   End    Start    End      
DL             Dead           Full UDL                           70.0         plf   
LL             Snow           Full UDL                          175.0         plf   
Self-weight    Dead           Full UDL                            9.7         plf   

Maximum Reactions (lbs), Bearing Capacities (lbs) and Bearing Lengths (in) :

19.591'

19.5'0'

Unfactored: 
  Dead         780                                                                    780 
  Snow        1714                                                                   1714 
Factored: 
  Total       2494                                                                   2494 
Bearing: 
 Capacity                                                                                
  Beam        2494                                                                   2494
  Support     2655                                                                   2655
 Des ratio                                                                               
  Beam        1.00                                                                   1.00
  Support     0.94                                                                   0.94
  Load comb     #2                                                                     #2
 Length       1.10                                                                   1.10
 Min req'd    1.10                                                                   1.10
 Cb           1.00                                                                   1.00
 Cb min       1.00                                                                   1.00
 Cb support   1.11                                                                   1.11
 Fcp sup       625                                                                    625

4 - Ceiling GL Beam Grid D
 Glulam-Unbalan., West Species, 24F-V4 DF, 3-1/2"x12" 

Supports: All - Timber-soft Beam, D.Fir-L No.2 
Total length: 19.59'; Clear span: 19.409'; Volume = 5.7 cu.ft.; 8 laminations, 3-1/2" maximum width,

Lateral support: top = continuous, bottom = at supports; 

This section PASSES the design code check. 

Analysis vs. Allowable Stress and Deflection using NDS 2018 : 

 Criterion       Analysis Value   Design  Value    Unit      Analysis/Design  
 Shear             fv =   79       Fv' =  305      psi          fv/Fv' =  0.26
 Bending(+)        fb = 1729       Fb' = 2760      psi          fb/Fb' =  0.63
 Live  Defl'n    0.63 =  L/372    0.65 =  L/360    in                     0.97
 Total Defl'n    0.91 =  L/256    0.98 =  L/240    in                     0.94
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Additional Data:
FACTORS:  F/E(psi) CD    CM    Ct    CL     CV    Cfu    Cr   Cfrt Notes Cn*Cvr LC#
 Fv'       265    1.15  1.00  1.00    -      -     -     -    1.00  1.00  1.00   2
 Fb'+     2400    1.15  1.00  1.00  1.000  1.000   -     -    1.00  1.00   -     2
 Fcp'      650     -    1.00  1.00    -      -     -     -    1.00   -     -     -
 E'        1.8 million  1.00  1.00    -      -     -     -    1.00   -     -     2
 Eminy'   0.85 million  1.00  1.00    -      -     -     -    1.00   -     -     2

CRITICAL LOAD COMBINATIONS:
 Shear     : LC #2  = D+S
 Bending(+): LC #2  = D+S
 Deflection: LC #2  = D+S  (live)
             LC #2  = D+S  (total)
 Bearing   : Support 1 – LC #2 = D+S 
             Support 2 – LC #2 = D+S 
 D=dead L=live S=snow W=wind I=impact Lr=roof live Lc=concentrated E=earthquake
 All LC's are listed in the Analysis output
 Load combinations: ASD Basic from ASCE 7-16 2.4 / IBC 2018 1605.3.2

CALCULATIONS:
 V max = 2483, V design = 2217 lbs; M(+) = 12105 lbs-ft
 EI = 907.19e06 lb-in^2  
 "Live" deflection is due to all non-dead loads (live, wind, snow…)
 Total deflection = 1.0 dead + "live"

Design Notes:
1. WoodWorks analysis and design are in accordance with the ICC International Building Code (IBC 2018), the National 
Design Specification (NDS 2018), and NDS Design Supplement. 
2. Please verify that the default deflection limits are appropriate for your application. 
3. Glulam design values are for materials conforming to ANSI 117-2015 and manufactured in accordance with ANSI 
A190.1-2012 
4. GLULAM: bxd = actual breadth x actual depth. 
5. Glulam Beams shall be laterally supported according to the provisions of NDS Clause 3.3.3. 
6. GLULAM: bearing length based on smaller of Fcp(tension), Fcp(comp'n). 
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5 - Ceiling Beam Grid 
H.wwb 

Design Check Calculation Sheet 
WoodWorks Sizer 2019 (Update 1) 

Loads:

Load            Type          Distribution Pat-  Location [ft]   Magnitude    Unit
                                           tern   Start   End    Start    End      
DL             Dead           Full UDL                           90.0         plf   
LL             Snow           Full UDL                          225.0         plf   
Self-weight    Dead           Full UDL                           11.4         plf   

Maximum Reactions (lbs), Bearing Capacities (lbs) and Bearing Lengths (in) :

14.555'

14.5'0'

Unfactored: 
  Dead         738                                                                    738 
  Snow        1637                                                                   1637 
Factored: 
  Total       2375                                                                   2375 
Bearing: 
 Capacity                                                                                
  Beam        2375                                                                   2375
  Support     2439                                                                   2439
 Des ratio                                                                               
  Beam        1.00                                                                   1.00
  Support     0.97                                                                   0.97
  Load comb     #2                                                                     #2
 Length       0.66                                                                   0.66
 Min req'd    0.66                                                                   0.66
 Cb           1.00                                                                   1.00
 Cb min       1.00                                                                   1.00
 Cb support   1.07                                                                   1.07
 Fcp sup       625                                                                    625

5 - Ceiling GL Beam Grid H
 Glulam-Unbalan., West Species, 24F-V4 DF, 5-1/2"x9" 

Supports: All - Timber-soft Beam, D.Fir-L No.2 
Total length: 14.56'; Clear span: 14.445'; Volume = 5.0 cu.ft.; 6 laminations, 5-1/2" maximum width,

Lateral support: top = continuous, bottom = at supports; 

This section PASSES the design code check. 

Analysis vs. Allowable Stress and Deflection using NDS 2018 : 

 Criterion       Analysis Value   Design  Value    Unit      Analysis/Design  
 Shear             fv =   64       Fv' =  305      psi          fv/Fv' =  0.21
 Bending(+)        fb = 1386       Fb' = 2760      psi          fb/Fb' =  0.50
 Live  Defl'n    0.37 =  L/467    0.48 =  L/360    in                     0.77
 Total Defl'n    0.54 =  L/322    0.73 =  L/240    in                     0.74
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Additional Data:
FACTORS:  F/E(psi) CD    CM    Ct    CL     CV    Cfu    Cr   Cfrt Notes Cn*Cvr LC#
 Fv'       265    1.15  1.00  1.00    -      -     -     -    1.00  1.00  1.00   2
 Fb'+     2400    1.15  1.00  1.00  1.000  1.000   -     -    1.00  1.00   -     2
 Fcp'      650     -    1.00  1.00    -      -     -     -    1.00   -     -     -
 E'        1.8 million  1.00  1.00    -      -     -     -    1.00   -     -     2
 Eminy'   0.85 million  1.00  1.00    -      -     -     -    1.00   -     -     2

CRITICAL LOAD COMBINATIONS:
 Shear     : LC #2  = D+S
 Bending(+): LC #2  = D+S
 Deflection: LC #2  = D+S  (live)
             LC #2  = D+S  (total)
 Bearing   : Support 1 – LC #2 = D+S 
             Support 2 – LC #2 = D+S 
 D=dead L=live S=snow W=wind I=impact Lr=roof live Lc=concentrated E=earthquake
 All LC's are listed in the Analysis output
 Load combinations: ASD Basic from ASCE 7-16 2.4 / IBC 2018 1605.3.2

CALCULATIONS:
 V max = 2366, V design = 2113 lbs; M(+) = 8578 lbs-ft
 EI = 601.42e06 lb-in^2  
 "Live" deflection is due to all non-dead loads (live, wind, snow…)
 Total deflection = 1.0 dead + "live"

Design Notes:
1. WoodWorks analysis and design are in accordance with the ICC International Building Code (IBC 2018), the National 
Design Specification (NDS 2018), and NDS Design Supplement. 
2. Please verify that the default deflection limits are appropriate for your application. 
3. Glulam design values are for materials conforming to ANSI 117-2015 and manufactured in accordance with ANSI 
A190.1-2012 
4. GLULAM: bxd = actual breadth x actual depth. 
5. Glulam Beams shall be laterally supported according to the provisions of NDS Clause 3.3.3. 
6. GLULAM: bearing length based on smaller of Fcp(tension), Fcp(comp'n). 
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6 - Typical Header 4ft 
Span.wwb 

Design Check Calculation Sheet 
WoodWorks Sizer 2019 (Update 1) 

Loads:

Load            Type          Distribution Pat-  Location [ft]   Magnitude    Unit
                                           tern   Start   End    Start    End      
DL             Dead           Full UDL                           50.0         plf   
LL             Snow           Full UDL                          125.0         plf   
Self-weight    Dead           Full UDL                            2.0         plf   

Maximum Reactions (lbs), Bearing Capacities (lbs) and Bearing Lengths (in) :

4.042'

4'0'

Unfactored: 
  Dead         105                                                                    105 
  Snow         253                                                                    253 
Factored: 
  Total        358                                                                    358 
Bearing: 
 Capacity                                                                                
  Joist        469                                                                    469
  Support      586                                                                    586
 Des ratio                                                                               
  Joist       0.76                                                                   0.76
  Support     0.61                                                                   0.61
  Load comb     #2                                                                     #2
 Length      0.50*                                                                  0.50*
 Min req'd   0.50*                                                                  0.50*
 Cb           1.00                                                                   1.00
 Cb min       1.00                                                                   1.00
 Cb support   1.25                                                                   1.25
 Fcp sup       625                                                                    625

*Minimum bearing length setting used: 1/2" for end supports 

6 - Typical Header 4ft Span
 Lumber-soft, D.Fir-L, No.2, 2x6 (1-1/2"x5-1/2") 

Supports: All - Timber-soft Beam, D.Fir-L No.2 
Floor joist spaced at 12.0" c/c; Total length: 4.04'; Clear span: 3.958'; Volume = 0.2 cu.ft.

Lateral support: top = continuous, bottom = at supports; 

This section PASSES the design code check. 
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Analysis vs. Allowable Stress and Deflection using NDS 2018 : 

 Criterion       Analysis Value   Design  Value    Unit      Analysis/Design  
 Shear             fv =   49       Fv' =  207      psi          fv/Fv' =  0.24
 Bending(+)        fb =  562       Fb' = 1345      psi          fb/Fb' =  0.42
 Live  Defl'n    0.02 = < L/999   0.13 =  L/360    in                     0.16
 Total Defl'n    0.03 = < L/999   0.20 =  L/240    in                     0.15

Additional Data:
FACTORS:  F/E(psi) CD    CM    Ct    CL     CF    Cfu    Cr   Cfrt   Ci    Cn   LC#
 Fv'       180    1.15  1.00  1.00    -      -     -     -    1.00  1.00  1.00   2
 Fb'+      900    1.15  1.00  1.00  1.000  1.300   -    1.00  1.00  1.00   -     2
 Fcp'      625     -    1.00  1.00    -      -     -     -    1.00  1.00   -     -
 E'        1.6 million  1.00  1.00    -      -     -     -    1.00  1.00   -     2
 Emin'    0.58 million  1.00  1.00    -      -     -     -    1.00  1.00   -     2

CRITICAL LOAD COMBINATIONS:
 Shear     : LC #2  = D+S
 Bending(+): LC #2  = D+S
 Deflection: LC #2  = D+S  (live)
             LC #2  = D+S  (total)
 Bearing   : Support 1 – LC #2 = D+S 
             Support 2 – LC #2 = D+S 
 D=dead L=live S=snow W=wind I=impact Lr=roof live Lc=concentrated E=earthquake
 All LC's are listed in the Analysis output
 Load combinations: ASD Basic from ASCE 7-16 2.4 / IBC 2018 1605.3.2

CALCULATIONS:
 V max = 354, V design = 269 lbs; M(+) = 354 lbs-ft
 EI = 33.27e06 lb-in^2  
 "Live" deflection is due to all non-dead loads (live, wind, snow…)
 Total deflection = 1.0 dead + "live"

Design Notes:
1. WoodWorks analysis and design are in accordance with the ICC International Building Code (IBC 2018), the National 
Design Specification (NDS 2018), and NDS Design Supplement. 
2. Please verify that the default deflection limits are appropriate for your application. 
3. Sawn lumber bending members shall be laterally supported according to the provisions of NDS Clause 4.4.1. 
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6 - Typical Header 6ft 
Span.wwb 

Design Check Calculation Sheet 
WoodWorks Sizer 2019 (Update 1) 

Loads:

Load            Type          Distribution Pat-  Location [ft]   Magnitude    Unit
                                           tern   Start   End    Start    End      
DL             Dead           Full UDL                          100.0         plf   
LL             Snow           Full UDL                          250.0         plf   
Self-weight    Dead           Full UDL                            4.6         plf   

Maximum Reactions (lbs), Bearing Capacities (lbs) and Bearing Lengths (in) :

6.042'

6'0'

Unfactored: 
  Dead         316                                                                    316 
  Snow         755                                                                    755 
Factored: 
  Total       1071                                                                   1071 
Bearing: 
 Capacity                                                                                
  Joist       1094                                                                   1094
  Support     1211                                                                   1211
 Des ratio                                                                               
  Joist       0.98                                                                   0.98
  Support     0.88                                                                   0.88
  Load comb     #2                                                                     #2
 Length      0.50*                                                                  0.50*
 Min req'd   0.50*                                                                  0.50*
 Cb           1.00                                                                   1.00
 Cb min       1.00                                                                   1.00
 Cb support   1.11                                                                   1.11
 Fcp sup       625                                                                    625

*Minimum bearing length setting used: 1/2" for end supports 

6 - Typical Header 6ft Span
 Lumber-soft, D.Fir-L, No.2, 4x6 (3-1/2"x5-1/2") 

Supports: All - Timber-soft Beam, D.Fir-L No.2 
Floor joist spaced at 12.0" c/c; Total length: 6.04'; Clear span: 5.958'; Volume = 0.8 cu.ft.

Lateral support: top = continuous, bottom = at supports; 

This section PASSES the design code check. 

Analysis vs. Allowable Stress and Deflection using NDS 2018 : 

 Criterion       Analysis Value   Design  Value    Unit      Analysis/Design  
 Shear             fv =   70       Fv' =  207      psi          fv/Fv' =  0.34
 Bending(+)        fb = 1085       Fb' = 1345      psi          fb/Fb' =  0.81
 Live  Defl'n    0.09 =  L/766    0.20 =  L/360    in                     0.47
 Total Defl'n    0.13 =  L/540    0.30 =  L/240    in                     0.44
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Additional Data:
FACTORS:  F/E(psi) CD    CM    Ct    CL     CF    Cfu    Cr   Cfrt   Ci    Cn   LC#
 Fv'       180    1.15  1.00  1.00    -      -     -     -    1.00  1.00  1.00   2
 Fb'+      900    1.15  1.00  1.00  1.000  1.300   -    1.00  1.00  1.00   -     2
 Fcp'      625     -    1.00  1.00    -      -     -     -    1.00  1.00   -     -
 E'        1.6 million  1.00  1.00    -      -     -     -    1.00  1.00   -     2

CRITICAL LOAD COMBINATIONS:
 Shear     : LC #2  = D+S
 Bending(+): LC #2  = D+S
 Deflection: LC #2  = D+S  (live)
             LC #2  = D+S  (total)
 Bearing   : Support 1 – LC #2 = D+S 
             Support 2 – LC #2 = D+S 
 D=dead L=live S=snow W=wind I=impact Lr=roof live Lc=concentrated E=earthquake
 All LC's are listed in the Analysis output
 Load combinations: ASD Basic from ASCE 7-16 2.4 / IBC 2018 1605.3.2

CALCULATIONS:
 V max = 1064, V design = 894 lbs; M(+) = 1596 lbs-ft
 EI = 77.64e06 lb-in^2  
 "Live" deflection is due to all non-dead loads (live, wind, snow…)
 Total deflection = 1.0 dead + "live"

Design Notes:
1. WoodWorks analysis and design are in accordance with the ICC International Building Code (IBC 2018), the National 
Design Specification (NDS 2018), and NDS Design Supplement. 
2. Please verify that the default deflection limits are appropriate for your application. 
3. Sawn lumber bending members shall be laterally supported according to the provisions of NDS Clause 4.4.1. 
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6 - Typical Header 8ft 
Span.wwb 

Design Check Calculation Sheet 
WoodWorks Sizer 2019 (Update 1) 

Loads:

Load            Type          Distribution Pat-  Location [ft]   Magnitude    Unit
                                           tern   Start   End    Start    End      
DL             Dead           Full UDL                          100.0         plf   
LL             Snow           Full UDL                          250.0         plf   
Self-weight    Dead           Full UDL                            6.0         plf   

Maximum Reactions (lbs), Bearing Capacities (lbs) and Bearing Lengths (in) :

8.055'

8'0'

Unfactored: 
  Dead         427                                                                    427 
  Snow        1007                                                                   1007 
Factored: 
  Total       1434                                                                   1434 
Bearing: 
 Capacity                                                                                
  Joist       1434                                                                   1434
  Support     1587                                                                   1587
 Des ratio                                                                               
  Joist       1.00                                                                   1.00
  Support     0.90                                                                   0.90
  Load comb     #2                                                                     #2
 Length       0.66                                                                   0.66
 Min req'd    0.66                                                                   0.66
 Cb           1.00                                                                   1.00
 Cb min       1.00                                                                   1.00
 Cb support   1.11                                                                   1.11
 Fcp sup       625                                                                    625

6 - Typical Header 8ft Span
 Lumber-soft, D.Fir-L, No.2, 4x8 (3-1/2"x7-1/4") 

Supports: All - Timber-soft Beam, D.Fir-L No.2 
Floor joist spaced at 12.0" c/c; Total length: 8.05'; Clear span: 7.945'; Volume = 1.4 cu.ft.

Lateral support: top = continuous, bottom = at supports; 

This section PASSES the design code check. 

Analysis vs. Allowable Stress and Deflection using NDS 2018 : 

 Criterion       Analysis Value   Design  Value    Unit      Analysis/Design  
 Shear             fv =   71       Fv' =  207      psi          fv/Fv' =  0.34
 Bending(+)        fb = 1115       Fb' = 1345      psi          fb/Fb' =  0.83
 Live  Defl'n    0.13 =  L/740    0.27 =  L/360    in                     0.49
 Total Defl'n    0.18 =  L/520    0.40 =  L/240    in                     0.46
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Additional Data:
FACTORS:  F/E(psi) CD    CM    Ct    CL     CF    Cfu    Cr   Cfrt   Ci    Cn   LC#
 Fv'       180    1.15  1.00  1.00    -      -     -     -    1.00  1.00  1.00   2
 Fb'+      900    1.15  1.00  1.00  1.000  1.300   -    1.00  1.00  1.00   -     2
 Fcp'      625     -    1.00  1.00    -      -     -     -    1.00  1.00   -     -
 E'        1.6 million  1.00  1.00    -      -     -     -    1.00  1.00   -     2
 Emin'    0.58 million  1.00  1.00    -      -     -     -    1.00  1.00   -     2

CRITICAL LOAD COMBINATIONS:
 Shear     : LC #2  = D+S
 Bending(+): LC #2  = D+S
 Deflection: LC #2  = D+S  (live)
             LC #2  = D+S  (total)
 Bearing   : Support 1 – LC #2 = D+S 
             Support 2 – LC #2 = D+S 
 D=dead L=live S=snow W=wind I=impact Lr=roof live Lc=concentrated E=earthquake
 All LC's are listed in the Analysis output
 Load combinations: ASD Basic from ASCE 7-16 2.4 / IBC 2018 1605.3.2

CALCULATIONS:
 V max = 1424, V design = 1199 lbs; M(+) = 2848 lbs-ft
 EI = 177.83e06 lb-in^2  
 "Live" deflection is due to all non-dead loads (live, wind, snow…)
 Total deflection = 1.0 dead + "live"

Design Notes:
1. WoodWorks analysis and design are in accordance with the ICC International Building Code (IBC 2018), the National 
Design Specification (NDS 2018), and NDS Design Supplement. 
2. Please verify that the default deflection limits are appropriate for your application. 
3. Sawn lumber bending members shall be laterally supported according to the provisions of NDS Clause 4.4.1. 
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7 - 2nd Fl Deck Joist.wwb 

Design Check Calculation Sheet 
WoodWorks Sizer 2019 (Update 1) 

Loads:

Load            Type          Distribution Pat-  Location [ft]   Magnitude    Unit
                                           tern   Start   End    Start    End      
DL             Dead           Partial Area        0.03   8.03   30.00(16.0")  psf   
LL             Live           Partial Area        0.03   8.03  100.00(16.0")  psf   
Self-weight    Dead           Full UDL                            6.7         plf   

Maximum Reactions (lbs), Bearing Capacities (lbs) and Bearing Lengths (in) :

12.047'

12'0'

Unfactored: 
  Dead         253                                                                    147 
  Live         711                                                                    356 
Factored: 
  Total        965                                                                    502 
Bearing: 
 Capacity                                                                                
  Joist        965                                                                    781
  Support     1109                                                                    898
 Des ratio                                                                               
  Joist       1.00                                                                   0.64
  Support     0.87                                                                   0.56
  Load comb     #2                                                                     #2
 Length       0.62                                                                  0.50*
 Min req'd    0.62                                                                  0.50*
 Cb           1.00                                                                   1.00
 Cb min       1.00                                                                   1.00
 Cb support   1.15                                                                   1.15
 Fcp sup       625                                                                    625

*Minimum bearing length setting used: 1/2" for end supports 

7 - 2nd Fl Deck Joist
 Lumber-soft, D.Fir-L, No.2, 3x12 (2-1/2"x11-1/4") 

Supports: All - Timber-soft Beam, D.Fir-L No.2 
Floor joist spaced at 16.0" c/c; Total length: 12.05'; Clear span: 11.953'; Volume = 2.4 cu.ft.

Lateral support: top = continuous, bottom = at supports; Repetitive factor: applied where permitted (refer to online help); 

This section PASSES the design code check. 

Analysis vs. Allowable Stress and Deflection using NDS 2018 : 

 Criterion       Analysis Value   Design  Value    Unit      Analysis/Design  
 Shear             fv =   43       Fv' =  180      psi          fv/Fv' =  0.24
 Bending(+)        fb =  588       Fb' = 1035      psi          fb/Fb' =  0.57
 Live  Defl'n    0.10 = < L/999   0.40 =  L/360    in                     0.25
 Total Defl'n    0.13 = < L/999   0.60 =  L/240    in                     0.22
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Additional Data:
FACTORS:  F/E(psi) CD    CM    Ct    CL     CF    Cfu    Cr   Cfrt   Ci    Cn   LC#
 Fv'       180    1.00  1.00  1.00    -      -     -     -    1.00  1.00  1.00   2
 Fb'+      900    1.00  1.00  1.00  1.000  1.000   -    1.15  1.00  1.00   -     2
 Fcp'      625     -    1.00  1.00    -      -     -     -    1.00  1.00   -     -
 E'        1.6 million  1.00  1.00    -      -     -     -    1.00  1.00   -     2
 Emin'    0.58 million  1.00  1.00    -      -     -     -    1.00  1.00   -     2

CRITICAL LOAD COMBINATIONS:
 Shear     : LC #2  = D+L
 Bending(+): LC #2  = D+L
 Deflection: LC #2  = D+L  (live)
             LC #2  = D+L  (total)
 Bearing   : Support 1 – LC #2 = D+L 
             Support 2 – LC #2 = D+L 
 D=dead L=live S=snow W=wind I=impact Lr=roof live Lc=concentrated E=earthquake
 All LC's are listed in the Analysis output
 Load combinations: ASD Basic from ASCE 7-16 2.4 / IBC 2018 1605.3.2

CALCULATIONS:
 V max = 965, V design = 798 lbs; M(+) = 2584 lbs-ft
 EI = 474.60e06 lb-in^2  
 "Live" deflection is due to all non-dead loads (live, wind, snow…)
 Total deflection = 1.0 dead + "live"

Design Notes:
1. WoodWorks analysis and design are in accordance with the ICC International Building Code (IBC 2018), the National 
Design Specification (NDS 2018), and NDS Design Supplement. 
2. Please verify that the default deflection limits are appropriate for your application. 
3. Sawn lumber bending members shall be laterally supported according to the provisions of NDS Clause 4.4.1. 
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8 - 2nd Fl Beam Grid 
C.wwb 

Design Check Calculation Sheet 
WoodWorks Sizer 2019 (Update 1) 

Loads:

Load            Type          Distribution Pat-  Location [ft]   Magnitude    Unit
                                           tern   Start   End    Start    End      
DL             Dead           Full UDL      No                  160.0         plf   
LL             Live           Full UDL      No                  533.0         plf   
Self-weight    Dead           Full UDL      No                   15.2         plf   

Maximum Reactions (lbs), Bearing Capacities (lbs) and Bearing Lengths (in) :

14.302'

12.75' 14.25'0'

Unfactored: 
  Dead        1110                                                            1395        
  Live        3379                                                            4244        
Factored: 
  Total       4489                                                            5640        
Bearing: 
 Capacity                                                                                
  Beam        4489                                                            6831       
  Support     4610                                                            5640       
 Des ratio                                                                               
  Beam        1.00                                                            0.83       
  Support     0.97                                                            1.00       
  Load comb     #2                                                              #2       
 Length       1.26                                                            1.54       
 Min req'd    1.26                                                          1.54**       
 Cb           1.00                                                            1.24       
 Cb min       1.00                                                            1.24       
 Cb support   1.07                                                            1.07       
 Fcp sup       625                                                             625       

**Minimum bearing length governed by the required width of the supporting member. 

8 - 2nd Fl GL Beam Grid C
 Glulam-Balanced, West Species, 24F-V8 DF, 5-1/2"x12" 

Supports: All - Timber-soft Beam, D.Fir-L No.2 
Total length: 14.3'; Clear span: 12.634', 1.436'; Volume = 6.6 cu.ft.; 8 laminations, 5-1/2" maximum width,

Lateral support: top = continuous, bottom = at supports; 

This section PASSES the design code check. 
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Analysis vs. Allowable Stress and Deflection using NDS 2018 : 

 Criterion       Analysis Value   Design  Value    Unit      Analysis/Design  
 Shear             fv =   87       Fv' =  265      psi          fv/Fv' =  0.33
 Bending(+)        fb = 1272       Fb' = 2400      psi          fb/Fb' =  0.53
 Bending(-)        fb =   72       Fb' = 2364      psi          fb/Fb' =  0.03
Deflection:
 Interior Live   0.21 =  L/711    0.43 =  L/360    in                     0.51
         Total   0.29 =  L/535    0.64 =  L/240    in                     0.45
 Cantil.  Live  -0.08 =  L/228    0.10 =  L/180    in                     0.79
         Total  -0.10 =  L/172    0.15 =  L/120    in                     0.70

Additional Data:
FACTORS:  F/E(psi) CD    CM    Ct    CL     CV    Cfu    Cr   Cfrt Notes Cn*Cvr LC#
 Fv'       265    1.00  1.00  1.00    -      -     -     -    1.00  1.00  1.00   2
 Fb'+     2400    1.00  1.00  1.00  1.000  1.000   -     -    1.00  1.00   -     2
 Fb'-     2400    1.00  1.00  1.00  0.985  1.000   -     -    1.00  1.00   -     2
 Fcp'      650     -    1.00  1.00    -      -     -     -    1.00   -     -     -
 E'        1.8 million  1.00  1.00    -      -     -     -    1.00   -     -     2
 Eminy'   0.85 million  1.00  1.00    -      -     -     -    1.00   -     -     2

CRITICAL LOAD COMBINATIONS:
 Shear     : LC #2  = D+L
 Bending(+): LC #2  = D+L
 Bending(-): LC #2  = D+L
 Deflection: LC #2  = D+L  (live)
             LC #2  = D+L  (total)
 Bearing   : Support 1 – LC #2 = D+L 
             Support 2 – LC #2 = D+L 
 D=dead L=live S=snow W=wind I=impact Lr=roof live Lc=concentrated E=earthquake
 All LC's are listed in the Analysis output
 Load combinations: ASD Basic from ASCE 7-16 2.4 / IBC 2018 1605.3.2

CALCULATIONS:
 V max = 4577, V design = 3824 lbs; M(+) = 13995 lbs-ft; M(-) = 797 lbs-ft
 EI = 1425.58e06 lb-in^2  
 "Live" deflection is due to all non-dead loads (live, wind, snow…)
 Total deflection = 1.0 dead + "live"
 Lateral stability(-):  Lu = 12.75'  Le = 21.38'  RB = 10.1; Lu based on full span

Design Notes:
1. WoodWorks analysis and design are in accordance with the ICC International Building Code (IBC 2018), the National 
Design Specification (NDS 2018), and NDS Design Supplement. 
2. Please verify that the default deflection limits are appropriate for your application. 
3. Glulam design values are for materials conforming to ANSI 117-2015 and manufactured in accordance with ANSI 
A190.1-2012 
4. Grades with equal bending capacity in the top and bottom edges of the beam cross-section are recommended for 
continuous beams. 
5. GLULAM: bxd = actual breadth x actual depth. 
6. Glulam Beams shall be laterally supported according to the provisions of NDS Clause 3.3.3. 
7. GLULAM: bearing length based on smaller of Fcp(tension), Fcp(comp'n). 
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9 - TYPICAL CANOPY BEAM

In accordance with AISC360 15th Edition published 2016 using the LRFD method

Tedds calculation version 4.4.08

ANALYSIS

Tedds calculation version 1.0.36

Geometry

Geometry (ft) - Steel (AISC) - W 6x15

1

11

2

1.51 2 3
X

Z

 

Span Length (ft) Section Start Support End Support

1 11 W 6x15 Pinned Roller Pin X

2 1.5 W 6x15 Roller Pin X Free

W 6x15: Area 4 in2, Inertia Major 29 in4, Inertia Minor 9 in4, Shear area parallel to Minor 1 in2, Shear area 
parallel to Major 3 in2

Steel (AISC): Density 490 lbm/ft3, Youngs 29000 ksi, Shear 11200 ksi, Thermal 0.000012 °C-1

Loading

Self weight included

Dead - Loading (kips/ft)

0
.1

8

0
.1

8

0
.1

8

0
.1

8

X

Z  

Live - Loading (kips/ft)

0
.3

0
.3

0
.3

0
.3

X

Z  

Load combination factors

Load combination

S
e

lf
 W

e
ig

h
t

D
e

a
d

L
iv

e

1.2D + 1.6L (Strength) 1.20 1.20 1.60

1.0D + 1.0L (Service) 1.00 1.00 1.00
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Member Loads

Member Load case Load Type Orientation Description

Beam Dead UDL GlobalZ 0.18 kips/ft

Beam Live UDL GlobalZ 0.3 kips/ft

Results

Forces

Strength combinations - Moment envelope (kip_ft)

10.4

-0.8-0.8

 

Strength combinations - Shear envelope (kips)

3.9

-4

1.1

 

Service combinations - Deflection envelope (in)

0.2

-0.1

 

;

Resistance factors

Shear; φv = 1.00

Flexure; φb = 0.90

Tensile yielding; φt,y = 0.90

Tensile rupture; φt,r = 0.75

Compression; φc = 0.90
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Beam - Span 1 design

Section details

Section type; W 6x15 (AISC 15th Edn (v15.0))

ASTM steel designation; A992

Steel yield stress; Fy = 50 ksi

Steel tensile stress; Fu = 65 ksi

Modulus of elasticity; E = 29000 ksi

5.99"

0.23"

5
.9

9
"

0
.2

6
"

0
.2

6
"

W 6x15 (AISC 15th Edn (v15.0))

Section depth, d, 5.99 in

Section breadth, b
f
, 5.99 in

Weight of section, Weight, 15 lbf/ft

Flange thickness, t
f
, 0.26 in

Web thickness, t
w
, 0.23 in

Area of section, A, 4.4 in2

Radius of gyration about x-axis, r
x
, 2.56 in

Radius of gyration about y-axis, r
y
, 1.45 in

Elastic section modulus about x-axis, S
x
, 9.72 in3

Elastic section modulus about y-axis, S
y
, 3.11 in3

Plastic section modulus about x-axis, Z
x
, 10.8 in3

Plastic section modulus about y-axis, Z
y
, 4.75 in3

Second moment of area about x-axis, I
x
, 29.1 in4

Second moment of area about y-axis, I
y
, 9.32 in4

 

Lateral restraint

Top flange has full lateral restraint

Bottom flange has lateral restraint at supports only

Classification of sections for local buckling - Section B4

Classification of flanges in flexure - Table B4.1b (case 10)

Width to thickness ratio; bf / (2 × tf) = 11.52

Limiting ratio for compact section; λpff = 0.38 × √[E / Fy] = 9.15

Limiting ratio for non-compact section; λrff = 1.0 × √[E / Fy] = 24.08; Noncompact

Classification of web in flexure - Table B4.1b (case 15)

Width to thickness ratio; (d - 2 × k) / tw = 21.61

Limiting ratio for compact section; λpwf = 3.76 × √[E / Fy] = 90.55

Limiting ratio for non-compact section; λrwf = 5.70 × √[E / Fy] = 137.27; Compact

Section is noncompact in flexure

Check design at start of span

Design of members for shear - Chapter G

Required shear strength; Vr,x = 3.9 kips

Web area; Aw = d × tw = 1.378 in2
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Web plate buckling coefficient; kv = 5.34

(d - 2 × k) / tw <= 2.24 × √(E / Fy)

Web shear coefficient - eq G2-2; Cv1 = 1.000

Nominal shear strength - eq G2-1; Vn,x = 0.6 × Fy × Aw × Cv1 = 41.3 kips

Resistance factor; φv = 1.00

Design shear strength; Vc,x = φv × Vn,x = 41.3 kips

Vr,x / Vc,x = 0.093

PASS - Design shear strength exceeds required shear strength

Check design 5ft 4.773in along span

Design of members for flexure - Chapter F

Required flexural strength; Mr,x = 10.4 kips_ft

Compression flange local buckling - Section F3.2

λ = bf / (2 × tf) = 11.519

Nominal flexural strength for compression flange local buckling - eq F3-1;

Mn,flb,x = Mp,x - (Mp,x - 0.7 × Fy × Sx) × (λ - λpff) / (λrff - λpff) = 42.4 

kips_ft

Design flexural strength - F1

Nominal flexural strength; Mn,x = Mn,flb,x = 42.4 kips_ft

Design flexural strength; Mc,x = φb × Mn,x = 38.1 kips_ft

Mr,x / Mc,x = 0.273

PASS - Design flexural strength exceeds required flexural strength

Check design at end of span

Design of members for shear - Chapter G

Required shear strength; Vr,x = 4 kips

Web area; Aw = d × tw = 1.378 in2

Web plate buckling coefficient; kv = 5.34

(d - 2 × k) / tw <= 2.24 × √(E / Fy)

Web shear coefficient - eq G2-2; Cv1 = 1.000

Nominal shear strength - eq G2-1; Vn,x = 0.6 × Fy × Aw × Cv1 = 41.3 kips

Resistance factor; φv = 1.00

Design shear strength; Vc,x = φv × Vn,x = 41.3 kips

Vr,x / Vc,x = 0.097

PASS - Design shear strength exceeds required shear strength

Design of members for flexure - Chapter F

Required flexural strength; Mr,x = 0.8 kips_ft

Plastic moment - eq F2-1; Mp,x = Fy × Zx = 45 kips_ft
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Lateral-torsional buckling - Section F3.1

Unbraced length; Lb = 11 ft

Limiting unbraced length for yielding - eq F2-5; Lp = 1.76 × ry × √(E / Fy) = 5.122 ft

Distance between flange centroids; ho = 5.73 in

c = 1

rts = 1.66 in

Limiting unbraced length for inelastic LTB - eq F2-6; Lr = 1.95 × rts × E / (0.7 × Fy) × √((J × c / (Sx × ho)) + √((J × c / 

(Sx × ho))2 + 6.76 × (0.7 × Fy / E)2)) = 16.482 ft

Moment at quarter point of segment; MA = 7.9 kips_ft

Moment at center-line of segment; MB = 10.4 kips_ft

Moment at three quarter point of segment; MC = 7.5 kips_ft

Maximum moment in segment; Mmax = 10.4 kips_ft

LTB modification factor - eq F1-1; Cb = 12.5 × Mmax / (2.5 × Mmax + 3 × MA + 4 × MB + 3 × MC) = 1.143

Nominal flexural strength for lateral-torsional buckling - eq F2-2

Mn,ltb,x = min(Cb × (Mp,x - (Mp,x - 0.7 × Fy × Sx) × (Lb - Lp) / (Lr - Lp)), 

Mp,x) = 41.6 kips_ft

Compression flange local buckling - Section F3.2

λ = bf / (2 × tf) = 11.519

Nominal flexural strength for compression flange local buckling - eq F3-1;

Mn,flb,x = Mp,x - (Mp,x - 0.7 × Fy × Sx) × (λ - λpff) / (λrff - λpff) = 42.4 

kips_ft

Design flexural strength - F1

Nominal flexural strength; Mn,x = min(Mn,ltb,x, Mn,flb,x) = 41.6 kips_ft

Design flexural strength; Mc,x = φb × Mn,x = 37.4 kips_ft

Mr,x / Mc,x = 0.021

PASS - Design flexural strength exceeds required flexural strength

Consider Combination 2 - 1.0D + 1.0L (Service)

Check design 5ft 5.586in along span

Design of members for x-x axis deflection

Maximum deflection; δx = 0.19 in

Allowable deflection; δx,Allowable = Lm1_s1 / 360 = 0.367 in

δx / δx,Allowable = 0.519

PASS - Allowable deflection exceeds design deflection
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11 - Critical Grid 8 
Column.wwc 

Design Check Calculation Sheet 
WoodWorks Sizer 2019 (Update 1) 

Loads:

Load            Type        Distribution  Location [ft]   Magnitude    Unit
                                           Start   End    Start    End      
DL             Dead         Axial        (Ecc. = 0.00")   2408         lbs   
LL             Snow         Axial        (Ecc. = 0.00")   5438         lbs   
Self-weight    Dead         Axial                           72         lbs   

Reactions (lbs):

10'

10'
0'

B
a
s
e

T
o
p

11 - Critical grid 8 Column
 Timber-soft, D.Fir-L, No.1, 6x6 (5-1/2"x5-1/2") 

Support: Non-wood 
Total length: 10.0'; Volume = 2.1 cu.ft.; Post or timber

Pinned base; Ke x Lb: 1.0 x 10.0 = 10.0 ft; Ke x Ld: 1.0 x 10.0 = 10.0 ft; 

This section PASSES the design code check. 

Analysis vs. Allowable Stress and Deflection using NDS 2018 : 

 Criterion       Analysis Value   Design  Value    Unit      Analysis/Design  
 Axial             fc =  262       Fc' =  738      psi          fc/Fc' =  0.35
 Axial Bearing     fc =  262       Fc* = 1150      psi          fc/Fc* =  0.23 

Additional Data:
FACTORS:  F/E(psi) CD    CM    Ct   CL/CP   CF    Cfu    Cr   Cfrt   Ci    LC#
 Fc'      1000    1.15  1.00  1.00  0.641  1.000   -     -    1.00  1.00    2
 Fc*      1000    1.15  1.00  1.00    -    1.000   -     -    1.00  1.00    2

CRITICAL LOAD COMBINATIONS:
 Axial     : LC #2  = D+S
 D=dead L=live S=snow W=wind I=impact Lr=roof live Lc=concentrated E=earthquake
 All LC's are listed in the Analysis output
 Load combinations: ASD Basic from ASCE 7-16 2.4 / IBC 2018 1605.3.2

Design Notes:
1. WoodWorks analysis and design are in accordance with the ICC International Building Code (IBC 2018), the National 
Design Specification (NDS 2018), and NDS Design Supplement. 
2. Please verify that the default deflection limits are appropriate for your application. 
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12 - Critical Grid D and G 
Post.wwc 

Design Check Calculation Sheet 
WoodWorks Sizer 2019 (Update 1) 

Loads:

Load            Type        Distribution  Location [ft]   Magnitude    Unit
                                           Start   End    Start    End      
DL             Dead         Axial        (Ecc. = 0.00")    780         lbs   
LL             Snow         Axial        (Ecc. = 0.00")   1714         lbs   
Self-weight    Dead         Axial                           29         lbs   

Reactions (lbs):

10'

10'
0'

B
a
s
e
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12 - Critical grid D and G Post
 Lumber Post, D.Fir-L, No.2, 4x4 (3-1/2"x3-1/2") 

Support: Non-wood 
Total length: 10.0'; Volume = 0.9 cu.ft.

Pinned base; Ke x Lb: 1.0 x 10.0 = 10.0 ft; Ke x Ld: 1.0 x 10.0 = 10.0 ft; 

This section PASSES the design code check. 

Analysis vs. Allowable Stress and Deflection using NDS 2018 : 

 Criterion       Analysis Value   Design  Value    Unit      Analysis/Design  
 Axial             fc =  206       Fc' =  384      psi          fc/Fc' =  0.54
 Axial Bearing     fc =  206       Fc* = 1785      psi          fc/Fc* =  0.12 

Additional Data:
FACTORS:  F/E(psi) CD    CM    Ct   CL/CP   CF    Cfu    Cr   Cfrt   Ci    LC#
 Fc'      1350    1.15  1.00  1.00  0.215  1.150   -     -    1.00  1.00    2
 Fc*      1350    1.15  1.00  1.00    -    1.150   -     -    1.00  1.00    2

CRITICAL LOAD COMBINATIONS:
 Axial     : LC #2  = D+S
 D=dead L=live S=snow W=wind I=impact Lr=roof live Lc=concentrated E=earthquake
 All LC's are listed in the Analysis output
 Load combinations: ASD Basic from ASCE 7-16 2.4 / IBC 2018 1605.3.2

Design Notes:
1. WoodWorks analysis and design are in accordance with the ICC International Building Code (IBC 2018), the National 
Design Specification (NDS 2018), and NDS Design Supplement. 
2. Please verify that the default deflection limits are appropriate for your application. 
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13 - Critical Grid H 
Post.wwc 

Design Check Calculation Sheet 
WoodWorks Sizer 2019 (Update 1) 

Loads:

Load            Type        Distribution  Location [ft]   Magnitude    Unit
                                           Start   End    Start    End      
DL             Dead         Axial        (Ecc. = 0.00")    900         lbs   
LL             Snow         Axial        (Ecc. = 0.00")   2250         lbs   
Self-weight    Dead         Axial                           72         lbs   

Reactions (lbs):

10'
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13 - Critical grid H Post
 Timber-soft, D.Fir-L, No.1, 6x6 (5-1/2"x5-1/2") 

Support: Non-wood 
Total length: 10.0'; Volume = 2.1 cu.ft.; Post or timber

Pinned base; Ke x Lb: 1.0 x 10.0 = 10.0 ft; Ke x Ld: 1.0 x 10.0 = 10.0 ft; 

This section PASSES the design code check. 

Analysis vs. Allowable Stress and Deflection using NDS 2018 : 

 Criterion       Analysis Value   Design  Value    Unit      Analysis/Design  
 Axial             fc =  107       Fc' =  738      psi          fc/Fc' =  0.14
 Axial Bearing     fc =  107       Fc* = 1150      psi          fc/Fc* =  0.09 

Additional Data:
FACTORS:  F/E(psi) CD    CM    Ct   CL/CP   CF    Cfu    Cr   Cfrt   Ci    LC#
 Fc'      1000    1.15  1.00  1.00  0.641  1.000   -     -    1.00  1.00    2
 Fc*      1000    1.15  1.00  1.00    -    1.000   -     -    1.00  1.00    2

CRITICAL LOAD COMBINATIONS:
 Axial     : LC #2  = D+S
 D=dead L=live S=snow W=wind I=impact Lr=roof live Lc=concentrated E=earthquake
 All LC's are listed in the Analysis output
 Load combinations: ASD Basic from ASCE 7-16 2.4 / IBC 2018 1605.3.2

Design Notes:
1. WoodWorks analysis and design are in accordance with the ICC International Building Code (IBC 2018), the National 
Design Specification (NDS 2018), and NDS Design Supplement. 
2. Please verify that the default deflection limits are appropriate for your application. 
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OSU Azalea House

Entry Canopy Beam
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Gravity Beam Design
RAM SBeam v5.01

OSU Azalea House

Entry Canopy Beam

02/13/24   10:30:02

STEEL CODE: AISC 360-05 ASD

SPAN INFORMATION (ft):   I-End (0.00,0.00)     J-End (5.33,0.00)

Beam Size (User Selected) = HSS6X4X1/4 Fy = 46.0 ksi

Total Beam Length (ft) = 5.33

Cantilever on left (ft) = 2.00

Cantilever on right (ft) = 3.00

Mp (kip-ft) = 32.70

Top flange braced by decking.

LINE LOADS (k/ft):

Load Dist (ft) DL LL

1 0.000 0.015 0.000

2.000 0.015 0.000

2 0.000 0.090 0.150

2.000 0.090 0.150

3 2.000 0.015 0.000

2.333 0.015 0.000

4 2.000 0.090 0.150

2.333 0.090 0.150

5 2.333 0.015 0.000

5.333 0.015 0.000

6 2.333 0.090 0.150

5.333 0.090 0.150

SHEAR:  Max Va (DL+LL) = 2.85 kips   Vn/1.67 = 46.21 kips

MOMENTS:

Span Cond LoadCombo Ma @ Lb Cb Ω Mn / Ω

kip-ft ft ft kip-ft

Left Max - DL+LL -0.5 2.0 2.0 1.00 1.67 19.58

Center Max - DL+LL -1.1 2.3 0.3 1.29 1.67 19.58

Right Max - DL+LL -1.1 2.3 3.0 1.00 1.67 19.58

Controlling DL+LL -1.1 2.3 3.0 1.00 1.67 19.58

REACTIONS (kips):

Left Right

DL reaction -0.56 1.12

Max +LL reaction 1.23 2.50

Max -LL reaction -2.03 -0.90

Max +total reaction 0.67 3.61

Max -total reaction -2.59 0.22

DEFLECTIONS:

Left cantilever:

Dead load (in) = -0.001

Pos Live load (in) = -0.001 L/D = 38136

Pos Total load (in) = -0.002 L/D = 22475
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Gravity Beam Design
RAM SBeam v5.01

OSU Azalea House

Entry Canopy Beam

02/13/24   10:30:02

Center span:

Dead load (in) at 2.18 ft = 0.000

Live load (in) at 2.18 ft = 0.000

Net Total load (in) at 2.18 ft = 0.000

Right cantilever:

Dead load (in) = -0.004 L/D = 20196

Pos Live load (in) = -0.005 L/D = 14082

Pos Total load (in) = -0.009 L/D = 8297

Page  2/2
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15 - ENTRY CANOPY COLUMN

Steel column design in accordance with AISC360-16 and the LRFD method

Tedds calculation version 1.0.10

4"

0.
23

"

 

Column and loading details

Column details

Column section; HSS 4x0.250

Design loading

Required axial strength; Pr = 2 kips; (Compression)

Maximum moment about x axis; Mx = 0.9 kips_ft

Maximum moment about y axis; My = 3.2 kips_ft

Maximum shear force parallel to y axis; Vry = 0.0 kips

Maximum shear force parallel to x axis; Vrx = 0.3 kips

Material details

Steel grade; A500 Gr. B

Yield strength; Fy = 42 ksi

Ultimate strength; Fu = 58 ksi

Modulus of elasticity; E = 29000 ksi

Shear modulus of elasticity; G = 11200 ksi

Unbraced lengths

For buckling about x axis; Lx = 120 in

For buckling about y axis; Ly = 120 in

For torsional buckling; Lz = 120 in

Effective length factors

For buckling about x axis; Kx = 1.00
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For buckling about y axis; Ky = 1.00

For torsional buckling; Kz = 1.00

Effective unbraced lengths

For buckling about x axis; Lcx = Lx × Kx = 120 in

For buckling about y axis; Lcy = Ly × Ky = 120 in

For torsional buckling; Lcz = Lz × Kz = 120 in

Section classification

Section classification for local buckling (cl. B4)

Width to thickness ratio; λ = Do / t = 17.167

Compression

Limit for nonslender section; λr_c = 0.11 × E / Fy = 75.952

The section is nonslender in compression

Flexure

Limit for compact section; λp_f = 0.07 × E / Fy = 48.333

Limit for noncompact section; λr_f = 0.31 × E / Fy = 214.048

The section is compact in flexure

Slenderness

Member slenderness

Slenderness ratio about x axis; SRx = Lcx / rx = 90.2

Slenderness ratio about y axis; SRy = Lcy / ry = 90.2

Second order effects

Second order effects for bending about y axis (cl. C2.1b)

Second order effects are already included or do not need to be considered therefore:-

P-δ amplifier; B1x = B1y = 1.0

Required flexural strength (x axis); Mrx = B1x × Mx = 0.9 kips_ft

Required flexural strength (y axis); Mry = B1y × My = 3.2 kips_ft

Design of members for shear parallel to x axis - Chapter G

Required shear strength; Vrx = 0.320 kips

Nominal shear strength - eq G5-1; Vnx = 0.6 × Fy × A / 2 = 34.776 kips

Resistance factor for shear; φv = 0.90

Design shear strength; Vcx = φv × Vnx = 31.298 kips

Compressive strength

Flexural buckling about x axis (cl. E3)

Elastic critical buckling stress; Fex = π2 × E / (SRx)2 = 35.2 ksi
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Flexural buckling stress; Fcrx = (0.658F
y
 / F

ex) × Fy = 25.5 ksi 

Nominal compressive strength for flexural buckling; Pnx = Fcrx × A = 70.3 kips

Flexural buckling about y axis (cl. E3)

Elastic critical buckling stress; Fey = π2 × E / (SRy)2 = 35.2 ksi

Flexural buckling stress; Fcry = (0.658F
y
 / F

ey) × Fy = 25.5 ksi 

Nominal compressive strength for flexural buckling; Pny = Fcry × A = 70.3 kips

Design compressive strength (cl.E1)

Resistance factor for compression; φc = 0.90

Design compressive strength; Pc = φc × min(Pnx, Pny) = ;63.3; kips

PASS - The design compressive strength exceeds the required compressive strength

Flexural strength about the major axis

Yielding (cl. F8.1)

Nominal flexural strength; Mnx_yld = Mny_yld = Fy × Z = 11.6 kips_ft

Design flexural strength (cl. F1)

Resistance factor for flexure; φb = 0.90

Design flexural strength; Mcx = Mcy = φb × Mnx_yld = ;10.4; kips_ft

PASS - The design flexural strength about the x axis exceeds the required flexural strength

PASS - The design flexural strength about the y axis exceeds the required flexural strength

Combined forces

Member utilization (cl. H1.1)

Equation H1-1b; UR = abs(Pr) / (2 × Pc) + (Mrx / Mcx + Mry / Mcy) = 0.407

PASS - The member is adequate for the combined forces
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COMPANY
KPFF Consulting Engineers 

Feb. 13, 2024 10:34 

PROJECT
 
 
 
 
16 - Critical Grid C 
Column.wwc 

Design Check Calculation Sheet 
WoodWorks Sizer 2019 (Update 1) 

Loads:

Load            Type        Distribution  Location [ft]   Magnitude    Unit
                                           Start   End    Start    End      
DL             Dead         Axial        (Ecc. = 0.00")   2910         lbs   
LL             Snow         Axial        (Ecc. = 0.00")   8046         lbs   
Self-weight    Dead         Axial                           86         lbs   

Reactions (lbs):

12'

12'
0'

B
a
s
e

T
o
p

16 - Critical grid C Column
 Timber-soft, D.Fir-L, No.1, 6x6 (5-1/2"x5-1/2") 

Support: Non-wood 
Total length: 12.0'; Volume = 2.5 cu.ft.; Post or timber

Pinned base; Ke x Lb: 1.0 x 12.0 = 12.0 ft; Ke x Ld: 1.0 x 12.0 = 12.0 ft; 

This section PASSES the design code check. 

Analysis vs. Allowable Stress and Deflection using NDS 2018 : 

 Criterion       Analysis Value   Design  Value    Unit      Analysis/Design  
 Axial             fc =  365       Fc' =  578      psi          fc/Fc' =  0.63
 Axial Bearing     fc =  365       Fc* = 1150      psi          fc/Fc* =  0.32 

Additional Data:
FACTORS:  F/E(psi) CD    CM    Ct   CL/CP   CF    Cfu    Cr   Cfrt   Ci    LC#
 Fc'      1000    1.15  1.00  1.00  0.503  1.000   -     -    1.00  1.00    2
 Fc*      1000    1.15  1.00  1.00    -    1.000   -     -    1.00  1.00    2

CRITICAL LOAD COMBINATIONS:
 Axial     : LC #2  = D+S
 D=dead L=live S=snow W=wind I=impact Lr=roof live Lc=concentrated E=earthquake
 All LC's are listed in the Analysis output
 Load combinations: ASD Basic from ASCE 7-16 2.4 / IBC 2018 1605.3.2

Design Notes:
1. WoodWorks analysis and design are in accordance with the ICC International Building Code (IBC 2018), the National 
Design Specification (NDS 2018), and NDS Design Supplement. 
2. Please verify that the default deflection limits are appropriate for your application. 
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17 - DECK CANOPY COLUMN

Steel column design in accordance with AISC360-16 and the LRFD method

Tedds calculation version 1.0.10

4"

0.
23

"

 

Column and loading details

Column details

Column section; HSS 4x0.250

Design loading

Required axial strength; Pr = 4 kips; (Compression)

Maximum moment about x axis; Mx = 0.0 kips_ft

Maximum moment about y axis; My = 0.0 kips_ft

Maximum shear force parallel to y axis; Vry = 0.0 kips

Maximum shear force parallel to x axis; Vrx = 0.0 kips

Material details

Steel grade; A500 Gr. B

Yield strength; Fy = 42 ksi

Ultimate strength; Fu = 58 ksi

Modulus of elasticity; E = 29000 ksi

Shear modulus of elasticity; G = 11200 ksi

Unbraced lengths

For buckling about x axis; Lx = 120 in

For buckling about y axis; Ly = 120 in

For torsional buckling; Lz = 120 in

Effective length factors

For buckling about x axis; Kx = 1.00
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For buckling about y axis; Ky = 1.00

For torsional buckling; Kz = 1.00

Effective unbraced lengths

For buckling about x axis; Lcx = Lx × Kx = 120 in

For buckling about y axis; Lcy = Ly × Ky = 120 in

For torsional buckling; Lcz = Lz × Kz = 120 in

Section classification

Section classification for local buckling (cl. B4)

Width to thickness ratio; λ = Do / t = 17.167

Compression

Limit for nonslender section; λr_c = 0.11 × E / Fy = 75.952

The section is nonslender in compression

Slenderness

Member slenderness

Slenderness ratio about x axis; SRx = Lcx / rx = 90.2

Slenderness ratio about y axis; SRy = Lcy / ry = 90.2

Compressive strength

Flexural buckling about x axis (cl. E3)

Elastic critical buckling stress; Fex = π2 × E / (SRx)2 = 35.2 ksi

Flexural buckling stress; Fcrx = (0.658F
y
 / F

ex) × Fy = 25.5 ksi 

Nominal compressive strength for flexural buckling; Pnx = Fcrx × A = 70.3 kips

Flexural buckling about y axis (cl. E3)

Elastic critical buckling stress; Fey = π2 × E / (SRy)2 = 35.2 ksi

Flexural buckling stress; Fcry = (0.658F
y
 / F

ey) × Fy = 25.5 ksi 

Nominal compressive strength for flexural buckling; Pny = Fcry × A = 70.3 kips

Design compressive strength (cl.E1)

Resistance factor for compression; φc = 0.90

Design compressive strength; Pc = φc × min(Pnx, Pny) = ;63.3; kips

PASS - The design compressive strength exceeds the required compressive strength
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18 - TYPICAL HSS FOOTING

Footing analysis in accordance with ACI318-19

Tedds calculation version 3.3.02

Summary results

Description Unit Applied Resisting FoS Result

Uplift verification kips 3.7 Pass

Description Unit Applied Resisting Utilization Result

Soil bearing ksf 0.93 1.5 0.620 Pass

Description Unit Provided Required Utilization Result

Moment, positive, x-direction kip_ft 0.3 32.3 0.010 Pass

Moment, positive, y-direction kip_ft 0.3 32.3 0.010 Pass

Shear, two-way, Col 1 psi 2.678 189.737 0.014 Pass

Min.area of reinf, bot., x-direction in2 0.518 0.930 Pass

Max.reinf.spacing, bot, x-direction in 18.0 8.6 Pass

Min.area of reinf, bot., y-direction in2 0.518 0.930 Pass

Max.reinf.spacing, bot, y-direction in 18.0 8.6 Pass

Pad footing details

Length of footing; Lx = 2 ft

Width of footing; Ly = 2 ft

Footing area; A = Lx × Ly = 4 ft2

Depth of footing; h = 12 in

Depth of soil over footing; hsoil = 12 in

Density of concrete; γconc = 150.0 lb/ft3
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1

0.93 ksf

0.93 ksf

0.93 ksf

0.93 ksf

x

 y

 

Column no.1 details

Length of column; lx1 = 10.00 in

Width of column; ly1 = 10.00 in

position in x-axis; x1 = 12.00 in

position in y-axis; y1 = 12.00 in

Soil properties

Gross allowable bearing pressure; qallow_Gross = 1.5 ksf;

Density of soil; γsoil = 120.0 lb/ft3

Angle of internal friction; φb = 30.0 deg

Design base friction angle; δbb = 30.0 deg

Coefficient of base friction; tan(δbb) = 0.577

Footing loads

Self weight; Fswt = h × γconc = 150 psf

Soil weight; Fsoil = hsoil × γsoil = 120 psf

Column no.1 loads

Dead load in z; FDz1 = 1.0 kips

Live load in z; FLz1 = 1.7 kips

Footing analysis for soil and stability

Load combinations per ASCE 7-16

1.0D (0.345)
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1.0D + 1.0L (0.620)

Combination 2 results: 1.0D + 1.0L

Forces on footing

Force in z-axis; Fdz = γD × A × (Fswt + Fsoil) + γD × FDz1 + γL × FLz1 = 3.7 kips

Moments on footing

Moment in x-axis, about x is 0; Mdx = γD × (A × (Fswt + Fsoil) × Lx / 2) + γD × (FDz1 × x1) + γL × (FLz1 × 

x1) = 3.7 kip_ft

Moment in y-axis, about y is 0; Mdy = γD × (A × (Fswt + Fsoil) × Ly / 2) + γD × (FDz1 × y1) + γL × (FLz1 × 

y1) = 3.7 kip_ft

Uplift verification

Vertical force; Fdz = 3.72 kips

PASS - Footing is not subject to uplift

Bearing resistance

Eccentricity of base reaction

Eccentricity of base reaction in x-axis; edx = Mdx / Fdz - Lx / 2 = 0 in

Eccentricity of base reaction in y-axis; edy = Mdy / Fdz - Ly / 2 = 0 in

Pad base pressures

q1 = Fdz × (1 - 6 × edx / Lx - 6 × edy / Ly) / (Lx × Ly) = 0.93 ksf

q2 = Fdz × (1 - 6 × edx / Lx + 6 × edy / Ly) / (Lx × Ly) = 0.93 ksf

q3 = Fdz × (1 + 6 × edx / Lx - 6 × edy / Ly) / (Lx × Ly) = 0.93 ksf

q4 = Fdz × (1 + 6 × edx / Lx + 6 × edy / Ly) / (Lx × Ly) = 0.93 ksf

Minimum base pressure; qmin = min(q1,q2,q3,q4) = 0.93 ksf

Maximum base pressure; qmax = max(q1,q2,q3,q4) = 0.93 ksf

Allowable bearing capacity

Allowable bearing capacity; qallow = qallow_Gross = 1.5 ksf

qmax / qallow = 0.620

PASS - Allowable bearing capacity exceeds design base pressure

18 - TYPICAL HSS FOOTING

Footing design in accordance with ACI318-19

Tedds calculation version 3.3.02

Material details

Compressive strength of concrete; f’c = 4000 psi

Yield strength of reinforcement; fy = 60000 psi

Compression-controlled strain limit (21.2.2); εty = 0.00200

Cover to top of footing; cnom_t = 3 in

Cover to side of footing; cnom_s = 3 in
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Cover to bottom of footing; cnom_b = 3 in

Concrete type; Normal weight

Concrete modification factor; λ = 1.00

Column type; Concrete

Analysis and design of concrete footing

Load combinations per ASCE 7-16

1.4D (0.004)

1.2D + 1.6L + 0.5Lr (0.014)

Combination 2 results: 1.2D + 1.6L + 0.5Lr

Forces on footing

Ultimate force in z-axis; Fuz = γD × A × (Fswt + Fsoil) + γD × FDz1 + γL × FLz1 = 5.1 kips

Moments on footing

Ultimate moment in x-axis, about x is 0; Mux = γD × (A × (Fswt + Fsoil) × Lx / 2) + γD × (FDz1 × x1) + γL × (FLz1 × 

x1) = 5.1 kip_ft

Ultimate moment in y-axis, about y is 0; Muy = γD × (A × (Fswt + Fsoil) × Ly / 2) + γD × (FDz1 × y1) + γL × (FLz1 × 

y1) = 5.1 kip_ft

Eccentricity of base reaction

Eccentricity of base reaction in x-axis; eux = Mux / Fuz - Lx / 2 = 0 in

Eccentricity of base reaction in y-axis; euy = Muy / Fuz - Ly / 2 = 0 in

Pad base pressures

qu1 = Fuz × (1 - 6 × eux / Lx - 6 × euy / Ly) / (Lx × Ly) = 1.281 ksf

qu2 = Fuz × (1 - 6 × eux / Lx + 6 × euy / Ly) / (Lx × Ly) = 1.281 ksf

qu3 = Fuz × (1 + 6 × eux / Lx - 6 × euy / Ly) / (Lx × Ly) = 1.281 ksf

qu4 = Fuz × (1 + 6 × eux / Lx + 6 × euy / Ly) / (Lx × Ly) = 1.281 ksf

Minimum ultimate base pressure; qumin = min(qu1,qu2,qu3,qu4) = 1.281 ksf

Maximum ultimate base pressure; qumax = max(qu1,qu2,qu3,qu4) = 1.281 ksf

Shear diagram, x axis (kips)

1.9

0

0

-1.9

0.00.0
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Moment diagram, x axis (kip_ft)

1

0

1

0
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Moment design, x direction, positive moment

Ultimate bending moment; Mu.x.max = 0.326 kip_ft

Tension reinforcement provided; 3 No.5 bottom bars (8.6 in c/c)

Area of tension reinforcement provided; Asx.bot.prov = 0.93 in2

Minimum area of reinforcement (8.6.1.1); As.min = 0.0018 × Ly × h = 0.518 in2

PASS - Area of reinforcement provided exceeds minimum

Maximum spacing of reinforcement (8.7.2.2); smax = min(2 × h, 18 in) = 18 in

PASS - Maximum permissible reinforcement spacing exceeds actual spacing

Depth to tension reinforcement; d = h - cnom_b - φx.bot / 2 = 8.688 in

Depth of compression block; a = Asx.bot.prov × fy / (0.85 × f'c × Ly) = 0.684 in

Neutral axis factor; β1 = 0.85

Depth to neutral axis; c = a / β1  = 0.804 in

Strain in tensile reinforcement; εt = 0.003 × d / c - 0.003 = 0.02940

Minimum tensile strain(8.3.3.1); εmin = εty + 0.003 = 0.00500

PASS - Tensile strain exceeds minimum required

Nominal moment capacity; Mn = Asx.bot.prov × fy × (d - a / 2) = 38.807 kip_ft

Flexural strength reduction factor; φf = min(max(0.65 + 0.25 × (εt - εty) / (0.003), 0.65), 0.9) = 0.900

Design moment capacity; φMn = φf × Mn = 34.926 kip_ft

Mu.x.max / φMn = 0.009

PASS - Design moment capacity exceeds ultimate moment load

One-way shear design, x direction

One-way shear design does not apply. Shear failure plane fall outside extents of foundation.

Shear diagram, y axis (kips)
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0
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Moment diagram, y axis (kip_ft)
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Moment design, y direction, positive moment

Ultimate bending moment; Mu.y.max = 0.326 kip_ft

Tension reinforcement provided; 3 No.5 bottom bars (8.6 in c/c)

Area of tension reinforcement provided; Asy.bot.prov = 0.93 in2

Minimum area of reinforcement (8.6.1.1); As.min = 0.0018 × Lx × h = 0.518 in2

PASS - Area of reinforcement provided exceeds minimum

Maximum spacing of reinforcement (8.7.2.2); smax = min(2 × h, 18 in) = 18 in

PASS - Maximum permissible reinforcement spacing exceeds actual spacing

Depth to tension reinforcement; d = h - cnom_b - φx.bot - φy.bot / 2 = 8.062 in

Depth of compression block; a = Asy.bot.prov × fy / (0.85 × f'c × Lx) = 0.684 in

Neutral axis factor; β1 = 0.85

Depth to neutral axis; c = a / β1  = 0.804 in

Strain in tensile reinforcement; εt = 0.003 × d / c - 0.003 = 0.02707

Minimum tensile strain(8.3.3.1); εmin = εty + 0.003 = 0.00500

PASS - Tensile strain exceeds minimum required

Nominal moment capacity; Mn = Asy.bot.prov × fy × (d - a / 2) = 35.901 kip_ft

Flexural strength reduction factor; φf = min(max(0.65 + 0.25 × (εt - εty) / (0.003), 0.65), 0.9) = 0.900

Design moment capacity; φMn = φf × Mn = 32.311 kip_ft

Mu.y.max / φMn = 0.010

PASS - Design moment capacity exceeds ultimate moment load

One-way shear design, y direction

One-way shear design does not apply. Shear failure plane fall outside extents of foundation.

Two-way shear design at column 1

Depth to reinforcement; dv2 = 8.375 in

Shear perimeter length (22.6.4); lxp = 18.375 in

Shear perimeter width (22.6.4); lyp = 18.375 in

Shear perimeter (22.6.4); bo = 2 × (lx1 + dv2) + 2 × (ly1 + dv2) = 73.500 in

Shear area; Ap = lx,perim × ly,perim = 337.641 in2

Surcharge loaded area; Asur = Ap - lx1 × ly1 = 237.641 in2

Ultimate bearing pressure at center of shear area; qup.avg = 1.281 ksf

56



    Portland, Oregon

 Project  OSU Azalea House  By  MAA Sheet No.

                  7

 Location  Corvallis, OR  Date  2/12/2024

 Client  Rowell Brokaw  Revised  Job No.

          223346
 Date

Ultimate shear load; Fup = γD × FDz1 + γL × FLz1 + γD × Ap × Fswt + γD × Asur × Fsoil - qup.avg × 

Ap = 1.484 kips

Ultimate shear stress from vertical load; vug = max(Fup / (bo × dv2),0 psi) = 2.411 psi

Column geometry factor (Table 22.6.5.2); β = ly1 / lx1 = 1.00

Column location factor (22.6.5.3); αs =40

Size effect factor (22.5.5.1.3); λs  = 1

Concrete shear strength (22.6.5.2); vcpa = (2 + 4 / β) × λs × λ × √(f'c × 1 psi) = 379.473 psi

vcpb = (αs × dv2 / bo + 2) × λs × λ × √(f'c × 1 psi) = 414.753 psi

vcpc = 4 × λs × λ × √(f'c × 1 psi) = 252.982 psi

vcp = min(vcpa,vcpb,vcpc) = 252.982 psi

Shear strength reduction factor; φv = 0.75

Nominal shear stress capacity (Eq. 22.6.1.2); vn = vcp = 252.982 psi

Design shear stress capacity (8.5.1.1(d)); φvn = φv × vn = 189.737 psi

vug / φvn = 0.013

PASS - Design shear stress capacity exceeds ultimate shear stress load

1

3 No.5 bottom bars (8.6 in c/c)

3 No.5 bottom bars (8.6 in c/c)
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19 - GRID H FOOTING

Footing analysis in accordance with ACI318-19

Tedds calculation version 3.3.02

Summary results

Description Unit Applied Resisting FoS Result

Uplift verification kips 3.7 Pass

Description Unit Applied Resisting Utilization Result

Soil bearing ksf 0.93 1.5 0.620 Pass

Description Unit Provided Required Utilization Result

Moment, positive, x-direction kip_ft 0.3 34.9 0.009 Pass

Moment, positive, y-direction kip_ft 0.3 32.3 0.010 Pass

Shear, two-way, Col 1 psi 2.411 189.737 0.013 Pass

Min.area of reinf, bot., x-direction in2 0.518 0.930 Pass

Max.reinf.spacing, bot, x-direction in 18.0 8.6 Pass

Min.area of reinf, bot., y-direction in2 0.518 0.930 Pass

Max.reinf.spacing, bot, y-direction in 18.0 8.6 Pass

Pad footing details

Length of footing; Lx = 2 ft

Width of footing; Ly = 2 ft

Footing area; A = Lx × Ly = 4 ft2

Depth of footing; h = 12 in

Depth of soil over footing; hsoil = 12 in

Density of concrete; γconc = 150.0 lb/ft3
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0.93 ksf

0.93 ksf

x

 y

 

Column no.1 details

Length of column; lx1 = 10.00 in

Width of column; ly1 = 10.00 in

position in x-axis; x1 = 12.00 in

position in y-axis; y1 = 12.00 in

Soil properties

Gross allowable bearing pressure; qallow_Gross = 1.5 ksf;

Density of soil; γsoil = 120.0 lb/ft3

Angle of internal friction; φb = 30.0 deg

Design base friction angle; δbb = 30.0 deg

Coefficient of base friction; tan(δbb) = 0.577

Footing loads

Self weight; Fswt = h × γconc = 150 psf

Soil weight; Fsoil = hsoil × γsoil = 120 psf

Column no.1 loads

Dead load in z; FDz1 = 1.0 kips

Live load in z; FLz1 = 1.7 kips

Footing analysis for soil and stability

Load combinations per ASCE 7-16

1.0D (0.345)
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1.0D + 1.0L (0.620)

Combination 2 results: 1.0D + 1.0L

Forces on footing

Force in z-axis; Fdz = γD × A × (Fswt + Fsoil) + γD × FDz1 + γL × FLz1 = 3.7 kips

Moments on footing

Moment in x-axis, about x is 0; Mdx = γD × (A × (Fswt + Fsoil) × Lx / 2) + γD × (FDz1 × x1) + γL × (FLz1 × 

x1) = 3.7 kip_ft

Moment in y-axis, about y is 0; Mdy = γD × (A × (Fswt + Fsoil) × Ly / 2) + γD × (FDz1 × y1) + γL × (FLz1 × 

y1) = 3.7 kip_ft

Uplift verification

Vertical force; Fdz = 3.72 kips

PASS - Footing is not subject to uplift

Bearing resistance

Eccentricity of base reaction

Eccentricity of base reaction in x-axis; edx = Mdx / Fdz - Lx / 2 = 0 in

Eccentricity of base reaction in y-axis; edy = Mdy / Fdz - Ly / 2 = 0 in

Pad base pressures

q1 = Fdz × (1 - 6 × edx / Lx - 6 × edy / Ly) / (Lx × Ly) = 0.93 ksf

q2 = Fdz × (1 - 6 × edx / Lx + 6 × edy / Ly) / (Lx × Ly) = 0.93 ksf

q3 = Fdz × (1 + 6 × edx / Lx - 6 × edy / Ly) / (Lx × Ly) = 0.93 ksf

q4 = Fdz × (1 + 6 × edx / Lx + 6 × edy / Ly) / (Lx × Ly) = 0.93 ksf

Minimum base pressure; qmin = min(q1,q2,q3,q4) = 0.93 ksf

Maximum base pressure; qmax = max(q1,q2,q3,q4) = 0.93 ksf

Allowable bearing capacity

Allowable bearing capacity; qallow = qallow_Gross = 1.5 ksf

qmax / qallow = 0.620

PASS - Allowable bearing capacity exceeds design base pressure

19 - GRID H FOOTING

Footing design in accordance with ACI318-19

Tedds calculation version 3.3.02

Material details

Compressive strength of concrete; f’c = 4000 psi

Yield strength of reinforcement; fy = 60000 psi

Compression-controlled strain limit (21.2.2); εty = 0.00200

Cover to top of footing; cnom_t = 3 in

Cover to side of footing; cnom_s = 3 in
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Cover to bottom of footing; cnom_b = 3 in

Concrete type; Normal weight

Concrete modification factor; λ = 1.00

Column type; Concrete

Analysis and design of concrete footing

Load combinations per ASCE 7-16

1.4D (0.004)

1.2D + 1.6L + 0.5Lr (0.013)

Combination 2 results: 1.2D + 1.6L + 0.5Lr

Forces on footing

Ultimate force in z-axis; Fuz = γD × A × (Fswt + Fsoil) + γD × FDz1 + γL × FLz1 = 5.1 kips

Moments on footing

Ultimate moment in x-axis, about x is 0; Mux = γD × (A × (Fswt + Fsoil) × Lx / 2) + γD × (FDz1 × x1) + γL × (FLz1 × 

x1) = 5.1 kip_ft

Ultimate moment in y-axis, about y is 0; Muy = γD × (A × (Fswt + Fsoil) × Ly / 2) + γD × (FDz1 × y1) + γL × (FLz1 × 

y1) = 5.1 kip_ft

Eccentricity of base reaction

Eccentricity of base reaction in x-axis; eux = Mux / Fuz - Lx / 2 = 0 in

Eccentricity of base reaction in y-axis; euy = Muy / Fuz - Ly / 2 = 0 in

Pad base pressures

qu1 = Fuz × (1 - 6 × eux / Lx - 6 × euy / Ly) / (Lx × Ly) = 1.281 ksf

qu2 = Fuz × (1 - 6 × eux / Lx + 6 × euy / Ly) / (Lx × Ly) = 1.281 ksf

qu3 = Fuz × (1 + 6 × eux / Lx - 6 × euy / Ly) / (Lx × Ly) = 1.281 ksf

qu4 = Fuz × (1 + 6 × eux / Lx + 6 × euy / Ly) / (Lx × Ly) = 1.281 ksf

Minimum ultimate base pressure; qumin = min(qu1,qu2,qu3,qu4) = 1.281 ksf

Maximum ultimate base pressure; qumax = max(qu1,qu2,qu3,qu4) = 1.281 ksf

Shear diagram, x axis (kips)

1.9

0

0

-1.9

0.00.0
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Moment diagram, x axis (kip_ft)

1

0

1

0

0.3

 

Moment design, x direction, positive moment

Ultimate bending moment; Mu.x.max = 0.326 kip_ft

Tension reinforcement provided; 3 No.5 bottom bars (8.6 in c/c)

Area of tension reinforcement provided; Asx.bot.prov = 0.93 in2

Minimum area of reinforcement (8.6.1.1); As.min = 0.0018 × Ly × h = 0.518 in2

PASS - Area of reinforcement provided exceeds minimum

Maximum spacing of reinforcement (8.7.2.2); smax = min(2 × h, 18 in) = 18 in

PASS - Maximum permissible reinforcement spacing exceeds actual spacing

Depth to tension reinforcement; d = h - cnom_b - φx.bot / 2 = 8.688 in

Depth of compression block; a = Asx.bot.prov × fy / (0.85 × f'c × Ly) = 0.684 in

Neutral axis factor; β1 = 0.85

Depth to neutral axis; c = a / β1  = 0.804 in

Strain in tensile reinforcement; εt = 0.003 × d / c - 0.003 = 0.02940

Minimum tensile strain(8.3.3.1); εmin = εty + 0.003 = 0.00500

PASS - Tensile strain exceeds minimum required

Nominal moment capacity; Mn = Asx.bot.prov × fy × (d - a / 2) = 38.807 kip_ft

Flexural strength reduction factor; φf = min(max(0.65 + 0.25 × (εt - εty) / (0.003), 0.65), 0.9) = 0.900

Design moment capacity; φMn = φf × Mn = 34.926 kip_ft

Mu.x.max / φMn = 0.009

PASS - Design moment capacity exceeds ultimate moment load

One-way shear design, x direction

One-way shear design does not apply. Shear failure plane fall outside extents of foundation.

Shear diagram, y axis (kips)

1.9

0

0

-1.9

0.00.0
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Moment diagram, y axis (kip_ft)

1

0

1

0

0.3

 

Moment design, y direction, positive moment

Ultimate bending moment; Mu.y.max = 0.326 kip_ft

Tension reinforcement provided; 3 No.5 bottom bars (8.6 in c/c)

Area of tension reinforcement provided; Asy.bot.prov = 0.93 in2

Minimum area of reinforcement (8.6.1.1); As.min = 0.0018 × Lx × h = 0.518 in2

PASS - Area of reinforcement provided exceeds minimum

Maximum spacing of reinforcement (8.7.2.2); smax = min(2 × h, 18 in) = 18 in

PASS - Maximum permissible reinforcement spacing exceeds actual spacing

Depth to tension reinforcement; d = h - cnom_b - φx.bot - φy.bot / 2 = 8.062 in

Depth of compression block; a = Asy.bot.prov × fy / (0.85 × f'c × Lx) = 0.684 in

Neutral axis factor; β1 = 0.85

Depth to neutral axis; c = a / β1  = 0.804 in

Strain in tensile reinforcement; εt = 0.003 × d / c - 0.003 = 0.02707

Minimum tensile strain(8.3.3.1); εmin = εty + 0.003 = 0.00500

PASS - Tensile strain exceeds minimum required

Nominal moment capacity; Mn = Asy.bot.prov × fy × (d - a / 2) = 35.901 kip_ft

Flexural strength reduction factor; φf = min(max(0.65 + 0.25 × (εt - εty) / (0.003), 0.65), 0.9) = 0.900

Design moment capacity; φMn = φf × Mn = 32.311 kip_ft

Mu.y.max / φMn = 0.010

PASS - Design moment capacity exceeds ultimate moment load

One-way shear design, y direction

One-way shear design does not apply. Shear failure plane fall outside extents of foundation.

Two-way shear design at column 1

Depth to reinforcement; dv2 = 8.375 in

Shear perimeter length (22.6.4); lxp = 18.375 in

Shear perimeter width (22.6.4); lyp = 18.375 in

Shear perimeter (22.6.4); bo = 2 × (lx1 + dv2) + 2 × (ly1 + dv2) = 73.500 in

Shear area; Ap = lx,perim × ly,perim = 337.641 in2

Surcharge loaded area; Asur = Ap - lx1 × ly1 = 237.641 in2

Ultimate bearing pressure at center of shear area; qup.avg = 1.281 ksf
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Ultimate shear load; Fup = γD × FDz1 + γL × FLz1 + γD × Ap × Fswt + γD × Asur × Fsoil - qup.avg × 

Ap = 1.484 kips

Ultimate shear stress from vertical load; vug = max(Fup / (bo × dv2),0 psi) = 2.411 psi

Column geometry factor (Table 22.6.5.2); β = ly1 / lx1 = 1.00

Column location factor (22.6.5.3); αs =40

Size effect factor (22.5.5.1.3); λs  = 1

Concrete shear strength (22.6.5.2); vcpa = (2 + 4 / β) × λs × λ × √(f'c × 1 psi) = 379.473 psi

vcpb = (αs × dv2 / bo + 2) × λs × λ × √(f'c × 1 psi) = 414.753 psi

vcpc = 4 × λs × λ × √(f'c × 1 psi) = 252.982 psi

vcp = min(vcpa,vcpb,vcpc) = 252.982 psi

Shear strength reduction factor; φv = 0.75

Nominal shear stress capacity (Eq. 22.6.1.2); vn = vcp = 252.982 psi

Design shear stress capacity (8.5.1.1(d)); φvn = φv × vn = 189.737 psi

vug / φvn = 0.013

PASS - Design shear stress capacity exceeds ultimate shear stress load

1

3 No.5 bottom bars (8.6 in c/c)

3 No.5 bottom bars (8.6 in c/c)
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20 - GRID C FOOTING

Footing analysis in accordance with ACI318-19

Tedds calculation version 3.3.02

Summary results

Description Unit Applied Resisting FoS Result

Uplift verification kips 10.8 Pass

Description Unit Applied Resisting Utilization Result

Soil bearing ksf 1.194 1.5 0.796 Pass

Description Unit Provided Required Utilization Result

Moment, positive, x-direction kip_ft 2.5 46.8 0.052 Pass

Moment, positive, y-direction kip_ft 2.5 43.3 0.057 Pass

Shear, one-way, x-direction kips 1.7 18.8 0.092 Pass

Shear, one-way, y-direction kips 1.7 17.9 0.096 Pass

Shear, two-way, Col 1 psi 14.907 189.737 0.079 Pass

Min.area of reinf, bot., x-direction in2 0.778 1.240 Pass

Max.reinf.spacing, bot, x-direction in 18.0 9.7 Pass

Min.area of reinf, bot., y-direction in2 0.778 1.240 Pass

Max.reinf.spacing, bot, y-direction in 18.0 9.7 Pass

Pad footing details

Length of footing; Lx = 3 ft

Width of footing; Ly = 3 ft

Footing area; A = Lx × Ly = 9 ft2

Depth of footing; h = 12 in

Depth of soil over footing; hsoil = 12 in

Density of concrete; γconc = 150.0 lb/ft3
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Column no.1 details

Length of column; lx1 = 10.00 in

Width of column; ly1 = 10.00 in

position in x-axis; x1 = 18.00 in

position in y-axis; y1 = 18.00 in

Soil properties

Gross allowable bearing pressure; qallow_Gross = 1.5 ksf;

Density of soil; γsoil = 120.0 lb/ft3

Angle of internal friction; φb = 30.0 deg

Design base friction angle; δbb = 30.0 deg

Coefficient of base friction; tan(δbb) = 0.577

Footing loads

Self weight; Fswt = h × γconc = 150 psf

Soil weight; Fsoil = hsoil × γsoil = 120 psf

Column no.1 loads

Dead load in z; FDz1 = 1.9 kips

Live load in z; FLz1 = 6.4 kips

Footing analysis for soil and stability

Load combinations per ASCE 7-16

1.0D (0.322)
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1.0D + 1.0L (0.796)

Combination 2 results: 1.0D + 1.0L

Forces on footing

Force in z-axis; Fdz = γD × A × (Fswt + Fsoil) + γD × FDz1 + γL × FLz1 = 10.8 kips

Moments on footing

Moment in x-axis, about x is 0; Mdx = γD × (A × (Fswt + Fsoil) × Lx / 2) + γD × (FDz1 × x1) + γL × (FLz1 × 

x1) = 16.1 kip_ft

Moment in y-axis, about y is 0; Mdy = γD × (A × (Fswt + Fsoil) × Ly / 2) + γD × (FDz1 × y1) + γL × (FLz1 × 

y1) = 16.1 kip_ft

Uplift verification

Vertical force; Fdz = 10.75 kips

PASS - Footing is not subject to uplift

Bearing resistance

Eccentricity of base reaction

Eccentricity of base reaction in x-axis; edx = Mdx / Fdz - Lx / 2 = 0 in

Eccentricity of base reaction in y-axis; edy = Mdy / Fdz - Ly / 2 = 0 in

Pad base pressures

q1 = Fdz × (1 - 6 × edx / Lx - 6 × edy / Ly) / (Lx × Ly) = 1.194 ksf

q2 = Fdz × (1 - 6 × edx / Lx + 6 × edy / Ly) / (Lx × Ly) = 1.194 ksf

q3 = Fdz × (1 + 6 × edx / Lx - 6 × edy / Ly) / (Lx × Ly) = 1.194 ksf

q4 = Fdz × (1 + 6 × edx / Lx + 6 × edy / Ly) / (Lx × Ly) = 1.194 ksf

Minimum base pressure; qmin = min(q1,q2,q3,q4) = 1.194 ksf

Maximum base pressure; qmax = max(q1,q2,q3,q4) = 1.194 ksf

Allowable bearing capacity

Allowable bearing capacity; qallow = qallow_Gross = 1.5 ksf

qmax / qallow = 0.796

PASS - Allowable bearing capacity exceeds design base pressure

20 - GRID C FOOTING

Footing design in accordance with ACI318-19

Tedds calculation version 3.3.02

Material details

Compressive strength of concrete; f’c = 4000 psi

Yield strength of reinforcement; fy = 60000 psi

Compression-controlled strain limit (21.2.2); εty = 0.00200

Cover to top of footing; cnom_t = 3 in

Cover to side of footing; cnom_s = 3 in
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Cover to bottom of footing; cnom_b = 3 in

Concrete type; Normal weight

Concrete modification factor; λ = 1.00

Column type; Concrete

Analysis and design of concrete footing

Load combinations per ASCE 7-16

1.4D (0.021)

1.2D + 1.6L + 0.5Lr (0.096)

Combination 2 results: 1.2D + 1.6L + 0.5Lr

Forces on footing

Ultimate force in z-axis; Fuz = γD × A × (Fswt + Fsoil) + γD × FDz1 + γL × FLz1 = 15.5 kips

Moments on footing

Ultimate moment in x-axis, about x is 0; Mux = γD × (A × (Fswt + Fsoil) × Lx / 2) + γD × (FDz1 × x1) + γL × (FLz1 × 

x1) = 23.2 kip_ft

Ultimate moment in y-axis, about y is 0; Muy = γD × (A × (Fswt + Fsoil) × Ly / 2) + γD × (FDz1 × y1) + γL × (FLz1 × 

y1) = 23.2 kip_ft

Eccentricity of base reaction

Eccentricity of base reaction in x-axis; eux = Mux / Fuz - Lx / 2 = 0 in

Eccentricity of base reaction in y-axis; euy = Muy / Fuz - Ly / 2 = 0 in

Pad base pressures

qu1 = Fuz × (1 - 6 × eux / Lx - 6 × euy / Ly) / (Lx × Ly) = 1.718 ksf

qu2 = Fuz × (1 - 6 × eux / Lx + 6 × euy / Ly) / (Lx × Ly) = 1.718 ksf

qu3 = Fuz × (1 + 6 × eux / Lx - 6 × euy / Ly) / (Lx × Ly) = 1.718 ksf

qu4 = Fuz × (1 + 6 × eux / Lx + 6 × euy / Ly) / (Lx × Ly) = 1.718 ksf

Minimum ultimate base pressure; qumin = min(qu1,qu2,qu3,qu4) = 1.718 ksf

Maximum ultimate base pressure; qumax = max(qu1,qu2,qu3,qu4) = 1.718 ksf

Shear diagram, x axis (kips)

6.3

0

0

-6.3

1.7

-1.7
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Moment diagram, x axis (kip_ft)

4.7

0

4.7

0

2.5

 

Moment design, x direction, positive moment

Ultimate bending moment; Mu.x.max = 2.454 kip_ft

Tension reinforcement provided; 4 No.5 bottom bars (9.7 in c/c)

Area of tension reinforcement provided; Asx.bot.prov = 1.24 in2

Minimum area of reinforcement (8.6.1.1); As.min = 0.0018 × Ly × h = 0.778 in2

PASS - Area of reinforcement provided exceeds minimum

Maximum spacing of reinforcement (8.7.2.2); smax = min(2 × h, 18 in) = 18 in

PASS - Maximum permissible reinforcement spacing exceeds actual spacing

Depth to tension reinforcement; d = h - cnom_b - φx.bot / 2 = 8.688 in

Depth of compression block; a = Asx.bot.prov × fy / (0.85 × f'c × Ly) = 0.608 in

Neutral axis factor; β1 = 0.85

Depth to neutral axis; c = a / β1  = 0.715 in

Strain in tensile reinforcement; εt = 0.003 × d / c - 0.003 = 0.03345

Minimum tensile strain(8.3.3.1); εmin = εty + 0.003 = 0.00500

PASS - Tensile strain exceeds minimum required

Nominal moment capacity; Mn = Asx.bot.prov × fy × (d - a / 2) = 51.978 kip_ft

Flexural strength reduction factor; φf = min(max(0.65 + 0.25 × (εt - εty) / (0.003), 0.65), 0.9) = 0.900

Design moment capacity; φMn = φf × Mn = 46.78 kip_ft

Mu.x.max / φMn = 0.052

PASS - Design moment capacity exceeds ultimate moment load

One-way shear design, x direction

Ultimate shear force; Vu.x = 1.72 kips

Depth to reinforcement; dv = h - cnom_b - φx.bot / 2 = 8.688 in

Size effect factor (22.5.5.1.3); λs  = 1

Ratio of longitudinal reinforcement; ρw = Asx.bot.prov / (Ly × dv) = 0.00396

Shear strength reduction factor; φv = 0.75

Nominal shear capacity (Eq. 22.5.5.1); Vn = min(8 × λs × λ × (ρw)1/3 × √(f'c × 1 psi) × Ly × dv, 5 × λ × √(f'c × 

1 psi) × Ly × dv) = 25.045 kips

Design shear capacity; φVn = φv × Vn = 18.784 kips

Vu.x / φVn = 0.092
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PASS - Design shear capacity exceeds ultimate shear load

Shear diagram, y axis (kips)

6.3

0

0

-6.3

1.7

-1.7

 

Moment diagram, y axis (kip_ft)

4.7

0

4.7

0

2.5

 

Moment design, y direction, positive moment

Ultimate bending moment; Mu.y.max = 2.454 kip_ft

Tension reinforcement provided; 4 No.5 bottom bars (9.7 in c/c)

Area of tension reinforcement provided; Asy.bot.prov = 1.24 in2

Minimum area of reinforcement (8.6.1.1); As.min = 0.0018 × Lx × h = 0.778 in2

PASS - Area of reinforcement provided exceeds minimum

Maximum spacing of reinforcement (8.7.2.2); smax = min(2 × h, 18 in) = 18 in

PASS - Maximum permissible reinforcement spacing exceeds actual spacing

Depth to tension reinforcement; d = h - cnom_b - φx.bot - φy.bot / 2 = 8.062 in

Depth of compression block; a = Asy.bot.prov × fy / (0.85 × f'c × Lx) = 0.608 in

Neutral axis factor; β1 = 0.85

Depth to neutral axis; c = a / β1  = 0.715 in

Strain in tensile reinforcement; εt = 0.003 × d / c - 0.003 = 0.03082

Minimum tensile strain(8.3.3.1); εmin = εty + 0.003 = 0.00500

PASS - Tensile strain exceeds minimum required

Nominal moment capacity; Mn = Asy.bot.prov × fy × (d - a / 2) = 48.103 kip_ft

Flexural strength reduction factor; φf = min(max(0.65 + 0.25 × (εt - εty) / (0.003), 0.65), 0.9) = 0.900

Design moment capacity; φMn = φf × Mn = 43.293 kip_ft

Mu.y.max / φMn = 0.057

PASS - Design moment capacity exceeds ultimate moment load

One-way shear design, y direction

Ultimate shear force; Vu.y = 1.72 kips
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Depth to reinforcement; dv = h - cnom_b - φx.bot - φy.bot / 2 = 8.062 in

Size effect factor (22.5.5.1.3); λs  = 1

Ratio of longitudinal reinforcement; ρw = Asy.bot.prov / (Lx × dv) = 0.00427

Shear strength reduction factor; φv = 0.75

Nominal shear capacity (Eq. 22.5.5.1); Vn = min(8 × λs × λ × (ρw)1/3 × √(f'c × 1 psi) × Lx × dv, 5 × λ × √(f'c × 

1 psi) × Lx × dv) = 23.829 kips

Design shear capacity; φVn = φv × Vn = 17.872 kips

Vu.y / φVn = 0.096

PASS - Design shear capacity exceeds ultimate shear load

Two-way shear design at column 1

Depth to reinforcement; dv2 = 8.375 in

Shear perimeter length (22.6.4); lxp = 18.375 in

Shear perimeter width (22.6.4); lyp = 18.375 in

Shear perimeter (22.6.4); bo = 2 × (lx1 + dv2) + 2 × (ly1 + dv2) = 73.500 in

Shear area; Ap = lx,perim × ly,perim = 337.641 in2

Surcharge loaded area; Asur = Ap - lx1 × ly1 = 237.641 in2

Ultimate bearing pressure at center of shear area; qup.avg = 1.718 ksf

Ultimate shear load; Fup = γD × FDz1 + γL × FLz1 + γD × Ap × Fswt + γD × Asur × Fsoil - qup.avg × 

Ap = 9.176 kips

Ultimate shear stress from vertical load; vug = max(Fup / (bo × dv2),0 psi) = 14.907 psi

Column geometry factor (Table 22.6.5.2); β = ly1 / lx1 = 1.00

Column location factor (22.6.5.3); αs =40

Size effect factor (22.5.5.1.3); λs  = 1

Concrete shear strength (22.6.5.2); vcpa = (2 + 4 / β) × λs × λ × √(f'c × 1 psi) = 379.473 psi

vcpb = (αs × dv2 / bo + 2) × λs × λ × √(f'c × 1 psi) = 414.753 psi

vcpc = 4 × λs × λ × √(f'c × 1 psi) = 252.982 psi

vcp = min(vcpa,vcpb,vcpc) = 252.982 psi

Shear strength reduction factor; φv = 0.75

Nominal shear stress capacity (Eq. 22.6.1.2); vn = vcp = 252.982 psi

Design shear stress capacity (8.5.1.1(d)); φvn = φv × vn = 189.737 psi

vug / φvn = 0.079

PASS - Design shear stress capacity exceeds ultimate shear stress load
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4 No.5 bottom bars (9.7 in c/c)
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21 - ENTRY CANOPY FOOTING

Footing analysis in accordance with ACI318-19

Tedds calculation version 3.3.02

Summary results

Description Unit Applied Resisting FoS Result

Uplift verification kips 3.2 Pass

Overturning stability, x kip_ft 2.49 -4.76 1.91 Pass

Description Unit Applied Resisting Utilization Result

Soil bearing ksf 0.987 1.5 0.658 Pass

Description Unit Provided Required Utilization Result

Moment, positive, x-direction kip_ft 0.6 46.8 0.013 Pass

Moment, positive, y-direction kip_ft 0.3 43.3 0.008 Pass

Shear, one-way, x-direction kips 0.4 18.8 0.024 Pass

Shear, one-way, y-direction kips 0.2 17.9 0.013 Pass

Shear, two-way, Col 1 psi 1.928 189.737 0.010 Pass

Min.area of reinf, bot., x-direction in2 0.778 1.240 Pass

Max.reinf.spacing, bot, x-direction in 18.0 9.7 Pass

Min.area of reinf, bot., y-direction in2 0.778 1.240 Pass

Max.reinf.spacing, bot, y-direction in 18.0 9.7 Pass

Pad footing details

Length of footing; Lx = 3 ft

Width of footing; Ly = 3 ft

Footing area; A = Lx × Ly = 9 ft2

Depth of footing; h = 12 in

Depth of soil over footing; hsoil = 12 in

Density of concrete; γconc = 150.0 lb/ft3
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x

 y

 

Column no.1 details

Length of column; lx1 = 10.00 in

Width of column; ly1 = 10.00 in

position in x-axis; x1 = 18.00 in

position in y-axis; y1 = 18.00 in

Soil properties

Gross allowable bearing pressure; qallow_Gross = 1.5 ksf;

Density of soil; γsoil = 120.0 lb/ft3

Angle of internal friction; φb = 30.0 deg

Design base friction angle; δbb = 30.0 deg

Coefficient of base friction; tan(δbb) = 0.577

Self weight; Fswt = h × γconc = 150 psf

Soil weight; Fsoil = hsoil × γsoil = 120 psf

Column no.1 loads

Dead load in z; FDz1 = 0.5 kips

Live load in z; FLz1 = 0.8 kips

Dead load moment in x; MDx1 = 0.2 kip_ft

Live load moment in x; MLx1 = 0.4 kip_ft

Seismic load moment in x; MEx1 = 3.2 kip_ft

Footing analysis for soil and stability
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Load combinations per ASCE 7-16

1.0D (0.247)

1.0D + 1.0L (0.359)

(1.0 + 0.14 × SDS)D + 0.7E (0.658)

Combination 10 results: (1.0 + 0.14 × SDS)D + 0.7E

Forces on footing

Force in z-axis; Fdz = γD × A × (Fswt + Fsoil) + γD × FDz1 = 3.2 kips

Moments on footing

Moment in x-axis, about x is 0; Mdx = γD × (A × (Fswt + Fsoil) × Lx / 2) + γD × (FDz1 × x1+MDx1) + γE × 

(MEx1) = 7.3 kip_ft

Moment in y-axis, about y is 0; Mdy = γD × (A × (Fswt + Fsoil) × Ly / 2) + γD × (FDz1 × y1) = 4.8 kip_ft

Uplift verification

Vertical force; Fdz = 3.174 kips

PASS - Footing is not subject to uplift

Stability against overturning in x direction, moment about x is Lx

Overturning moment; MOTxL = γD × (MDx1) + γE × (MEx1) = 2.49 kip_ft

Resisting moment; MRxL = -1 × (γD × (A × (Fswt + Fsoil) × Lx / 2)) + γD × (FDz1 × (x1 - Lx)) = 

-4.76 kip_ft

Factor of safety; abs(MRxL / MOTxL) = 1.910

PASS - Overturning moment safety factor exceeds the minimum of 1.50

Bearing resistance

Eccentricity of base reaction

Eccentricity of base reaction in x-axis; edx = Mdx / Fdz - Lx / 2 = 9.426 in

Eccentricity of base reaction in y-axis; edy = Mdy / Fdz - Ly / 2 = 0 in

Length of bearing in x-axis; L'xd = min(Lx,3 × (Lx / 2 - abs(edx))) = 25.721 in

Pad base pressures

q1 = 0 ksf

q2 = 0 ksf

q3 = 2 × Fdz / (3 × Ly × (Lx / 2 - edx)) = 0.987 ksf

q4 = 2 × Fdz / (3 × Ly × (Lx / 2 - edx)) = 0.987 ksf

Minimum base pressure; qmin = min(q1,q2,q3,q4) = 0 ksf

Maximum base pressure; qmax = max(q1,q2,q3,q4) = 0.987 ksf

Allowable bearing capacity

Allowable bearing capacity; qallow = qallow_Gross = 1.5 ksf

qmax / qallow = 0.658

PASS - Allowable bearing capacity exceeds design base pressure
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21 - ENTRY CANOPY FOOTING

Footing design in accordance with ACI318-19

Tedds calculation version 3.3.02

Material details

Compressive strength of concrete; f’c = 4000 psi

Yield strength of reinforcement; fy = 60000 psi

Compression-controlled strain limit (21.2.2); εty = 0.00200

Cover to top of footing; cnom_t = 3 in

Cover to side of footing; cnom_s = 3 in

Cover to bottom of footing; cnom_b = 3 in

Concrete type; Normal weight

Concrete modification factor; λ = 1.00

Column type; Concrete

Analysis and design of concrete footing

Load combinations per ASCE 7-16

1.4D (0.005)

1.2D + 1.6L + 0.5Lr (0.013)

Combination 2 results: 1.2D + 1.6L + 0.5Lr

Forces on footing

Ultimate force in z-axis; Fuz = γD × A × (Fswt + Fsoil) + γD × FDz1 + γL × FLz1 = 4.7 kips

Moments on footing

Ultimate moment in x-axis, about x is 0; Mux = γD × (A × (Fswt + Fsoil) × Lx / 2) + γD × (FDz1 × x1+MDx1) + γL × 

(FLz1 × x1+MLx1) = 7.9 kip_ft

Ultimate moment in y-axis, about y is 0; Muy = γD × (A × (Fswt + Fsoil) × Ly / 2) + γD × (FDz1 × y1) + γL × (FLz1 × 

y1) = 7.0 kip_ft

Eccentricity of base reaction

Eccentricity of base reaction in x-axis; eux = Mux / Fuz - Lx / 2 = 2.278 in

Eccentricity of base reaction in y-axis; euy = Muy / Fuz - Ly / 2 = 0 in

Pad base pressures

qu1 = 0.321 ksf

qu2 = 0.321 ksf

qu3 = Fuz × (1 + 6 × eux / Lx - 6 × euy / Ly) / (Lx × Ly) = 0.714 ksf

qu4 = Fuz × (1 + 6 × eux / Lx + 6 × euy / Ly) / (Lx × Ly) = 0.714 ksf

Minimum ultimate base pressure; qumin = min(qu1,qu2,qu3,qu4) = 0.321 ksf

Maximum ultimate base pressure; qumax = max(qu1,qu2,qu3,qu4) = 0.714 ksf
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Shear diagram, x axis (kips)
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Moment diagram, x axis (kip_ft)
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0

1.1

0
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Moment design, x direction, positive moment

Ultimate bending moment; Mu.x.max = 0.603 kip_ft

Tension reinforcement provided; 4 No.5 bottom bars (9.7 in c/c)

Area of tension reinforcement provided; Asx.bot.prov = 1.24 in2

Minimum area of reinforcement (8.6.1.1); As.min = 0.0018 × Ly × h = 0.778 in2

PASS - Area of reinforcement provided exceeds minimum

Maximum spacing of reinforcement (8.7.2.2); smax = min(2 × h, 18 in) = 18 in

PASS - Maximum permissible reinforcement spacing exceeds actual spacing

Depth to tension reinforcement; d = h - cnom_b - φx.bot / 2 = 8.688 in

Depth of compression block; a = Asx.bot.prov × fy / (0.85 × f'c × Ly) = 0.608 in

Neutral axis factor; β1 = 0.85

Depth to neutral axis; c = a / β1  = 0.715 in

Strain in tensile reinforcement; εt = 0.003 × d / c - 0.003 = 0.03345

Minimum tensile strain(8.3.3.1); εmin = εty + 0.003 = 0.00500

PASS - Tensile strain exceeds minimum required

Nominal moment capacity; Mn = Asx.bot.prov × fy × (d - a / 2) = 51.978 kip_ft

Flexural strength reduction factor; φf = min(max(0.65 + 0.25 × (εt - εty) / (0.003), 0.65), 0.9) = 0.900

Design moment capacity; φMn = φf × Mn = 46.78 kip_ft

Mu.x.max / φMn = 0.013

PASS - Design moment capacity exceeds ultimate moment load

One-way shear design, x direction

Ultimate shear force; Vu.x = 0.448 kips

Depth to reinforcement; dv = h - cnom_b - φx.bot / 2 = 8.688 in

Size effect factor (22.5.5.1.3); λs  = 1

Ratio of longitudinal reinforcement; ρw = Asx.bot.prov / (Ly × dv) = 0.00396
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Shear strength reduction factor; φv = 0.75

Nominal shear capacity (Eq. 22.5.5.1); Vn = min(8 × λs × λ × (ρw)1/3 × √(f'c × 1 psi) × Ly × dv, 5 × λ × √(f'c × 

1 psi) × Ly × dv) = 25.045 kips

Design shear capacity; φVn = φv × Vn = 18.784 kips

Vu.x / φVn = 0.024

PASS - Design shear capacity exceeds ultimate shear load

Shear diagram, y axis (kips)
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Moment diagram, y axis (kip_ft)
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Moment design, y direction, positive moment

Ultimate bending moment; Mu.y.max = 0.34 kip_ft

Tension reinforcement provided; 4 No.5 bottom bars (9.7 in c/c)

Area of tension reinforcement provided; Asy.bot.prov = 1.24 in2

Minimum area of reinforcement (8.6.1.1); As.min = 0.0018 × Lx × h = 0.778 in2

PASS - Area of reinforcement provided exceeds minimum

Maximum spacing of reinforcement (8.7.2.2); smax = min(2 × h, 18 in) = 18 in

PASS - Maximum permissible reinforcement spacing exceeds actual spacing

Depth to tension reinforcement; d = h - cnom_b - φx.bot - φy.bot / 2 = 8.062 in

Depth of compression block; a = Asy.bot.prov × fy / (0.85 × f'c × Lx) = 0.608 in

Neutral axis factor; β1 = 0.85

Depth to neutral axis; c = a / β1  = 0.715 in

Strain in tensile reinforcement; εt = 0.003 × d / c - 0.003 = 0.03082

Minimum tensile strain(8.3.3.1); εmin = εty + 0.003 = 0.00500

PASS - Tensile strain exceeds minimum required

Nominal moment capacity; Mn = Asy.bot.prov × fy × (d - a / 2) = 48.103 kip_ft

Flexural strength reduction factor; φf = min(max(0.65 + 0.25 × (εt - εty) / (0.003), 0.65), 0.9) = 0.900
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Design moment capacity; φMn = φf × Mn = 43.293 kip_ft

Mu.y.max / φMn = 0.008

PASS - Design moment capacity exceeds ultimate moment load

One-way shear design, y direction

Ultimate shear force; Vu.y = 0.239 kips

Depth to reinforcement; dv = h - cnom_b - φx.bot - φy.bot / 2 = 8.062 in

Size effect factor (22.5.5.1.3); λs  = 1

Ratio of longitudinal reinforcement; ρw = Asy.bot.prov / (Lx × dv) = 0.00427

Shear strength reduction factor; φv = 0.75

Nominal shear capacity (Eq. 22.5.5.1); Vn = min(8 × λs × λ × (ρw)1/3 × √(f'c × 1 psi) × Lx × dv, 5 × λ × √(f'c × 

1 psi) × Lx × dv) = 23.829 kips

Design shear capacity; φVn = φv × Vn = 17.872 kips

Vu.y / φVn = 0.013

PASS - Design shear capacity exceeds ultimate shear load

Two-way shear design at column 1

Depth to reinforcement; dv2 = 8.375 in

Shear perimeter length (22.6.4); lxp = 18.375 in

Shear perimeter width (22.6.4); lyp = 18.375 in

Shear perimeter (22.6.4); bo = 2 × (lx1 + dv2) + 2 × (ly1 + dv2) = 73.500 in

Shear area; Ap = lx,perim × ly,perim = 337.641 in2

Surcharge loaded area; Asur = Ap - lx1 × ly1 = 237.641 in2

Ultimate bearing pressure at center of shear area; qup.avg = 0.517 ksf

Ultimate shear load; Fup = γD × FDz1 + γL × FLz1 + γD × Ap × Fswt + γD × Asur × Fsoil - qup.avg × 

Ap = 1.187 kips

Ultimate shear stress from vertical load; vug = max(Fup / (bo × dv2),0 psi) = 1.928 psi

Column geometry factor (Table 22.6.5.2); β = ly1 / lx1 = 1.00

Column location factor (22.6.5.3); αs =40

Size effect factor (22.5.5.1.3); λs  = 1

Concrete shear strength (22.6.5.2); vcpa = (2 + 4 / β) × λs × λ × √(f'c × 1 psi) = 379.473 psi

vcpb = (αs × dv2 / bo + 2) × λs × λ × √(f'c × 1 psi) = 414.753 psi

vcpc = 4 × λs × λ × √(f'c × 1 psi) = 252.982 psi

vcp = min(vcpa,vcpb,vcpc) = 252.982 psi

Shear strength reduction factor; φv = 0.75

Nominal shear stress capacity (Eq. 22.6.1.2); vn = vcp = 252.982 psi

Design shear stress capacity (8.5.1.1(d)); φvn = φv × vn = 189.737 psi

vug / φvn = 0.010

PASS - Design shear stress capacity exceeds ultimate shear stress load
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4 No.5 bottom bars (9.7 in c/c)

4 No.5 bottom bars (9.7 in c/c)
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22 - EXISTING GRID 8 FOOTING

Footing analysis in accordance with ACI318-19

Tedds calculation version 3.3.02

Summary results

Description Unit Applied Resisting FoS Result

Uplift verification kips 30.1 Pass

Description Unit Applied Resisting Utilization Result

Soil bearing ksf 1.883 2.5 0.753 Pass

Description Unit Provided Required Utilization Result

Moment, positive, x-direction kip_ft 12.2 58.6 0.209 Pass

Moment, positive, y-direction kip_ft 12.2 54.2 0.226 Pass

Shear, one-way, x-direction kips 8.9 24.5 0.363 Pass

Shear, one-way, y-direction kips 8.9 23.3 0.381 Pass

Shear, two-way, Col 1 psi 53.965 189.737 0.284 Pass

Min.area of reinf, bot., x-direction in2 1.037 1.550 Pass

Max.reinf.spacing, bot, x-direction in 18.0 10.3 Pass

Min.area of reinf, bot., y-direction in2 1.037 1.550 Pass

Max.reinf.spacing, bot, y-direction in 18.0 10.3 Pass

Pad footing details

Length of footing; Lx = 4 ft

Width of footing; Ly = 4 ft

Footing area; A = Lx × Ly = 16 ft2

Depth of footing; h = 12 in

Depth of soil over footing; hsoil = 12 in

Density of concrete; γconc = 150.0 lb/ft3
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1.883 ksf

1.883 ksf

1.883 ksf

x

 y

 

Column no.1 details

Length of column; lx1 = 10.00 in

Width of column; ly1 = 10.00 in

position in x-axis; x1 = 24.00 in

position in y-axis; y1 = 24.00 in

Soil properties

Gross allowable bearing pressure; qallow_Gross = 2.5 ksf;

Density of soil; γsoil = 120.0 lb/ft3

Angle of internal friction; φb = 30.0 deg

Design base friction angle; δbb = 30.0 deg

Coefficient of base friction; tan(δbb) = 0.577

Footing loads

Self weight; Fswt = h × γconc = 150 psf

Soil weight; Fsoil = hsoil × γsoil = 120 psf

Column no.1 loads

Dead load in z; FDz1 = 5.6 kips

Live load in z; FLz1 = 20.2 kips

Footing analysis for soil and stability

Load combinations per ASCE 7-16

1.0D (0.248)
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1.0D + 1.0L (0.753)

Combination 2 results: 1.0D + 1.0L

Forces on footing

Force in z-axis; Fdz = γD × A × (Fswt + Fsoil) + γD × FDz1 + γL × FLz1 = 30.1 kips

Moments on footing

Moment in x-axis, about x is 0; Mdx = γD × (A × (Fswt + Fsoil) × Lx / 2) + γD × (FDz1 × x1) + γL × (FLz1 × 

x1) = 60.2 kip_ft

Moment in y-axis, about y is 0; Mdy = γD × (A × (Fswt + Fsoil) × Ly / 2) + γD × (FDz1 × y1) + γL × (FLz1 × 

y1) = 60.2 kip_ft

Uplift verification

Vertical force; Fdz = 30.12 kips

PASS - Footing is not subject to uplift

Bearing resistance

Eccentricity of base reaction

Eccentricity of base reaction in x-axis; edx = Mdx / Fdz - Lx / 2 = 0 in

Eccentricity of base reaction in y-axis; edy = Mdy / Fdz - Ly / 2 = 0 in

Pad base pressures

q1 = Fdz × (1 - 6 × edx / Lx - 6 × edy / Ly) / (Lx × Ly) = 1.882 ksf

q2 = Fdz × (1 - 6 × edx / Lx + 6 × edy / Ly) / (Lx × Ly) = 1.882 ksf

q3 = Fdz × (1 + 6 × edx / Lx - 6 × edy / Ly) / (Lx × Ly) = 1.882 ksf

q4 = Fdz × (1 + 6 × edx / Lx + 6 × edy / Ly) / (Lx × Ly) = 1.882 ksf

Minimum base pressure; qmin = min(q1,q2,q3,q4) = 1.882 ksf

Maximum base pressure; qmax = max(q1,q2,q3,q4) = 1.882 ksf

Allowable bearing capacity

Allowable bearing capacity; qallow = qallow_Gross = 2.5 ksf

qmax / qallow = 0.753

PASS - Allowable bearing capacity exceeds design base pressure

22 - EXISTING GRID 8 FOOTING

Footing design in accordance with ACI318-19

Tedds calculation version 3.3.02

Material details

Compressive strength of concrete; f’c = 4000 psi

Yield strength of reinforcement; fy = 60000 psi

Compression-controlled strain limit (21.2.2); εty = 0.00200

Cover to top of footing; cnom_t = 3 in

Cover to side of footing; cnom_s = 3 in
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Cover to bottom of footing; cnom_b = 3 in

Concrete type; Normal weight

Concrete modification factor; λ = 1.00

Column type; Concrete

Analysis and design of concrete footing

Load combinations per ASCE 7-16

1.4D (0.077)

1.2D + 1.6L + 0.5Lr (0.381)

Combination 2 results: 1.2D + 1.6L + 0.5Lr

Forces on footing

Ultimate force in z-axis; Fuz = γD × A × (Fswt + Fsoil) + γD × FDz1 + γL × FLz1 = 44.2 kips

Moments on footing

Ultimate moment in x-axis, about x is 0; Mux = γD × (A × (Fswt + Fsoil) × Lx / 2) + γD × (FDz1 × x1) + γL × (FLz1 × 

x1) = 88.4 kip_ft

Ultimate moment in y-axis, about y is 0; Muy = γD × (A × (Fswt + Fsoil) × Ly / 2) + γD × (FDz1 × y1) + γL × (FLz1 × 

y1) = 88.4 kip_ft

Eccentricity of base reaction

Eccentricity of base reaction in x-axis; eux = Mux / Fuz - Lx / 2 = 0 in

Eccentricity of base reaction in y-axis; euy = Muy / Fuz - Ly / 2 = 0 in

Pad base pressures

qu1 = Fuz × (1 - 6 × eux / Lx - 6 × euy / Ly) / (Lx × Ly) = 2.764 ksf

qu2 = Fuz × (1 - 6 × eux / Lx + 6 × euy / Ly) / (Lx × Ly) = 2.764 ksf

qu3 = Fuz × (1 + 6 × eux / Lx - 6 × euy / Ly) / (Lx × Ly) = 2.764 ksf

qu4 = Fuz × (1 + 6 × eux / Lx + 6 × euy / Ly) / (Lx × Ly) = 2.764 ksf

Minimum ultimate base pressure; qumin = min(qu1,qu2,qu3,qu4) = 2.764 ksf

Maximum ultimate base pressure; qumax = max(qu1,qu2,qu3,qu4) = 2.764 ksf

Shear diagram, x axis (kips)

19.5

0

0

-19.5

8.9

-8.9
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Moment diagram, x axis (kip_ft)
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0

19.5

0
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Moment design, x direction, positive moment

Ultimate bending moment; Mu.x.max = 12.234 kip_ft

Tension reinforcement provided; 5 No.5 bottom bars (10.3 in c/c)

Area of tension reinforcement provided; Asx.bot.prov = 1.55 in2

Minimum area of reinforcement (8.6.1.1); As.min = 0.0018 × Ly × h = 1.037 in2

PASS - Area of reinforcement provided exceeds minimum

Maximum spacing of reinforcement (8.7.2.2); smax = min(2 × h, 18 in) = 18 in

PASS - Maximum permissible reinforcement spacing exceeds actual spacing

Depth to tension reinforcement; d = h - cnom_b - φx.bot / 2 = 8.688 in

Depth of compression block; a = Asx.bot.prov × fy / (0.85 × f'c × Ly) = 0.570 in

Neutral axis factor; β1 = 0.85

Depth to neutral axis; c = a / β1  = 0.670 in

Strain in tensile reinforcement; εt = 0.003 × d / c - 0.003 = 0.03588

Minimum tensile strain(8.3.3.1); εmin = εty + 0.003 = 0.00500

PASS - Tensile strain exceeds minimum required

Nominal moment capacity; Mn = Asx.bot.prov × fy × (d - a / 2) = 65.12 kip_ft

Flexural strength reduction factor; φf = min(max(0.65 + 0.25 × (εt - εty) / (0.003), 0.65), 0.9) = 0.900

Design moment capacity; φMn = φf × Mn = 58.608 kip_ft

Mu.x.max / φMn = 0.209

PASS - Design moment capacity exceeds ultimate moment load

One-way shear design, x direction

Ultimate shear force; Vu.x = 8.896 kips

Depth to reinforcement; dv = h - cnom_b - φx.bot / 2 = 8.688 in

Size effect factor (22.5.5.1.3); λs  = 1

Ratio of longitudinal reinforcement; ρw = Asx.bot.prov / (Ly × dv) = 0.00372

Shear strength reduction factor; φv = 0.75

Nominal shear capacity (Eq. 22.5.5.1); Vn = min(8 × λs × λ × (ρw)1/3 × √(f'c × 1 psi) × Ly × dv, 5 × λ × √(f'c × 

1 psi) × Ly × dv) = 32.683 kips

Design shear capacity; φVn = φv × Vn = 24.512 kips

Vu.x / φVn = 0.363

85



    Portland, Oregon

 Project  OSU Azalea House  By  MAA Sheet No.

                  6

 Location  Corvallis, OR  Date  2/12/2024

 Client  Rowell Brokaw  Revised  Job No.

          223346
 Date

PASS - Design shear capacity exceeds ultimate shear load

Shear diagram, y axis (kips)

19.5

0

0

-19.5
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Moment diagram, y axis (kip_ft)

19.5

0

19.5

0
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Moment design, y direction, positive moment

Ultimate bending moment; Mu.y.max = 12.234 kip_ft

Tension reinforcement provided; 5 No.5 bottom bars (10.3 in c/c)

Area of tension reinforcement provided; Asy.bot.prov = 1.55 in2

Minimum area of reinforcement (8.6.1.1); As.min = 0.0018 × Lx × h = 1.037 in2

PASS - Area of reinforcement provided exceeds minimum

Maximum spacing of reinforcement (8.7.2.2); smax = min(2 × h, 18 in) = 18 in

PASS - Maximum permissible reinforcement spacing exceeds actual spacing

Depth to tension reinforcement; d = h - cnom_b - φx.bot - φy.bot / 2 = 8.062 in

Depth of compression block; a = Asy.bot.prov × fy / (0.85 × f'c × Lx) = 0.570 in

Neutral axis factor; β1 = 0.85

Depth to neutral axis; c = a / β1  = 0.670 in

Strain in tensile reinforcement; εt = 0.003 × d / c - 0.003 = 0.03308

Minimum tensile strain(8.3.3.1); εmin = εty + 0.003 = 0.00500

PASS - Tensile strain exceeds minimum required

Nominal moment capacity; Mn = Asy.bot.prov × fy × (d - a / 2) = 60.276 kip_ft

Flexural strength reduction factor; φf = min(max(0.65 + 0.25 × (εt - εty) / (0.003), 0.65), 0.9) = 0.900

Design moment capacity; φMn = φf × Mn = 54.249 kip_ft

Mu.y.max / φMn = 0.226

PASS - Design moment capacity exceeds ultimate moment load

One-way shear design, y direction

Ultimate shear force; Vu.y = 8.896 kips
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Depth to reinforcement; dv = h - cnom_b - φx.bot - φy.bot / 2 = 8.062 in

Size effect factor (22.5.5.1.3); λs  = 1

Ratio of longitudinal reinforcement; ρw = Asy.bot.prov / (Lx × dv) = 0.00401

Shear strength reduction factor; φv = 0.75

Nominal shear capacity (Eq. 22.5.5.1); Vn = min(8 × λs × λ × (ρw)1/3 × √(f'c × 1 psi) × Lx × dv, 5 × λ × √(f'c × 

1 psi) × Lx × dv) = 31.096 kips

Design shear capacity; φVn = φv × Vn = 23.322 kips

Vu.y / φVn = 0.381

PASS - Design shear capacity exceeds ultimate shear load

Two-way shear design at column 1

Depth to reinforcement; dv2 = 8.375 in

Shear perimeter length (22.6.4); lxp = 18.375 in

Shear perimeter width (22.6.4); lyp = 18.375 in

Shear perimeter (22.6.4); bo = 2 × (lx1 + dv2) + 2 × (ly1 + dv2) = 73.500 in

Shear area; Ap = lx,perim × ly,perim = 337.641 in2

Surcharge loaded area; Asur = Ap - lx1 × ly1 = 237.641 in2

Ultimate bearing pressure at center of shear area; qup.avg = 2.764 ksf

Ultimate shear load; Fup = γD × FDz1 + γL × FLz1 + γD × Ap × Fswt + γD × Asur × Fsoil - qup.avg × 

Ap = 33.219 kips

Ultimate shear stress from vertical load; vug = max(Fup / (bo × dv2),0 psi) = 53.965 psi

Column geometry factor (Table 22.6.5.2); β = ly1 / lx1 = 1.00

Column location factor (22.6.5.3); αs =40

Size effect factor (22.5.5.1.3); λs  = 1

Concrete shear strength (22.6.5.2); vcpa = (2 + 4 / β) × λs × λ × √(f'c × 1 psi) = 379.473 psi

vcpb = (αs × dv2 / bo + 2) × λs × λ × √(f'c × 1 psi) = 414.753 psi

vcpc = 4 × λs × λ × √(f'c × 1 psi) = 252.982 psi

vcp = min(vcpa,vcpb,vcpc) = 252.982 psi

Shear strength reduction factor; φv = 0.75

Nominal shear stress capacity (Eq. 22.6.1.2); vn = vcp = 252.982 psi

Design shear stress capacity (8.5.1.1(d)); φvn = φv × vn = 189.737 psi

vug / φvn = 0.284

PASS - Design shear stress capacity exceeds ultimate shear stress load
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23 - EXISTING GRID E FOOTING

Footing analysis in accordance with ACI318-19

Tedds calculation version 3.3.02

Summary results

Description Unit Applied Resisting FoS Result

Uplift verification kips 39.6 Pass

Description Unit Applied Resisting Utilization Result

Soil bearing ksf 2.473 2.5 0.989 Pass

Description Unit Provided Required Utilization Result

Moment, positive, x-direction kip_ft 16.7 58.6 0.285 Pass

Moment, positive, y-direction kip_ft 16.7 54.2 0.308 Pass

Shear, one-way, x-direction kips 12.1 23.3 0.521 Pass

Shear, one-way, y-direction kips 12.1 23.3 0.521 Pass

Shear, two-way, Col 1 psi 73.719 189.737 0.389 Pass

Min.area of reinf, bot., x-direction in2 1.037 1.550 Pass

Max.reinf.spacing, bot, x-direction in 18.0 10.3 Pass

Min.area of reinf, bot., y-direction in2 1.037 1.550 Pass

Max.reinf.spacing, bot, y-direction in 18.0 10.3 Pass

Pad footing details

Length of footing; Lx = 4 ft

Width of footing; Ly = 4 ft

Footing area; A = Lx × Ly = 16 ft2

Depth of footing; h = 12 in

Depth of soil over footing; hsoil = 12 in

Density of concrete; γconc = 150.0 lb/ft3
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x
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Column no.1 details

Length of column; lx1 = 10.00 in

Width of column; ly1 = 10.00 in

position in x-axis; x1 = 24.00 in

position in y-axis; y1 = 24.00 in

Soil properties

Gross allowable bearing pressure; qallow_Gross = 2.5 ksf;

Density of soil; γsoil = 120.0 lb/ft3

Angle of internal friction; φb = 30.0 deg

Design base friction angle; δbb = 30.0 deg

Coefficient of base friction; tan(δbb) = 0.577

Footing loads

Self weight; Fswt = h × γconc = 150 psf

Soil weight; Fsoil = hsoil × γsoil = 120 psf

Column no.1 loads

Dead load in z; FDz1 = 7.7 kips

Live load in z; FLz1 = 27.5 kips

Footing analysis for soil and stability

Load combinations per ASCE 7-16

1.0D (0.301)
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1.0D + 1.0L (0.989)

Combination 2 results: 1.0D + 1.0L

Forces on footing

Force in z-axis; Fdz = γD × A × (Fswt + Fsoil) + γD × FDz1 + γL × FLz1 = 39.6 kips

Moments on footing

Moment in x-axis, about x is 0; Mdx = γD × (A × (Fswt + Fsoil) × Lx / 2) + γD × (FDz1 × x1) + γL × (FLz1 × 

x1) = 79.1 kip_ft

Moment in y-axis, about y is 0; Mdy = γD × (A × (Fswt + Fsoil) × Ly / 2) + γD × (FDz1 × y1) + γL × (FLz1 × 

y1) = 79.1 kip_ft

Uplift verification

Vertical force; Fdz = 39.56 kips

PASS - Footing is not subject to uplift

Bearing resistance

Eccentricity of base reaction

Eccentricity of base reaction in x-axis; edx = Mdx / Fdz - Lx / 2 = 0 in

Eccentricity of base reaction in y-axis; edy = Mdy / Fdz - Ly / 2 = 0 in

Pad base pressures

q1 = Fdz × (1 - 6 × edx / Lx - 6 × edy / Ly) / (Lx × Ly) = 2.472 ksf

q2 = Fdz × (1 - 6 × edx / Lx + 6 × edy / Ly) / (Lx × Ly) = 2.472 ksf

q3 = Fdz × (1 + 6 × edx / Lx - 6 × edy / Ly) / (Lx × Ly) = 2.472 ksf

q4 = Fdz × (1 + 6 × edx / Lx + 6 × edy / Ly) / (Lx × Ly) = 2.472 ksf

Minimum base pressure; qmin = min(q1,q2,q3,q4) = 2.472 ksf

Maximum base pressure; qmax = max(q1,q2,q3,q4) = 2.472 ksf

Allowable bearing capacity

Allowable bearing capacity; qallow = qallow_Gross = 2.5 ksf

qmax / qallow = 0.989

PASS - Allowable bearing capacity exceeds design base pressure

23 - EXISTING GRID E FOOTING

Footing design in accordance with ACI318-19

Tedds calculation version 3.3.02

Material details

Compressive strength of concrete; f’c = 4000 psi

Yield strength of reinforcement; fy = 60000 psi

Compression-controlled strain limit (21.2.2); εty = 0.00200

Cover to top of footing; cnom_t = 3 in

Cover to side of footing; cnom_s = 3 in
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Cover to bottom of footing; cnom_b = 3 in

Concrete type; Normal weight

Concrete modification factor; λ = 1.00

Column type; Concrete

Analysis and design of concrete footing

Load combinations per ASCE 7-16

1.4D (0.101)

1.2D + 1.6L + 0.5Lr (0.521)

Combination 2 results: 1.2D + 1.6L + 0.5Lr

Forces on footing

Ultimate force in z-axis; Fuz = γD × A × (Fswt + Fsoil) + γD × FDz1 + γL × FLz1 = 58.5 kips

Moments on footing

Ultimate moment in x-axis, about x is 0; Mux = γD × (A × (Fswt + Fsoil) × Lx / 2) + γD × (FDz1 × x1) + γL × (FLz1 × 

x1) = 116.9 kip_ft

Ultimate moment in y-axis, about y is 0; Muy = γD × (A × (Fswt + Fsoil) × Ly / 2) + γD × (FDz1 × y1) + γL × (FLz1 × 

y1) = 116.9 kip_ft

Eccentricity of base reaction

Eccentricity of base reaction in x-axis; eux = Mux / Fuz - Lx / 2 = 0 in

Eccentricity of base reaction in y-axis; euy = Muy / Fuz - Ly / 2 = 0 in

Pad base pressures

qu1 = Fuz × (1 - 6 × eux / Lx - 6 × euy / Ly) / (Lx × Ly) = 3.654 ksf

qu2 = Fuz × (1 - 6 × eux / Lx + 6 × euy / Ly) / (Lx × Ly) = 3.654 ksf

qu3 = Fuz × (1 + 6 × eux / Lx - 6 × euy / Ly) / (Lx × Ly) = 3.654 ksf

qu4 = Fuz × (1 + 6 × eux / Lx + 6 × euy / Ly) / (Lx × Ly) = 3.654 ksf

Minimum ultimate base pressure; qumin = min(qu1,qu2,qu3,qu4) = 3.654 ksf

Maximum ultimate base pressure; qumax = max(qu1,qu2,qu3,qu4) = 3.654 ksf

Shear diagram, x axis (kips)

26.6

0

0

-26.6
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-12.1
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Moment diagram, x axis (kip_ft)

26.6
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0
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Moment design, x direction, positive moment

Ultimate bending moment; Mu.x.max = 16.699 kip_ft

Tension reinforcement provided; 5 No.5 bottom bars (10.3 in c/c)

Area of tension reinforcement provided; Asx.bot.prov = 1.55 in2

Minimum area of reinforcement (8.6.1.1); As.min = 0.0018 × Ly × h = 1.037 in2

PASS - Area of reinforcement provided exceeds minimum

Maximum spacing of reinforcement (8.7.2.2); smax = min(2 × h, 18 in) = 18 in

PASS - Maximum permissible reinforcement spacing exceeds actual spacing

Depth to tension reinforcement; d = h - cnom_b - φx.bot / 2 = 8.688 in

Depth of compression block; a = Asx.bot.prov × fy / (0.85 × f'c × Ly) = 0.570 in

Neutral axis factor; β1 = 0.85

Depth to neutral axis; c = a / β1  = 0.670 in

Strain in tensile reinforcement; εt = 0.003 × d / c - 0.003 = 0.03588

Minimum tensile strain(8.3.3.1); εmin = εty + 0.003 = 0.00500

PASS - Tensile strain exceeds minimum required

Nominal moment capacity; Mn = Asx.bot.prov × fy × (d - a / 2) = 65.12 kip_ft

Flexural strength reduction factor; φf = min(max(0.65 + 0.25 × (εt - εty) / (0.003), 0.65), 0.9) = 0.900

Design moment capacity; φMn = φf × Mn = 58.608 kip_ft

Mu.x.max / φMn = 0.285

PASS - Design moment capacity exceeds ultimate moment load

One-way shear design, x direction

Ultimate shear force; Vu.x = 12.142 kips

Depth to reinforcement; dv = h - cnom_b - φx.bot / 2 = 8.688 in

Size effect factor (22.5.5.1.3); λs  = 1

Ratio of longitudinal reinforcement; ρw = Asx.bot.prov / (Ly × dv) = 0.00372

Shear strength reduction factor; φv = 0.75

Nominal shear capacity (Eq. 22.5.5.1); Vn = min(8 × λs × λ × (ρw)1/3 × √(f'c × 1 psi) × Ly × dv, 5 × λ × √(f'c × 

1 psi) × Ly × dv) = 32.683 kips

Design shear capacity; φVn = φv × Vn = 24.512 kips

Vu.x / φVn = 0.495
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PASS - Design shear capacity exceeds ultimate shear load

Shear diagram, y axis (kips)
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Moment diagram, y axis (kip_ft)
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Moment design, y direction, positive moment

Ultimate bending moment; Mu.y.max = 16.699 kip_ft

Tension reinforcement provided; 5 No.5 bottom bars (10.3 in c/c)

Area of tension reinforcement provided; Asy.bot.prov = 1.55 in2

Minimum area of reinforcement (8.6.1.1); As.min = 0.0018 × Lx × h = 1.037 in2

PASS - Area of reinforcement provided exceeds minimum

Maximum spacing of reinforcement (8.7.2.2); smax = min(2 × h, 18 in) = 18 in

PASS - Maximum permissible reinforcement spacing exceeds actual spacing

Depth to tension reinforcement; d = h - cnom_b - φx.bot - φy.bot / 2 = 8.062 in

Depth of compression block; a = Asy.bot.prov × fy / (0.85 × f'c × Lx) = 0.570 in

Neutral axis factor; β1 = 0.85

Depth to neutral axis; c = a / β1  = 0.670 in

Strain in tensile reinforcement; εt = 0.003 × d / c - 0.003 = 0.03308

Minimum tensile strain(8.3.3.1); εmin = εty + 0.003 = 0.00500

PASS - Tensile strain exceeds minimum required

Nominal moment capacity; Mn = Asy.bot.prov × fy × (d - a / 2) = 60.276 kip_ft

Flexural strength reduction factor; φf = min(max(0.65 + 0.25 × (εt - εty) / (0.003), 0.65), 0.9) = 0.900

Design moment capacity; φMn = φf × Mn = 54.249 kip_ft

Mu.y.max / φMn = 0.308

PASS - Design moment capacity exceeds ultimate moment load

One-way shear design, y direction

Ultimate shear force; Vu.y = 12.142 kips
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Depth to reinforcement; dv = h - cnom_b - φx.bot - φy.bot / 2 = 8.062 in

Size effect factor (22.5.5.1.3); λs  = 1

Ratio of longitudinal reinforcement; ρw = Asy.bot.prov / (Lx × dv) = 0.00401

Shear strength reduction factor; φv = 0.75

Nominal shear capacity (Eq. 22.5.5.1); Vn = min(8 × λs × λ × (ρw)1/3 × √(f'c × 1 psi) × Lx × dv, 5 × λ × √(f'c × 

1 psi) × Lx × dv) = 31.096 kips

Design shear capacity; φVn = φv × Vn = 23.322 kips

Vu.y / φVn = 0.521

PASS - Design shear capacity exceeds ultimate shear load

Two-way shear design at column 1

Depth to reinforcement; dv2 = 8.375 in

Shear perimeter length (22.6.4); lxp = 18.375 in

Shear perimeter width (22.6.4); lyp = 18.375 in

Shear perimeter (22.6.4); bo = 2 × (lx1 + dv2) + 2 × (ly1 + dv2) = 73.500 in

Shear area; Ap = lx,perim × ly,perim = 337.641 in2

Surcharge loaded area; Asur = Ap - lx1 × ly1 = 237.641 in2

Ultimate bearing pressure at center of shear area; qup.avg = 3.654 ksf

Ultimate shear load; Fup = γD × FDz1 + γL × FLz1 + γD × Ap × Fswt + γD × Asur × Fsoil - qup.avg × 

Ap = 45.379 kips

Ultimate shear stress from vertical load; vug = max(Fup / (bo × dv2),0 psi) = 73.719 psi

Column geometry factor (Table 22.6.5.2); β = ly1 / lx1 = 1.00

Column location factor (22.6.5.3); αs =40

Size effect factor (22.5.5.1.3); λs  = 1

Concrete shear strength (22.6.5.2); vcpa = (2 + 4 / β) × λs × λ × √(f'c × 1 psi) = 379.473 psi

vcpb = (αs × dv2 / bo + 2) × λs × λ × √(f'c × 1 psi) = 414.753 psi

vcpc = 4 × λs × λ × √(f'c × 1 psi) = 252.982 psi

vcp = min(vcpa,vcpb,vcpc) = 252.982 psi

Shear strength reduction factor; φv = 0.75

Nominal shear stress capacity (Eq. 22.6.1.2); vn = vcp = 252.982 psi

Design shear stress capacity (8.5.1.1(d)); φvn = φv × vn = 189.737 psi

vug / φvn = 0.389

PASS - Design shear stress capacity exceeds ultimate shear stress load
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